Tiittl e of the Inventi on COPOLYMER OF CYCLOPENTADI ENE AND/ OR

RTmP cory

DI CYCLOPENTADI ENE AND A VI NYL- SUBSTI TUTED AROVATI C  COVPOUND,
HYDROGENATED PRODUCT THEREOF, AND PROCESS FCR‘PRGDUGLNGLTH_ _SAME Field of

the Invention The present invention rehﬁkgﬁw a copolyner of

cycl opent adi ene and/ or di cycl opent adi ene and a lacedit-ed aromatic
conpound, the hydrogenated product thereof, Eﬂ? for producing
t he sane. More specifically, the presentfin to a

copol yner Title of the Invention

COPOLYMER, HYDROGENATED PRODUCT THEREOF, AND
FOR PRODUCING THE SAME

Field of the Invention

PROCESS

The present invention relates to a copolymer. of

cyclopentadiene and/or dicyclopentadiene and a

substituted aromatic compound, the hydrogenated

thereof, and a process for producing the same.

vinyl-
product

More

specifically, the present invention relates to a copolymer

of cyélopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound having a sharp molecular
weight distribution, namely, a low weight average molecular
weight (hereinafter abbreviated as "Mw")/number average
molecular weight (hereinafter abbreviéted as "Mn") ratio, a
hydrogenated product thereof, and a process for producing:
the same.
Prior Art

It has been known that a copolymer of cyclopentadiene
and/or dicyclopentadiene (hereinafter sometimes referred to
as "(di)cyclopentadiene") and a vinyl-substituted aromatic
compound is useful as a substrate of an adhesive, a
tackifier, a paint or the like. '
This copolymer hés been produced so far by mixing

(di)cyclopentadiene with a vinyl-substituted aromatic

compound in a solvent such as xylene or the like for



of cycl opent adi ene and/ or dicycl opent adi ene and a vinyl- substituted

aromati ¢ conpound having a sharp nol ecular weight distribution,
| ow wei ght average nol ecul ar wei ght (here|nafteﬁmgmgggmgg&ﬁﬂe

"MvV') / nunber average nol ecul ar wei ght (hereinaft as'"Nh")
ratio, a hydrogenated product thereof, and a pro ing the

same. Prior Art It has been knomn that a co
and/ or di cycl opent adi ene (hereinafter sonetimes referred to

as

nanely a

' opent adi ene

" (di) cycl apepdladiemiegtiand a Vayinssdst i Pattetar onRib Lica&oi@oundNos usef ul

as a substrate of an adhesive, a

1442/1986) .

The copolymer obtained by this method exhibits,
however, an Mw/Mn ratio of more than 5, having a broad
molecular weight distribution. Accordingly, this copolymer
shows quite a high melt viscosity. When it is incorporated
into, for example, an ethylene-vinyl acetate copolymer to
form a hot-melt tackifier or adhesive, a workability is
poor disadvantageously.

To cope with this drawback associated with ~the

conventional method, the present Applicant proposed a

-process in which the heat polymerization is conducted.by

adding dropwise (in divided portions) a mixture of
(di) cyclopentadiene and a vinyl-substituted aromatic
compound to a solvent such as xylene or the like (Japanese
Patent Publication No. 88412/1995).

This process can give a sharper molecular weight
distribution than the method in which the heat
polymerization is conducted by charging the mixture of
(di) cyclopentadiene and the vinyl-substituted compound into
the solvent.

The copolymer obtained by this process exhibits igdeed
an Mw/Mn ratio of 5 or less which is lower than the
copolymer obtained by the conventional method, but this

ratio is actually approximately 2.8 as will be shown in



tackifier, a paint or the Iike. Thi s copol ymer has been produced so
far by mxing (di)cyclopentadiene with a vinyl-Substituted. .aromatic
conmpound in a solvent such as xylene or the like for ThisSheetHasBeenReﬁaced

copol ymeri zati on (Japanese Patent Publ i cati on .
The copol yner obtained by this nmethod exhibits, ; z :
i B ' '

-

Examples, and the value is not alwayé/necessarily
satisfactory at present. When this copolymer is used as a
starting material of é tackifier or an adhesive, a melt
viscosity is not altogether satisfactory. Accordingly, its
solution has been in demand.

Summary of the Invenfion

The present invention aims to provide a copolymer of
(di) cyclopentadiene and a vinyl-substituted aromatic
compound which has a sharper molecular weight distribution
and by which it is possible to solve the above-mentioned
problems of the conventional method and to produce a
higher—pefformance tackifier or adhesive, a hydrogenaféd
product thereof, and a process for producing the same.

In order to solve the above-mentioned problems of the
conventional method, the present inventors ﬁave conducted
assiduous investigations. Consequently, they have found
that when the copolymerization is conducted by adding a
mixture of (di)cyclopentadiene and a vinyl-substituted
aromatic compound to a solvent at a specific ratio based on
a total amount of (di)cyclopentadiene and the vinyl-
substituted aromatic compound as starting monomers in
divided portions, an Mw/Mn ratio of the resulting copo%ymer
is surprisingly reduced to 2.5 or less.

Further, the present inventors have found that when

(1) a sulfur compound or (2) at least one compound selected



however, an MV Mh ratio of nore than 5, having a broad nolecular weight
di stribution. Accordingly, this copolynmer shows quite a high nelt
viscosity. Wien it is incorporated into, for exanpqulssaatmsm‘&nmﬁaotd nyl

.acetate copolyner to forma hot-nelt tackifier or ability
I s poor disadvantageously. To cope wth th|
associated with the conventional nethod, the :pr |cant

proposed a process in which the heat polynerizatlon |s conducted by
addi ng dr dpohse ( gpodpViaters ipwinionsf a nhydtoeyieénzénk ) cpmbopad), adi ene
and a vinyl-substituted aromatic conmpound to a solvent such as xyl ene
or the |ik9drdgpaaphehalene compound and a quinone compound is
caused to exist in adding a mixture of (di)cyclopentadiene
and a vinyl-substituted aromatic compoundlto a solvent in
divided  portions, the Mw/Mn ratio of the resulting
copolymer is more reduced to less than 1.9.

These findings have led to the completion of the
present invention.

That is, the first invention is to provide a copolymer
of cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound, said copolymer having a
softening point of from 60 to 130°C, a vinyl-substitutéd
aromatic compound content of from 30 to 90% by weight,'a
bromine number of from 30 to 90 g/100 g, a number average
molecular weight of from 400 to 1,000, and a weight average
molecular weight/number average molecular weight (Mw/Mn)
ratio of 2.5 or less.

The second iﬁvention is to provide a process for
producing the copolymer of the first invention, which
comprises conducting the copolymerization while adding a
mixture of cyclopentadiene and/or dicyclbpentadiene and a
vinyl-substituted aromatic compound to a solvent in diyided
portions to prdduce a copolymer of cyclopentadiene and/or

dicyclopentadiene and the vinyl-substituted aromatic

compound, wherein the. solvent is used in an amount of from



Pat ent Publication No. 88412/ 1995). Thi s process can give a sharper
nol ecul ar wei ght distribution than the met hod. ..in- whieh. the heat

pol ymeri zation is conducted by charging the n1xtLﬂk§SNm nt adi ene
and the vinyl-substituted conmpound into the solve opol yner
obtained by this process exhibits indeed an NM/Nh | ess which

Is |ower than the copol yner obtained by the conventi onal nethod but this
ratio is actually approximtely 2.8 as will be shown in
50 to 500 parts by weight per 100 parts by weight in total

of cyclopentadiene and/or dicyclopentadiene and the wvinyl-
substituted aromatic compound.

The third invention is to provide a hydrogenated
product of a copolymer of cyclopentadiene and/or
dicyclopentadiéne and a vinyl-substituted aromatic compound
which is obtained by hydrogenating the copolymer of the
first invention, and which has a softening point of from 70
to 140°C, a vinyl-substituted aromatic compound content of
from 0 to 35% by weight, a bromine number of from 0 to 30
g/100 g, a number average molecular weight of from 400 to
1,000, and a weight average molecular weight/number averége
molecular weight (Mw/Mn) ratio of 2.5 or less.

The fourth invention 1is to provide a process for
producing the hydrogenated product of the copolymer of the
third invention, which comprises conducting the
copolymerization while adding a mixture of'cycloﬁentadiene
and/or dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions, and then
conducting the hydrogenation to produce a hydrogenated
product of a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted arogatic
compound, wherein the solvent is used in an amount of from
50 to 500 parts by weight per 100 parts by weight in total

of cyclopentadiene and/or dicyclopentadiene and the wvinyl-



3' Exanples, and the value I's not aImays/gggassaLpLy——sarr‘Tactory
at present. When this copolyner is used as a starting naterlal

tackifier or an adhesive, a nelt viscosity is not: aﬂﬂ actory
Accordingly, its solution has been in denmand. Summ m tion
The present invention ainms to provide a copol ynmer of di ene

and a vinyl-substituted aromatic conpound mhnch has a sharper
nol ecul ar wei ght distribution and by which it is possible to solve the

above- ment ANAd yyted aromatic compound. This fourth invention is

provided by adding the hydrogenation step to the second
invention. |

The fifth invention is to provide a copolymer of
cyclopentadiene and/or dicyclopentadiene' and a vinyl-
substituted aromatic compound, the copolymer having a
softening point of from 60 to 130°C, a vinyl-substituted
aromatic compound content of from 30 to 90% by weight, a
bromine number of from 30 to 90 g/100 g, a number average
molecular weight of from 400 to 1,000, and a weight average
molecular weight/number averagé molecular weight (Mw/Mn)
ratio of less than 1.9. .

The sixth invention is to provide a process for
producing the copolymer of the fifth invention, which
comprises conducting the copolymerization while adding a
mixture of cyclopentadiene and/or dicyclopentadiene and a
vinyl-substituted aromatic compound to a solvent in divided
portions to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein a sulfur compound is caused to exist in
the addition in divided portions.

The seventh invention is to provide a process . for
producing the copolymer of the fifth invention, which
comprises conducting the copolymerizatioa while adding a

mixture of cyclopentadiene and/or dicyclopentadiene and a



priobl ems of the conventional nethod and to produce_a_ _higher-perfornmance
tackifier or adhesive, a hydrogenated product thereof, and a process for
produci ng the sane. In order to solve the aboVbisSheetHasBeo Repla

_ _ adedl ens of
the conventional method, the present inventors have Hm mlll Ili duous

I nvestigations. Consequently, they have found that ;lINk
copol yneri zation is conducted by adding a m xture of “(di).cycl opent.adi ene

and a vinyl-substituted aromatic conpound to a solvent at a specific ratio
based on ¢ dpit-AHudfuiitedf ardmaeie eRapbadidefs andolbenti Myl divsdeatit uted

aromati c conmpound as starting nononers 1n divided portions, an MV Vh ratio
of the resydté h<LOPS! YPBAUCe a copolymer of cyclopentadiene and/or
dicyclopentadiene and- the vinyl-substituted aromatic
compound, wherein ét least one compound selected from the
group consisting of a hydroxybenzene compound, a
hydroxynaphthalene compound and a gquinone compound is
caused to exist in the addition in divided portions.

The eighth invention -is to provide a hydrogenated
product of a copolymer of | cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted compound which is
obtained by hydrogenating the copolymer of the £fifth
invention, and which has a softening point of from 70 ko
140°C, a vinyl-substituted aromatic compound content of
from 0 to 35% by weight, a bromine number of from 0 to 30
g/100 g, a number average molecular weight of from 400 to
1;000, and a weight average molecular weight/number average
molecular weight (Mw/Mn) ratio of less than 1.9.

The ninth invention is to provide a process for
producing the hydrogenated product of the copo;ymer in the
eighth invention, which comprises conducting the
copolymerization while adding a mixture of cyclopentadiene
and/or dicyclopentadiene and a vinyl-substituted arogatic
compound to a solvent in divided portions, and then

conducting the hydrogenation to produce a hydrogenated

product of a copolymer of cyclopentadiene and/or



i s surprisingly reduced to 2.5 or less. Further, the present
i nventors have found that when (1) a sulfur conpound or (2) .at -l east one

conmpound sel ected This Sheet Has Beérr
consi sting of a hydroxybenzene conpound, a hydroxyr’;ﬂmll ul I! ﬁ"pound and

a qui none conpound is caused to exist in adding a

(di)cycl opentadi ene and a vinyl-substituted aronatlc conpoun
in -
dicyclopentadiene and  the vinyl-substituted aromatic

sol vent

compound, wherein a sulfur compound is caused to exist in
the addition in divided portions. The ninth invention is
provided by adding the hydrogenation step to the sixth
invention.

Finally, the tenth invention is to provide a process
for producing the hydrogenated product of the copolymer in
the eighth invention, which comprises conducting the
copolymerization while adding a mixture of cyclopentadiene
and/or dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions, and then
conducting the hydrogenation to produce a hydrogenafed
product of a -copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein at least one compound selected from the
group consisting of a hydroxybenzene compound, a
hydroxynaphthalene compound and a quinone compound is
caused to exist in the addition in divided portions. This
tenth invention is provided by adding the hydrogenation
step to the seventh invention.

Brief Description of the Drawings

Fig. 1 is a pattern of a molecular weight distribution,
as measured by GPC, of the copolymer in the present
invention recited in claim 1.

Fig. 2 is a pattern of a molecular weight distribution,



di'vided portions, the Mwv MWn ratio of the resu#%kﬁg—ﬂaﬂmﬂjﬁmw—is

nore reduced to less than 1.9. These fi ndi ngs,_haye I t ?

conpl etion of the present invention. That |sTm : aceﬁ'tlon S
to provide a copolyner of cycl opentadi ene and/or|d| - and a
vinyl - substituted aromatic conpound, said copolyne ' t eni ng

point of from®60 to 130[err]C, a vinyl-substituted aronatlc'conpound
content of from 30 to-90% by weight, a brom ne nunber of from30 to 90

g/ 100 g, %é“ﬂ@&ﬁnﬁ%ﬁ&@g%Pcﬂnb%c%h@rcWﬁbQBElBBaEVEHbéQ £9.1,000, and a
wei ght average nol ecul ar melght nunber average nol ecul ar melght (MM Mh)

Fig. 3 is a pattern of a molecular weight distribution,
as measured by GPC, .of the copolymer in the present
invention obtained in Example 3 and recited in claim 5.

Fig. 4 is a pattern of a molecular weight distribution,
as measured by GPC, df the Copolymer obtained in Example 5.

Fig. 5 is a pattern of a molecular weight distribution,
as measured by GPC, of the copolymer obtained in Example 7.

Fig. 6 is a pattern of a molecuiar weight distribution,
as measured by GPC, of the copolymer obtained in Examplé 9.

Fig. 7 is a pattern of a molecular weight distribution,
as measured by GPC, of the copolymer obtained in Example 11.

Detailed Description of the Invention

The «copolymer in the first invention and the
hydrogenated product of the copolymer in the third
invention are obtained by the procesées in the second and
fourth inveﬁtions respectively. lThese are the copolymer
and the hydrogenated product of the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound both having the Mw/Mn ratio of 2.5 or less.

In the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound in the first inventiop, a
softening point is between 60 and 130°C, preferably between
70 and 120°C; a vinyl-substituted aromatic compound content

is between 30 and 90% by weight, preferably between 35 and



ratio of 2.5 or |ess. The second invention s—te—provide a process
for producing the copolynmer of the first |nvent|on mhlch Co '
conducting the copol ynerization while adding a n}

and/ or dicyclopentadiene and a vinyl-substituted ar

solvent in divided portions to produce a copol yner

and/ or dicycl opentadi ene and the vinyl - substi tuted aronatlc

compound: e gy LDggRe! VSiied S a¥h bl BIBNE"Tab e 608 by

weight; a bromine number is between 30 and 90 g/100 g,

preferably between 30 and 70 g/100 g, more preferably
between 40 and 60 g/100 g; and a number average molecular
weight is between 400 and 1,000, preferably between 500 and
800.

The hydrogenated copolymer'of (di)cyclopentadiene énd
the vinyl-substituted aromatic compound in the third
invention is obtained by hydrogenating the copolymer in the
first invention. In this hydrogenated copolymer, a -
softening point is between 70 and 140°C, preferably between
80 and 130°C; a vinyl—substituted aromatic compound content
is between 0 and 35% by weight, preferably between 1 and
30% by weight; a bromine number is between 0 and 30 ¢g/100 g,
preferably between 1 and 20 g/100 g; and a number average
molecular weight is between 400 and 1,000, preferably 500
and 800.

Since both the copolymer of (di)cyclopentadiene and
the vinyl-substituted aromatic compdund in the ' first
invention and the hydrogenated product thereof in the third
invention have the Mw/Mn ratio of 2.5 or 1less, the
molecular weight distribution is sharp. For exampleﬁ.the
molecular weight distributioh measured by Gel Permeation.
Chromatography (GPC) gives a pattern shown in Fig. 1.

In the copolymer of (di)cyclopentadiene and the vinyl-

10



-5- 50 to 500 parts by weight per 100 parts by weight in total—of
cycl opent adi ene and/ or di cycl opent adi ene and the vinyl - “substituted
éfh

aromatii ¢ conpound. The third invention is to pr ﬁtﬁmmiwét ed
“ i S

product of a copolyner of cycl opent adi ene |

di cycl opent adi ene and a vinyl -substituted aromaticico

obt ai ned by hydrogenating the copol ymer of the fifst invention, and which
has a softening point -of from70 to 140[err]C, a, vinyl-substitute
aronatic coWpobieitemt arematict cempoung 35oo1R Wik, 1RVEREAPRe ﬁ%ﬁber of

fromO to 30 g/100 g, a nunmber average nol ecul ar wei ght of from40Q to
Mw/Mn ratio is 2.5 or less, for example, around 2.0 as will

be described later in Example 1.

In the hydrogenated product of the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound in the third invention, the Mn)Mn ratio is 2.5 or
less, for example, around 1.9 as will be described later in
Example 2.

Meanwhile, in the copolymer of (di)cyclopentadiene and
the wvinyl-substituted aromatic compound obtained by the
conventional method, the Mw/Mn ratio exceeds 2.5 (it 1is
approximately 2.8 as will be described later in Comparative
Examples) . The molecular weight distribution of this
copolymer as measured by GPC gives a pattern shown in Fig.
2, and it is a broad molecular weight distribution.

The copolymer in the first invention and the
hydrogenated product thereof in the third invention are
obtained by the processes of the second and "fourth

- inventions respectively.

The copolymer in the first invention can be produced
at good efficiency by the process of the second invention.

That is, as described in the second invention,; the
copolymer in the first invention can be produced by
conducting the copolymerization while adding the mixture of

(di)cyclopentadiene and the vinyl-substituted aromatic

11



1,000, and a weight average nol ecul ar wei ght/nunber -average—molecular
wei ght (Mv M) ratio of 2.5 or |ess. The fourth_j nvention isto

provi de a process for producing the hydrogenated pro mﬁﬁﬁmriﬁﬁwymr

of the third i nventi on, whi ch conpri ses condu

copol ymeri zati on whil e adding a m xture of cycl opent adi

di cycl opent adi ene and a vinyl-substituted aromatic conpound to a

solvent in divided -portions, and then conducting the hydrogenation to
produce achygpugénspedhepsodyvent dn diyidegdopantians dio p Gheriadi ene
and/ or dicyclopentadiene and the vinyl-substituted aromatic
conpound, copeilgmart b€ s@ivencliopendedieneararghoihe winyloswbstituted

aromatic compound, wherein the solvent is used in an amount
of from 50 to 500 parts by weight per 100 parts by weight
in total of (di)cyclopentadiene and the vinyl-substituted
aromatic compound.

The solvent is used in the copolymerization according
to the present invention. Examples of the solvent include
benzene, toluene, =xylene, cyclohexane, methylcyclohexane
and ethylcyclohexane. They can be used either singly or in
combination.

It is advisable to use these solvents after being
heated at 100°C or more, preferably at 150°C or more.

In the present invention, the amount of the sdlvent is
between 50 and 500 parts by weight, preferably between 80
and 300 parts by weight per 100 parts by weight of the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compound (for example, styrene, a-methylstyrene or
vinyltoluene) as starting monomers.

When the amount of the solvent used is less than the
above-mentioned range, it is impossible to produce the
desired copolymer or hydrogenated product thereof hgving
the sharp molecular weight distribution. Meanwhile, even
when the amount of the solvent used exceeds the above-

mentioned range, the effect of sharpening the molecular

12



50 to 500 parts by weight per 100 parts by weight i.n total
cycl opent adi ene and/ or di cycl opent adi ene and the vi nﬂh}s SheetHasBeenR ]

-6-

~ substituted aromatic conpound. This fourth |nve
addi ng the hydrogenation step to the second |nvent|o
I nvention is to provide a copol ynmer of cyclopentadlene

di cycl opentadiene and a vinyl-

-

weight distribution is no longer increased, and the amount
of the product produced in one batch is rather decreased

disadvantageously.

ﬁiﬂced

ded by

The use of the solvent in such a specific range and

the excellent effect of the present invention thereby
brought forth have not been known at all.

The copolymerization is .conducted while adding the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compound to the solvent (preferably to the heated
solvent) in divided portions (for example, dropwise).

The mixing ratio of (di)cyclopentadiene and the vinyl-
substituted aromatic compound is not particularly limitéd.
The weight ratio of (di)cyclopentadiene to vinyl-
substituted aromatic compound is usually between 70:30 and

20:80, preferably between 60:40 and 40:60.

The time of the addition in divided portions is

usually between 0.5 and 5 hours, preferablf.between 1 and 3
hours. It is preferable that the proportions of these
compounds to be added are equal.

It is advisable that the copolymerization is conducted
successively even after the addition of (di)cyclopentadiene
and the vinyl-substituted aromatic compound in diyided
portions is completed.

In this case, the reaction conditions are not

particularly limited. Usually, the reaction temperature is

13



substituted aronatic conpound, the copol yner having a  softening point of

from60 to 130[err]C, a vinyl-substituted

from30 to 90% by weight, a brom ne nunber of from 30 t '
nunber average nolecul ar wei ght of from400 to 1,000, aﬂmﬂ“mﬂmm

mol ecul ar wei ght/ nunber average nol ecul ar wei ght (Mwv M)

than 1.9.

The sixth invention is to provide a process for prod

t he I f the fifth j tion, _whi ' [

copol yner [BRRTERR wABPe 2 HO0T" rPREEFESDHY cFATBRER, i ey,

di cycl opent adi ene and a vin%%-subétitute aromatic c npggpd t 0, a ;50!
Sﬁgnt I

in di vi dedch®or¥edfcie pPHS

8re cdpol PREVESR ccl erkd/£M For

preferably between 0 and 15 kg/cm’G, and the reaction time
is between 0.5 and 8 hours, preferably between 1 and 5
hours.

Subsequently, when the resulting reaction solution is
treated, for example, at a femperature of from 100 to 300°C,
a pressure of from 100 to 1 mmHg for from 1 to 3 hours to
remove volatile matters and the like, the copolymer in the
first invention can be obtained.

The copolymer of (di)cyclopentadiene and the vinyl—
substituted aromatic compound has, as described in the
first invention, a softening point of from 60 to 130°C, a
vinyl-substituted aromatic compound content of from 30 to
90% by weight, a bromine number of from 30 to 90 ¢g/100 g, a
nunber average molecular weight of from 400 fo 1,000, and
an Mw/Mn ratio of 2.5 or less (2.0 in Example 1 to be_
described 1later). Thus, the copolymer having the sharp
molecular weight distribution is provided.

The hydrogenated product of the copolymer in the third
invention can be produced at good efficiency by the process
in the fourth invention. As nmnentioned above, iF is
obtained by hydrogénating the copolymer in the first
invention produced by the process in the second invention.

That is, the hydrogenated product of the copolymer in

14
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dircycl opentadiene and the  vinyl-substituted aromatic _conpound,
wherein a sul fur conpound is caused to exist in the addition in divided
portions. The seventh invention is to provide a ThisSbetldasBeshReplaced
produci ng the copol yner of the fifth invention, which uctlng
t he copol yneri zation while adding a m xture of cycl ope Emlﬂﬁm

di cycl opent adi ene and a

-

the third invention can be formed by conducting the same
copolymerizatibn as described in the first invention
according to the process in the'second invention, and then
conducting the hydrogenation.

Further, the copolymer in the £first invention which
has been already obtained may be subjected to the
hydrogenation.

In this case, the hydrogenation is carried out in a
solvent such as cyclohexane or tetrahydrofuran in the
presence of a nickel, palladium, cobalt, platinum or
rhodium catalyst. At this time, the reaction temperature
is between 120 and 300°C, preferably between 150 and 250°C,
the reaction time is between 1 and 7 hours, preferably
between 2 and 5 hours, and the hydrogen pressure is between
10 and 60 kg/cm?G, preferably between 20 and 50 kg/cm’G

When the reaction solution obtained by such a
hydrogenation is treated, for example, at a temperature of
from 100 to 300°C, a pressure of from 100 and 1 mmHg for
from 1 to 3 hours as in producing the copolymer to rémove
volatile matters and the like, the hydrogenated product of
the copolymer in the third invention can be obtained.

The hydrogenated product of the copolymer; of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound obtained by the process in the fourth invention

has, as described in the third invention, a softening point

15



vi‘nyl -substituted aromati c conpound to a solvent in divided portions to
produce a copol yner of cycl opentadi ene and/or dicyclopentadiene and = the
vinyl -substituted aromatic conpound, wherein at | eagfssOReHs RGN ed

selected fromthe group consisting of a hydroxybe D (PN Nd,
a hydroxynapht hal ene conpound and a qui none conpound IHME'H&W'[IF ﬁxi st
in the addition in divided portions. The eighth i - ol i o
provi de a hydroge e roduct  of a_.c I r__of._.cycl opentadi ene
and/ or dﬁ%%c{%%%gfgdggng4gﬁg’aavVﬁ?VLEﬁﬁgfgfﬁ?gggcaﬁﬁ%ﬁﬁﬁcmﬁPE ong
obt ai ned by hydrogepating the copalymer of, the fifth i.nventian, and which
has a sof t‘é’rﬂﬁ‘/?d‘tpo‘?ﬁt £gp roonjf"?oggé By weignt, 'a ‘Bromihe Hiner 268

from 0 to 30 g/100 g, a number average molecular weight of

from 400 to 1,000, and an Mw/Mn ratio of 2.5 or less (1.9
in Example 2 to be described later). = Thus, the
hydrogenated product of the copolymer having the sharp
molecular weight distribution is provided.

The copolymer in the fifth invention is obtained by
the process in the sixth or seventh invention, and it is
the copolymer of (di)cyclopentadiene and  the vinyl-
substituted aromatic compound having the Mw/Mn ratio of
less than 1.9.

The hydrogenated product of the copolymer in the
eighth invention.is obtained by the process in the ninth or
tenth invention, and it is the hydrogenated product of the
copolymer of (di)cyclopentadiene and the vin?l—substituted
aromatic compound having the Mw/Mn ratio of less than 1.9.
The hydrogenated product of the copolymer in the eighth
invention is the hydrogenated product of the copolymer in
the fifth invention.

Of these, the cbpolymer of (di)cyclopentadiene and the
vinyl-substituted aromatic compound in the fifth inve?tion
is the same as the copolymer in the above-mentioned first
invention except that the Mn/Mn ratio is less than 1.9.

That is, in the copolymer of the fifth invention, the
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140[err]C, a vinyl -substituted aromatic conpound ;tontent of from0 to 35%
by weight, a brom ne nunber of fromO to 30 g/ 100 ﬁ(Shgetmg&R Niggage

nol ecul ar wei ght of from400 to 1,000, and a weig ul ar

wei ght/ nunber average nol ecul ar weight (Mv Mh) rati m u M E 1.9.

The ninth invention is to provide a process for 'dr ogenat ed
product of the copolyner in the eighth invention whi ch conpri ses
conducti ng the copolynerization while adding a m x

cycl opent aiiir Lngh dodm tdiley Aedp@eladier@chid B Cvi Hﬁ?f%B?th BetyesPomati c
compound to a solvent in divided ortions, and then conducting the °
hydr ogenat7®n ans pricifif€e a thedr Fdavarey shisHGed aromafic GREPPRBA of

cycl opent adi ene and/ or
content is between 30 and 90% by weight, preferably between

35 and 65% by weight, more preferably between 40 and 60% by
weight; the bromine number is between 30 and 90 g/100 g,
preferably between 30 and 70 g/100 g, preferably between 40
and 60 g/100 g; and the number average molecular weight is
between 400 and 1,000, preferably between 500 and 800.

The hydrogenated product of the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound in the eighth invention is the same as the
hydrogenated product of the copplymer in the third
invention except that the Mw/Mn ratio is less than 1.9. 1In
this hydrogenated product of the copolymer, the softening
point is between 70 and.14OW:, preferably between 80 and
130°C; the vinyl-substituted aromatic compound content is
between 0 and 35% by weight, preferably between 1 and 30%
by weight; the bromine number is between 0 and 30 g/100 g,
preferably between 1 and 20 g/100g; and the number average
molecular weight is between 400 and 1,000, preferably
between 500 and 800.

Since both the copolymer of (di)cyclopentadieng.and
the vinyl-substituted aromatic compound in the fifth
invention and the hydrogenated product.of the copolymer in

the eighth invention have the Mw/Mn ratio of less than 1.9,
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- 8- di cycl opent adi ene and the vinyl-substituted aromatic—to “peu
wherein a sul fur conpound is caused to exist in the # "”.n é "

portions. The ninth invention is provided by adding t ee ‘% step
to the sixth 1invention. Finally, the tenth inven EH ide a
process for producing the hydrogenated product of the

the moleculé} weight distribution is even sharper. For
example, the molecular wéight distribution measured by GPC
gives a pattern shown in Fig. 3.

In the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound in the fifth invention and
the hydrogenated product of the copolymer in the eighth
invention, the Mw/Mn ratio is reduced to less than 1.9, and
the molecular weight distribution thereof is even sharper
than thét of the copolymer in the first invention or the
hydrogenated product of the copolymer in the third
invention.

Especially,. in the copolymer of (di)cyclopentadiene
and the vinyl-substituted aromatic compound in the fifth
invention which is obtéined by the érocess in the sixth
invention and the hydrogenated product of the copolymér in
the eighth invention obtained by the process.in the ninth
invention, the Mw/Mn ratio is reduced to approximately from
1;6 to 1.7 (for instance, as shown in Examples 3 and 4).

The copolymer in the fifth invention is obtained by
the process in the sixth or seventh invention, and the
hydrogenated product of the copolymer in the eighth
invention by the process of the ninth or tenth invegtion
respectively.

The copolymer in the fifth invention can be produced

at good efficiency by the process in the sixth or seventh

18



the eighth invention, which conprises conducting the _copolynerization
whil e adding a m xture of cycl opentadi ene and/or dlcyclopentadlene and a

vi nyl -substituted aromatic conpound to a sol vent in dilhi a‘x"cla.nd
then conducting the hydrogenation to produce a hydroge

a copol ymer of cycl opent adi ene and/ or dlcyclopent the
vi nyl -substituted aromatic conpound, wherein at |east one conpound |
selected fromthe group consisting of a hydroxybenzene conpound, ‘a

hydr oxynapft¥ &R conpound and a quinone compound is caused to exist in

the addition in divided port '
addi ng t he hydr%aﬁonghé Icgggly‘r!l-glrs in %ﬂt h ]%ine/ﬁpt Ilr%]eﬁ l(g)r OVIage%eby

produced, as described in the sixth invention, such that
the copolymerization is conducted while adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided
portions to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein a sulfur compound is caused to exist in
the addition in divided portions.

The solvent here referred to.is the same as described
in the first to fourth inventions. -

The amount of the solvent to be used is also the same
as described in the first to fourth inventions ([between 50
and 500 parts by weight per 100 parts by weight of the
mixture of (di)cyclopentadiene and the vinyl—substituted
aromatic compound as starting monomers]. However, since
the sulfur compound is caused to exist in adding the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compound to the solvent in divided portions, the
amount of the solvent to be used can be reduced more. It
is usually between 50 and 150 parts by weight, prefeFably
between 70 and 120 parts by weight per 100 parts by weight
of the starting monomers.

The mixing ratio of (di)cyclopentadiene and the vinyl-
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step to the seventh invention. Brief Description of the Draw ngs

Fig. 1 is a pattern of a nolecular weight distribution, RS JEIENE '
GPC, of the copolyner in the present invention recited in A5 h R
Fig. 2 is a pattern of a nol ecul ar weight distribution,
9 as neasured by GPC, of the conventional copolyner.

e

substituted aromatic compound .and the period of time for

adding the mixture in aivided portions are the same as
described in the first ‘to fourth inventions.

In the sixth invention, the copolymerization is
conducted while adding the mixture of (di)cyclopentadiene
and the vinyl-substituted aromatic compound to the solvent
in divided ©portions to produce the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound, wherein the sulfur compound is caused to exist in
the addition in divided portions to the solvent. The sixth
invention is basically the same as the second invention
except that the sulfur compound is caused to exist.

As the sulfur compound, a compound which is generally -
used as a chain transﬁer agent can be used. Examples
thereof include n-octylmercaptan, benzylmercaptan,
thiophenol and 2—methyl—5—ter£-butylthiophenol.

The amount of the sulfur compound used is 5 parts by
weight or less, usually between 0.0l and 5 parts by weight,
preferably between 0.1 and 2 parts by weight per 100 parts
by weight of the mixture of (di)cyclopentadiene and the
vinyl-substituted aromatic compound as starting monomers.

When the amount of the sulfur compound used is .less
than the above-mentioned range, the molecular weight
distribution of the resulting copolymer is broadened,

making it impossible to obtain a resin having an improved

20



Fi'g. 3'is a pattern of a nol ecul ar wei ght dlstrlbutlon as. measur-et
GPC, of the copolyner in the present invention obtalnedmsmmﬁxaﬁp R 1
recited in claimb. Fig. 4 is a pattern of a nDIec

distribution, as nmeasured by GPC, of the copolyner obta|

Fig. 5is a pattern of a nolecular weight distribution, as e

GPC, of the copolyner obt ai ned i n Exanple 7. Fig. 6 is a pattern of a

nmol ecul ar di st ri but.i. on, asured by GPC, .of th |

gbtalngdlﬂ? ncey, while Flﬁalﬁgg%nhn%att r n 1180 nBFggﬁgggvéggéht
istribution, as neasured_by GPC, of the co Ex 11.
Det ai | ed Eﬁ%ﬁ“ﬂHﬁQm1QﬂeQiﬂ?%anF§ﬁ ggpunt of %ﬁ@yggéBSP%ﬁégg EQCFﬁQS f?rst

i nvention and the )
the above-mentioned Trange, the effect 1is no longer

increased, and the productivity in one batch is rather
decreased. Thus, it is undesirdus.

The state of the sulfur compound present 1is not
particularly limited. For example, the sulfur compound
which has been incorporated into the starting monomers may
be dropped to the solvent in divided portions, or it is
also possible that the sulfur compound has been caused to
exist in the solvent (mixed with the solvent) and the
starting monomers are added thereto dropwise.

In the sixth invention, the copolymer in the fifth
invention can basically be produced in the same manner as
in the second invention-except that the sulfur compound is
caused to exist as mentioned above. |

As described in the seventh invention, the copolymer
in the fifth invention can also be produced such that the
copolymerization is conducted while adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided
portions to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein at least one compound selected from the

group consisting of a hydroxybenzene compound, a
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hydrogenat ed product of the copolymer in the third invenrt+en—areobtained
by the processes in the second and fourth inventions res e%gi ely.: 12Jhese,
r of

are the copolyner and the hydrogenated product ofThis i
(di)cycl opent adi ene and the vinyl-substituted aromatic ‘i ai“
having the MV Mh ratio of 2.5 or |ess. In the cop _ !
(di)cycl opent adi ene and the vinyl- substituted aromatic conpoUhd in the

first invention, a seftening point is between 60 and 130[err]C_ preferably
bet ween hydxedynaphshellenea gemppuBdhsentut @d GRHREREC EORPORRY cbRt ent
I's between 30 and 90% by wei ght, preferably between 35 and

caused to exist 1in the addition of the mixture of

(di) cyclopentadiene and the _vinyl—substituted aromatic
compound to the solvent in divided portions.

The process in the seventh invention is the same as
the process in the sixth-invention except that at least one
compound selected from a hydroxybenzene compound( a
hydroxynaphthalene compound- and a quinone conmpound is
caused to exist instead of the sulfur compound in the
addition in divided portions.

Examples of the hydroxybenzene compound include phenol,
2,6-di-tert-butyl-p-cresol, pentaerythrityltetrakis(3—(3;5-
di-tert-butyl-4-hydroxyphenyl)propionate), methoqﬁinone,
hydroquinone, 2,5-di-tert-butylhydroquinone,
hydroxyhydroquinone, catechol, p-tert-butyl-catechol and
pyrogallol. |

Of these, hydroxyhydroquinone, catéchol, p-tert-butyl-
catechol and pyrogallol are preferable.

Examples of the hydroxynaphthalene compound include
1, 4-dihydroxynaphthalene, 2,3-dihydroxynaphthalene, 2,4~
dihydroxynaphthalene, 2,6-dihydfoxynaphthalene and 3,4-
dihydroxyhaphthalene.

Examples of the quinone compound include 1,4-
benzoquinone, o-naphthoquinone, anthraquinone and 1,4-

dihydroxyanthraquinone.
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- 10 -+ 65% by weight, nore preferably between 40 a‘ﬁ‘ﬁﬁ%&by——ﬂe+ghp—_a
brom ne nunber is between 30 and 90 g/ 100 g, preferal?{nyslget n 30 and 70

g/ 100 g, nore preferably between 40 and 60 g/100 g;
nol ecul ar weight is between 400 and 1, 000, preferably
800. The hydrogenat ed copol yner of (di)cycl opent.
vi nyl -substituted aromatic conpound in the third

-

In the seventh invention, at least one, i.e. one or
more compound selected from the group consisting of the
above-mentioned hydroxybenzene compound, hydroxynaphthalene
compound and quinone compound can be used. Of these, the
hydroxybenzene compound is preferable, and
hydroxyhydroquinone, catechol, p-tert-butylcatechol and
pyrogallol are especiall? preferable.

The amount of at least one compound to be used
selected from the group consisting of the above-mentioned
hydroxybenzene compound, hydroxynaphthalene compound and
quinone compound is 5 parts by weight or less, usually
between 0.01 and 5 parts by weight, preferably between 0.1
and 2 parts by weight per 100 parts by weight of the
mixture gf (di)cyclopentadiene and the vinyl-substituted
aromatic compound as starting monomers.

When the amount of the abqve-mentioned compound used
is less than the 'above-mentioned range, the molecular
weight distribution of the resulting copolymer is broadened,
making it impossible to obtain a resin having an improved
performance while maintaining a high productivity. On the
other hand, even when the amount of the solvent used
exceeds the above-mentioned range, the effect is no l?nger
increased, and the productivity in one batch is rather
decreased. Thus, it is undesirous.

As stated above, the process in the seventh invention
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I nvention is obtained by hydrogenating the copolyner |n the ~first
I nventi on. In this hydrogenated copolyner, e{l@asl%@énﬂie lh&d
between 70 and 140[err]C, preferably between 80 and 1

vinyl -substituted aronmati c conpound content is betmeezﬂ

wei ght, preferably between 1 and 30% by weight; a bro

between 0 and 30 g/100 g, preferably between 1 and 20 g/ 100 g; and a
nunber average nmol ecul ar %ﬁ%ght i S betwe%% 400. and 1, 000 referabky 500
and 800. 1S thejAgBepssh e REYGFITret ol e FH% ’o‘b‘é‘?& I BEGRAT ¢ he
vi nyl -substi tuted- aronatlc conpound in the fjrst entlo and t he

hydr ogenatid®tor fuct 193t ed?¢ n EPRPEWRY d S¢ %%E??o ﬁ%@e Eﬂ% MAFRHPr ati o

of 2.5 or less, the )
con51st1ng of above-mentioned hydroxybenxzene compound,

hydroxynaphthalene compound and quinone compound is caused
to exist instead of the sulfur compound in the addition in
devided portions.

The state of at least one eompound selected from the
group consisting of the hydroxybenzene compound, the
hydroxynaphthalene compound and the quinone compound is,
like the state of the sulfur compound, not particularly
limited.

It is advisable that the copolymerization' in the
process of the seventh invention is successively conducted,
like the copolymerization in the process of the sixth
invention, even after the addition of the mixture of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound in divided portions is completed, and the reaction
conditions at this time are the same as in the process of
the sixth invention. In this manner, the copolymer in the
fifth invention can be produced.

In the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound produced by the seventh
invention, the Mw/Mn ratio is between 1.79 and 1.89lbeing
less than 1.9, as demonstrated in. Examples. Thus, the

molecular weight distribution is sharp. For example, the
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nol ecul ar wei ght distribution is sharp. For exanpl e, The Tmofecutar—weight

di stribution neasured by Gel Perneation Chronatographys: D ghves a .
pattern shown in Fig. 1. In the copol yner of (digﬁu£ éQHé)ee' *bnd
the vinyl - -11- substituted aromatic corrpounqm Hﬂlﬂl - '

invention, the Mwv M ratio is 2.5 or less, for exanple, TaoUndl lisig Wil |

be described later in Exanple 1.
molecular Qéight distribution measured by GPC gives

patterns shown in Figs. 4 to 7.

The hydrogenated product of the copolymer in the
eighth invention can be obtained by the process in the
ninth or tenth invention. It is a hydrogenated product of
the copolymer in the fifth invention.

In the ninth invention, the copolymerization is
conductéd while adding a mixture of (di)cyclopentadiene and
a vinyl-substituted aromatic compound to a solvent in
divided portions, and the hydrogenation is then conducted
to produce a hydrogenated product of a copolymer of
(di) cyclopentadiene and the vinyl-substituted aromatic
compound, wherein a sulfur compound is caused to exist in
the addition of the mixture to the solvent in divided
portions. The same copolymerization as in obtaining the
copolymer of the sixth ihvention is conducted, and the
hydrogenation is then conducted. The ninth invention is
basically the same as the fourth invention ekcept that the
sulfur compound is cdused to exist in the addition in
divided portions.

According to the sixth invention or the ninth
invention, the sulfur gompound is caused to exist in adding
the above-mentioned mixture to the solvent in divided
portions, making it possible to further sharpen the

molecular weight distribution of the resulting copolymer or
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I m the hydrogenated product of the copolyner of (di)cycl opentadi ene -and
the vinyl-substituted aromatic conpound in the third.ﬁp¥ﬁn .0 the My Mh
ratiois 2.5 or less, for exanple, around 1.9 as will Deug centeplaced o
in Exanple 2. Meanwhi l e, in the copol yner of (di) e and
the vinyl-substituted aromati ¢ conpound obtai ned by the , .
met hod, the Mv/ M ratio exceeds 2.5 (it is approximately 2.8 as will be

described | ater in Comparative _Exanples The nol ecul ar wei ght
distributﬁ¥HEQﬂenﬁﬁﬁ L %ﬁﬁﬁyﬁgrt § ﬁ88§&¥88rby GPC gives a pattern shown

'nFig. 2, and iy is a broad molgeul at,wel gy A st gL, of

(di) cyclopentadiene and the vinyl-substituted aromatic

compound in the fifth invention and the hydrogenated
product of the copolymer in the eighth‘invention have the
Mw/Mn ratio of less than 1.9 (1.67 and 1.63 in Examples to
be described later), and the molecular weight distribution
is even sharper.

In the tenth invention, the hydrogenated product of
the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound is produced by conducting the
copolymerization while adding a mixture of
(di) cyclopentadiene and the vinyl-substituted aromatic
compound to the solvent in divided portions and then
conducting the hydrogenation, wherein at least one compound
selected from the group consisting of a hydroxybenzene
compound, a hydroxynaphthalene compound and a quinone
compound is caused to exist in the addition in divided
portions.

That is, the tenth invention is provided by adding the
hydrogenation reaction to the process in the above-
mentioned seventh invention. '

In other words, the process in the tenth invention is

the same as the process in the ninth invention except that

at least one compound selected from the group consisting of
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The copolymer in the first invention and the rhydrogenatred product

thereof in the third invention are obtained by the Qrgﬁgﬁig

and fourth inventions respectively. The copol yner i Bt

i nvention can be produced at good efficiency by the pr “

I nventi on. That is, as described in the second i.nv Lt bl
copolynmer in the first invention can be produced by conducting the

copol yrmerizati on whil e addi ng the m xture of di).cycl t adi dth

Vi ﬁyl }lsubstt 1% Ut ed aq,kbq,}ﬁ—inbennccﬁoned hycProbeeere%e-Open %o'm%%%n%r,] €

hydroxynaphthalene compound and quinone compound is caused
to exist instead of the sulfur compound in the addition in
divided portions.

According to the seventh or tenth invention, the
molecular weight distribution of the resulting copolymer or
hydrogenated product of the copolymer can further be
sharpened by causing at least one compound selected from
the group consisting of the hydroxybenzene compound, the
hydroxynaphthalene compound and the gquinone compound to
exist when the mixture is added to the solvent in divided
portions.

The thus-obtained copolymer of (di)cyclopentadiene and
the vinyl-substituted aromatic compound in the fifth
invention and the hydrogenated product of the copolymer in
the eighth invention have, as noted above, the Mw/Mn ratio
of less than 1.9 (from 1.75 to 1.89 in Examples to be
described later), and the molecular weight distribution is-

thus more sharpened.

The copolymer in the first invention and the
hydrogenated product thereof in the third invention have
the Mw/Mn ratio of 2.5 or less which is lower than that of

the conventional ones, providing a sharp molecular weight

distribution.
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-12-

‘conpound to the solvent in divided portions to produce the
copol ymer of (di)cycl opentadi ene and the vinyl- substltu&ﬁgﬁmaqﬂgﬁ&'

conmpound, wherein the solvent is used in an anount of fr
by wei ght per 100 parts by weight in total of (di)cycl oplmgﬂmﬁ
vinyl -substituted aromatic conpound. The sol vent | :

copol yneri zation according to the present |nvent|on Exanples of the

sol vent

[

Iaced

ii

arts
t he

|nclude benze t ol .uene, Iene xan neth cl ohexane
and et hyl cycl o néi%?(ﬁﬂ?kﬁ? %ﬁtﬁ%r ﬁ SF§Sgrlpxen LSyl

the hydrogenated product thereof in the third invention are
substrates which are dJquite useful in the production of a
tackifier and an adhesive.

The copolymer or the hydrogenated product thereof
having such a sharp molecular weight distribution can
efficiently be produced by the process in the second or
fourth invention.

Further, thé copolymer or the hydrogenated product
thereof having the lower Mw/Mn ratio of less than 1.9 with
the sharper molecular weight distribution as described in
the fifth or eighth invention can efficiently be produced
by the processes in the sixth and seventh inventions or the
processes in the ninth and tenth inventions.

In the process of the sixth or ninth invention, the
sulfur compound is caused to exist in adding the starting
monomers to the solvent in divided portions, making it
possible to more reduce the amount of thé solvent to be
used. Accordingly, in comparison with the polymerization
condﬁcted by increasing only the amount of the solvent, a
resin having a sharp molecular weight distribution and an
excellent performance is obtained with the use of the §mall
amount of the solvent. Consequently, there is no fear that
the productivity might be decreased by decreasing _the

amounts of the starting monomers to be charged into the
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conbi nat i
heat ed at
present i
by wei ght,
wei ght of
aronatic
vinyltolu
used is |
the desi

on. It is advisable to use these solvents after being

100[err]C or nore, preferably at 150[err]e—ef—ﬁnre———‘“—"T——the
nvention, the amount of the solvent is bet OHA M Pladedr t s

C

preferably between 80 and 300 parts by e |
the mxture of (di )cycl opent adi ene and t he ?ﬂ Hﬂmﬁm“

conpound (for exanple, styrene, [err]-nethyls

b

ts by
ed

)._as sgﬁ{bln nDn nmers. When the anount of the sol vent
é§§' 4% b6V ntioned range, it is inpossible to produce

red C%&O|3/ner t?lr n %rc% ena feq:h %%lxjr%tntthh%rre%fen@ﬁvij.pag'ention,
at least one compound selected from the group consisting of
the hydroxybenzene compound, the hydroxynaphthalene
compound and the quinone compound is caused to exist in
adding the starting monomers to the solvent in devided
portions, making it possible to reduce the amount of the
solvent to be used. Accordingly, in comparison with the
polymerization conducted by increasing only the amount of
the solvent, a resin having a sharp molecular weight
distribution and an excellent performance is obtained with
the use of the small_amount of the solvent. Consequently,
there is no fear that the productivity might be decreased
by decreasing the amounts of the starting monomers to be
charged into the polymerization vessel.
Examgies

The present invention is illustrated more specifically
by réferring to the following Examples. However, the
present invention is not limited thereto at all.
Example 1

Production of a copolymer of dicyclopentadiene and

styrene:

Xylene (141 g, 180 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged into

a 300-milliliter polymerization vessel which had been

29



the sharp nol ecul ar wei ght distribution. Meanwhile, even when the anount
of the solvent used exceeds the above- nentioned rangmnsshéémﬁfBE@: tepiaded

shar peni ng the nol ecul ar melght
distribution is no Ionger increased, and the anmount
produced in one batch is rather decreased dlsadvantageo he use

of the solvent in such a specific range and

purged with nltrogen and was fitted with a stirrer. While
the solvent was heated te 260°C with stirring, a mixture of
31 g of dicycloﬁentadiene and 47 g of styrene (weight ratio
of 40:60) was added thereto in divided portions over the
course of 2 hours. Then, the copolymerization was further
continued for 5 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary
evaporator at a temperature of 200°C and a pressure of 10
mmHg for 3 hours to remove unreacted monomers and xylene.
In this manner, 70 g of a copolymer of dicyclopentadiene
and styrene were obtained.

The properties of this copolymer are shown in Table 1.
Example 2

Production of a hydrogenated copolymer of

dicyclopentadiene and styrene: |

Sixty grams of cyclohexane as a solvent, 65 g of the
copolymer obtained in Example 1 and 2.3 g of a silica-
alumina catalyst supporting 0.5% by weight of palladium
were charged into a 300-milliliter polymerization vessel
whieh had been pufged with nitrogen and was fitted with
stirrer. The hydrogenation was conducted at a hdeogen
pressure of 40 kg/cmZG and a temperature of 230°C for 3
hours.

After the completion of the reaction, the reaction
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the excellent effect of the present invention thereby—brotght—ferth have

not been known at all. The copol ynerization is .cqnd J_ whi | e..addi ng

the mxture of (di)cyclopentadi ene and the vinyl - subst' placed
conmpound to the solvent (preferably to the heated solv , 7
portions (for exanple, dropw se). The m xing rati diR
(di)cyclopentadiene and the vinyl- substituted aronﬁtic'conpound IS not
particularly |imted. ght ratl Iopentadlene

vi nyl - o AR ‘&?%rra??lée&onﬁbl&nd and) ?%/t%‘gt h70830 TG T 20 80
preferably between 60:40_and 40:

ti f th ddi t
di \él ded pFYIRREY 5 ud| WW&F\%M%%‘- a;](goeg r?dn’??rga BF%?%VE%)I IQ%bé'toween 1
and 3

mmHg for 1 hour to remove cyclohexane. In this manner, 65
g of a hydrogenated product of a copolymer of
dicyclopentadiene and'styrene were obtained.

The properties of the hydrogenated product of the
copolymer are shown in Table 1.

Comparative Example 1

Production of a copolymer of dicyclopentadiene and

styrene:

Xylene (50 g, 32 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged irto
a 300-milliliter polymerization vessel which had been
purged with nitrogen and was fitted with a stirrer. While
the solvent was heated to 260°C with stirring, a mixture of
62 g of dicyclopentadiene and 94 g of styrene (weight ratio
of 40:60) was added thereto in divided portions over the
course of 2 hours. Then, the copolymerization was further
continued for 1.5 hours.

The resulting product was treated in the same manner
as in Example 1 to remove unreacted monomers and xylene.
In this manner, 140 g of a copolymer of dicyclopentaqiene
and styrene were obtained.

The properties of this copolymer are shown in Table 1.

Comparative Example 2
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hours. -

In

this

It is preferable that the proportions of thé&e . GRIpOU ds to Qﬁ
added are equal . It is advisable that the copoly schicen Replac
conducted successively even after the addition of (di) H IE - and
the vinyl-substituted aromati c conpound in divided por _ ted.

case, the reaction conditions are not particularly limted.
Usual ly, the reaction tenperature is

Production of a hydrogenated product of a copolymer of

dicyclopentadiene aﬁd styrene:

Example 2 was repeated except that the copolymer
obtained in Comparative Example 1 was used instead of the
copolymer obtained in Example 1 to form a hydroggnated
product of a copolymer of dicyclopentadiene and styrene.

The properties of the hydrogenated copolymer are shown
in Table 1.

Example 3

Production of a copolymer of dicyclopentadiene and

styrene in the presence of a sulfur compound:

Xyleﬁe (330 g, 90 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged into
a l1-liter polymerization vessel which had been purged with
nitrogen and was fitted with a stirrer. To xylene were
added 3.66 g (1 part by weight per 100 parts by weight of
starting monomers) of Z—ﬁethyl—5—tert-butylthiophenol. The
mixture was heated to 260°C, énd with stirring, a mixture
of 183 g of dicyclopentadiene and 183 g of styrene (weight
ratio of 50:50) as starting monomers was added thereto in
divided portions over the course of 3 hours. Then, the
copolymerization was further continued for 7 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary

evaporator at a temperature of 200°C and a pressure of 10
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-34 -- between 200 and 350[err]C, preferably between 250—and—30
the reaction

U
pressure is between 0 and 20 kg/¢nRG ?Ff r iw
between 0 and 15 kg/cnferr]G and the reaction tine is ef
hours, preferably between 1 and 5 hours. Subseque
resulting reaction solution is treated, for exanple, at |#Nd®

M

r 8
of

Lron1100 to 300[err]C, a pressure of from100 to 1 mrHg for from'l fo'3
ours to renove volatile matters and the like, the copol r in the first
i nvent i onTEEY HOME allPRES to rempye WhrAaGREd JRORWRS c%%%eﬁygaPEne and

the vinyl- substituted aromatic conpound has, as _described in the

In this manner, 330 g of a copolymer of dicyclopentadiene
and styrene were obtained.

The properties of this copolymer are shown in Table 1.
The pattern of the moledular weight distribution measured
by GPC is shown in Fig. 3.

Example 4

Production of a hydrogenated product of a copolymer of

dicyclopentadiene and styrene in the presence of a

sulfur compound:

Seventy grams of cyclohexane as a solvent, 70 g of the
copolymer obtained in Example 3 and 10 g of a nickel
catalyst were charged into a 300-milliliter polymerization
vessel which had been purged with nitrogen and was fitted
with a stirrer. The hydrogenation was conducted at a
temperature of 230°C and a hydrogen pressure.of 40 kg/cm’G
for 4 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary
evaporator at a temperature of 200°C and a pressuré of 10
mmHg for 1 hour to remove a solvent, i.e. cyclohexane.
Thus, 70 g of a hydrogenated copolymer of dicyclopentaqiene
and styrene were obtained.

The properties of the hydrogenated copolymer are shown

in Table 1.

33



fi-rst invention, a softening point of from60 to 130[err]C a

vi nyl -substituted aromati c conpound content of froni30 to

90% by :wei ght,

~brom ne nunber of from30 to 90 g/ 100 g, a nunber AV euﬂm lacadei g

of from400 to 1,000, and an M~ M ratio of 2.5 or- Ie
to be described later). Thus, the copolyner haV|ng
wei ght distribution is provided. The hydrogenated pro uct o
in the third invention can be produced at good efficiency by t he

copol ymer
process

Example S5fourth invention. As nentioned above, it is

Ie 1
ular

a

obt ai ned by hydrogenating the copolyner in the first invention produced by
the process i nProcluseédondoifnaenppohymer using a pyrogallol:

Xylene (330 g, 90 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged into
a l-liter polymerization vessel which had been purged with
nitrogen and was fitted with a stirrer. To Xylene were
added 3.66 g (1 part by weight per 100 parts by weight of
starting monomers) of pyrogallol. Then, the solution was
heated to 240°C, and with stirring, a mixture of 183 g of
dicyclopentadiene and 183 g of styrene (weight ratio of
50:50) as starting monemers was added thereto in divided
portions over the course of 90 minutes. Subsequently, the
temperature was elevated to 260°C over the course of 60
minutes. After the temperature reached 260°C, the
copolymerization was further continued for 3 heurs.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary
evaporator at a temperature of 206%: and a pressure of 10
mmHg for 2 hours to remove unreacted monomers and xylene.
In this manner, 330 g of a copolymer of dicyclopentadiene
and styrene were obfained. The properties of the copolymer
are shown in Table 1. The pattern of the molecular weight
distribution measured by GPC is shown in Fig. 4.

Example 6

Production of a hydrogenated product of the copolymer
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That is, the hydrogenated product of the copol yner i
- 15 - the third invention can be fornmed by conducti 'g&&&ﬁgg&hxglmxd

copol yneri zation as described in the first invention a

process in the second invention, and then conducting t}ﬂl‘!&“‘ﬂ%ﬂﬂ F
Further, the copolymer in the first invention which had™¥é I \
obt ai ned may be subjected to the

-

in Example 5:

Seventy grams of cyclohexane as a solvent, 70 g of the
copolymer obtained in Example 5 and 1.5 g of a nickel
catalyst were charged into a 300-milliliter polymerization
vessel which had been purged with nitrogen and was fitted
with a stirrer, and the hydrogenation was conducted at a
temperature of 230°C and a hydrogen pressure of 40 kg/cm’G
for 4 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated .with a rotary
evaporator at a temperature of 200°C and a pressure of 10
mmHg for 1 hour to remove cyclohexane. In this manner, 70
g of the hydrogenated product of the copol?mer of
dicyclopentadiene and styrene were obtained. The
properties of this hydrogenated product of the copolymer
are shown in Table 1.

Example 7

Production of a copolymer using catechol:

Xylene (380 g,.120 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged into
a l-liter polymerization vessel which had been purged with
nitrogen and was fitted with a stirrer. To xylene were
added 3.17 g (1 part by weight per 100 parts by weight of
starting monomers) of catechol. The solution was then

heated to 240°C, and with stirring, a mixture of 158 g of
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hydr ogenati on. In this case, the hydrogenation is carried out in a
sol vent such as cycl ohexane or tetrahydrofuran in the Tis 8$iseitaeBeh Replaced

ni ckel , palladium cobalt, platinumor rhodium catal ystj. i, the
reaction tenperature is between 120 and 300[err] C, pref - 150
and 250[err]C, the reaction tine is between 1 and 7 hours, preferably
between 2 and 5 hours, and the hydrogen pressure is between 10 and 60

kg/ cn2G,  preferably between 20 and 50 kg/cnferr] G . . \Wen  the

reacti on ddvaliopentastignsedandy 158uch of FhMFeRRndreoADFs Fatef e8T for

exanple, at a tenperature of from 100 to 300[err]C, a pressure of from 100
and 1 mﬂ*ﬁ&xﬁO) as starting monomers were added thereto in divided

portions over the course of 90 minutes. Subsequently, the
temperature was elevated to 260°C over the course of 60
minutes. After the temperature reached 260°C, the
copolymerization was further continued for 4 hours.

After the completion of the reaction, the treatment
was conducted as in Example 5 to obtain 280 g of a
copolymer of dicyclopentadiene and styrene. The properties
of this copolymer are shown in Table 1. The pattern of the
molecular weight distribution measured by GPC is shown in
Fig. 5. . :
Example 8

Production of a hydrogenated product of the copolymer

in Example 7:

Example 6 was repeated except that the copolymer
formed in Example 7 was used to obtain 70 g of a
hydrogenated product of a copolymer of diéyclopentadiene
and styrene; The properties of this hydrogenated product
of the copolymer are shoyn in Table 1.

Example 9

Production of a copolymer using hydroxyhydroquinone:

Example 7 was repeated except that 3.17 g (1 part by
weight per 100 parts by weighf of starting monomers) of

hydroxyhydroquinone were used instead of 3.17 g of catechol.
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from1l°to 3 hours as in producing the copo]yner to réﬁﬁVé“VbTat#+e—ﬁﬁ%%ers
and the |ike, the hydrogenated product of the copolym%k§ﬂkggl ok o |

i nvention can be obt ai ned. The hydrogenated pro ' I
copol yrner of (di)cycl opent adi ene and t he vinyl - subs "mﬂm”ﬂl ,’I C
conpound obtai ned by the process in the fourth inventio 111

described in the third invention, a softening point
-16-

In this manﬂér, 282 g of a copolymer of dicyclopentadiene
and styrene were obtained. The properties of this
copolymer are shown 1in Table 1. The pattern of the
molecular weight distribution measured by GPC is shown in
Fig. 6.
Example 10

Production of a hydrogenated product of the copolymer

in Example 9: |

Example 6 was repeated except that the copolymer
formed in Example 9 was used to obtain 70 g of a
hydrogenated product of the copoiymer of dicyclopentadiene
and styrene. The properties of this hydrogenated product
of the copolymer are shown in Table 1.
Example 11

'Production of a copolymer using p-tert-butylcatechol:

Example 7 was repeated except that 6.34 é (2 parts by
weight per 100 parts by weight of starting monomers) of p-
tert-butylcatechol were used instead of 3.17 g of catechol
to obtain 282 g of a copolymer of dicyclopentadiene and
styrene. The properties of this copolymer are shown in
"Table 1. The pattern of the molecular weighf distribution
measured by GPC is shown in Fig. 7.
Example 12

Production of a hydrogenated product of the copolymer

in Example 11:

37



of from70 to 140[err]C, a vinyl-substituted aromatic conpound content of
fromO to 35% by weight, a brom ne nunber of from O to 3MisGheeDBasBeenReplaced
0

nunber average nol ecul ar weight of from400 to 1,000, and \ [
of 2.5 0or less (1.9 in Exanple 2 to be described : |a ' |
the hydrogenated product of the copolynmer having the sharp recur ar

wei ght distribution is provided. The copolynmer in the fifth invention
i's obtained by 0GESS, N ey entih ¢ el | ypARFhdd 1S
the copol yner E%%}&J%Eii )%gygllagpe%tggalggég g%??ﬁe Ifi/hl nyl - subs?ti tr}%% ed

aromatic c SBQ d . viE?g vh ti SSoh 2 1-Ho fhe

hydrogenatEe) p%%dulgf 0 nﬁ:}eecc%l y"ﬁ’t%frg iﬁstgﬁe t§5%bt g.°
hydrogenated product of the copolymer of dicyclopentadiene
and styrene. The properties of this hydrogenated product

of the copolymer are shown in Table 1.
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ei-ght h*invention is obtained by the process in the ninth or tenth _
invention, and it is the hydrogenated product of the copchigSHet ki Been Replaced
(di)cycl opent adi ene and the vinyl-substituted aromatic co ugwlhe
Mv Mh ratio of less than 1.9. The hydrogenated product of in
t'he eighth invention is the hydrogenated product of the copolyner in ‘the
fifth invention. O these, the copolyner of (di)cycl opentadi ene and

the vinyl-substituted arond& {3 cC UG NSt NS TN rnventilon is the
same as the copolyner in the%a:g-)vé- B ngi g:eg @ r|&, @ijnvention except that
the Mv M rahiolisd esd tdans1|®. § |8 SThat & b | m3he copol ymer of the
fifth inventtony the = = B |8 o [d3 2 g & a
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-"17 -° softening point is between 60 and 130[err] C, preferably—between—
70 and 120[err]C, the vinyl-substituted aromatic -conpound. content is

bet ween 30 and 90% by wei ght, preferably between 35 andT Has BeeiyReplaced
nore preferably between 40 and 60% by weight; the bromn ﬁ?
between 30 and 90 g/ 100 g, preferably between 30 and 70 o/IBKKl | _}_.J

prgfﬁrably between 40 and 60 g/ 100 g; and the nunber average nol ecular
wei ght is -

Table 1 reveals the'following.

First, the Mw/Mn ratio of the copolymer obtained in
Example 1 using a solvent at a specific weight ratio based
on the starting monomers was 2.0. The Mw/Mn ratio of the
hydrogenated product of the copolymer obtained by
hydrogenating the above-mentioned copolymer as described
in Example 2 was 1.9. Thusf;these showed the desirable
sha;p molecular weight distributions.

Meanwhile, the Mw/Mn ratio of the copolymer obtained
in Comparative Example 1 without consideration of the
amount of the solvent to be used, unlike the Mw/Mn ratio
of the copolymer in Example 1, was 2.8. The Mw/Mn ratio of
the hydrogenated product of the copolymer obtained in
Comparative Example 2 was 2.7. Thus, these did not show
such desirable molecular weight distribufions as in
Examples 1 and 2.

The Mw/Mn ratio of the copolymer obtained in Example
3 through the copolymerization in the presence of the
sulfur compound was 1.67. The Mw/Mn ratio of the
hydrogenated product of the copolymer obtained by
hydrogenating the above-mentioned copolymer as described
in Example 4 was 1.63. They were of course lower than

those in Comparative Examples 1 and 2, and were even lower
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bet weeh 400 and 1,000, preferably between 500 and 800 The
hydr ogenat ed product of the copolyner of (di)cygl.o entadlene and the

vinyl -substituted aromatic conpound in the eighth invi
the hydrogenated product of the copolyner in the third ﬂ p
that the MV Mh ratio is less than 1.9. In this hydroge t he

copol ymer, the softening point is between 70 and 140[err]C, preferably
between 80 and 130[err]C, the vinyl-substituted aromatic conmpound content
is between 0 and 35% by meight preferably between 1 and 30% by wei ght;

t he bron1n | S, b 30 g/ 100 g, preferably between 1 and
20 g/ 100g nbl?m (I;,hfeasggf b 2

Further, the Mw/Mn ratios of the copolymers obtained
in Examples 5, 7, 9 and 11 through the copolymerization in
the presence of the hydroxybenzene compound and of the
hydrogenated products of the copolymers obtained in
Examples 6, 8, 10 and 12 were all less than 1.9. They were
of course lower than those in Comparative Examples 1 and 2,
and were even lower than those in Examples 1 and 2.

From these facts, it is understood that as indicated
in the first to fourth 4inventions, the process of the
present invention can provide the copolymer and the
hydrogenated product thereof having the Mw/Mn ratio of 2.5
or less, namely, the sharp molecular weight distribution
upon using the solvent at the specific ratio based on the
starting monomers.

Still further, it is understood that as indicated in
the sixth and ninth inventions, the process of the present
invention can provide the copclymer and the hydrogenated
product thereof having the lower Mw/Mn ratio of less than
1.9 with the sharper molecular weight distribution by
causing the sulfur compound to exist in adding _the
starting monomers to the solvent in divided portions. '

Furthermore, it is understood that as shown in the
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mol ecul ar wei ght

I s between 400 and 1,000, preferably between 500 and 800.

Since both the copol yner of (di)cyclopentadi ene. and the vinyl-substituted

aromatic conmpound in the fifth

di stribution measured-by GPC

processes of the seveﬁth and tenth inventions, the
copolymer and the hydrogenated product of the copolymer
having the Mw/Mn ratio of less than 1.9 which is lower
than that of the conventional ones, with the much lower

molecular weight distribution can be obtained by causing

the hydroxybenzene compound or the like to exist in adding

the starting monomers to the solvent in divided portions.
In Examples 1 to 12, the same effects were obtained
even when cyclopentadiene was used instead of

dicyclopentadiene.
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Reflaced
the copolynmer in the eighth invention have the MV M ratio i
1.9, ' -18- the nol ecul ar mmm || I '
distribution is even sharper. For exanple, the nolecul ar : e T TR TR




gives a pattern shown in Fig. 3. In the copol yner of
(di)cycl opentadi ene and the-vinyl- substituted aron&tiC“CUﬁpGUﬁd“FH—Lhe___
fifth invention and the hyaftggﬁaféd“prﬁdHGonf the c op IX

eighth invention, the NM/NMAHMMH ced to | ess than ﬂﬁ
nol ecul ar wei ght dlstrlbutlo m shar per tha
copolynmer in the first |nvent|on°orL ogenated prod

copolymer in the third invention. EspeC|aIIy, in the copolyner of
(di)cycl opent adi ene and the vinyl-substituted aromatic conpound in the

fifth invention which is obtained by the process in the sixth
What Is Claimed Is:

1. A copolymer of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound, said copolymer having a softening point of from
60 to 130°C, a vinyl-substituted aromatic compound content
of from 30 to 90% by weight, a bromine number of from 30
to 90 g/100 g, a number average molecular weight of from
400 to 1,000, and a weight average molecular weight/number
average molecular weight (Mw/Mn) ratio of 2.5 or less.

2. A process for producing the copolymer éf claim 1,
which comprises conducting the  copolymerization while
adding a mixture of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions to p.roduce. a
copolymer of cyclopentadiene and/or dicyclopéntadiene and
the vinyl-substituted aromatic compound, wherein said
solvent is used.in an amount of from 50 to 500 parts by
weight per 100 parts by weight in total of cyclopentadiene
and/or dicyclopentadiene and the vinyl-substituted
aromatic compound.

3. A hydrogenated product of a copolymer,K of"
cyclopentadiene and/or dicyclopentadiene and a vinyl-

substituted aromatic compound which is obtained by
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inventFon and the hydrogenated product of the copolynmer in the eighth
I nvention obtained by the process in the ninth invention, “The—wmrwh—fa%+fh—-—

is reduced to approximately from 1.6 to 1.7 (for instance, sﬁ 9

Exanpl es 3 and™4). ~ The copoliymer in the fifth invention ol h“ﬂ
by the process eventh invention, and the hg l
product of the clmumallmmlmnzl ght h invention by the proc

ninth or tenth inverdi an "reSpettiyvely. The copol yner in the flfth

i nvention can be produced at good efficiency by the process in the sixth

or seventh
hydrogenating the copolymer of claim 1, and which has a

softening point of from 70 to 140°C, a vinyl-substituted
aromatic compound content of from 0 to 35% by weight, a
bromine number of from 0 to 30 g/100 g, a number average
mélecular weight of from 400 to 1,000, and a weight
average molecular weight/number average molecular weight
(Mw/Mn) ratio of 2.5 or less.

4. A process for producing the hydrogenated product
of the copolymer'of claim 3, which comprises conducting
the copolymerization While adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided
portions, and then conducting the hydrogenation to produce
a hydrogenated product of a copolymer of cyclopentadiene
and/or dicyclopentadiene and the vinfl—substituted
aromatic compound, wherein said solvent is used in an
amount of from 50 to 500 parts by weight per 100 parts by
weight in total of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound.

5. A copolymer of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aroﬁatic

compound, said copolymer having a softening point of from
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- 19 -°¢

copolynerizaLLon_Ls_conducLed_uﬂiIe addi ng a m xture of y HixEasH
| | 1837

and/ or dicyc

sol vent
and/ or

in div
di cycl

opent adi ene and a vinyl- substituted aromati
B UJ m ILMEU “produce a copol yner of cyc|
A t he vi nyl -substituted aronatl-

conmpound, wherein a sul fur conpound is caused to exist in

60 to 130°C, a vinyl—subétituted aromatic compound content
of from 30 to 90% by weight, a bromine number of from 30
to 90 g/100 g, a number average molecular weight of from
400 to 1,000, and a weight average molecular weight/number
average molecular weight (Mw/Mn) ratio of less than 1.9.

6. A process for producing the copolymer of claim 5
which comprises conducting the copolymerization while
adding a mixture of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions to produce a
copolymer of cyclopentadiene and/or dicyclopentadiene and
the vinyl-substituted aromatic compound, wherein a sulfur
compound is caused to exist in the addition in divided
portions.

7. A process for producing the copolymér of claim 5,
which comprises conducting the copolymerization while
adding a  mixture of cyclopentadiene and/or
dicyclopentadiéne and a vinyl-substituted aromatic
compound to a solvent in divi.ded portions to produce a
copolymer of cyclopentadiene and/or dicyclopentadiene and
the wvinyl-substituted aromatic compound, wherein at least
one compound selected from the group consisting éf a

hydroxybenzene compound, a hydroxynaphthalene compound and

45

I nventi on. That is, the copolyner in the tifth invention can
be produced, as described in the sixth invention, such that the. . ..




the addition in divided portions. The solvent here referred to is the
sane as described in the first to fourth inventions. The anmpunt oLA
the sol vent te-be-used is also the sane as described Tn the first: to :
fourth inventions betmeen 50 and 500 parts by wei ght pefsshéPHBeénReplgeed |

wei ght of the m H' blopentadlene and the vin o
aromatic corrpo "ﬂlm lm ﬁo’nomers] However, si ncH N TRURE
conmpound i s caused td efisf ih adding the mixture of (di adi ene
and the vinyl - substltuted arondtic conpound to the solvent in divided

Coual 'y betwdtH a0 4o tstiurie ' §obaf e, ey fhe cHHAEELBR n 1t 18

divided portions.

8. A hydrogenated product of a copolymer of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted compound which is obtained by hydrogenating
the copolymer of claim 5, and which has a softening point
of from 70 to 140°C, a vinyl-substituted aromatic compound
content of from 0 to 35% by weight, a bromine number of
from 0 to 30 g/100 g, a number average molecular weight of
from 400 to 1,000, and a weight average molecular
weight/number average molecular weight (Mw/Mn) ratio -of
less than 1.9.

9. A process for producing the hydrogenated product
of the copolymer of claim 8, which comprises conducting
the copolymerization while adding a -mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided
portions, and then conducting the hydrogenation.to produce
a hydrogenated product 6f a copolymer of cyclopentadiene
and/or dicyclopentadiene and the vinyl-substituted
aromatic compound, wherein a sulfur compound is caused to
exist in the aadition in divided portions. '

10. A process for producing the hydrogenated product
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between 70 and 120 parts by weight per 100 parts by weight of the starting { :
NDNONEr S. —Fhe—mxing—ratto—of (di)cycl opentadi ene_and_ the vinyl - S

- 20 - substitut e coppound and the period of time for adding
the mxture |n_§| H%hﬂ “ﬂ!ﬂ re the sane as descri b&his SheettHaeBden Replacddo
fourth inventio i xth invention, the copol )”“il”“l"“m“ﬁ‘ "

of the copolymer of claim 8, which comprises conducting

the copolymerization  while adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a' solvent in divided
portions, and then conducting the hydrogenation to produce
a hydrogenated product of a copolymer of cyclopentadiene
and/or dicyclopentadiene and the vinyl—substituted
aromatic compound, wherein at least one compound selected
from the group consisting of a hydroxybenzene compound, a
hydroxynaphthalene compound and a quinone compound is

caused to exist in the addition in divided portions. .
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conducted while adding the m xture of (di)cyclopentadiene and the
vinyl -substituted aromatic conpound to the solvent in ~divided "portions

to produce the copol yner of (di)cycl opentadi ene ar:rqlsgﬁggtﬂasgeenke laced
vinyl -substituted aromatic conpound, wherein the sulfur CH [mﬂse

to exist in the addition in divided portions to the solve
invention is basically the same as the second invention e

sul fur compound is caused to exist. As the sul fur conpound a conpound
which is generally wused as a chain transfer agent can be used. Exanpl es
t her eof I ncl ude n-octylnercaptggST gﬁnzylnercaptan, t hi ophenol and
2-met hyl -5-tert-butylthi ophenol . F&Tamount of the sul fur conpound

used is 5 partSPEgvided are a copolymer of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound, this copolymer having a softening point of from
60 to 130°C, a vinyl-substituted aromatic compound content
of from 30 to 90% by weight, a bromine number of from 30
to 90 g/100 g, a number average molecular weight'of from
400 to 1,000, and a weight average molecular weight/number
average molecular weight (Mw/Mn) ratio of 2.5 or less, a
hydrqgenated product thereof, and a process for producing
the same.
The copolymer and the hydrogenated product of this
copolymer are substrates which are quite useful in the

production of a tackifier and an adhesive.
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wei ght or less, usually between 0.01 and 5 parts by weight, preferably

between 0.1 and 2 parts by weight per 100 parts by weight of ‘the m xture"
of (di)cycl opentadi ene and the vinyl-substituted aronatuﬁmgggnggggm§§lmﬂj.
starting nonomers. When the anount of the sulfur co

| ess than the above-nentioned range, the nol ecul ar wei ghnﬂmﬂnﬁmu @

the resulting copolynmer is broadened, nmaking it inpossib

resin having an inproved '
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-21- performance while maintaining a high productivity.
Meanwhi | e, even when the anmount of the solvent used exceeds  the ...
above-nentioned range, the effect is no | onger increasedmsaﬁé}khnam lmmi
productivity in one batch is rather decreased. Thus, it

The state of the sulfur conpound present is not particu

exanpl e, the sulfur conpound which has been incorporate

For

starting nononers nmay be dropped to the solvent in divided portlons
is also possible that t?g i:lf r conmpound has been caused to exi st |n the
I é’ and t he

solvent (m xed with the
0.60 =
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starting nononers are added thereto dropw se. In the sixth invention,
the copolyner in the fifth invention can basically be prcduced~rn~%he—sane
manner as in the second invention except that the sul&Hgs goo nd: |s
caused to exist as nentioned above. As descri bed :
invention, the copolymer in the fifth invention can aI i

that the copolynerization is conducted while adding a

cycl opent adi ene and/ or dicycl opent adi ene and a vinyl - substltuted aronatlc
conpound to a solvent in d léﬁﬁkifxwtions to produce a copol yner of

cycl opent adi ene and/ or t adi ene and t he vi nyl - substituted
aromatic conpoquO mhereln at | east one conpound selected fromthe

such
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group consisting of a hydroxybenzene conpound, a

- 22 - hydr oxynapht hal ene conpound and a quinone conpound 1isS
caused to exist in the addition of the nmixture of T SISHEET HAS BEEN
cycl opent adi ene and the vinyl-substituted aromatic conpound t OREPLACER vent

in divided portions. The process in the seventh inventi ' m{re
as the process in the sixth invention except that at Ieastr“m\“‘““ TI\

Fi6.7
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conmpound -selected from a hydroxybenzene co

hydroxynaphthaLene_QQHpQund_and_a_qU|none conpo
|nstead of the sulfur compound.in the addition

Exanpl es of t he Thig@h Been®aglacebnpound i ncl ude |
2,6-di-tert- butyI jﬁ NMIHQ? taerythrltyltetr ¥
d|-tert but yl - roplonat net one, hydrqu|none
2,5-di-tert- butyl hy roqur none, = hydrox -&ydr oq ne, C cﬁ@%ﬁb zszNIQQB'
p-tert-butyl -cat echol and pyrogal | ol . u.uquunone

catechol , tert but cat echol and pyrogallol are preferable
itle of t Invention

COPOLYMER,_HYDROGENATED PRODUCT THEREOF, AND PROCESS

FOR PRODUCING THE SAME
Field of the Invention

The present invention relates to a copolymer. of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound; the hydrogenated product
the;eof, and a process for producing the same. More
specifically, the present invention relates to a copolymer
of cyclopentadiene and/or dicyclopentadiene and a wvinyl-
substituted aromatic compound having a sharp molecular
weight distribution, namely, a low weight average molecular
weight (hereinafter abbreviated as "Mw")/number average
molecular weight (heréinafter abbreviated. as "Mn") raﬁio, a
hydrogenated product thereof,.and a process for producing
the same.
Prior Art

It has been known tﬁat a copolymer of cyclopentadiene
and/or dicyclopentadiene (hereinafter sometimes referred to
as " (di)cyclopentadiene") and a vinyl-substituted aromatic
compound is useful as a substrate of an adhesive, a
tackifier, a paint or the like. S, 1= ?

This copolymer has béen..pécdﬁCQd' 56 far by mixing
(di) cyclopentadiene with a vinyl-substituted aromatic
compound in a solvent such as xylene or the like for
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Exanpl es of the hydroxynapht hal ene conpound i ncl ude

1, 4- di hydr oxynapht hal ene, 2, 3-di hydr oxynapht hal ene,

di hydr oxynapht hal ene, 2, 6-di hydr oxynapht hal ene a dﬁé%tfhngEm SHEET

di hydr oxynapht hal ene. Exanmples of the quingn conmpound ipc
1,4- benzoqui none, [err]-naphthoqui none, anthraqyi nore2 JAN 1998 4
di hydr oxyant hr aqui none.
REPLACEMENT SHEET

i nventi on,

- 2 - .
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at | east one, i.e. one or

ude

bnt h

copolymerization (Japanese Patent Pﬁblication No.
1442/1986) .

The copolymer obtained by this method exhibits,
however, an Mw/Mn ratio of more than 5, having a broad
molecular weight distribution. Accordingly, this copolymer
shows quite a high melt viscosity. When it is incorporated
into, for example, an ethylene-vinyl acetate copolymer to
form a hot-melt tackifier or adhesive, a workability is
poor disadvantageously.

To cope with this drawback associated with the
conventional method, the present Applicant proposed a
process in which the heat polymerization is conducted by
adding dropwise (in divided portions) a mixture of
(di)cyclopentadiene and a vinyl-substituted aromatic
compound to a solvent such as xylene or the like (Japanese
Patent Publication No. 88412/1995).

This process can give a sharper molecular weight
distribution than the method in which the heat

polymerization is conducted by charging the mixture of

~ (di)cyclopentadiene and the vinyl-substituted compound into

the solvent.

The copolymer obtained by this process exhibits indeed
an Mw/Mn ratio of 5 or - less ‘which ié lower than the
copolymer obtaiﬁed by ti'ze conventional method, but this

ratio is actually approximately 2.8 as will be shown in



nore conpound sel ected fromthe group consisting of the
hydr oxybenzene conpound, hydroxynapht hal ene conpoun

can be used. O these, the hydroxybenzene compound
pr ef er abl e, and hydroxyhydroqui none, cat echol p-tert- buty C
and pyrogallol are especially preferable. The MZQMMMea

conpound to be used selected fromthe group consistfnf of the
above-nmenti oned hydroxybenzene conpounés hydr oxynappt hal ene comnpo
gui none conpound is 5 parts by weight or |ess, usual en O.

parts by melght preferably between 0.1 _and 2 part

parts by

it 31§, t hand “the value ~ is not lwﬁ%éyge%essarlly
satisfactory at present. When this copolymer is used as a
starting material of a tackifier or an adhesive, a melt
viscosity is not altogether satisfactory. Accordingly, its
solution has been in demand.
Summary of the Invention

The present invention aims to provide a copolymer of
(di)cyclopentadiene and a vinyl-substituted " aromatic
compound which has a sharper molecular weight distribution
and by which it is possible to solve the above-mentioned
problems of the conventional method and to produce a
higher-performance tackifier or adhesive, a hydrogenated
product thereof, and a process for producing the same.

In order to solve the above-mentioned problems of the
conventional method, the present inventors have conducted
assiduous investigations. Consequently, they have found
that when the copolymerization is conducted by adding a
mixture of (di)cyclopentadiene and a vinyl-substituted
aromatic compound to a solvent at a specific ratio based on
a total amount of (di)cyclopentadiene and the vinyl-
substituted aromatic compound as starting monomers in
divided portions, an Mw/Mn ratio of the resulting copolymer
is surprisingly reduced to 2.5 or less.

FUrther,.the present inventors have found that when

(1) a sulfur compound or (2) at least one compound selected

above- nentloned



m xture of (di)cyclopentadiene and the vinyl-substituted aromatic conpound

as starting nononers. When the anmount of the ab

used is less than the above-nentioned range, the nDIeBEWHMW“METdHE"
di stribution of the resulting copolyner is broadened} [Waking it |np)s
to obtain a resin having an i nproved performance mhile ?rgﬁw

he "sof Ven

productivity. On the other hand, even en the anount
exceeds the above-nentioned range, the & fect is no Io gef

Lok oac.o

the productivity in one batch is rather decreased. Thus, it

O AT T

i s undesi

sed
, | and
fous.

pound

lele
h hi gh

As st at edfa ove, theLProcess in. the eventhh nve
rom a gro p consisting o

roxy?)enzene compound, a

hydroxynaphthalene compound and a gquinone compound 1is

caused to exist in adding a mixture of (di)cyclopentadiene

and a vinyl-substituted aromatic compound to a solvent in

divided portions, the Mw/Mn ratio of the resulting

copolymer is more reduced to less than 1.9.

These findings have led to the completion of the

present invention.

That is, the first invention is to provide a copolymer

of cyclopentadiene and/or dicyclopentadiene and a vinyl-

substituted aromatic compound, said copolymer having a

softening point of from 60 to 130°C, a vinyl-substituted

aromatic compound content of from 30 to 90% by weight, a

bromine number of from 30 to 90 ¢g/100 g, a number average

molecular weight of from 400 to 1,000, and a weight average

molecular weight/number average molecular weight

ratio of 2.5 or less.

(Mw/Mn)

The second invention is to provide a process for

producing the copolymer of the first invention,

which

comprises conducting the copolymerization while adding a
mixture of cyclopentadiene and/or dicyclbpentadiene and a
vinyl-substituted aromatic compound to a solvent in diwvided
portions to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic

compound, wherein the solvent is used in an amount of from
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Is the sane as the process in the sixth invenjon-except...that .
| east one conpound sel ected fromthe group consistiLmﬂﬂﬂAGﬂM&ﬁFﬁbhfioned

hydr oxybenxzene conpound, hydroxynapht hal ene conpoupdfamt—gui none

i's caused

at

npound

to exist instead of the sulfur conpound iph th i1 ] [
devi ded portions. The state of at |east one corraom?éghuggg fIram t he
Lthe |

group consisting of the hydroxybenzene, conpound

50 to 500 parts by weight per 100 parts by.weight in total
of cyclopentadiene and/or dicyclopentadiene and the wvinyl-
substituted aromatic compound.

Tﬁe third invention is to provide a hydrogenated
product of a copolymer of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic compound
which is obtained by hydrogenating the copolymer of the
first invention, and which has a softening point of from 70
to 140°C, a vinyl-substituted aromatic compound content of
from 0 to 35% by weight, a bfomine number of from 0 to 30
g/100 g, a number average molecular weight of from 400 to
1,000, and a weight average molecular weight/number average
molecular weight (Mw/Mn) ratio of 2.5 or less.

The fourth invention is. to provide a process for
préducing the hydrogenated product of the copolymer of the
third invention, which comprises conducting the
copolymerization while adding a mixture of cycloéentadiene
and/or dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions, and then
conducting the hydrogenation to produce a hydrogenated
product of a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein the solvent is used in an amount of from
Sd to 500 parts by weight per 100 parts by weight in total

of cyclopentadiene and/of dicyclopentadiene and the wvinyl-



hydr oxynapht hal ene conpound and the quinone conmpound is, like the state of

the sul fur conpound, not particularly limted. | —rs—ateraable t hat
t he copol ynerization in the process of the sevent BEMH"GNTiSﬁEH T
successi vely conducted, |ike the copolynerizationgin the probé§s—?f t he

sixth invention, even after the addition of the m|x§urgeo
(di)cycl opentadi ene and the vinyl-substituted r WB{IZCJA'?:MO
di vided portions is conpleted, and the reaction cnditt 5 [inme
are the sanme as in the process of the sixth invenjfion. In this nannkr, t he
copolynmer in the fifth invention can be produced.
substituted aromatic compound. This fourth invention is

uhd] i n

provided by adding the hydrogenation step to the second
~invention.

The fifth invention is to provide a copolymer of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound, the copolymer having a
softening point of from 60 to 130°C, a vinyl-substituted
aromatic compound content of from 30 to 90% by weight, a
bromine number of from 30 to 90 g/100 g, a number average
molecular weight of from 400 to 1,000, and a weight average
molecular weight/number average molecular weight (Mw/Mn)
ratio of less than 1.8.

The sixth invention is to provide a process for
producing the copolymer of the £fifth invention, which
comprises conducting the copolymerization while adding a
mixture of cyclopentadiene and/or dicyclopentadiene and a
vinyl-substituted aromatic compound to a soclvent in divided
portions to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl¥substituted ~aromatic
compound, wherein a sulfur compound is caused to exist in
the.addition in divided portions.

The seventh invention is to provide a process for .
producing the copolymer of the £fifth invention, which
comprises conducting the copolymerization while adding a

mixture of cyclopentadiene and/or dicyclopentadiené and a



In the copol yner of (di)cyclopentadi ene and the vinyl-
aromati ¢ conpound produced by the seventh invention, )
between 1.79 and 1.89 being less than 1.9, as denongtfated~n- Exanpl es.
Thus, the nolecular weight distribution is sharp. eanp! t he

es 8985 shown

- 25- nol ecul ar wei ght distribution nmeasured by GPC
in Figs. 4 to 7. -7 -

vinyl-substituted aromatic compound to a solvent in divided
portions to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein at least one compound selected from the
group consisting of a -hydroxybenzene compound, é
hydroxynaphthalene compound and a gquinone compound is
caused to exist in the addition in divided portions.

The eighth invention is to provide a hydrogenated
product of a copolymer of cyélopentadiene and/or
dicyclopentadiene and a vinyl-substituted compound which is
obtained by hydrogenating the copolymer of the fifth
invention, and which has a softening point of from 70 to
140°C, a vinyl-substituted aromatic compound content of
from 0 to 35% by weight, a bromine number of from 0 to 30
g/100 g, a number average molecular weight of from 400 to
1;000, and a weight average molecular weight/number average
molecular weight (Mw/Mn) ratio of less than 1.9.

The ninth invention is to provide a process for
producing the hydrogena;ed product of the copolymer in the
eighth invention, which comprises conducting the .
copolymerization while adding a mixture of.cyclopentadiene
and/or dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions, and then
conducting the hydrogenation to produce a hydrogenated

product of a copolymer of <cyclopentadiene - and/or



The hydrogenated product of the copolynmer in the eighth invention can be
obt ai ned by the process in the ninth or tenth invention.
hydr ogenat ed product of the copolyner in the fift
the ninth invention, the copolynerization is
m xt ure of (dl)cyclopentadlene and a vinyl-substi
to a solvent in divided portions, and the hydrogeha

to produce a hydrogenated product of a espolynmer o
and the vinyl- substituted aromatic conpound, erein a sulfur co

Is caused to exi st t he addition of the mxturelt N
divi ded [EMIRPe n’FﬁQ’-@Qﬁe c®PBl yreh§ z atf I eSS U Wiihisd ngaFRRatic

compound, wherein a sulfur compound is caused to exist in

the addition in divided portions. The ninth invention is
provided 'by adding the hydrogenation step to the sixth
invention.

Finally, the tenth invention is to provide a process
for producing the hydrogenated product of the copolymer in
the eighth invention, which comprises conducting the
copolymerization while adding a mixture of cyclopentadiene
and/or dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions, and then
conducting the hydrogenation to produce a hydrogenated
product of a copolymer of <cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein at least one compound selected from the
group consisting of a hydroxybenzene compound, a
hydroxynaphthalene compound and a quinone compound is
caused to exist in the addition in divided portions. This
tenth invention is provided by adding the hydrogenation
step to the seventh invention. |

"Brief Description of the Drawings

Fig. 1 iS a pattern of a molecular weight distribution,
as measured by GPC, .of the copolymer in the present
invention recited in claim 1.

Fig. 2 is a pattern of a molecular weight distribution,



copolynmer of the sixth invention is conducted, and the drogenation is

t hen conduct ed. The ninth invention is baS|caIIy t He REp. g fourth
i nvention except that the sulfur conpound is caused fo MEnTt rrol
addition in divided portions. According to thefsfxth in t1 0n ' of

the ninth invention, the sulfur conmpound is caused tfo ex2§L¢%Q dlng t he
above-nmentioned mixture to the solvent in divided p¢r ﬂﬁﬂb

possible to further sharpen the nolecular weight di
resul ting copol yner or
as measured by GPC, of the conventional copolymer.

Fig. 3 is a pattern of a molecular weight distribution,
as measured by GPC, of the copolymer in the present
invention obtained in Example 3 and recited in claim 5. |

Fig. 4 is a p;ttern of a molecular weight distribution,
as measured by GPC, of the copolymer obtained in Example 5.

Fig. 5 is a pattern of a molecular weight distribution,
as measured by GPC, of the copolymer obtained in Example 7.

Fig. 6 is a pattern of a molecuiar weight distribution,
as measured by GPC, of the copolymer obtained in Examplé 9.

Fig. 7 is a pattern of a molecular weight distribution,
as measured by GPC, of the copolymer obtained in Example 11.
Detailed Description of the Invention

The copolymer in the first invention and the
hydrogenated product of the copolymer in the third
invention are obtained by the processes in the second and
fourth inventions respectively. These are the copolymer
and the hydrogenated ©product of the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound both having the Mw/Mn ratio of 2.5 or less.

In the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic .compound in the first invention, a
softening point is between 60 and 130°C, preferably between
70 and 120°C; a vinyl-substituted aromatic compound content

is between 30 and 90% by weight, preferably between 35 and



- 26 - . hydrogenated product of the copol yner. Bothee———t-he—— "

t hus- obt ai ned copol yner of (di)cycl opent adi enq REBLAGEMENI D“Et}"

vinyl -substituted aromatic conmpound in the fifth invertipmand the =

hydr ogenated product of the copolyner in the eighth inv nti nJaﬁvpgghe :

MV Mn ratio of less than 1.9 (1.67 and 1.63 in Exanpl es tjo ?e escriESd\
t'n

| ater), and the nol ecular weight distribytion is even [hla~per
the tenth invention, the hydrogenated preduct of

65% by weight, more preferably between 40 and 60% by
weight; a bromine number is between 30 and 90 g¢g/100 g,
preferably between 30 and 70 g/100 g, more preferably
between 40 and 60 g/100 g; and a number average molecular
weight is between 400 and 1,000, preferably between 500 and
800.

The hydrogenated copolymer'of (di)cyclopentadiene and
the vinyl-substituted aromatic compound in the third
invention is obtained by hydrogenating the copolymer in the
first invention. In this hydrogenated copolymer, a -
softening point is between 70 and 140°C, preferably between
80 and 130°C; a vinyi-substituted aromatic compound content
is between 0 and 35% by weight, preferably between 1 and
30% by weight; a bromine number is between 0 and 30 g¢g/100 g,
preferably between 1 and 20 g/100 g; and a number average
ﬁolecular weight is between 400 and 1,000, preferably 500
and 800.

Since both the copolymer of (di)cyclopentédiene and
the vinyl-substituted aromatic compound in the first
invention and the hydrogenated product thereof in the third

_invention have the Mw/Mn ratio of 2.5 or less, the
molecular weight distribution is sharp. For example, the
molecular weight distribution measured by Gel Permeation
Chromatography (GPC) gives a pattern shown in Fig. 1.

In the copolymer of (di)cyclopentadiene and the vinyl-



t he copol yner of (di)cycl opentadi ene and the vinyl- substituted aromatic
conmpound i s produced by conducting the copolynerlzaLLon~——ﬂhr+e—“‘“6d|ng
a mxture  of (di)cyclopentadiene and the vinyl-substjt teﬂ argmatic
conpound to the solvent in divided portions and thenTh
hydr ogenati on, wherein at |east one conpound selecte

consi sting of a hydroxybenzene conpoundlla hydr oxyna |

a quinone conpound is caused to exist i®”=the addition in di vi ded
portions. That is, the tenth invention is provided by adding the

hydrogenat i gpr5€8€40+ 08 beohbeier RWaRPOUNA e BReVeirsienhenrdcssYad

I nventi on.

W8 und and

Mw/Mn ratio is 2.5 or less, for example, around 2.0 as will
be described later in Example 1.

In the hydrogenated product of the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound in the third invention, the Mn/Mn ratio is 2.5 or
less, for exampie, around 1.9 as will be described later in
Example 2.

Meanwhile, in the copolymer of (di)cyclopentadiene and
the vinyl-substituted aromatic compound obtained by the
conventional method, the Mw/Mn ratio exceeds 2.5 (it is
approximately 2.8 as will be described later in Comparative'
Examples) . The molecular weight distribution of this
copolymer as measured by GPC gives a pattern shown in Fig.
2, and it is a broad molecular weight distribution.

The copolymer in the first invention and the
hydrogenated product thereof in the third invention are
obtained by the .processés of the second and fourth

- inventions respectively.

The copolymer in the first invention can be produced
at good efficiency by the process of the second invention.

That is, as described in the second invention, the
copolymer in the first invention can be produced by
conducting the copolymerization while adding the mixture of

(di)cyclopentadiene and the vinyl-substituted aromatic

REPLACEMENT EET
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In other words, the process in the tenth invention is tRIﬁgLWNJsthé
“process in the ninth invention except that at |east dnd conpound selgct

fromthe group consisting of 22 71
t he above- nent i oned hydr oxybenzene conpoyng, JAN 1998

hydr oxynapht hal ene conpound and qui none conpound i S CRuSBU—to—extst
i nstead of the sulfur conpound in the_aggigion in divided portions.

compound to the solvent in divided portions to produce the
copolymer of (di)cyclopentadiene and the wvinyl-substituted
‘aromatic compound, wherein the solvent is used in an amount
of from 50 to .500 parts by weight per 100 parts by weight
in total of (di)cyclopentadiene and the wvinyl-substituted
aromatic compound.

The solvent is used in the copolymerization according
to the present invention. Examples of the solvent include
benzene, toluene, xylene, cyclohexane, methylcyclohexane
and ethylcyclohexane. They can be used either singly or in
combination. |

It is advisable to use these solvents after being
heated at 100°C or more, preferably at 150°C or more.

In the present invention, the amount of the solvent is
between 50 and 500 parts by weight, preferably between 80
and 300 parts by weight per 100 parts by weight of the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compound (for example, styrene, a-methylstyrene or
vinyltoluene) as starting monomérs.

When the amount of the solvent used is less than the
. above-mentioned range, it 1is impossible to produce the
desired copolymer or hydrogenated product thereof having
the sharp molecular weight distribution. Meanwhile, even
when the amount of the solvent used exceeds the above-

mentioned range, the effect of sharpening the molecular

ed



According to the seventh or tenth invention, th ,“PLR@mmawrS@i ht
distribution of the resulting copolynmer or hydrpg
copol ymer can further be sharpened by causing a
sel ected from the group consisting of the hydrokyberf%
hydr oxynapht hal ene conpound and the qui none conpgu b
m xture is added to the solvent in divided portijons. The

t hus- obt ai ned copol yner of (di)cycl opéntAdi ene and-%he~VTﬁVT'substltuted
aromatic conpound in the fifth invention and the hydrogenated product of

the copol ynps; dit  diflGe AHERA WERS OfoAGVE: 1 ASr 0L &, 2Ry eené hemdih M

ratio

of the product produced in one batch is rather decreased
disadvantageously.

The use of the solvent in such a specific range and
the excellent effect of the present invention thereby
brought forth.have not been known at all.

The copolymerization ié conducted while adding the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compound to the solvent (preferably to the heated
solvent) in divided portions (for example, dropwise).

The mixing ratio of (di)cyclopentadiene and the vinyl-
substituted aromatic compound is not particularly limited.
The weight ratio of (di)cyclopentadiene to vinyl-
substituted aromatic compound is usually between 70:30 and
20:80, preferably between 60:40 and 40:60.

The time of the  addition in divided portions is
usually between 0.5 and 5 hours, preferablylbetween 1 and 3
hours. It is preferéble that the proportions of these
compounds to be added are equal.

It is advisable that. the copolymerization is conducted

- successively even after the addition of (di) cyclopentadiene
and the vinyl-substituted aromatic compound in divided
portions is completed.

In this <case, the reaction conditions are not

particularly limited. Usually, the reaction temperature is



and the nol ecul ar weight distribution is thus nordq RABYAGEMEHT SH
copolyner in the first invention and the hydrdqgenmared=produgt !
thereof in the third invention have the Mwv M ratifo OfZé' rg) s$ whi ch
Is lower than that of the conventional ones, provi{diing ‘Z’%@ﬁg $mls ecul ar
wei ght distribution. .

of less than 1.9 (from1.75 to 1.89 in Exanples to bewmdese—F-iJs-ed--Joa&-Tr),
EET The

TR N
between 200 and 350°C, preferably between 250 and 300°C,
the reaction pressure is between 0 and 20 kg/cm®G,
preferably between 0 and 15 kg/cm’G, and the reaction time
is between 0.5 and 8 hours, preferably between 1 and 5
hours.

Subsequently, when the resulting reactio;— solution is
treated, for example, at a temperature of from 100 to 300°C,
a pressure of from 100 to 1 mmHg for from 1 té 3 hours to
remove volatile matters and the .i"ike, the copolymer in the
first invention can be obtained.

The copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound has, as described in the
first invention, a softening point of from 60 to 130°C, a
vinyl—substituted aromatic compound content of from 30 to
90% by weight, a b_romine number of from 30 to 90 g/100 g, a
number avérage molecular weight of from 400 to 1,000, and
an Mw/Mn ratio of 2.5 or less (2.0 in Example 1 to be
described later). Thus, the copolymer having the sharp
molecular weight distribution is provided.

The hydrogenated product of the copolymer in the third
invention can be produced at good efficiency by the process
in the fourth invention. As mentioned above, it is
obtained by hydrogenating Ithe copolymer in the first

invention produced by the process in the second invention.

That is, the hydrogenated product of the copolymer in



- 28- Accordingly, the copolyner in the first igyention and the
hydrogenated product thereof in the third invention prgepigg ENR gr i ch
are quite useful in the production of a tackifier ahd-—a £S5] ¢

The copol yner or the hydrogenated product thereof hpavjng such a shgr
nol ecul ar weight distribution can efficiently be pr céd UAN: 1988 prjodess
in the second or fourth invention. _ Further, tfhe_copol ymer or ithe
hydr ogenat ed product thereof having thé&d ower MV rati o of T€&ss than 1.9
with the sharper nol ecul ar weight distribution as described in.. '

the third invention can be formed by conducting the samé.

copolymerization as described in the first invention
according to the process in the second invention, and then
conducting the hydrogenation.

Further, the copolymer in the first invention which
has been already obtained may be subjected to the
hydrogenation.

In this case, the hydrogenation is carried ocut in a
solvent such as cyclohexane or tetrahydrofuran in the
presence of a nickel, palladium, cobalt, platinum or
rhodium catalyst. At this time, the reaction temperature
is between 120 and 300°C, preferably between 150 and 250°C,
the reaction time is between 1 and 7 hours, preferably
between 2 and 5 hours, and the hydrogen pressure is between
10 and 60 kg/cm’G, preferably between 20 and 50 kg/cm’G

When the reaction” solution obtained by such a
hydrogenation is treated, for example, at a temperature of
from 100 to 300°C, a pressure of from 100 and 1 mmHg for
from 1 to 3 hours as in prbducing the copolymer to remove
volatile matters and the like, the hydrogenated product of
the copolymer iﬁ the third invention can be obtained.

The hydrogenated product ~of the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound obtained by the process in the fourth invention

has, as described in the third invention, a softening point



the fifth or eight} Fﬁvéwﬁmmnrqgmc¢f iciently be produced by the processes

in the sixth and s¢veiltT™in r the processes—%ﬂ—%he_ﬁ+ﬁ%h—aﬁd

tenth inventions. ro e s of the S|xth or’ nlnth |nvent|on t he
caudhi AN

sul fur conpound is addi ng t he bt €dto the
solvent in dividedfpbrtions,. nakng it possible e anount
of the solvent to pe wused. Accordingly, d n conparls

pol ymeri zati on condUCTet—by—+hctea |ng-eﬂly t he anDunt of the solvent, a
resin having a sharp nol ecul ar wei ght distribution and an excell ent
performancefi sEmix &l hetlo WL80°Q,hea usiEnpl-sliestsitalted camarmdtind ¢dmpemiarent .
Cbnsequently there is no fear that

content of from 0 to 35% by weight, a bromine number of

from 0 to 30 g/100 g, a number average molecular weight of
from 400 to 1,000,, and an Mw/Mn ratio of 2.5 or less (1.9
in Example 2 to be described later). Thus, the
hydrogenated product of the copolymer having the sharp
molecular weight distribution is provided.

The copolymer in the fifth invention is obtained by
the process in the sixth or seventh invention, and it is
the copolymer of (di)cyclopentadiene and  the vinyl-
substituted aromatic compound having the Mw/Mn ratio of
less than 1.9.

The hydrogenated product of the copolymer in the
eighth invention is obtained by the process in the ninth or
tenth invention, and it is the hydrogenated product of the
copolymer of (di)cyclopentadiene and the vinyl-substituted
aromatic compound ﬁaving the Mw/Mn ratio of less than 1.9.
The hydrogenated product of the copolymer in the eighth
invention is the hydrogenated product-of the copolymer in
the fifth invention.

Of these, the.copolyﬁer of (di)cyélopentadiene and the
vinyl-substituted aromatic compound in the fifth invention
is the same as the copolymer in the above-mentioned first
invention except that the Mn/Mn ratio is less than-1.9.

That is, in the cdpolymer of the fifth invention, the
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t he

the productivity m ght be decreased by decreasing th _ he
starting nononers to be charged into the WPF““MFSHEET
pol ymeri zati on vessel. Al'so in the procg¢ss of "the h] or
tenth invention, at |east one conpound selected fro he, gr 4P nsj sfing
hydr oxybenzene conpound, the hydroxyna h[ﬂaﬁ eﬁ@‘ 1@ and

t he qui none conmpound is caused to exi§t15n_ addi ng t he~st+awting _Qon
t he solvent in devided -

softening point is between 60 and 130°C, preferably between
70 and 120°C; the vinyl-substituted. aromatic compound
content is between 30 and 90% by weight, preferably between
35 and 65% by weight, more preferably between 40 and 60% by
weight; the bromine number is between 30 and S0 g/100 g,
preferably between 30 and 70 g/100 g, preferably between 40
and 60 g/100 ¢g; and the number average molecular weiéht is
between 400 and 1,000, preferably between 500 and 800.

The hydrogenated product of _the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound in the eighth invention is the same as the
hydrogenated product of the copolymer in the third
invention except that the Mw/Mn ratio is less than 1.9. 1In

this hydrogenated product of the copolymer, the softening

point is between 70 and 140°C, preferably between 80 and

130°C; the vinyl-substituted aromatic compound content is
between 0 and 35% by weight, preferably between 1 and 30%
by weight; the bromine number is between 0 and 30 g/100 g,
preferably between 1 and 20 g/100g; and the number average
molecular weight is between 406 and 1,000, preferably
between 500 and 800. |

Since both the copolymer of (di)cyclopentadiene. and
the vinyl-substituted aromatic compound in the fifth
invention and the hydrogenated producf of the copolymer in

the eighth invention have the Mw/Mn ratio of less than 1.9,




portions, making it possible to reduce the anount of t ”“t§5rvenr~ -o—Be—,
used. Accordingly, in conparison wth the polynerlzalloﬂiconddébedeﬁ

i ncreasing only the amount of the solvent, a resin hgvijng a sharp

nmol ecul ar weight distribution and an excel | ent per f orjrgnce 2i AR y Ngd;
with the use of the small anobunt of the solvent. Congequently, there is
no fear that the productivity mght be dgcreased by ecTEE?Tng*the~&hDhnts
of the starting nononmers to be charged-hnto t he poly lzation vessel.]
Exanpl es The present invention is illustrated nore specificalTy ~hy
referring the mdkecdbit oweightExdigtebutiddowesergven heharper. For

exanmple, the molecular weight distribution measured by GPC
gives a pattern shown in Fig. 3.

In the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound in the fifth invention and
the hydrogenated product of the copolymer in the eighth
invention, the Mw/Mn ratio is reduced to less than 1.9, and
the molecular weight distribution thereof is even sharper
than that of the copolymer in the first invention or the
hydrogenated product of the copolymer in the third
invention.

Especially,. in the Copolymer of (di)cyclopentadiene
and the vinyl-substituted aromatic compound in the fifth
invention which is obtained by the érocess in the sixth
invention and the hydrogenated product of the copolymer in
the eighth invention obtained by the process in the ninth
invention, the Mw/Mn ratio is reduced to approximately from
1.6 to 1.7 (for instance, as shown in Examples 3 and 4).

The copolymer in the fifth invention is obtained by
the process in the sixth or seventh invention, and the
hydrogenated product of the copolymer in the eighth
invention by the process of the ninth or tenth invention
respectively.

The copolymer in the fifth invention can be produced

at good efficiency by the process in the sixth or  seventh



present invention is not limted thereto at all. Exanple
Production of a copol yner of dicyclopentadi ene and

1

©

Xyl ene (141 g, 180 parts by weight per 100 parts by weidh
nononers) as a solvent was charged into a 300-milliliten
vessel which had been
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invention.
That is, the copolymer in the fifth invention can be
produced, as described in the sixth invention, such that
the copolymerization is conducted while adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromafic compound to a solvent in divided
portions to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound, wherein a sulfur compound is caused to exist in
the addition in divided portions.
The solvent he;e referred to is the same as described
in the first to fourth inventions.
| The amount of the solvent to be used is also the same
as described in the first to fourth inventions [between 50
and 500 parts by weight per 100 parts by weight of the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compound as starting monomers]. However, since
the sulfur compound is caused to exist in adding the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compound to the solvent in divided portions, the
amount of the solvent to be used can be reduced more. It
is usually between 50 and 150 parts by weight, preferably
between 70 and 120 parts by weight per 100 parts by weight
of the starting monomers.

The mixing ratio of (di)cyclopentadiene and the vinyl-



purged with nitrogen and was fitted with a stirrer. Wil olvent was
heated to 260[err]C with stirring, a mixture of 31 g of dﬂﬂMﬂV@WﬁNi%ﬂJ@né}
and 47 g of styrene (weight ratio of 40:60) was added. t pefero-rnr—aide
portions over the course of 2 hours. Then, the copol ynefi 24 J
further continued for 5 hours. After the conpletiop ﬁg%m&
the reaction solution was taken ouf,ngand treated M a rotaryl
evaporator at a tenperature of 200[err]C-and a pressure |of 10 mig for 3!
hours to renove unreacted nononers and xylene. |In this manmer—+*6-g-.0f..4a,
copol yner cfuld iyl tgeb na eetiatiec  acudpsupdermadietize opeaindd.of time for

adding the mixture in divided portions are the same as
described.in the first to fourth inventions.

In the sixth invention, the copolymerization is
conducted while adding the mixture of (di)cyclopentadiene
and the vinyl-substituted aromatic compound to the solvent
in divided ©portions tb produce the copolymer of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound, wherein the sulfur compound is caused to exist in
the addition in divided portions to the solvent. The sixth
invention is basically the same as the second invention
except that the sulfur compound is caused to exist.

As the sulfur compound, a compound which is generally
used as a chain transfer agent can be used. EXamples
thereof include n-octylmercaptan, benzylmercaptan,
thiophenol and 2-methyl-5-tert-butylthiophenocl.

The amount of the sulfur compound used is 5 parts by
weight or less, usually between 0.01 and 5 parts by weight,
preferably between 0.1 and 2 parts by weight per 100 parts
by weight of the mixture of (di)cyclopentadiene and the
vinyl-substitﬁted aromatic compound as starting monomers.

When the amount of the sulfur cémpound used is .less
than the above-mentioned range, the .molecular weight
distribution of the resulting copolymer 1is broadened,

making it impossible to obtain a resin having an improved



The properties of this copolynmer are shown in Table 1Rr'§m@my
Production of a hydr ogenat ed copol yner off . E“ﬁ éHEET
di cycl opent adi ene and styrene: Sixty grans of cyclohexane as
solvent, 65 g of. the copolyner obtained in Exanple|l-a
silica- alumna catalyst supporting 0.5% by wei ght | of
charged into a 300-mlliliter polynerizaggion vessel
with nitrogen and was fitted with stirrer. The hy
conducted at a hydrogen pressure of 40 kg/cnRG and a tenperature of”

230[terr] C Reirfdrmagees. while Afd£intdihicafpl ef i onigh t hprodaetieney! he
reactli on

Meanwhile, even when the amount of the solvent used exceeds
the above-mentioned range, the effect is no longer
increased, and the productivity in one batch is rather
decreased. Thus, it is undesirous.

The state of the sulfur compound present 1is not
particularly limited. For example, the sulfur compound
which has been incorporated into the starting monomers may
be dropped to the solvent in divided portions, or it is.
also possible that the Sulfur compound has been caused to
exist in the solvent (mixed with the solvent) and the
starting monomers are added thereto dropwise.

In the sixth invention, the copolymer in the fifth
invention can basically be produced in the same manner as
in the second invention except that the sulfur compound is
caused to éxist as mentioned above.

As described in the seventh invention, the copolymer
in the fifth invention can also be produced such that the
copolymerization is conducted while adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided
portions to produce a copolymef of cyclopentadiene and/or
dicyclopentadiene and. -the vinyl-substituted aromatic
compound, wherein at least one compound selected from the

group consisting of a hydroxybenzene compound, a
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hydroxynaphthalene compound and a quinone Compound is

'caused to exist in the addition of the mixture of

(di) cyclopentadiene and the vinyl-substituted aromatic
compound to the solvent in divided portions.

The process in the seventh invention is the same as
the process in the sixth invention except that at least one
compound selected from a hydroxybenzene compound, a
hydroxynaphthalene compound- and a quinone compound 1is
caused to exist instead of the sulfur compound in the
addition in divided portions.

Examples of the hydroxybenzene compound include phenol,
2,6~-di-tert-butyl-p-cresol, pentaerythrityltetrakis(3-(3,5-
di-tert-butyl-4-hydroxyphenyl)propionate), methoquinone,
hydroquinone, 2, 5-di-tert-butylhydroquinone,
hydroxyhydroquinone, catechol, p-tert-butyl-catechol and
pyrogallol.

Of these, hydro#yhydroquinone, catechol, p-tert-butyl-
catechol and pyrogallol are preferable.

-Examples of the hydroxynaphthalene compound include
1,4-dihydroxynaphthalene,. 2,3-dihydroxynaphthalene, 2,4-
dihydroxynaphthalené, 2,6-dihydr§xynaphthélene and 3,4-
dihydroxynaphthalene.

Examples of the quinone compound include 1,4-

benzoquinone, a-naphthoquinone, anthraquinbne and 1,4-

‘dihydroxyanthraquinone.

i
-31- solution was taken out, and treated wth fa ERLACE)
at a tenperature of 200[err]C and a pressure of 10 for 1 ho

renove cycl ohexane. In this manner, 65 g of a hygdr gaéhugw o]
of a copol ymer of dicycl opentadi ene and styren re obtai“@%.
The properties of the hydrogenated product of the ngngiE: ~shown /i



Conparative Exanple 1 Production of a copol yner of dicycl opentadi ene

and styrene: Xyl ene (50 g, 32 parts by melght per 100 parts by
wei ght of starting nononers) as a solvent was char gegTx
300-nilliliter polynerization vessel which had been pBE'ﬂé@EMﬁNﬁ SHEET open

and was fitted with a stirrer. Wiile the solvent wa

eated to 260[prf]C

wth stirring, a mxture of 62 g of di gigl opent adi efje t argp AN 191;‘33 yiene

(weight ratio of 40:60) was added ther

cour se of

1.5 hours.

In divide ﬁortlons over he
2 hours. Then, the copol ynerization was fuft DI

Idheneesdvidntth PIoskictings Ltealkadt

more compound selected from the group consisting of the
above-mentioned hydroxybenzéne compoﬁnd, hydroxynaphthalene
compound and quinone compound can be used. Of these, the
hydroxybenzene compound is preferable, ~ and
hydroxyhydroquinone, catechol, p-tert-butylcatechol and
pyrogallol are especially preferable.

The amount of at least -one compound to be used
selected.from the group consisting of the above-mentioned
hydroxybenzene compound, hydroxynaphthélene compound and
quinone compound is 5 parts by weight or less, usually
between 0.01 and 5 parts by weight, preferably between 0.1
and 2 parts by weight per 100 parts by weight of the
mixture of (di)cyclopentadiene and the vinyl-substituted
aromatic compoﬁnd as starting monomers.

When the amount of the above-mentioned compound used
is less than the above-mentioned range, the molecular
weight distribution of the resulting copolymer is broadened,
making it impossible to cbtain a resin having an improved
performance while maintaining a high productivity. On the
other hand, even when the amount of the solvent used
exceeds the above-mentioned range, the effect is no longer
increased, and the productivity in one batch is rather
decreased. Thus, it is undesirous.

As stated above, the process in the seventh invention



ol
LIl

as in Exanple 1 to renove unreacted nononers and xyl ene. T
140 g of a copol yner of dicycl opentadi ene and styrene JeREP

MENE (SHEET’

p

he

The properties of this copolymer are shown in Table 1. |[Cqnparative Exa

2 - 32 - Produdt ilom of j _

hydr ogenat ed product of a copol ynmer of di cycl opent gdijene an s%yre
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is the same as the process in the sixth invention excepﬁ
that at least one compound selected from the group
consisting of above-mentioned hydroxybenxzene compound,
hydroxynaphthalene compound and quinone compound is caused
to exist instead of the sulfur compound in the addition in
devided portions.

The state of at least one compound selected from the
group consisting of the hydroxybenzene compound, the
hydroxynaphthalene compound and the quinone compound is,
like the state of the sulfur compound, not particularly
limited.

It 1is advisable that the copolymerization in the
process of the seventh invention is successively conducted,
like the copolymefization in the process of the sixth
invention, even after the addition of the mixture of
(di) cyclopentadiene and the vinyl-substituted aromatic
compound in divided portions is completed, and the reaction
conditions at this time are the same as in the process of
the sixth invention. In this manner, the copolymer in the
fifth invention can be produced.

In the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound produced by the seventh
invention, the Mw/Mn ratio is between 1.79 and 1.89 being
less than 1.9, as demonstrated in Examples. Thus, thé

molecular weight distribution is sharp. For example, the




Exanpl e 2 was repeated except that the copol yner obtaine

Exanple 1 was used instead of the copolyﬁeryobtalned I n REP#%QE@EES #

a hydrogenated product of a copol ynmer of dlcyclopentadle ejand styrene 1

The properties of the hydrogenated copol yner are shown i a2 JAN 1998

Exanpl e 3 Production of a copol yner of dlcyclopenta I ene and

styrene in the presence of a sulfur col Xyl e (330 g,

by weight per 100 parts by weight of s tlng nononers)

charged into a 1-liter polynerization vessel which had been purged wt
molecular weight distribution measured by GPC- gives

patterns shown in Figs. 4 to 7.

The hydrogenated product of the copolymer in the
eighth invention can be obtained by the process in the
ninth or tenth invention. It is a hydrogenated product of
the copolymer in the fifth invention.

In the ninth invention, the copolymerization is
conducted while adding a mixture of (di)cyclopentadiene and
a vinyl-substituted aromatic compound to a solvent in
divided portions, and the hydrogenation is then conducted
to producé a hydrogenated product of a copolymer of
(di) cyclopentadiene and the - vinyl-substituted aromatic
' compound, wherein a sulfur compound is caused to exist in
the addition of the mixture to the solvent in divided
portions. The same copolymer}zation as in obtaining the
copolymer of the sixth invention is conducted, and the
hydrogenation is then éonducted. The ninth invention is
basically the same as the fourth invention except that the
sulfur compound is cdused to exist in the addition in
divided portions.

According to the sixth invention or the ninth
invention, the sulfur compound is caused to exist in adding
the above-mentioned mixture to the solvent in divided
portions, making it possible to further sharpen the

molecular weight distribution of the resulting copolymer or



nitrogen and was fitted with a stirrer. To xyl ene were RﬁPdiAﬂEMFWSSQEﬁﬁ
part by wei ght per 100 parts by weight of starting nono

2-methyl -5-tert-butylthiophenol. The nixture was heated t gg[ hnbg 4
with stirring, a mxture of 183 g of dicycl opentadi ene Jé

styrene (weight ratio of 50:50) as starting nononers fhpretollr
divided portions over the course of 3_hggrs. Then, th copolynerlzatlor
was further continued for 7 hours. —After the conpletriomof—tfe

reaction, the reaction solution was taken out, and treated with a rotary
evapor at ohydroqenewérmqnhecw@dd{%rcrqmlasﬁ@ra pressure of 10

Both the thus-obtained copolymer of
(di) cyclopentadiene and .the vinyl-substituted aromatic
compound in the fifth invention and the hydrogenated
product of the copolymerlin the eighth invention have the
Mw/Mn ratio of less than 1.9 (1.67 and 1.63 in Examples to
be described later), and the molecular weight distribution
is ewven sharper.

In the tenth invention, the hydrogenated product of
the copolymer of (di)cyclopentadiene and the vinyl-
substituted aromatic compound is produced by conducting the
copolymerization while addiﬁg a mixture of
(di)cyclopentadiene and the vinyl-substituted aromatic
compound to the solvent in divided portions and then
conducting the hydrogenation, wherein at least one compound
selected from the group consisting of a hydroxybenzene
compound, a hydroxynaphthalene compound and a quinone
compound is caused to exist in the addition in divided
portions.

That is, the tenth invention is provided by adding the
hydrogenation reaction to the process in the above-
mentioned seventh invention.

In other words, the process in the tenth invention is
the same as the process in the ninth invention except that

at least one compound selected from the group consisting of
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-33- mHg for 2 hours to renpbve unreacted nononers and xyle

manner, 330 g of a copol yner of dicyclopentadi ene and styre re
obt ai ned. The properties of this copolymer are shown i abgy j N‘aaf
pattern of the nol ecular weight distribution nmeasured by GPQ ijs SEOWA [
Fig. 3. Exanple 4 Production of a hydrogenated produc — .
copol yner of di cycl opent adi ene §n97s[yrene in the presence of a

the above-mentioned hydroxybenzene compound,

hydroxynaphthalene compound and quinone compound is caused
to exist instead of the sulfur compound in the addition in
divided portions.

According to the seventh or tenth invention, the
molecular weight distribution of the resulting copolymer or
hydrogenated product of the copolymer can <further be
shérpened by causing at least one compound selected from
the group consisting of the hydroxybenzene compound, thé
hydroxynaphthalene compound and the quinone compound to
exist when the mixture is added to ﬁhe solvent in divided
portions.

The thus-obtained copolymer of (di)cyclopentadiene and
the vinyl-substituted aromatic compound in the fifth
invention and the hydrogenated product of the copolymer in
the eighth invention have, as noted above, the Mw/Mn ratio
of less than 1.9 (from 1.75 to 1.89 in Examples to be
described later), and the molecular weight distribution is

thus more sharpened.

The copolymer in the first invention and the
hydrogenated product thereof.in the third invention have
the Mw/Mn ratio of 2.5 or less which is lower than that of
the conventional ones, providing a sharp molecular weight

distribution.



sul fur conpound: _ Seventy granms of cyclohexane as a b nﬁwﬁ\ﬁ gnp;fv

the copolymer obtained in Exanple 3 and 10 g of a nickel
charged into a 300-mlliliter polynerization vessel which jhad been urged

With nitrogen and was fitted wth a stirrer.  The hydr ogejnailodANd
conducted at a tenperature of 230[err]C and a hydrogen pressure of 40

kg/ cnm2G
reaction

a sol vent,

for 4 hours. After the conpletion of the rleaction, the
solution was taken out, and T1r&ated with a rot ary—evaporat.or..at.
a tenperature of 200[err]C and a pressure of 10 mmHg for

. e. Acyatdirexiane . th& hospo I¥mer ofn athgdfdygehatiotrentpohyapd of

dlcyclopentadlene

the hydrogenated product thereof in the third invention are
substrates which are quite useful in the production of a
tackifier and an adhesive.

The copolymer or the hydrogenated product thereof
having such a sharp molecular weight distribution can
efficiently be produced by the process in the second or
fourth invention.

Further, thé copolymer or the hydrogenated prdduct
thereof having the lower Mw/Mn ratio of less than 1.9 with
the sharper molecular weight distribution as described in
the fifth or eighth invention can efficiently be produced
by the processes in the sixth and seventh inventions or the
processes in the ninth and tenth inventions.

In the process of the sixth or ninth ipvention, the
sulfur compound is caused to exist in adding the starting
monomers to the solvent in divided portions, making it
possible to more reduce the amount of the solvent to be
used. Accordingly, in comparison with the polymerization

conducted by increasing only the amount of the solvent, a

resin having a sharp molecular weight distribution and an

excellent performance is obtained with the use of the small
amount of the solvent. Consequently, there is no fear that
the productivity might be decreased by decreasing the

amounts of the starting monomers to be charged into the

1 hour to renove



and styrene were obtained. The properties of t WIRAGSHAk
copol yner are shown in Table 1. ’n'gﬁﬁ“ﬁaavﬁgErg

Exanpl e 5 Production of a copol yner using a pyr)ghffdr? Xyl €
(330 g, 90 parts by weight per 100 parts by weight pf, stz tJaN®98no
as a solvent was charged into o
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polymerization vessel.

Also in the process of the seventh or tenth invention,
at least one compound selected from the group consisting of
the hydroxybenzene compound, the hydroxynaphthalene
compound and the quinone compound is caused to exist in
adding the starting monomers to the solvent in devided
portions, making it possible to reduce the amount of the
solvent to be used. Accordingly, in comparison with the
polymerization conducted by increasing only the amount of
the solvent, a resin having a sharp molecular weight
distribution and an excellent performance is obtained with
the use of the small.amount of the solvent. Consequently,
there is no fear that the productivity might be decreased
by decreasing the amounts of the starting monomers to be
charged into the polymerization vessel.

Exampies

The present invention is illustrated more specifically
by referring to the following Examples. However, the
present invention is not limited thereto at all.

Example 1 |

Production of a copolymer of dicyclopentadiene and

styrene:

Xylene (141 g, 180 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged into

a 300-milliliter polymerization vessel which had been



a 1-liter polynerization vessel which had been purged with nitrogen and

was fitted with a stirrer. To xyl ene were added_3.66. g {l—part+—Hn wei ght

per 100 parts by weight of starting nononers) of quafT’éI.".lfJS’ﬁﬁ%h t he

solution was heated to 240[err]C, and with stirrihg, a mxture of} 183 g of

di cycl opent adi ene and 183 g of styrene (weight ratjo’of Mgaqsas starting
e of

nmononers was added thereto in divided tions ovgr:t Het 9
m nutes. Subsequently, the tenperature®vwas el evatdd to 2.60{-6#—]—6—(5v r the
course of 60 m nutes. After the tenperature JYreached 260[err]¢ the

copol yner i Zajdqy WatH HiteigeaPtndueds f 01t Sed oML Sh
conpletion"of the reaction, the reaction

the solvent was heated to 260°C with stirring, a mixture of

TAE €le

31 g 6f dicyclopentédiene and 47 g of styrene (weight ratio
of 40:60) was added thereto in divided portions over the
course of 2 hours. Then, the copolymerization was further
continued for 5 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary
evaporator at a temperature of 200°C and a pressure of 10
mmHg for 3 hours to remove unreacted monomers and Xxylene.
_In this manner, 70 g of a éopolymer of dicyclopentadiene
and styrene were obtained.

The properties of this copolymer are shown in Table 1.
Example 2

Production of a hydrogenated copolymer of

dicyclopentadiene and styrene:

Sixty grams of cyclohexane as a solvent, 65 g of the
copolymer obtained in Example 1 and 2.3 g of a silica-
alumina catalyst supporting 0.5% by weight of palladium
were charged into a 300-milliliter polymerization vessel
. which had been purged with nitrogen and was fitted with
stirrer. The hydrogenation was conducted at a hydrogen
pressure of 40 kg/csz and a temperature of 230°C for 3
hours.

After the completion of the reaction, the reaction



sol ution

tenperature of 200[err]C and a pressure of 10 mmHg f

at a

was taken out, and treated with a rota

h)zl —evaperal of
PHSEMENT cSHEE

unreacted nmononers and xylene. In this nmanner, 330 g o a copol

di cycl opent adi ene and styrene were obtained. The pr

copol yner

di stribution neasured by GPC is shown |
Production of a hydrogenated product of-&he copol ymer

are shown in Table 1. The pattern of the
Fig. 4. Ex

e —————

solution was taken out, and treated with a rotary
evaporator at a temperature of 200°C and a pressure of 10
mmHg for 1 hour fo remove cyclohexane. In this manner, 65
g of a hydrogenated product of a copolymer of
dicyclopentadiene and styrene were obtained.

The properties of the hydrogenated product of the
copolymer are shown in Table 1.

Comparative Example 1

Production of a copolymer of dicyclopentadiene and

styrene:

Xylene (50 g, 32 parts by weight pef 100 parts by
weight of starting monomers) as a solvent was charged into
a 300-milliliter polymerization vessel which had been
purged with nitrogen and was fitted with a stirrer. While
the solvent was heated to 260°C with stirring, a mixture of
62 g of dicyclopentadiene and 94 g of styrene (weight ratio
of 40:60) was added thereto in divided portions over the
course of 2 hours. Then, the copolymerization was further
continued for 1.5 hours.

The resulting product was treated in the same manner
as in Example 1 to remove unreacted monomers and xylene.
In this manner, 140 g of a copolymer of dicyclopentadiene
and styrene were obtained.

The properties of this copolymer are shown in Table 1.

Comparative.Exalee 2

ol

!
]
!
]



- 35 - I n Exanpl e 5: Seventy grans of c¥ MBS‘,@ET‘—‘

solvent, 70 g of the copolyner obtained in Exanple g—of i
ni ckel catalyst were charged into a 300-mlliliter pokymerizatio —Eessel
whi ch had been purged with nitrogen and was fitted \Mth'aZsMNﬂ@%, and t he
hydrogenati on was conducted at a tenperature of 230fedr]C and _a hydtogen
pressure of 40 kg/cnferr]G for 4 hours 2 - After {t hé conpl etion of :the
reaction, the reaction solution was ta%en out, and tlreated with-a--retary
evaporator at a tenperature of 200[err]C and a pressure of 10
Production of a hydrogenated product of a copolymer of

dicyclopentadiene and styrene:

Example 2 was repeated except that the copolymer
obtained in Comparative Example 1 was used instead of the
copolymer obtained in Example 1 to form a hydrogenated |
product of a copolymer of dicyclopentadiene and styrene.

The properties of the hydrogenated copolymer are shown
in Table 1.

Example 3

Production of a éopolymer of dicyclopentadiene and

styrene in the presence of a sulfur compound:

Xylene (330 g, 90 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged into
a l-liter polymerization vessel which had been purged with
nitrogen and was fitted with a stirrer. To =xylene were
added 3.66 g (1 part by weight per 100 parts by weight of
starting monomers) of Z-methyl-5-tert—butylthiophenol. The
mixture was heated to 260°C, and with stirring, a mixture
of 183 g of dicyclopentadiene and 183 g of styrene (weight
ratio of 50:50) as starting monomers was added thereto in
divided portions over the course of 3 hours. Then, the
copolymerization was further continued for 7 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary

evaporator at a temperature of 200°C and a pressure of 10



mrHg f or

hydr ogenat ed product of the copolynmer of dicyclope tg |

wer e obt ai ned. The properties of this hydrdgenated pro t
copolymer are shown in Table 1. Exanple 7 Prioduct icodAl cqpagl yner
using catechol : Xyl ene (380 g, 120 parts by j ght per 10

wei ght of al-lite

pol ymeri zati on vessel which had been pu

1 hour to renove cycl ohexane. In this mann

starting nononers) as a solve was charge
ed with ni

with a stirrer. To xylene were added 3.17 ¢ él part by wei ght per

parts by venightfof 2 hours to remove unreacte

monomers and xylene.
In this manner, 330 g of a copolymer of dicyclopentadiene
and styrene were obtained.

The properties of this copolymer are shown in Table 1.
The pattern of the molecular weight distribution measured
by GPC is shown in Fig. 3.

Example 4

Production of a hydrogenated product of a copolymer of

dicyclopentadiene and styrene in the presence of a

sulfur compound:

Seventy grams of cyclohexane as a solvent, 70 g of the
copolymer obtained in Example 3 and 10 g of a nickel
catalyst were charged into a 300-milliliter polymerization
vessel which had been purged with nitrogén and was fitted

with a stirrer. The hydrogenation was conducted at a

.temperature of 230°C and a hydrogen pressure of 40 kg/cm’G

for 4 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary
evaporator at a temperature of 200°C and a pressure of 10
mmHg for 1 hour to remove a solvent, i.e. cyclohexane.
Thus, 70 g of a hydrogenated copolymer of dicyclopentadiene
and stYrene were cobtained.

The properties of the hydrogenated copolymer are shown

in Table 1.

r Y

100

was—fitted



starting nononers) of catechol. The solution was then heated to
240[err]C, and with stirring, a mxture of 158 g ef B s e -

- 36 - dicyclopentadiene and 158 g of styrene (ﬁeﬁWCEME“ﬁB SHEET 5p: 50) as
starting nononers were added thereto in divided portTons over the fkourse

-

of 90 m nutes. Subsequently, the tenperature wasjefe e ®9a60[e r]C
e\rﬁzﬁ‘&d‘?ke'J

over the course of 60 m nutes. Aftear the t¢ reache
260[err]C, the T =T —

Example 5

Production of a copolymer using a pyrogallol:

Xylene (330 g, 90 parts by weight per 100 parts by
weight of starting monomers) as a solvent was charged into
a l-liter polymerization vessel which had been purged with
nitrogen and was fitted with a stirrer. To xylene were
added 3.66 g (1 part by weight per 100 parts by weight of
starting monomers) of pyrogallel. Then, the solution was
heated to 240°C, and with stirring, a mixture of 183 g of
dicyclopentadiene and 183 g of styrene (weight ratio of
50:50) as starting monomers was added thereto in divided
portions over the course of 90 minutes. Subsequently, the
temperature was elevated to 260°C over the course of 60
minutes. After the temperature reached 260°C, the
copolymerization was further continued for 3 hours.

After the completion of the reaction, the_ reaction
solution was taken out, and treated with a rotary
evaporator at a temperature of 200°C and a pressure of 10
mmHg for 2 hours to remove unreacted monomers and xylene.
In this manner, 330 g of a copolymer of dicyclopentadiene
and styrene were obtained. The properties of the copolymer
are shown in Table 1. The pattern of the molecular weight

distribution measured by GPC is shown in Fig. 4.

Example 6

Production of a hydrogenated product of the copolymer



copol yneri zation was further continued for 4 hours. After the
conpletion of the reaction, the treatment was conducted as in Exanpl
obtain 280 g of a copol yner of dicyclopentadi ene ﬁ?ﬁgl refte:-—d-he

properties of this copolynmer are shown in Table 1

nmol ecul ar wei ght distribution measured by GPC is sifoun in  Frg. 5™
8 Production of a hydrogenated prqduct of thg coppby : i
Exanpl e 7: Exanpl e 6 was repeated9 cept tha he cd%ﬁ$9%%ﬁ ;f

in Exanple 7 was used to obtain 70 g of a hydrogena - pr oduet—--of.

copol yner

of di gyCEepRRtad ene e

Seventy grams of cyclohexane as a solvent, 70 g of the
copolymer obtained in Example 5 and 1.5 g of a nickel
catalyst were charged into.a 300-milliliter polymerization
vessel which had been purged with nitrogen and was fitted
with a stirrer, and the hydrogenation was conducted at a
temperature of 230°C and a hydrogen pressure of 40 kg/cm’G
for 4 hours.

After the completion of the reaction, the reaction
solution was taken out, and treated with a rotary
evaporator at a temperature of 200°C and a pressure of 10
mmHg for 1 hour to remove cyclohexane. In this manner, 70
g of the hydrogenated product of the copolymer of
dicyclopentadiene and styrene were obtained. The
properties of this hydrogenated product of the copolymer
are shown in Table 1. |
Example 7

Production of a copolymer using catechol:

Xylene (380 ¢, 120 parts by weight per 100 parts by

weight of starting monomers) as a solvent was charged into

- a l-liter polymerization vessel which had been purged with

nitrogen and was fitted with a stirrer. To =xylene were
added 3.17 g (1 part by weight per 100 parts by weight of
Starting' monomers) of catechol. The solution was then

heated to 240°C, and with stirring, a mixture of 158 g of
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and styrene. The properties of this hydrogenated pr ct eepol yrer
are shown in Table 1. Exanple 9 Production of aﬁﬁm %h?.?pg‘
hydr oxyhydr oqui none: Exanpl e 7 was repeated exge at 3. 17 gl(

part by weight per 100 parts by weight of starting
hydr oxyhydr oqui none were used instead of 3.17 g of ¢

- - -_3_§-

dicyclopentadiene and 158 g of styrene (weight ratio of
50:50) as starting monomers were added thereto in divided
portions over the course of 90 minutes. Subsequently, the
temperature was elevated to 260°C over the course of 60
minutes. After the temperature reached 260°C, the
copolymerization was further continued for 4 hours.

After the completion of the reactién, the treatment
was conducted as in Example 5 to obtain 280 g of a
copolymer of dicyclopentadiene and styrene. The properties
of this copolymer are shown in Table 1. The pattern of the
molecular weight distribution measured by GPC is shown in
Fig. 5.

Example 8

Production of a hydrogenated product of the copolymer

in Example 7:

Example 6 was repeated except that the copolymer
formed in Example 7 was used to obtain 70 g of a
hydrogenated product of a ;opolymer of dicyclopentadiene
and styrene. The properties of this hydrogenated product
of the copolymer are.shown in Table 1.

. Example 9

Production of a copolymer using.hydroxyhydroquinone:

Example 7 was ﬁepeated excgpt that 3.17 g (1 part by
weight per 100 parts by  weight of starting monomers) of

hydroxyhydroquinone were used instead of 3.17 g of catechol.



In this manner, 282 g of a copol yner of dicycl openta iﬁ?ﬁ#gﬁﬂ@ Styre
-MEND

f——

»J
T

were obtai ned. The properties of this copolymgr EEFHI
Tabl e . The pattern of the nolecular. weight dijsfribution nmeasur pd by
GPC is shown in Fig. 6. Exanple 10 Production pf 22 AN gmgnat ed

product of the copol yner I n Exanmple 9

a}EIe 6 was repe
except that the copolymer formed in Exggple 9 was uped 10 ™ 70

hydr ogenat ed product of the copol ymer “of=di cycl opent
The properties of this hydrogenated product

an.StYFQ
In this manner, 282 g of a copolymer of dicyclopentadiene
and styrene were obtained. The properties of this
copolymer are shown in Table 1. The pattern of the
molecular weight distribution measured by GPC is shown in
Fig. 6.

Example 10

Production of a hydrogenated product of the copolymer

in Example 9:

Example 6 was repeated except that the copolymer
formed in Example 9 was used to obtain 70 g of a
hydrogenated product of the copolymer of dicyclopentadiene
and styrene. The properties of this hydrogenated product
of the cépolymer are shown in Table 1. )
Example 11

Production of a copolymer using p-tert-butylcatechol:

Example 7 was fepeated except that 6.34 g (2 parts by
weight per 100 ﬁarts by weight of starting monomers) of p-
tert-butylcatechol were used instead of 3.17 g of catechol
to obtain 282 g of a copolymer of dicyclopentadiene and
styrene. The properties of this copolymer are shown in
Table 1. The pattern of the molecular weight distribution
measured by GPC is shown in Fig. 7.

Example 12
Production of a hydrogenated product of the copolymer

in Example 11:

L

ed
of a
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of the copolynmer are shown in Table 1. Exanple 11 Pl ogiyg it E@f<a

copol yner using p-tert-butyl catechol: Exanpl e 7 was

that 6.34 g (2 parts by weight per 100 parts by wei ght of

nononers) of p- tert-butylcatechol were used instead of 3|

to obtain 282 g of a copolyner of dicycl opentadi ene and s

properties of this copolyner are shomnd_g Table 1. The p
Yy

artln%

7 @ 2ANa1988 hol
ene. The
tern of the

‘<i—‘(DCD

nol ecul ar wei ght distribution neasure "GPC is shown i ~—/—.Exanpl g.;
12 Production of a hydrogenated product of the cog in
Exanpl e 11: Example 6 was repeated except that copolymer

formed in Example 11 was used to ~obtain 70 g of a
hydrogenated product of the copolymer of dicyclopentadiene
and styrene. The properties of this hydrogenated product

of the copolymer are shown in Table 1.
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Table 1 reveals the following. e e ¢
First, the Mw/Mn ratio <f tha copolymer cotained in

Zzample 1 using a solvent at a spacilic weight razlo Pased
orn the starting monomers was 2.0. The Mw/I
nydrogenated prodﬁct ciE the copoiymer opzained Dby
nydrogenating the above-mentioned copolymer as described
in Example 2 was 1.9. Thus, these showed the dessirabile
sharp molecular weight distributions.

Meanwhile, the Mw/Mn ratio of the copolymer obtained
in Comparative Example 1 without consideration of the
amount of the solvent to be used, unlike the Mw/Mn ratio
of the copolymer in Example 1, was 2.8. The Mw/Mﬁ ratio of
the hydrogenated product of the copolymer cbktained in
Comparative Example 2 was 2.7. Thus, these did not show
such desirable molecular weight distributicns as in
Examples 1 and 2.

The Mw/Mn ratio of the copolymer obtained in Example
3 through the copolymerization in the presence of the
sulfur compound was 1.67. The Mw/Mn ratic of the
hydrogenated product of the copolymer obtained Dby
hydrogenating the above-mentioned copolymer as described
in Example 4 was 1.63.

They were of course lower than

those in Comparative Examples 1 and 2, and were even lower

1

{
H



- 40 - Table 1 reveals the follow ng. First, the Mw Wh ratlo of
the copol yner obtained in Exanple 1 using a solvent at a peC|TEE~weh

and ratio based on the starting nononmers was 2.0. The MRNT &f
the hydrogenated product of the copolyner obt ai ned Qy

hydr ogenati ng the above-nenti oned copol yner as described | qmgn.ﬁqyas
1.9. Thus, these showed the desirable sharp nol ecul ar ijght
di stributions. Meanwhi | e, the NMiNﬁhratlo of the copg@l ymer—obtared

in Conparative Exanple 1 without consideration of th amount of the

sol vent to be used, unlike the NM/Nh,rgtio
than those 1n Examples and 2.

Further, the Mw/Mn ratios of the copolymers obIzined

in Examples 5, 7, 9 and 11 through the copolymerizacion in

the presence of the hydroxybenzene compound and ¢ th

]

hydrogenated products of the copolymers obIained in

"S

Examples 6, 8, 10 and 12 were all less than 1.3. They were
of course lower than those in Comparative Examples 1 zand 2,
and were even lower than those in Examples 1 and 2.

From these facts, it is understood that_as indicated
in the first to fourth inventions, the process oI the
present invention can provide the copolymer and the
hydrogenated product thereof having the Mw/Mn ratio of 2.5
or less, namely, the sharp molecular weight distribution
upon using the solvent at the specific ratio based on the
starting monomers.

Still further, it is understood that as indicated in
the sixth and ninth inventions, the process'of the present
invention can provide the copolymer and the hydrogenated
product thereof having the lower Mw/Mn ratio of less than
1.9 with the sharper molecular weight distribution by
causing the sulfur compound to exist in adding the
starting monomers to the solvent in divided portions.

Furthermore, it is 'understood that as shown in the



of the copolyner in Exanple 1, was 2.8. The Mv M
hydr ogenat ed product of the copolyner obtained in
was 2.7. Thus, these did not show such desirable
distributions as in Exanples 1 and 2.
copol ynmer obtained in Exanple
presence of the sulfur conpound was
hydr ogenated product of the
above-nmenti oned copol yner as descri bed

of course lower than those in Co
| ower processes of the

. 67.

i n Exanpl e

arati ve Exanpl es
seventh and tgpth

copolymer and the hydrogenated product

having the Mw/Mn ratio of less than
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than that ¢f the conventiocnal c¢nes, wi:z

can be

molecular weight distribution

the hydroxybenzene compound or the like

the starting monomers to tThe solvent
In Examples 1 to 12, the same
even when

cyclopentadiene was

dicyclopentadiene.
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41 than those in Exanples 1 and 2. Further, the MV Mh ratios of the
copolyners obtained in Exanples 5, 7, 9 and 11 through the

copolynerlzaLLon~+H~—%hE‘pTé§€ﬁ&e of the hydroxybenzene*tonpound*and—of t he

hydr ogenat ed produc i copol ynmers obt ai ampl.es. 6, 8,
10 and 12 wer ‘Sﬁ‘!\mﬂ .. They were of cgﬁg heerhas e Aatace ¢ hose i n
Conpar ative Ex ' L] lnml

_E-

" What Is Claimed Is:

1. A copolymer of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound, said copolymer having a softening point of from
60 to 1305C, a vinyl-substituted aromatic compound content
of from 30 to 90% by weight, a bromine number of from 30
to 90 g/100 g, a number average molecular weight of from
400 to l,OQO, and a weight average molecular weight/number
average molecular weight (Mw/Mn) ratio of 2.5 or less.

2. A procesé for producing the copolymer éf claim 1,
which comprises conducting the copolymerization while
adding a mixture of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions to produce a
copolymer of cyclopentadiene and/or dicyclopentadiene and
the vinyl-substituted aromatic compound, wherein said
solvent is used in an amount of from 50 to 500 parts by
weight per 100 parts by weight in total of cyclopentadiene
and/or dicyclopentadiene and the vinyl-substituted
afomatic compound.

3. A hydrogenated product of. a copolymer of’
cyclopentadiene = and/or dicyclopentadiene and a vinyl-

substituted aromatic compound which is obtained by

REPLACEMENT SHEET
S e
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and were even | ower—thamthose in Exgnples 1 and 2. From t hese facts,
it is understood that ererne Mign the first teo—fourth—tnventtons, the
process of the pre}HWﬂDﬂ‘e\m “ﬂﬂ“m ni provi de the copol yner _and the

"

hydr ogenat ed product'™® aving the Mv Mh ratli dhigphestHesB &d
nanely, the sharp nol ecul ar wei ght distribution up%ﬁ“ﬁiﬁlmiﬂﬁl vent at
the specific ratio based on the starting nononers. _ rther, it
i s understood that as indicated in the2&i fth and ninth inventions, the
process of the present invention can provide the copolynmer and the
hydr ogenated product thereof having the lower Mwv M ratio of |ess than
1.9 with thedsbgepatimp| ébel aopedivyter db £t cilbimi dn bynd which has a
softening point of from 70 to 140°C, a vinyl-substituted
aromatic compound content of from 0 to 35% by weight, a
bromine number of from 0 to 30 g/100 g, a number average
molecular .wéight of from 400 to 1,000, and a weight
average molecular weight/number average molecular weight
(Mw/Mn) ratio of 2.5 or less.
4. A process for producing the hydrogenated product
of the copolymer of claim 3, which comprises conducting
the copolymerization while = adding a mixture of
cyclopentadiene and/or | dicyclopentadiene and a vinyl-
substituted aromatic compoun'd to a solvent in divided
portions, and then conducting the hydrogenation to produce
a hydrogenated product of a copolymer of cyclopentadiene
and/or dicyclopentadiene and the vinyl-substituted
aromatic compound, wherein said solvent is used in an
amount of from 50 to 500 parts by weight per 100 parts by
weight in total of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
.compound.
5. A copolymer of cyclopentadiene and/or

dicyclopentadiene and a vinyl-substituted aromatic

compound, said copolymer having a softening point of from

REPLACEMENT SHEET

22 JAN 1998

oo ot s ol
L e ———— A r— ¢ ]




causi ng the sulfu+—eﬁﬂpUUﬁﬁ‘T6_€§T§F—in adding the starting nononers to

the solvent in divi FurthernDre——LL—Ls—undeLnggd_that
as shown in the (ﬁmm“ “‘“r\m“\“\ processes

the seventh an Li nwen¢ i ons, the copol ﬁbgenated
Froduct of the copolyner havi ng the Mv Mn ratlo .of H “ HT"' which is
ower

- 45 -

60 to 130°C, a vinyl-substituted aromatic compound content

rh

of from 30 to 90% by weight, a bromine number of from 30
to 90 g/100 g, a number average molecular weight of from
400 to 1,000, and a weight average molecular weight/number
average molecular weight (Mw/Mn) ratio of less than 1.9.

6. A process for producing the copolymer.of claim 5
which comprises conducting the copolymerization while
adding a mixture oi cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aroﬁatic
compound to a solvent in divided portions to produce a
copolymer of cyclopentadiene and/or dicyclopentadiene and
the vinyl-substituted aromatic compound, wherein a sulfur
compound is caused to exist in the addition in divided
portions.. |

7. A process for producing the copolymer of claim 5,
which comprises conducting the copolymerization while
adding a mixture of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound to a solvent in divided portions to produce a -
copolymer of cyclopentadiene and/or dicyclopentadiene and
the vinyl-substituted aromatic compound, wherein at least
one compound selected from the group consisting_ of a

hydroxybenzene compound, a hydroxynaphthalene compound and

REPLACEMENT SHEET
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than that of the conventional ones, with the much | ower nol ecul ar wei ght

di stribution can be ‘mmm ﬁmng t he hydr oxybenzene—conpound—or the
li'ke to exist in addmnm [ mononers to the 4 oI-_l\'_ié_ i pi \éi ded
porti ons. In Exanples ¥ f'o 12, the sane effect SRl ANRECCC oy e
when cycl opent adi ene was used I nst ead of d : i ne.

- 43- . .

-5_6..

a quinone compound is caused to exist in the addition in
divided portions.

8. A hydrogenated product of a copolymer ©of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted compound whicﬁ is obtained by hydrogenating
the copolymer of claim.5, and which has a softening point
of from 70 to 140°C, a vinyl-substituted aromatic compound
content of from 0 to 35% by weight, a bromine number of
from 0 to 30 g/100 g, a number average molecular weight of
from 400 to 1,000, and a weight average molecular
weight/number average molecular weight (Mw/Mn) ratio of
less than 1.89.

9. A process for producing the hydrogenated product
of the copolymer of claim 8, which comprises conducting
the copolymerization while adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided
portions, and then conducting the hydrogenation to produce
a hydrogenated product of a copolymer of cyclopentadiene
and/or dicyclopentadiene and the vinyl-substituted
aromatic compound, wherein a sulfur cﬁmpound is caused to
exist in the addition in divided portions.

10. A process for producing the hydrogenated product
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VWhat Is Clainmed Is: I—Acoporymer of cycl opentadi ene and/ or

di cycl opent adi ene and ' T ' d aromatie—conpound, said
copol ymer having a sof qmﬁg ﬂ ﬂ“lﬂ‘“Fom 60 to 130[ err] C accordi ng to
JAI 7-1991 (ring & ball LYINEY

substltut @hbﬁB&mR
- content of from30 to 90% by melght neasured with.a
spect rophot onet er (absorbance 700 cn[err , a bron1 n1 30 to
90 g/ 100 g according to JIS K-2605, a n 3 average ecu ar of
from400 to 1,000 neasured by VPO and a melght average nDIecuIar

ﬁgggnﬁégugg%cﬁ%¥§r§9§ofgﬁgfm&¥ LBL ght g, (MM iMY E@ﬁﬁ?i@észcénﬁhckgﬁﬁ
the copolymerization while adding a mixture of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided
portions, and then conducting the hydrogenation to,produce.
a hydrogenated product'of a copolymer of cyclopentadiene
and/or dicyclopentadiene and the vinyl-substituted |
aromatic compound, wherein at least one compound selected
from the group consisting of a hydroxybenzene compound, a

hydroxynaphthalene compound and a quinone compound is

caused to exist in the addition in divided portions.
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2. A process for producing the copol yner of cIaLﬂLlr_mthh——eeﬁﬁ%rses

conducting the copol ynerization while adding a m.xture of :cyclopentadi ene
and/ or dicycl opent adi ene and a vinyI- substltutedhmsmwdﬁs dto a
solvent in divided portions to : produce a cop mi

cycl opent adi ene and/ or dlcyclopentad gne and the ut ed
aromati ¢ conpound, wherein said sol vén#2i 3 used in an amount of from50 to
500 parts by melght per 100 parts by melght |n total of cyclopentadlene
and/ or di cycEQECE 3 IRAG PROE R R B :

PRODUCING THE SAME
ABSTRACT

Provided are a éopolymer of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound, this copolymer having a softening point of from
60 to 130°C, a vinyl-substituted aromatic compound content
of from 30 to 90% by weight, a bromine number of from 30
to 90 ¢g/100 g, a number average molecular'weight of from
400 to 1,000, and a weight average molecular weight/number
average molecular weight (Mw/Mn) ratio of 2.5 or less, a
hydrogenated product thereof, and a process for producing
the samne.

The copolymer and the hydfogenated product of this
copolymer are substrates which are quite useful in the

production of a tackifier and an adhesive.

No figure suggested
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3. A hydrogenated pr oduct of a copol yner of cycl opent adi ene
and/ or dicycl opentadi ene and a vinyl-substituted aromatic conpound which

i s obtained by hydrogenating the copolynmer of claim1l1l, and which has a
softening point of from70 to 140[err]C according to JAI 7-1991 (ring &
ball nethod), a vinyl- substituted aromatic conpound content of fromO to
35% by wei ght neasured.with an infrared spectrophotoneter (absorbance 700
cnferr]), a brom ne nunber of fromO tol3C0 g/ 100 g according to

FIG.1
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JI'S K-2605, a nunber average nol ecul ar weight of from400 to 1,000
nmeasured by VPO, and a wei ght average nol ecul ar wei ght/nunber average

nol ecul ar weight (Mwv M) ratio of 2.5 or |ess neasured by GPC. 4,
A process for producing the hydrogenated product of the copolyner of
claim 3, which conprises conducting the copolynerization while adding
a mxture of cycl opentadi ene and/ or %yclopentadlene and a

vinyl -substituted aromati c conpound to =a“solvent in divided portions, and
t hen conducting the hydrogenation to produce a hydrogenated product of a
copol ymer of cycl opent geiyeRe sand/ or di cycl opent adi ene and the vinyl -
substituted aromatic co?ﬁlzgd:?mherein said solvent is used in
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an amount of from 50 to 500 parts by weight per 100 parts by weight in
total of cycl opentadi ene and/or dicycl opentadi ene and the

vi nyl -substituted aronmatic compound. -
45 - 5. A copol yner of -cycl opent adi ene and/ or di cycl opent adi ene
and a vinyl-substituted aromatic conpound, said copolyner having a
softening -point of from®60 to 130[err]C5according to JAI 7-1991

FiG.5
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(ring & ball nethod), a vinyl-substituted aromatic conpound content of
from30 to 90% by wei ght nmeasured with an infrared spectrophotoneter
(absorbance 700 cnjerr]), a brom ne nunber of from 30 to 90.9g/100 g
according to JIS K-2605, a nunber average nolecular weight of from400 to
1,000 measured by VPO, and a weight ‘average nol ecul ar wei ght/ nunber
average nol ecular weight (MvV M) ratio of less than 1.9 neasured by GPC
6. A process for producing the copol?ﬁ%r'of claim5 which conprises.
conducting the copol ynerization while adding a m xture of cycl opentadi ene
and/ or dicycl opentadi ene and a vinyl- substituted aromatic conpound to a
solvent in divided portions to pr oduce a copol yner of

cycl opent adi ene and/ or

FlG.7
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substituted aromatic compound in the first invention, the

Mw/Mn ratio is 2.5 or less, for example, around 2.0 as will

be described later in Example 1.
In the hydrogenated product of the copolymer of

(di)cyclopentadiene and the vinyl-substituted aromatic

compound in the third invention, the Mw/Mn. ratio is 2.5 or

less, for example, around 1.9 as will be described later in
Example 2,

Méanwhile, in the copolymer of (di)cyclopentadiene and

the vinyl-substituted aromatic compound obtained by the

conventional method, the Mw/Mn ratio exceeds 2.5 (it is

approximately 2.8 as will be described later in Comparative

Examples). The molecular weight distribution of this

copolymer as measured by GPC gives a pattern shown in Fig.
2, and it is a broad molecular weight distribution.

The copolymer in the first invention and the

hydrogenated.‘product thereof in the third invention are
second and fourth

obtained by the processes of the

- inventions respectively.

The copolymer in the first invention can be produced
at good efficiency by the process of the second invention.

That is, as described in the second invention, the

copolymer in the first invention c¢an be produced by

conducting the copolymerization while adding the mixture of

(di)cyclopentadiene and the vinyl-substituted aromatic



7.,"%A process for producing the cqpol ymer of claim

conducti ng the copol yneri zation while adding a m xt fadi ene
and/ or dicycl opentadi ene and a vinyl- substituted onpound to a
solvent in divided portions to pr oduce a copd ye b»Mgﬁ !

cycl opent adi ene and/ or dicycl opentadi ene and the ijnyF-su sf??%t%dg
aromati ¢ conpound, wherein at |east one conpound s { group
consisting of a hydroxybenzene conpoud® =a hydroxyngpht hal ene conpouqd and

a qui none conpound is caused to exist in the additiomTrmdivided  portions,

and_wher eigy L1 OLaBtc) eASTLRYE- SRIBOUALL eaChREREL1L' BBubBEnd" OUP

consi sting of a hydroxybenzene conpound, a hydroxynapht
a qui none comelndy £ SebbAMP- £ 358 by weight, a bromine number of

from 0 to 30 g/100 g, a number average molecular weight of
from 400 to 1,000, and an Mw/Mn ratio of 2.5 or less (1.9
in Example 2 to be described 1later). Thus, the
hydrogenated product of .the copolymer having the sharp
molecular weight distribution is provided. |

.Tﬁe copolymer ih the fifth invention is obtained by
the process in the sixth or seventh invention, and it is
the copolymer of (di)cyclopentadiene ;nd .the vinyl-
substituted aromatic compound having the Mw/Mn ratio of
less than 1.9.

The hydrogenated product of the copolymer in the
eighth invention is obtained by the process in the ninth or
tenth ihvention, and it is the hydrogenated product of the
copolymer of (di)cyclopentadiene and the vinyl-substituted

\ aromatic compound having the Mw/Mn ratio of less than 1.9.
The hydrogenated product of‘the copolymer in the eighth
invention is the hydrogenated product of the copolymer in
the fifth invention.

Of these, the copolymer of (di)cyclopentadiene and the
vinyl-substituted aromatic compound in the fifth invention
is the same as the copolymer in the above-mentioned first
invention except that the_ﬂg/Mn ratio is less than 1.9.

That is, in the copolymer of the fifth invention, the

ene conpound and



to 5 parts by wei ght per 100 parts by wei ght of the nmixture of

eycl opent adi ene ent adi ene and t?ﬁW@ T8ut e3G
aromati ¢ compoupREREAGEMENT SHEEToroner s. escr!pﬁhnoqyegmi!.gﬁto paged ...

pr oduct of [ copor yiTer—off cycl opent adi gndd haimds) di: pugd 11} @dg@h&'l
and a vinyl -subpstyty t29§ cﬁ@?gath conmpound whi chy if% Mmgﬁ#dpbg*d ..... {0 paged ..
hydr ogenating thef cop F | aim5, and whijclid Adstractsof: rpa%am ﬂ;plpagemf-
from70 to 140 eH—]—G—e\-eee-F-d-l—ﬁé o JAl -741991 (rjing & ball

vinyl - substitjted aromatic con‘d_ound content of flﬁ %ﬁggﬁéﬁ/ﬂyd@p@mqg
arbanca h

[0)0]

measured with amTmn ctrophot onet er ( abserbaree—roB—er-eFr—a—
brom ne nuneggf o¥r O1hPesPidi 100 g according to JI'S K-2605, a nunber
aver age nDIE'CU%'EF_Wé‘%WT‘WW4OO to a
_ COPOLYMER OF CYCLOPENTADIENE AND/OR DICYCLOPENTADIENE AND
VINYL-SUBSTITUTED AROMATIC COMPOUND, HYDROGENATED PRODUCT

THEREOF, AND PROCESS FOR PRODUCING THE SAME
Fi_eld of the Invention

The present invention relates to a copolymér- of
cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound, the hydrogenatéd product
thereof, and a process  for -producing the same. = More
specifically, ﬁhe present invention relafes to a copolymer
of cyclopentadién_e -and/or dicyclopentadiene and a vinyl-
substituted aromatic compound having a sharp molecular
weight distribution, namel-y, a low weight average molecular
weight (hereinafter abbreviated as "Mw")./.number average
molecular weight (hereinafter abbreviated as "Mn") ratio,. a
hydrogenated product thereof, and a process for producing
the same.

Prior Art

It has been known that a copolymer of cyclopentadiene
and/or dlcyclopentadlene (hereinafter sometimes referred to
as "(di)cyclopentadiene”) and a vinyl-substituted aromatic
compound is useful as a .substrate of an adhesive, a
tackifier, a paint or the like.

This copolymer has been produced so far by mixing
(di)cyclop_entadieﬁe with a vinyl-substituted aromatic

compound in a solvent such as xylenc_e or the 1like for



1,000 nmeasured by VPO, and a wei ght average nol ecul ar mefght/nunber
.average nol ecul ar weight (Mv Wn) ratio of |ess than

- 47 - 9. A process for produci ng the hydrogenat ed product of tThe

copolymer of claim 8, which conprises conducting

copol yneri zation while adding a m xture_of cycl opent adllmule‘"" "II” Illl

di cycl opent adi ene and a vinyl -substi tutdd-aronatic conpound t® aMso

di vi ded portions, and then conducting the hydrogenation to produce a

gydro?enateddproductdof a copol ymer of cycl opentadi ene and/ or

i cycl op adj eng, and vi.nyl - substituted aromatic co n [

CEhpbure LalrefafaY 1 4 st in the

sul fur ¢ transfer agent is caused to exist in the
addition in

1. A copolymer of cyclopentadiene and/or dicyclopentadiene
and a vinyl-substituted aromatic compound, said copolymer having

a softening point of from 60 to 130°C according to JAI 7-1991

(ring & ball method), a vinyl-substituted aromatic compound

content of from 30 to 90% by weight measured with an infrared

spectrophotometer (absorbance 700 cm™), a bromine number of from

30 to 90 g/100 g according to JIS K-2605, a number average

molecular weight of from 400 to 1,000 measured by VPO, and a

weight average molecular welght/number average molecular weight

(Mw/Mn) ratio of 2.5 or 1ess measured by GPC.

2. . A process for éroducing the copolymer of claim 1, which
comprises conducting the copolymerization while adding a mixture
of cyclopentadiene and/or dicyclopentadiene and a vinyl-
substituted aromatic compound to a solvent in divided portions
to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic compound,
wherein said solvent is used in an amount of:'. from 50 to 500 parts

by weight per 100 parts by weight in total of cyclopentadiene
and/or dicyclopentadiene and the vinyl-substituted aromatic

compound.
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di vided portions, and wherein the amount of sulfur conpound_tcpi%;{wkkxlis '
from0.01 to 5 parts by weight per 100 parts by weight of the m xtur

cycl opent adi ene and/ or di cycl opent adi ene and t he V|n j“ H Jl | " Fnatlc
conpound as starting nononers. 10. A process f Hl

hydrogenat ed product of the copolyner of claim 8, mhlch conprlses
conducting the copol ynmerization whi Fe44dding a m xture of cycl opent adi ene

and/ or dicycl opentadi ene and a vinyl-substituted aromatic conpound to a
solvent in divided portions, and then conducting t he hydrogenation to

produce a hydrogenat ed, pr.oduct of _a copol r cycl opent adi and/
di cycl opent ad?ene &nd P§Qr99ﬁ9?te§ubspg Gﬁgg ar8ﬁat|8 copsy g%%whereln at

| east one c d sel ecte f

g)dirrts);)ungcyﬁlo"gg ?Qﬁﬁﬁﬁt%‘? gﬁg’ l%gq%%ggvc&od%o?(lgjrl S caused to
i [ [ oftio fﬁgﬁmﬂﬁt HIUHg

| east on%ggﬁﬁgggndégﬂ%#&n %ﬂfg%gt{%e %@%ﬁp conS|st|rm){§§a.hydrox?%gﬁ;ene

conpoundg, *ﬂ Epx fa@f'ﬂtﬁ"fnearfd)'mﬁl&*?ﬁh@%d 2@t BANAG CHTDOUNSE | Brdu oo 0. 01
to 5 parts ¥g |gﬁt per 100 parts by melgh? gf t he ntxture of
cycl opentadt@aec bt orathe yed auentpdigge @fichd he bally Imesiasd)i,t wt edrylomati c
conpound as st artTTIg TTONOMET S.

substituted aromatic compound content of from 0 to 35% by weight

measured with an infrared spectrophotometer (absorbance

700 cm?), a bromine number of from 0 to 30 g/100 g according to

JIS K-2605, a number average molecular weight of from 400 to

1,000 measured by VPO, and a weight average molecular

weight/number average molecular weight (Mw/Mn) ratio of 2.5 or

less measured by GPC.

4, A process for producing the hydrogenated product of the
copolymef of «claim 3, which comprises conducting the
copolymerization while adding a mixture of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic compound to
a solvent in divided portions, and then conducting the
hydrogenation to produce a hydrogenated product of a copolymer
of cyclopentadiene and/or dicyclopentadiene and the vinyl-
substituted aromatic compound, wherein said solvent is used in.
an amounc of from 50 to 500 parts by weight per 100 parts by
weight in total of cyclopentadiene and/or dicyclopentadiene and

the vinyl-substituted aromatic compound.
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5. A copolymer of cyclopentadiene and/or dicyclopentadiene
and a vinyl-substituted aromatic compound, said copolymer having

a softening point of from 60 to 130°C according to JAI 7-1991

(ring & ball method), a vinyl-substituted aromatic compound

content - of from 30 to 90% by weight measured with an infrared

spectrophotometer (absorbance 700 cm™), a bromine number of from

30 to 90 g/100 g according to JIS K-2605, a number average

molecular weight of from 400 to 1,000 measured by VPO, and a

weight average molecular weight/number average molecular weight

(Mw/Mn) ratio of less than 1.9 measured by GPC.

6. A process for producing the copolymer of claim 5 which
comprises conducting the copdlymerization while adding a mixture
of cyclopentadiene and/or dicyclopentadiene and a vinyl-
subétituted aromatic compound to a solvent in divided portions
to produce a coplélymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic compound,

wherein a sulfur compound as a chain transfer agent is caused to

exist in the addition in divided portions, and wherein the amount

of sulfur compound to be added is from 0.01 to 5 parts by weight

per 100 parts by weight of the mixture of cyclopentadiene and/or

qicyclopentadiene and the vinyl-substituted aromatic compound as

starting monomers.
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7. A process for producing the copolymer of claim 5, which
comprises conducting the copolymerization while adding a mixture
of cyclopentadiene and/or dicyclopéntadiene and a vinyl-
substituted aromatic compound to a solvent in divided portions
to produce a copolymer of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic compound,
wherein at least one compound selected from the group consisting
of a hydroxybenzene compound, a hydroxynaphthalene compound and
a quinone compound is caused to exist in the addition in divided

portions, and wherein the amount of at least one compound

selected from the group consisting of a hydroxybenzene compound,

a hydroxynaphthalene compound and a quinone compound is from 0.01

to 5 parts by weight per 100 parts by weight of the mixture of

cyclopentadiene and/or dicyclopentadiene and the vinyl-

substituted aromatic compound as starting monomers.

8. A hydrogenated producﬁ of a copolymer - of
cyclopentadiene and/or dicyclopentadiene and a vinyl-substituted
aromatic coﬁpound which is obtained by hydrogenating the
copolymer of claim 5, and which has a softening point of from 70

to 140°C according to JAL 7-1391 (ring & ball method), a vinyl-

substituted aromatic compound content of from 0 to 35% by weight

measured with an infrared spectrophotometer (absorbance

700 cm!), a bromine number of from 0 to 30 g/100 g according to

JIS K-2605, a number average molecular weight of from 400 to

1,000 measured by VPO, and a weight average molecular

weight /number average molecular weight (Mw/Mn) ratio of less than

1.9 measured by GPC.
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9. A process for producing the hydrogenated product of the
copolymer of claim 8, which comprises conducting the
copolymerization while adding a mixture of cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic compound to
a solvent in divided portions, and then cohducting the
- hydrogenation to produce a hydrogenated product of a copolymer
of cyclopentadiene and/or dicyclopentadiene and the vinyl-
substituted aromatic compound, wherein a sulfur compound as a

chain transfer agent is caused to exist in the addition in

divided portions, and wherein the amount of sulfur compound to

be added is from 0.01 to 5 parts by weight per 100 parts by

'~ weight of the mixture of cyclopentadiene and/or dicyclopentadiene

and the vinyl-substituted aromatic compound as starting monomexrs.

10. A process for producing the hydrogenated product of the
copolymer of claim 8, which comprises conducting the
copolymerization while adding a mixture of cyclopentadiene and/or
dicyclopentadiene and a _vinyl—substituted aromatic compound to
a solvent in divided portions, and then conducting the
hydrogenation to produce a hydrogenated prodﬁct of a copolymer
of cyclopentadiene and/or dicyclopentadiene and the vinyl-
substituted aromatic compound, wherein at least one compound
selected from the group éonsisting of a hydroxybenzene compound,
a 'hydroxynaphthalene compound and a quinone compound is caused

to exist in the addition in divided portions, and wherein the

amount of at least one compound selected from the group

consisting of a hydroxybenzene compound, a hydroxynaphthalene

compound and a quinone compound is from 0.01 to 5 parts by weight

per 100 parts by weight of the mixture of cyclopentadiene and/or

dicyclopentadiene and the vinyl-substituted aromatic compound as

starting monomers.
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COPOLYMER OF CYCLOPENTADIENE AND/OR DICYCLOPENTADIENE AND A

VINYL-SUBSTITUTED AROMATIC COMPOUND, HYDROGENATED PRODUCT
THEREOF, AND PROCESS FOR PRODUCING THE SAME

ABSTRACT

Provided are a copolymer of cyclopentadiene and/or-
dicyclopentadiene and a vinyl-substituted aromatic
compound, this copolymer having a softening ﬁoint of from
60 to 130°C, a vinyl-substitufed aromatic compound content
of from 30 to 90% by weight, a bromine number of from 30
to 90 g/100.g, a number_a?grage molecular weight of from
400 to 1,000, and-a weiéhf averagé molecular weight/number
average molecular weight (Mw/ﬁn)'ratio of 2.5 or less, a
hydrogenated product_fherecf, and a process- for producing
the samé. | |

The copolymgr and the hy&rogenated product of this
copolymer are substrates which are quite useful in the

production of a tackifier and an adhesive.

No figure suggested
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