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The present invention relates toc a high melting

point copolymer, a production process for

the same

and a hydrogenated product thereof, more specifically
to a high melting point copolymer comprising a heat
polymerization preduct of (di)cyclopentadiene and a
vinyl-substituted arcmatic compound, a prccess for
efficlently producing the same and a hydrogenated
copolymer which comprises a hydrcgenated product of
the copolymer described above and which is suitably
used as an adhesion-providing resin for a hot melt

adhesive.

RELATED ART

In recent years, a hot melt adhesive has been
expanding in a use therecof in varicus fields because
it is excellent in a high speed coating property, a
rapid curing property, a barrier property, an enerqgy
saving property and an eccnomical efficiency. It is
used in various fields such as, for example, sanitary

materials, packaging, boock-binding, non-woven



materials, wood working, electric materials, can working, building, bag
wor ki ng and binders for a road. Used as a conventional hot nelt adhesive are,
for exanple, conpositions prepared by bl ending adhesion-providing resins and
pl asticizers with base polynmers such as natural rubbers, ethylene-vinyl
acetate copol yners, styrene-butadi ene-styrene bl ock copolyners and

hydr ogenat ed products thereof, styrene-isoprene-styrene block copol yners and
hydr ogenat ed products thereof. In general, Used as the adhesion-providing
resin described above are petroleumresins, coumarone resins, phenol base

r-esins, terpemngtkase 1r6siied MRS Mase Ilesims aRderikdisggenat ed products
thereof. In such hot nelt adhesives, a high nelting point resin having a

nel ting point \ofr ki2%,t 9uliGREHE Hisphdas iy aGREY e OMidd Y RSN in many
cases in order to elevate a constant-tenperature creep and a holding power.

However, it is diffijguldt a0 aSyahhesitaenan adhesior- prakkdi;agatesi n having
such a high nelting point by conventional polynerization processes, and

operation suCh3s eS&@Nd NG VRN iFUCH s @ rRYIIRYN izatihepdiinge is required and

provides a problemin terns of an econom cal efficiency.
adhesion-providing resins and plasticizers with base
polymers such as natural rubbers, ethylene-vinyl
acetate copolymers, styrene-butadiene-styrene block
copolymers and hydrogenated products thereof,
styrene-isoprene-styrene block copolymers and
hydrogenated products thereof. 1In general, Used as
the adhesion-providing resin described above are
petroleum resins, coumarone resins, phencl base
resins, terpene base resins, rosin base resins and
hydrogenated products thereof.

In such hot melt adhesives, a high melting
point resin having a melting point of 125 to 160°C is
used as an adhesion-providing resin in many cases in
order to elevate a constant-temperature creep and a
holding power. However, it is difficult to
synthesize an adhesion-providing resin having such a
high melting point by conventicnal polymerization
processes, and operation such as extending very much

a polymerization time is required and provides a

problem in terms of an economical efficiency.



2 DI SCLOSURE OF THE | NVENTI ON Under such circunstances, an object of the
present invention is to provide well economcally a hydrogenated copol yner
which is suitably used as an adhesion-providing resin having a high nelting
point for a hot nmelt adhesive and a high nelting point copolyner which is
used as a raw material therefore. Intensive researches repeated by the
present inventors in order to achieve the object described above have
resulted in finding that in heat- polynerizing cycl opentadi ene and/ or
di cycl opentadi ene and a vinyl-substituted aromati c conpound, a solvent is
used i n a speoiIfiCCcOpUGBOCE! QREL aNVESITIONONMErs to thereby obtain a copol yner
havi ng a high softening for a short tine and that a hydrogenated copol yner
which is suitably usedeassaahadhesuoptphovksdi ag oeseat baving a high nelting
point for a hot nelt adhesive is obtained with a good economi cal efficiency
by hydrogenatiregehhi S neepeliyfens Theppoeseat wenveatoanmibaslbeen conpl et ed
based on such know edge. That is, the present invention provides: (1) a high
nel ting poi nt hgdpelynar cpr epaoegmey heath pel yoerkpilpgueyel epeatadi ene and/ or
di cycl opent adi ene

adhesion-providing resin having a high melting point

for a hot melt adhesive and a high melting point

copolymer which is used as a raw material therefore.

Intensive researches repeated by the present

inventors in order to achieve the ocbject described

above have resulted in finding that in heat-

polymerizing cyclopentadiene and/or dicyclopentadiene

and a vinyl-substituted aromatic compound, a solvent

1s used in a specific proportion tc the monomers to

thereby obtain a copolymer having a high scoftening

for a short time and that a hydrogenated copolymer

which is suitably used as an adhesion-providing resin

having a high melting point for a hot melt adhesive

is obtained with a good economical efficiency by

hydrogenating this copolymer. The present invention

has been completed based on such knowledge.

That is, the present invention provides:
(1) a high melting point copolymer prepared by heat-
polymerizing cyclopentadiene and/or dicyclopentadiene

and a vinyl-substituted aromatic compound, wherein a

use amount of a solvent in heat polymerization is 0.1



and a vinyl-substituted aromati c conpound, wherein a wuse. anount of a
solvent in heat polynerizationis 0.1 3 tinme or nore and less than 0.5 tine
based on the mass of the whol e nononers, and the copolymer has a softening
point falling in a range of 100 to 135 C, (2) a production process for a
hi gh nelting point copolyner having a softening point falling in a range of
10(J to 135" --, wherein ~cycl opentadi ene and/ or dicycl opentadi ene and a
Vi nyl -substituted aromatic conpound are heat-polynerized in the presence of
a solvent of 10 mass parts or nore and | ess than 50 nmass parts per 100 nass
parts of the monenersmof?) aadhyedissgehaned . copohgnerseldt annetie) Dgss
hydr ogenating the high nelting point copolynmer us described in the above
item (1), (4)ofhehkydhogenavedneapo! yner tae depciivhed hasthe above item (3),
wherein the softening point falls in a range of 125 to 160'C, and (5) the
hydr ogenat ed copokynery asidescrilbedg ant heraabevefi tem ¢4) 138herein the
softening point falls in a range of 135 to 160' C. BEST MODE FOR CARRYI NG OQUT
THE | NVENTI ON (The ahbgbdielttiiong ppeices scapel yniei gaf meheipgepenht

copolymer having a softening point falling in a range

of 100 to 135°C, wherein cyclopentadiene and/or

dicyclopentadiene and a vinyl-substituted aromatic

compound are heat-polymerized in the presence of a

solvent of 10 mass parts or more and less than 50

mass parts per 100 mass parts of the monomers,

(3) a hydrogenated copolymer obtained by

hydrogenating the high melting point copolymer as

described in the above item (1),

(4) the hydrogenated copolymer as described in the

above item (3), wherein the softening point falls in

a range of 125 to 160°C, and

{5) the hydrogenated copolymer as described in the

above item (4), wherein the softening point falls in

a range of 135 to 160°C.

BEST MCDE FOR CARRYING OUT THE INVENTICN

The high melting point copolymer of the present
invention is a copolymer prepared by heat-
polymerizing cyclopentadiene and/or dicyclopentadiene

and a vinyl-substituted aromatic compound, wherein a



invention is a copolyner prepared by heat- polynerizing cyciopentadi ene
and/ or dicycl opentadi ene and a vinyl-substitiated aromati c conpound, wherein
a 4 use ampbunt of a solvent in heat polynerizationis 0.1 time or nore and
| ess than 0.5 tinme based on the mass of the whsle nononers, and the
copolynmer has a softening point falling in a range of 100 to 135C,
preferably 110 to 135C. In the copol yner descri bed above, the vinyl-
substituted aromati c conpound used as one conmponent of the raw nmateri al
nononers includes, for exanple, styrene, a -nethylstyrene and vinyltol uene,
and they nmayube asednal ofeaorsoilneatcanbheati pnlefmetrwa adfionoie Okilnds
t hereof. The above copol yner is produced by heat- copol yneri zi ng
cycl opent adi enémandiomordi eyc dpest atdzané .&nd itlee baiseyl oaubbei iuted aromati c
conpound descri bed above which are the raw material nononers in a suitable
solvent. In thifsthaseholeapabbecat,bandgtheetepallyycustdsas t he sol vent are,
for exanpl e, hydrocarbon conpounds such as benzene, toluene, xylene,
cycl ohexane, dbfiethyheypbahexaneland iet bykeyegkobe&xane. tdheyshmy be used
alone or in a
preferably 110 to 135°C.
In the copclymer described above, the vinyl-
substituted aromatic compound used as one component
of the raw material monomers includes, for example,
styrene, e« -methylstyrene and vinyltoluene, and they
may be used alone or in a combination of two of more
kinds thereof.
The above copolymer is produced by heat-
copolymerizing cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound described above which are the raw material
monomers in a suitable solvent. In this case,
capable of being preferably used as the solvent are,
for example, hydrocarbon compounds such as benzene,
toluene, xylene, cyclohexane, dimethylcyclohexane and
ethylcyclohexane. They may be used alone or in a
combination of two of more kinds thereof.
In the present invention, a use amount of this
solvent has to be selected in a range of 10 mass

parts or more and less than 50 mass parts per 100

mass parts of the monomers. If a use amount of the

w



conbi nati on of two of nore kinds thereof. In the present invention, a use
anmount of this solvent has to be selected in a range of 10 mass parts or
nore and | ess than 50 nass parts per 100 nass parts of the nononers. If a
use anount of the 5 solvent deviates fromthe range described above, the
desired copol yner having a high nelting point can not he obtained for d
short tine, so that the object of the present invention can not be achieved.
A pro-'erred use anount of the solvent is 20 to 45 mass parts. Advantageous
as the polynerization method is a nethod in which the sol vent described
above i s heat edlvpnef deabbyesof100' Cher rhingherdesporbepr ebevabl $he50C or
hi gher to carry out copol ynerization while divisionally adding a nononer
m xture of cyebopent adpenemari Hdhuindi eyblighbentadiegerandtt hen not
vi nyl -substituted aromatic conmpound to this heated solvent. A use proportion
of cycl opent adeenketandkdr fodi eyehopéntadieenecandathéhei nptiestbsti t ut ed
aromati ¢ conpound shall not specifically be restricted and falls in a range
of usually 70the2prtee0 in8@ntion can nct be achieved. A
preferred use amocunt of the scolvent is 20 to 45 mass
parts.
Advantageous as the polymerization method is a
method in which the solvent described above is heated
preferably to 100°C or higher, more preferably 150°C
or higher to carry cut copolymerization while
divisionally adding a monomer mixture of
cyclopentadiene and/or dicyclopentadiene and the
vinyl-substituted aromatic compound to this heated
solvent.
A use proportion of cyclopentadiene and/or
dicyclopentadiene and the vinyl-substituted aromatic
compound shall not specifically be restricted and
falls in a range of usually 70 : 30 to 20 : 80,
preferably 60 : 40 to 40 : 60 on a mass basis. The
divisionally adding time is usually 0.5 to 5 hours,
preferably 1 tc 3 hours. The divisional addition is
carried out preferably in equal parts.
In this copolymerization reaction, the monomer

mixture of cyclopentadiene and/or dicyclopentadiene

and the vinyl-substituted aromatic compound is



preferably EO: 40 to 40 : 60 on a mass basis. The divisionally adding tine
is usually 0.5 to 5 hours, preferably I to 3 hours. The divisional addition
is carried out preferably in equal parts. In this copolynerization reaction,
t he nononer m xture of cycl opentadi ene and/or dicycl opentadi ene and the
vinyl -substituted aromatic conpound is 6 preferably reacted continuously as
well after finishing divisionally adding them In this case, the reaction
conditions shall not specifically be restricted. The reaction tenperature is
usual ly 200 to 350C, preferably 220 to 300C, the reaction pressure is
usually 0 to Rre¢fPaGbpyeferabeg OonbinusushMpPass wablthéteraction tine is
usually 1 to 10 hours, preferably 2 to 8 hours. After finishing the
reaction, thefreaghion dsviaitoaliys sddjedctelemo thredthientcdss, renovi ng
volatile matters, for exanple, at a tenperature of 100 to 300C and a
pressure of OtletpedQtkfPa fondittions3sheli snohhepebyfthel topotynmer of the
present invention is obtained. In the copolyner thus obtained, the softening
point falls ineatrangedof TICD tepdi35C tmmafarabine is usually 200

to 350°C, preferably 220 to 300°C; the reaction

pressure is usually 0 to 2 MPa-G, pretferably 0 to 1.5

MPa'G; and the reaction time is usually 1 to 10 hours,

preferably 2 to 8 hours.

After finishing the reaction, the reaction

solution is subjected to treatment for removing

volatile matters, for example, at a temperature of

100 to 300°C and a pressure of 0.1 to 10 kPa for 1 to

3 hours, whereby the copolymer of the present

invention 1is obtained.

In the copolymer thus obtained, the softening

point falls in a range of 100 to 135°C, preferably

110 to 135°C, and the vinyl-substituted aromatic

compound unit has usually a content of 30 to 90

mass %, a bromine value of 30 to 20 g/100 g and a

number averadge molecular weight of 500 to 1,100. The

average molecular weight described above is a wvalue

reduced to polystyrene measured by a gel permeation

chromatography (GPC) (hereinafter, the same shall

apply) .

The softening point described above is a value



110 to 135C, and the vinyl-substituted aromatic conpound unit has usually a
content of 30 to 90 nmass a brom ne value of 30 to 90 g/100 g and a nunber
average nol ecul ar wei ght of 500 to 1,100. The average nol ecul ar wei ght

descri bed above is a value reduced to polystyrene neasured by a gel
perneation chromatography (GPC) (hereinafter, the sanme shall apply). The
sof teni ng poi nt descri bed above is a value determ ned by a ball & ring nethod
according to JAI 7-1991. The sane shall apply to a softening point of the
copol ymer hydrogenat ed product described later. In the present invention, the
copol ymer thudetebrbnp@doy e viith a sbigepthlgepormeorfalng to &range of 100
to 1350C i s subjected to hydrogenation treatnent, whereby the hydrogenated
copol ymer of Thk22hredeért Sameersttiadnd iaprnbdirced . sAht arhing ppdmdgedat i on
reaction, catalysts of nickel, palladium cobalt, platinumand rhodi um bases
are used as atkatatystynaherdpolsneiedestedbed dapovebed hykogenated on the
conditions of a tenperature of 120 to 3000C, preferablv 150 to 250'C, a
reacti on pressure ofn lthe & &R G antkEt Faact tlon capeieyredr 1thtws '/ hours,

preferably 2 to 5 hours in the
obtained in which a softening point falls in a range

of 100 to 135°C is subjected to hydrogenation
treatment, whereby the hydrogenated copolymer of the
present invention is produced.

In this hydrogenation reaction, catalysts of
nickel, palladium, cobalt, platinum and rhodium bases
are used as a catalyst. The copolymer described
above is hydrogenated on the conditions of a
temperature of 120 to 300°C, preferably 150 to 250°C,
a reaction pressure of 1 to 6 MPa:G and a reaction
time of 1 to 7 hours, preferably 2 to 5 hours in the
presence of the catalyst described above in a
suitable solvent, for example, cyclohexane,
ethylcyclohexane, dimethylcyclohexane,
methylcyclohexane and tetrahydrofuran.

After finishing the reaction, the reaction
solution is subjected to treatment for removing
volatile matters, for example, at a temperature of
100 to 300°C and a pressure of 0.1 to 10 kkPa for 1 to
3 hours, whereby the copolymer hydrogenated product

of the present invention is obtained.



presence of the catal yst described above in a suitable solvent, for exanple,
et hyl cycl ohexane, di net hyl cycl ohexane, nethyl cycl ohexane and

cycl ohexane,

tetrahydrofuran. After finishing the reaction, the reaction solut
subjected to treatnment for renoving volatile matters, for exanple, at a
tenperature of 100 to 3000C and a pressure of 0.1 to 10 kPa for 1 to 3
hours, whereby the copol yner hydrogenated product of the present
8 I n the hydrogenat ed copol yner of the present invention thus

i's obtai ned.

obt ai ned, the softening point falls in a range of 125 to 1600--,
135 to 160' --, and Inheheihyfdrsabseredt edrat onetief conpobhedsemit has wusual ly

a content of O to 3~ nmss

ion is

i nvention

preferably

-c, a bromne value of 0 to 30 g/100 g and a

nunmber aver agenwehéscoharhugepghtivfds00heosefteninTheohytr bgehat &d copol ymer
of the present invention described above is suitably used as an
adhesi on- providraggeesinl RavinglaOif ghesefeenihig 1 poitm ¥©i°Ca hod nel t

adhesi ve and can provide a hot

t enperat ure

theepiand-hobdingutpoweromatic compound unit has

usually a content of 0 to 35 mass %, a bromine value
of 0 to 30 g/100 g and a number average molecular
weight of 500 to 1,100.

The hydrogenated copolymer of the present
invention described above is suitably used as an
adhesicn-providing resin having a high softening
point for a hot melt adhesive and can provide a hot
melt adhesive having a high constant temperature
creep and holding power.

When the hydrogenated copolymer of the present
invention is used as an adhesion-providing resin for
a hot melt adhesive, the above hot melt adhesive is
prepared by blending usually a base polymer and a
plasticizer with the above hydrogenated copolymer.

The base polymer described above shall not
specifically be restricted, and optional products can
be selected from those used as a base polymer in a
hot melt adhesive and used. The specific examples of
this base polymer include natural rubber, ethylene-
vinyl acetate copolymers, amorphous poly-a-olefins,

styrene-butadiene-styrene block copclymers (SBS),

nmelt adhesi ve having a high constant



When t he hydrogenated copol yner of the present invention is used as an
adhesion-providing resin for a hot nelt adhesive, the above hot nelt
adhesive is prepared by blending, usually a base polyner and a plasticizer
wi th the above hydrogenated copol ynmer. The base pol yner descri bed above shal
not specifically be restricted, and optional products can be selected from
those used as a base polyner in a hot nelt adhesive and used. The specific
exanpl es of this base polyner include natural rubber, ethylene- vinyl
acetate copol yners, anorphous poly- a -clef iris, styrene-butadiene-styrene
bl ock copol ynmstyre8ES) sop rengrengriesepbenskstypenemsireck Séépol ymérs (SI'S),
and styrene-ethyl ene-butyl ene-styrene rubber (SEES) and
st yrene- et hyl efigrprnepygltaneesteybany lenbbet yESEPSY ubhkirccHSaBE) obtdi ned by
hydrogenating them They may be used alone or in a conbination of two or
more ki nds th&veehe-ethylenetpeoriydede-sherphastivbbzer (SEEED not
specifically be restricted, and optional products can be selected fromthose
used as a pl aghiichzerei nbdanoed myl hyddheshetlandtbsed. They speei fic exanpl es
of this plasticizer include paraffin base process oils

be used alone or in a combination of two or more

kinds thereof.

On the other hand, the plasticizer shall not

specifically be restricted, and opticnal products can

be selected from those used as a plasticizer in a hot

melt adhesive and used. The specific examples of

this plasticizer include paraffin base process 0ils

obtained by subjecting heavy olls fraction obtained

by distilling crude 0il at an atmospheric pressure to

distillation at a reduced pressure and further

refining it by hydrogenation reforming and dewaxing

treatment, naphthene base process oils obtained by

subjecting it to extraction with a solvent,

hydrogenation and clay treatment after distillation

at a reduced pressure, polybutene and ligquid poly-a-

olefins. They may be used alone or in a combination

of two or more kinds thereof.

A content proporticn of the respective
components in this hot melt adhesive is varied

depending on the required physical properties.

Usually, the hydrogenated copolymer falls in a range

10



obt ai ned by subjecting heavy oils fraction obtained by distilling crude oi
at an atnospheric pressure to distillation at a reduced pressure and further
refining it by hydrogenation reform ng and dewaxi ng treatnent, naphthene
base process oils obtained by subjecting it to extraction with a solvent,
hydrogenation and clay treatnent after distillation at a reduced pressure,
pol ybutene and liquid poly-a- olefins. They may be used alone or in a
conbination of two or nore kinds thereof. A content proportion of the
respective conponents in this hot melt adhesive is varied depending on the
requi red physPéaBOpitepeft méss =Ustifikl pasehechynesgénatédivopokyhee falls in a
range 10 of 30 to '70 mass % the base polyner falls in a range of 15 to 40
mass % and thé pPasei é0zepskaltlsanA gher apgéetorizert 6addsmassa% ~ Furt her,
an antioxidant, a wax and a filler in addition to the hydrogenated
copol yner, theahdasecfpadPyiver 44ndaskepl astici zer each descri bed above car be
added, if necessary, to the above hot nelt adhesive as Iun? as the required
physi cal propertiesfuskbenot adapagedxidant, a wax and a filler in

addition to the hydrogenated copclymer, the base

pclymer and the plasticizer each described above can

be added, if necessary, to the above hot melt

adhesive as long as the required physical properties

are not damaged.

A method for preparing the above hot melt

adhesive shall not specifically be restricted, and

capable of being used is, for example, a method in

which the respective components are heated, molten

and mixed or kneaded by means of a propeller type

stirrer, a double shaft blender and a kneader. A

blending order of the respective components shall not

specifically be restricted. PFurther, the heating

temperature shall not specifically be restricted as

well, and heating, melting and mixing or kneading are

carried out usually at a temperature of 120 to 190°C.

Next, the present inventicn shall be explained
in further details with reference to examples, but

the present invention shall by no means be restricted

by these examples.

11



A nethod for preparing the above hot nelt adhesive shall not specifically be
restricted, and capable of being used is, for exanple, a nethod in which
the respective conponents are heated, nolten and m xed or kneaded by neans
of a propeller type stirrer, a double shaft blender and a kneader. A

bl endi ng order of the respective conponents shall not specifically he
restricted. Further, the heating tenperature shall not specifically he
restricted as well, and heating, nelting and m xing or kneading are carried
out usually at a tenperature of 120 to 190c('. Next, the present invention
shal | be explBkagdlei h further details with reference to exanples, but the
present invention shall by no neans be restricted by these exanples. |
Exanple 1 A one |itR&ropel yireet zael ore¥ baet b efad pped cuiivredstirrer which
was substituted with nitrogen was charged with 154 g of xylene (48 nass
parts per 100ikhs8 phirsedfvwhhehrass nhteslaturddoneiR)nahgogdeated up to
260C, and a m xture of 159 g of cycl opentadi ene and 159 g of styrene was
added theret@agnchaogefinuiel whitl @ sfixyiage ThBnmagheprarts per

100 mass parts of the raw material monomers) and
heated up to 260°C, and a mixture of 159 g of
cyclopentadiene and 159 g of styrene was added
thereto in 120 minutes while stirring. Then, the
copolymerization reaction was continued for 140
minutes.

After finishing the reaction, the reaction
solution was taken out and treated at a temperature
of 200°C and a pressure of 1.3 kPa for 2 hours by
means of a rotary evaporator to remove the unreacted
monomers and xylene to obtain 289 g of a copolymer of
cyclopentadiene and styrene. The physical properties

of this copolymer are shown in Table 1.

Example 2

A one liter polymerization reactor equipped
with a stirrer which was substituted with nitrogen
was charged with 120 g of xylene (30 mass parts per
100 mass parts of the raw material monomers) and
heated up to 230°C, and a mixture of 200 g of

cyclopentadiene and 200 g of styrene was added

12



copol yneri zation reaction was continued for 140 mnutes. After finishing the
reaction, the reaction solution was taken out and treated at a tenperature
of 200C and a pressure of 1.3 kPa for 2 hours by neans of a rotary
evaporator to renove the unreacted nononmers and xylene to obtain 289 g of a
copol ynmer of cycl opentadi ene and styrene. The physical properties of this
copolyner are shown in Table 1. Exanple 2 A one liter polynerization reactor
equi pped with a stirrer which was substituted with nitrogen was charged
with 120 g of xylene (30 mass parts per 100 nmass parts of the raw materi al
nonomer s) andthhsatedluopléd 230uCesantiidenskturénst 2J0Dxeaftewxycl opent adi ene
and 200 g of styrene was added 1 2 thereto in 120 minutes while stirring.
Thereafter, the temperature wWas elevated up to 2608 i 60° ninutes, and then
t he copol ynerization reaction was carried out for 160 m nutes. After
finishing thentea&eseonangdhéhpraéhoAorsdllicronahasnt skentoon dAd treated at a

tenperature of 200C and a pressure of 1.3 kPa for 2 hours by
carried out for 160 minutes.

After finishing the reaction, the reaction
solution was taken out and treated at a temperature
of 200°C and a pressure of 1.3 kPa for 2 hours by
means ©f a rotary evaporator tc remove the unreacted
monomers and xylene to obtain 376 g of a copolymer of
cyclopentadiene and styrene. The physical properties

of this copolymer are shown in Table 1.

Example 3

A one liter polymerization reactor equipped
with a stirrer which was substituted with nitrogen
was charged with 143 g of xylene {45 mass parts per
100 mass parts of the raw material monomers) and
heated up to 240°C, and a mixture of 159 g of
cyclopentadiene and 158 g of styrene was added
thereto in 120 minutes while stirring. Thereafter,
the temperature was elevated up to 260°C in &0
minutes, and then the copolymerization reaction was
carried out for 80 minutes.

After finishing the reaction, the reaction

solution was taken out and treated at a temperature

13



means of a rotary evaporator to renove the unreacted nononers and xylene to
obtain 376 g of a copolyner of cyclopentadi ene and styrene. The physi cal
properties of this copolymer are shown in Table 1. Exanple 3 A one liter

pol ymeri zation reactor equipped wth a stirrer which was substituted with
nitrogen was charged with 143 g of xylene (45 mass parts per 100 nass parts
of the raw material nononers) and heated up to 240C, and a m xture of 159 ¢
of cycl opentadi ene and 159 g of styrene was added thereto in 120 m nutes
while stirring. Thereafter, the tenperature was elevated up to 260C in 60

m nutes, and PheRCPHe Tuhad yiees FHES oif rleatt!ifon feds 2 durttiedut for 80

m nutes. After finishing the reaction, the reactior solution was taken out
and treated abeanftehperaf@Fery SVeaPODPRDTI ahd BCPPessufe BRra2gtkPa for 2
hours by neans of a rotary evaporator to renove the unreacted nononers and
xyl ene to obt&PROPEPS gapfl AYEePS| YAEPLBRIN cyet opent adli eprC b5t 9Ff ene. The

physi cal properties of this copolyner are shown in Table 1. Exanple 4
cyclopentadiene and styrene. The physical properties

0of this copolymer are shown in Table 1.

Example 4

A one liter polymerization reactor equipped
with a stirrer which was substituted with nitrogen
was charged with 80 g of xylene (20 mass parts per
100 mass parts of the raw material monomers) and
heated up to 240°C, and a mixture of 200 g of
cyclopentadiene and 200 g of styrene was added
thereto in 120 minutes while stirring. Thereafter,
the temperature was elevated up to 260°C in 60
minutes, and then the copolymerization reaction was
carried out for 380 minutes.

After finishing the reaction, the reaction
solution was taken out and treated at a temperature
of 200°C and a pressure of 1.3 kPa for 2 hours by
means of a rotary evaporator to remove the unreacted
monomers and xylene to obtain 374 g of a copolymer of
cyclopentadiene and styrene. The physical properties

of this copolymer are shown in Table 1.



A one liter polynerization reactor equipped wth a stirrer which was
substituted with nitrogen was charged with 80 g of xylene (20 mass parts per
100 nmass parts of the raw naterial nononers) and heated up to 240C, and a

m xture of 200 g of cycl opentadi ene and 200 g of styrene was added thereto
in 120 mnutes while stirring. Thereafter, the tenperature was el evated up
to 260Cin 60 mnutes, and then the copol ynerization reaction was carried
out for 380 mnutes. After finishing the reaction, the reaction solution was
taken out and treated at a tenperature of 200C and a pressure of 1.3 kPa for
2 hours by n@@%@aéﬁtavﬁoié??SEQaborator to renove the unreacted nonomers
and xylene to obtain 374 g of a copolyner of cyclopentadi ene and styrene.
The physical properdiese git@hiBobﬁ%%¢y%%?l%?er%%©Vﬁriﬁqq%mW%dl. 14
Conparative Exanple 1 A one liter polynerization reactor equipped wth a
stirrer whi ch"was subStireredniihhwast polgehl twasd chaklgedl Wre#en88 g of xyl ene
(90 mass parts per 100 mass parts of the raw material nononmers) and heated
up to 290C, ardsachixgedevoth1898ggopf =ylene (90 mass parts per

100 mass parts of the raw material monomers) and
heated up to 240°C, and a mixture of 159 g of
cyclopentadiene and 159 g of styrene was added
thereto in 120 minutes while stirring. Thereafter,
the temperature was elevated up to 260°C in 60
minutes, and then the copolymerization reaction was
carried out for 500 minutes.

After finishing the reaction, the reaction
solution was taken out and treated at a temperature
of 200°C and a pressure of 1.3 kPa for 2 hours by
means of a rotary evaporator to remove the unreacted
monomers and xylene to obtain 295 g of a copolymer of
cyclopentadiene and styrene. The physical properties

of this copolymer are shown in Table 1.



cyel opent adi ene and 159 g of styrene was added thereto in 120 m nutes while
stirring. Thereafter, the tenperature was elevated up to 260°C in 60

m nutes, and then the copol yneri zation reaction was carried out for 500

m nutes. After finishing the reaction, the reaction solution was taken out
and treated at a tenperature of 200C and a pressure of 1.3 kPa for 2 hours
by neans of a rotary evaporator to renove the unreacted nononers and xyl ene
to obtain 295 g of a copolymer of cyclopentadi ene and styrene. The physi cal
properties of this copolymer are shown in Table 1. 1 5 Table 1 Conparative
Exanpl e Exanpl e 1234db5el vent anmount per 100 mass parts of nononer s4830452090
(mass part) Softening point'' (C)10011210213095 Styrene unit content’
4749544954

Comparative
Example
Example
1 2 3 4 1
Solvent amount per 100
mass parts of monomers 48 30 45 20 90
(mass part)
Softening point!’ (°C) 100 {112 1102|130 95
Styrene unit content?
47 49 54 49 54
(mass %)
Bromine value (g/100g) | 95| 55| 55| 56 55
Number average 730 {940 | 870 | 980 720
molecular weight [Mn]”
Molecular weight s 2026125028 5 3
distribution [Mw/Mn]?* ;

(Remarks]

1) measured by the ball & ring method according to
JAI 7-1991

2) determined by means of an infrared
spectrophotometer (absorbance in a wave number of 700
cm™t) .

3) measured by VPO (Vapor Pressure Osmometer)

4) measured by GPC

Example 5

A 300 ml reactor equipped with a stirrer which

was substituted with nitrogen was charged with 70 g

16



(mass %9 Brom ne val ue (g/100g) 5555555655 Nunber average 3~730940670980720
nol ecul ar wei ght [Wnh] Mol ecul ar wei ght distribution [ MM M1] 42.22. 62. 52. 62. 3

[ Remarks] 1) nmeasured by the ball & ring nethod according to JAl 7-1991 2)
determ ned by neans of an infrared spectrophotoneter (absorbance in a wave
nunber of 700 cm1l) . 3) neasured by VPO (Vapor Pressure Gsnoneter) 4)
nmeasured by GPC Exanple 5 A 300 ml reactor equipped with a stirrer which was
substituted with nitrogen was charged with 70 g 1 6 of cycl ohexane, 70 g of

t he copol yner obtained in Exanple 1 and 1.5 of a nickel base catalyst to
carry out hydPégéN&ﬂPBﬁxﬁéﬁctﬁ@ngaPfatﬁﬁdF8@€aymﬁFe§§G@én8ﬁ A"\Pa and a

tenperature of 230C for 4 hours. ,
Example 1 and 1.5 g of a nickel base catalyst tc

carry out hydrcgenation reaction at a hydrogen
pressure of 4 MPa and a temperature of 230°C for 4
hours.

After finishing the reaction, the reaction
solution was taken out, and 4,000 PPM of an
antioxidant (brand name “Irgancox 10107, manufactured
by Ciba Specialty Chemicals Co., Ltd.) was added
theretc. Then, the soluticn was treated at a
temperature of 200°C and a pressure of 1.3 kPa for
cne hour by means of a rotary evaporator to remove
cyclohexane, whereby 70 g of a hydrogenated ccpolymer
cf cyclcpentadiene and styrene was obtained. The

physical properties thereof are shown in Table 2.

Example 6

A hydrogenated copolymer was obtained in the
same manner as in Example 5, except that in Example 5
the copclymer cobtained in Example 2 was substituted
for the copolymer obtained in Example 1. The

physical properties therecf are shown in Table 2.

Example 7

A hydrogenated copolymer was obtalned in the

17



After finishing the reaction, the reaction solution was taken out, and 4,000
PPM of an antioxidant (brand name "Irganox 1010", nmanufactured by C ba
Specialty Chemcals Co., Ltd.) was added thereto. Then, the solution was
treated at a tenperature of 200C and a pressure of 1.3 kPa for one hour by
means of a rotary evaporator to renove cycl ohexane, whereby 70 g of a

hydr ogenat ed copol yner of cycl opent adi ene and styrene was obtai ned. The
physi cal properties thereof are shown in Table 2. Exanple 6 A hydrogenated
copol ymer was obtained in the sanme manner as in Exanple 5, except that in
Exanpl e 5, tR&NCopGiIyyeaT aghtldi Aedmid eExansi e <P twds adulst ifamed € for the
copol ynmer obtained in Exanple 1. The physical properties thereof are shown in
Tabl e 2. Exanplhé ZoRORyaedgérarédecopdl yaeimnblgs Jobttg el sita tukedl 7 same
manner as in Exanple 5, except that in Exanple 5  the copolynmer obtained in
Exanpl e 3 was fsubstiet goee 1 viter olpé adogel ymetxebrdiendd i ihExanple 1. The

physi cal properties thereof are shown in Table 2. Exanple 8
physical properties thereof are shown in Table 2.

Example 8

A hydrogenated copolymer was obtalned in the
same manner as in Example 5, except that in Example 5,
the copolymer obtained in Example 4 was substituted
for the copolymer obtained in Example 1. The

physical properties therecf are shown in Table 2.

Comparative Example 2

A hydrogenated copolymer was obtained in the
same manner as in Example 5, except that in Example 5,
the copolymer obtained in Comparative Example 1 was
substituted for the copolymer obtained in Example 1.

The physical properties therecof are shown in Table 2.



A hydrogenated copol yner was obtained in the sane manner as in Exanple 5,
except that in Exanple 5, the copol yner obtained in Exanple 4 was
substituted for the copolyner obtained in Exanple -. The physical properties
t hereof are shown in Table 2. Conparative Exanple 2 A hydrogenated copol yner
was obtained in the same manner as in Exanple 5, except that in Exanple 5,

t he copol yner obtained in Conparative Exanple 1 was substituted for the
copol ymer obtained in Exanple 1. The physical properties thereof are shown
in Table 2. 1 8 Table 2 Conparative Exanpl e Exanple 5 6782 Softening points’
(C) 127140140158115 TStly¥enz unit Content s 7 1812020 1 (mass ~*) Brom ne val ue
(g/ 1009g) 64588

Comparative
Example
Example
5 6 7 8 2
Softening point!’ (°C) 127 {140 (140 158 115
Styrene unit content®’
17 18 1 20 20
(mass %)
Bromine value (g/100g) 6 4 5 8 8
Number average 740 | 950 | 860 | 990 730
molecular weight [Mn]¥
Molecular weight
. ‘ . a) 2.2 12.5|12.5|2.8 2.2
distribution [Mw/Mn]

[Remarks]

1) measured by the ball & ring method according to
JAI 7-1991

2) determined by means cof an infrared
spectrophotometer (absorbance in a wave number of 700
cmt) .

3) measured by VPO (Vapor Pressure Osmometer)

4} measured by GPC

INDUSTRIAL APPLICABILITY

The high melting point copolymer of the present
invention is a high melting point copolymer
comprising a heat polymerization product of

(di)cyclopentadiene and a vinyl-substituted arcomatic



Nunber average nol ecul ar wei ght [nh] 3) 790950660990730 Mbl ecul ar wei ght
g2.22.52.52.82.2 distribution [MV Mh] [Remarks] 1) neasured by the ball &
ring nmethod according to JAlI 7-1991 2) determ ned by nmeans of an infrared
spectrophot onet er (absorbance in a wave nunber of 700 orn-s) . 3) neasured
by VPO (Vapor Pressure OGsnoneter) 4) neasured by GPC | NDUSTRI AL
APPLI CABI LI TY The high nelting point copolyner of the present inventionis a
hi gh nmelting point copolymer conprising a heat polynerization product of
(di)cycl opentadi ene and a vinyl-substituted aromatic 19 conpound, and a
copol ymer havicagrauhdghaigl ei agrpdiyAer baiWibe ebbhaiheteflsing shént time with
a good economcal efficiency by controlling a use anount of a solvent in
pol yneri zat i oaanFhet hbitainkd Hypdr egehatéd tévgolyingr aobiobHe

economical efficiency by controlling a use amount of

a solvent in polymerization.

Further, the hydrogenated copolymer of the

present invention which is a hydrogenated product of

the copolymer described above is suitably used as an

adhesion-providing resin having a high softening

point for a hot melt adhesive and can provide a hot

melt adhesive having a high constant temperature

creep and holding power.
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present invention which is a hydrogenated product of the copol yner descri bed
above is suitably used as an adhesion-providing resin having a high
softening point for a hot nelt adhesive and can provide a ho: nelt adhesive
having a high constant tenperature creep and hol ding power. 20 What is
clainmed is: 1. A high nelting point copolynmer prepared by heat- polynerizing
cycl opent adi ene and/ or dicycl opentadi ene and a vinyl-substituted aromatic
conmpound, wherein a use anmount of a solvent in heat polynerization is 0.1
time or nore and less than 0.5 tine based on the mass of the whol e nononers,
and the copol Yyt Has cd asigfederdisig point falling in a range of 100 to 135C. 2.
A production process for a high nelting point copolyner having a softening
point fallinglin & haggenebfingoreont 36epo et ei preyel opepy ddéehe and/ or

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

heat - pol yrmer i zed vime rtilze g exvencwesftaaliend verit/ aof G MY gpdrds eore nmore and

| ess than 50 mass parts per 100 nass parts of the nononers. 3. A

hydr ogenat ed cayolay ven vabtsaitrsdd thit e chyedroogdnat iargrchvechi gl erelini g poi nt
copol ynmer as
use amount of a solvent in heat polymerization is 0.1

time or more and less than 0.5 time based on the mass
of the whole monomers, and the copolymer has a

softening point falling in a range of 100 to 135°C.

2. A production process for a high melting point
copolymer having a softening point falling in a range
of 100 to 135°C, wherein cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound are heat-pclymerized in the presence of a
solvent of 10 mass parts or more and less than 50

mass parts per 100 mass parts of the monomers.

3. A hydrogenated copolymer obtained by
hydrogenating the high melting point copolymer &as

described in claim 1.
4. The hydrogenated copolymer as described in claim

3, wherein the softening point falls in a range of

125 to 160°C.
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described in claim1. 4. The hydrogenated copol yner as described in claim 3,
wherein the softening point falls in a range of 125 to 160C. 21 S. The

hydr ogenat ed copol ynmer as described in claim 4, wherein the softening point
falls in a range of 135 to 160C. 22

5. The hydrogenated copolymer as described in claim
4, wherein the softening point falls in a range of

135 to 160°C.

22



