HYDROGENATED COPOLYMER, PRODUCTI ON PROCESS FOR THE SAME AND HOT MELT
ADHESH VE COMPOSI TI ON USI NG THE SAME 5 BACKGROUND OF THE | NVENTI ON The present
invention relates to a hydrogenated copolynmer, a production process for the
sanme and a hot nelt adhesive conposition using the same, nore specifically
to a hydrogenat ed copol yner which has a 10 small weight reduction rate in
heating and a good hue after heating and has an adhesi on-provi ding property
and which is suited as one conponent for a hot nelt adhesive conposition, a
production process for the sanme and a hot nelt adhesive conposition which 15
conpri ses the hydrogenated cHIORPFENAIESCFOBEEOSYHBEBve and is excellent in a
fluidity in heating and which has a snmall heating |loss and a small change in
a hue in heating and RRSDEAT EXE PR &Rl S hedPR sTEbi $4MYy 20 a good

weat herability. 20 RELATED ART In recent years, a hot nelt adhesive has been
expandi ng i n a us@OThéddt ADRBedVEoGSMEOSIIdd Obefaulle THE BaMéxcellent in a
hi gh speed coating property, a 25 rapid curing property, a barrier property,
an energy 7

5 BACKGROUND OF THE INVENTION
The present inventicn relates to a hydrogenated

ceopolymer, a production process for the same and a
hot melt adhesive compeosition using the same, more
specifically to a hydrogenated copolymer which has a

10 small weight reduction rate in heating and a good hue
after heating and has an adhesion-providing property
and which is suited as one component for a hot melt
adhesive composition, a production process for the
same and a hot melt adhesive composition which

15 comprises the hydrogenated copolymer described above
and is excellent in a fluidity in heating and which
has a small heating loss and a small change in a hue
in heating and has an excellent heat stzbility and a
good weatherability.

20
RELATED ART

In recent years, a hot melt adhesive has been

expanding in a use thereof in various fields because
it is excellent in a high speed coating property, a

25 rapid curing property, a barrier property, an energy



saving property and an econom cal efficiency. Used as a conventional hot
nmelt adhesive are, for exanple, conpositions prepared by bl ending
adhesi‘on-providing resins and plasticizers with base polyners such as 5
natural rubbers, ethylene-vinyl acetate copol yners,
styrene-but adi ene-styrene bl ock copol yners and hydrogenated products
t hereof, styrene-isoprene- styrene block copolyners and hydrogenat ed products
thereof. In general, Used as the adhesion-providing 10 resin descri bed above
are petroleumresins, coumarone resins, phenol base resins, terpene base
resins, rosisavhageprepiend Yapd dhydr egenatédapr eddécd enhereofseduch hot el t
adhesive has to be applied after nolten by heating in using, and therefore
products 15alkawi ggnaehirigaaledpitngelléssdhesiviekalrg t §cdamragarheal th of an
operator due to white snoke generated in nelting by heating. Further, it
bri ngs about coueksitinfavoralbe reit bat bdwsdingt adheadearvscsfifiest is exerted
on an adhesive performance of the finished 20 product or a fine appearance of
the fini shedrpsdédiscend pldaragedeby &idét deiser aviignera thehhaé after
heating. DI SCLOSURE OF THE | NVENTI ON 25 Under such circunstances, an object
of theé 2 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
10 resin described above are petroleum resins, coumarone
resins, phenol base resins, terpene base resins,
rosin base resins and hydrogenated products thereof.
Such hot melt adhesive has to be applied after
molten by heating in using, and therefore products
15 having a large heating loss are likely to damage
health of an operator due to white smoke generated in
melfting by heating. Further, it brings about such
unfavorable situations that an adverse effect is
exerted on an adhesive performance of the finished
20 product or a fine appearance of the finished product

is damaged by a deterioration in the hue after

heating.

DISCLOSURE COF THE INVENTION

25 Under such circumstances, an object of the



present invention is to provide a hydrogenated copolynmer which has a snal
wei ght reduction rate in heating and a good hue after heating and has an
adhesi on-provi ding property and which is suited as 5 one conponent of a hot
mel t adhesive conposition and a hot nelt adhesive conposition which
conprises the above hydrogenated copolynmer and is excellent ina fluidity
in heating and which has a small heating |oss and a small change in a hue in
heati ng and has 10 an excellent heat stability and a good weat herability-
| nt ensive researches repeated by the present inventors in order to develop a
hydr ogenat ed propotlynervandi@n hbs el pradiesi v wbnmposidtiean each having the
preferred properties described above have 15 resulted in finding that the
above obj ect carobgrenachheviedidy a $yal bgenatled wopottyer whichiti s  obt ai ned
by hydrogenating a copol ynmer having a softening point falling in a specific
| ow range andhéat whi cdnd sojteni mge pof her fladd sirin engpers farc range. 20 The
present invention has teen conpleted based on such know edge. That is, the
present i nvendiors priovi dest dird)peohydr yicermated dopiod ysertebtad ned | Dy
hydr ogenati ng a copol ymer having a softening point 25 failing in a range of
45 to 55' C devme idomehndyyt aof ad |hot melt adhesive composition and
a hot melt adhesive composition which comprises the
above hydrogenated copolymer and is excellent in a
fluidity in heating and which has a small heating
loss and a small change in a hue in heating and has
10 an excellent heat stability and a good weatherability.
Intensive researches repeated by the present
inventors in order to develop a hydrogenated
copolymer and a hot melt adhesive composition each
having the preferred properties described above have
15 resulted in finding that the above object can be
achieved by a hydrogenated copolymer which is
obtained by hydrogenating a copolymer having a
softening point falling in a specific low range and
in which a softening point falls in a specific range.
20 The present invention has been completed based on
such knowledge.
That is, the present invention provides:
{1) a hydrogenated copolymer obtained by

hydrogenating a copolymer having a softening point

25 falling in a range of 45 to 55°C determined by a ball



3 & ring nmethod, wherein the hydrogenated copol yner has a softening point of
8~~ to 95 C determned by the ball & ring nmethod, (2) the hvdrogenated
copol ymer as described in the (1), wherein the copolynmer is obtained 1)
above item from cycl opent adi ene an~i/or dicycl opentadi ene and a
vi nyi -substituted aromati c conpound, ~3) a production process for a
hvdr ogenat ed copol ynmer having a softening point of 85 to 95 C determ ned by
10 a ball & ring method, characterized by subjecting a copolynmer having a
softening point falling in a range of 45 to 550C determ ned by the ball &
ring method to rhydrogenadlj onhéreat meimd , hydyoddrea pedducts bymgr ocess for a
hydr ogenat ed 15 copol yner as described in the above item~3) , wherein the
copol yner i s lobt az nedf f enimgych opend f1ds €nieo antlltorde tdiraniclecapént adicene and a
vinyl -substituted aromatic conpo=i, (5) a hot nelt adhesive conposition
conprising theaR0 hydiogenateddcopol yner as described in the above item (1),
~6) the hot nelt adhesive conposition as described in the above item(5),
wherein the coppl yherhiysroptasned copolymer as described in the
) above item (1), wherein the copolymer 1is obtained
from cyclopentadiene and/or dicyclopentadiene and a
vinyl-substituted aromatic compound,
{3) a production process for a hydrogenated copolymer
having a softening point of 85 to 95°C determined by
10 a ball & ring method, characterized by subjecting a
copolymer having a softening point falling in a range
of 45 to 55°C determined by the ball & ring method to
hydrogenation treatment,
(4) the production process for a hydrogenated
15 copolymer as described in the above item (3), wherein
the copolymer is obtained from cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound,
(5) a hot melt adhesive composition comprising the
20 hydrogenated copolymer as described in the above item
(1),
(6) the hot melt adhesive composition as described in
the above item {(5), wherein the copolymer is obtained

from cyclopentadiene and/or dicyclopentadiene and a

25 vinyl-substituted aromatic compound, and



from cycl opent adi ene and/ or dicycl opentadi ene and a 25 vinvl-substituted
and d (7) the hot nelt adhesive conposition as descri bed
in the above item (5) or (6), further conprising a base polynmer and a

aromati ¢ conpound,

pliasti ci zer.

copol yner of the present invention, a copolynmer having a softening point

5 BEST MODE FOR CARRYI NG QUT THE | NVENTION I n the hydrogenated

falling in a range of 45 to 55C determned by the ball & ring nethod is used
as a copolynmer before 10 hydrogenation. In the present invention,
obt ai ned from cycl opent adi ene and/ or di cycl opent adi ene and a

vi nyl - substi t (t)ecctar dnet inge 1 tc angieasnidr e arorlpe dliseihbras 4 hiess aapesd/ner . The
softeni ng point determ ned by the bal
shows a soft erticgaiporentit @bt @ )nedk bye )neaSurting based ion ntAla Hak¥99.

copol ynmer descri bed above, the vinyl- substituted aromatic conpound used as

one conponentpo bfmdhearidave rEltaytiiadi 2ganonmer s i ncl udes, for exanpl e,

styrene, a- net hyl styrene and vi nyl t ol uene,

a copol yner

& 15 ring nethod described above
In the

20

and they nmay he used al one or

in a

conbi nati on of two of nore kinds thereof. The above copol ynmer is produced by

)

10

20

BEST MODE FOR CARRYING QUT THE INVENTION

In the hydrogenated copolymer of the present
invention, a copolymer having a softening point
falling in a range of 45 to 55°C determined by the
ball & ring method is used as a copolymer before
hydrogenation. In the present invention, a copolymer
obtained from cyclopentadiene and/or
dicyclopentadiene and a vinyl-substituted aromatic
compound can be used as this copolymer.

The softening point determined by the ball &
ring method described above shows a softening point
obtained by measuring based on JAI 7-1999.

In the copolymer described above, the vinyl-
substituted aromatic compound used as cne component
of the raw material monomers includes, for example,
styrene, a-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
copolymerizing cyclopentadiene and/or

dicyclopentadiene and the vinyl-substituted aromatic

w



copol yneri zi ng cycl opent adi ene and/ or 25 di cycl opent adi ene and the
vinyl -'substituted aromatic 5 conpound descri bed above which are the raw
material nononers in a suitable solvent. In this case, capable of being
preferably used as the solvent are, for exanple, hydrocarbon conpounds such
as benzene, 5 toluene, xylene, cyclohexane, dinethylcyclohexane and ethyl
cycl ohexane. They may be used alone or in a conbination of two of nore kinds
thereof. A use anount of this solvent is selected in a range of wusually 50
to 500 nmass parts, preferably 60 to 300 10 mass parts per 100 mass parts of
t he nononer s. commydvand atrepusi fasd t dlecpol winerh zat¢ orharethwodidtseraialnet hod in
whi ch the sol vent described above is heated preferably to 100C or higher,
nore preferabhgnd&OG or &ighetalbbe carryemwut dopdlhymsedazati on whil e 15
divisionally adding a nononmer m xture of cycl opentadi ene and/ or
di cycl opent adiarb aado £ Hee ivg nyt e et i ¥ ut eell arpnete csclonpoundkd,o this heat ed
sol vent. A use proportion of cycl opentadi ene and/ or 20 dicycl opent adi ene and
t he vi nyl - subSti test e ar onmy dco cadmpournnshalds notctspecidarcadre, be restricted
and falls in a range of usually 70 : 30 to 20 : 80,
5 toluene, xylene, cyclchexane, dimethylcyclohexane and
ethylcyclohexane. They may be used alcone or in a
combination of two of more kinds thereof. A use
amount of this solvent i1s selected in a range of
usually 50 to 500 mass parts, preferably 60 to 300
10 mass parts per 100 mass parts of the monomers.
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 out copolymerization while
15 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
20 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 1i1s usually 0.5 to 5 hours,

N
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preferably 1 to 3 hours. The divisional addition 1is



preferably 60 : 40 to 40 : 60 on a mass basis. The divisionally adding tine
is usually 0.5 to 5 hours, 25 preferably 1 to 3 hours. The divisional
addition is 6 carried out preferably in equal parts. In this copolymerization
reaction, the nononer m xture of cyclopentadi ene and/ or dicycl opent adi ene
and the vinyl-substituted aromatic conpound is 5 preferatly reacted
continuously as well a-'"ter finishing divisionallv adding them In this
case, the reaction conditions shall not specifically be restricted. The
reaction tenperature is usually 200 to 350'C, preferably 250 to 30CcC, the
reaction 10 pressiue@ ostusvafévalBlyoi? MPaaGppreferably 0 to 1.5 MPa-G and
the reaction tinme is usually 0.5 to 8 hours, preferably 1 to 5 hours. After
f ~ni shing the reactlmnjhifecoratyion zsol ot i omedsiel,: bjlectethdroet r eat ment f or
removing 15 volatile matters, for exanple, at a tenperature nf 100 to 3000~~
and a pressureixfude lof oc 10l &Panfadidn¢ candbdur sqiwhel ebyn tddi ¢me ended
copolyner is obtained. In the copolyner thus obtained, the softening point
det er mi ned byandetihal ¥iy+mgbset tiodedasréwat 20 dahpoumd ai s ange of 45 to
550C, and the vinyl subst-tuted aromatic conpound unit has usuallv a
5 preferably reacted continuously as well after
finishing divisionally adding them. In this case,
the reacticn conditicns shall not specifically be
restricted. The reaction temperature is usually 200
to 350°C, preferably 250 to 300°C; the reaction
10 pressure is usually 0 to 2 MPa‘'G, preferably 0 to 1.5
MPa-G; and the reaction time is usually 0.5 to 8
hours, preferably 1 toc 5 hours.
After finishing the reaction, the reaction
soluticn is subjected to treatment for removing
15 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 intended copolymer is obtained.
In the copolymer thus cbtained, the softening
point determined by the ball & ring method has to
20 fall in a range of 45 to 55°C, and the vinyl-
substituted arcomatic compound unit has usually a
content of 30 to 90 mass %, a bromine value of 30 to
90 g/100 g and a number average molecular weight of

400 to 1,000. The average molecular weight described

26 above 1s a value reduced to polystyrene measured by a



content of 30 to 90 mass ~, a bromne value of 30 to 90 g/100 q and a nunber
average nol ecul ar wei ght of 400 to 1,000. The. average nol ecul ar wei ght
descri bed 25 above -s a val ue reduced tc polystyrene neasured by a 7 gel
per neati on chromat ography (CPC) (hereinafter, the sane shall apply). In the
present invention, the copolyner thus obtained in which a softening point
(ball & ring 5 nmethod) falls in a range of 45 to 55'Cis subjected to
hydr ogenati on treatnment, whereby the hydrogenated copolyner of the present
invention is produced. In this hydrogenation reaction, catalysts of nickel,
pal | adi um cobal tpephattnom anrohadounablagesGPAD drneresedfagra thtal yst. The
copol yner descri bed above is hydrogenated on the conditions of a tenperature
of 120 to 300&xmerefiet abkyplsD.to 210'C, a reaction pressure of 1 to 6 MPa-G
and a reaction tinme of 1 to 7 hours, preferably 2 to S hours in the 15
presence of the catbhyshe desese¢edi mbaviel om, athesuid@abl ensol vtemt , f or exanpl e,
cycl ohexane and tetrahydrofuran. After finishing the reaction, the reaction
solution is sobjfected {0 vheabnensofoeniegove gt 20bvbl atitengmtters, for
exanple, at a tenperature of
5 method) falls in a range of 45 to 55°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
10 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, preferakly 2 tco 5 hours in the
15 presence 0of the catalyst described above in a
suitable solvent, for example, cyclohexane and
tetrahydrofuran.
After finishing the reaction, the reaction
solution is subjected to treatment for removing
20 volatile matters, for examnple, at a temperature of
100 to 300°C and a pressure of 0.1 to 10 kPa for 1 to
3 hours, whereby the hydrogenated copoclymer of the
present invention 1is obtained.

In the hydrogenated copolymer of the present

25 invention thus obtained, the softening point



100 to 300" C arid a pressure of 0.1 to 10 kPa for 1 to 3 hours, whereby the
hydr ogenat ed copol yner of the present invention is obtained. In the
hydr ogenat ed copol ymer of the present 25 invention thus obtained, the

softening point 8 determned by the hall & ring nethod has to fall in a
range of 85 to 95 C, and the vinyl-substituted aromatic conpound unit has
usually a content of 0O to 3S mass ~, a bromne value of 0 to 30 g1l OO g and

a 5 nunber average nol ecul ar wei ght of 400 to 1,000. The hydrogenated
copolynmer of the present invention described above has a small wei ght
reduction rateé:tndniongbddey hitee afdler heainnguatittbdasz s arp aftHelsiion-gpr cvi di ng
property, and it is suited as 10 one conponent of a hot nelt adhesive. Next,
the hot nelt mdhesive conposiIiconaefd tthe vingdertubismiemtticon conprises the
hydr ogenated copol yner of the present invention described above as an

essential conponenti @ansbiusaald yarfir thhes comrises dmterbases polygrer and a
pl asticizer in addition to the above hydrogenated copol yner . The base
pol ynmer describeathabove shatdmined vspecidf caldy e 4es10igtad and optional
products can be selected fromthose used as a base polyner in a
5 number average molecular weight of 400 to 1,000.
The hydrogenated copolymer of the present
invention described above has a small weight
reduction rate and a gocd hue after heating and has
an adhesion-providing property, and it 1s suited as
10 one component of a hot melt adhesive.
Next, the hot melt adhesive composition of the
present invention comprises the hydrogenated
copolymer of the present invention described above as
an essential component and usually further comprises
15 a base polymer and a plasticizer in addition to the
above hydrogenated copolymer
The base polymer described above shall not
specifically be restricted, and opticonal products can
be selected from those used as a base polymer in a
20 hot melt adhesive and used. The specific examples of
this base polymer include natural rubber, ethylene-
vinyl acetate copolymers, amorphous poly-«-olefins,

styrene-butadiene-styrene block copolymers (SBS),

styrene-isoprene~-styrene block copolymers {3IS), and

|\l
ot

styrene-ethylene-butylene-styrene rubber {SEBS) and



20 hot nelt adhesive and used. The specific exanples of this base pol yner
i ncl ude natural rubber, ethylene- vinyl acetate copol yners, anorphous
poly-ct-nlefins, styrefic-butadiene-styrene bl ock copol ymers (SBS),
stiyrene-i soprene-styrene hlock copolyners (SIS), and 25
styrene- et hyl ene- Lutyl ene-styrene rubber (SFBS) and
styrene-et hyl ene- propyl ene-styrene rubber (SEPS) which are obtained by
hydrogenati ng them They may be used alone or in a conbination of two or
nore kinds thereof. 5 On the other hand, the plasticizer shall not
speci fical |l y pevreserethebenaner apy I onat s pyoeluet sulpagr beER®] ected from t hose
used as a plasticizer in a hot nelt adhesive and used. The specific exanples
of this plasthttlzerr¢nebludenpdraf findbagenpr beessheil s TheYobtai ned by
subj ecting heavy oil fractions obtained by distilling crude oil at an
at nospheric pressse@ aboneistilnhati opnlainat re@duecedtpe essurerand furt her
refining it by hydrogenation reform ng and dewaxi ng treatnent, naphthene
base process binds optareed. by 15 subjecting it to extraction with a solvent,
hydrogenation and clay treatnment after distillation at a reduced pressure,
pol ybubene and |i g ot yother diatd nsthadhelasmwyc bheeussz @l onet or in a
conbi nation of two or nore kinds thereof.
specifically be restricted, and optional 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 o0ils
10 obtained by subjecting heavy o0il fractions obtained
by distilling crude ©il at an atmospheric pressure to
distillation at a reduced pressure and further
refining it by hydrogenation reforming and dewaxing
treatment, naphthene base process o0ils obtained by
15 subjecting it to extraction with a solvent,
hydrogenation and clay treatment after distillation
at a reduced pressure, polybutene and liquid poly-a-
olefins. They may be used alcne or in a combination
of two or more kinds thereof.
20 A content proportion of the respective
components in the hot melt adhesive composition of
the present invention is varied depending on the
required physical properties. Usually, the
hydrogenated copolymer falls in a range of 30 to 70

25 mass %; the base polymer falls in a range of 15 to 40

10



20 A content proportion of the respective conponents in the hot nelt
adhesive conposition of the present invention is varied depending on the
requi red physical properties. Usually, the hydrogenated copolymer falls in a
range of 30 to 70 25 mass i; the base polyner falls in a range of 15 to 40 1
0 mass >,; and the plasticizer falls in a range of 10 to 40 mass ~A. An
antioxidant, a wax and a filler in addition to the hydrogenated copol yner |,
t he base polynmer and 5 the plasticizer each described above can be added, if
necessary, to the hot nelt adhesive conposition of the present invention as
|l ong as the regasred apiysheapblpsbpeitersfatesnoh danaged. oA netbod for
preparing the hot nelt adhesive 10 conposition of the present invention
shall not spécifasalkty be restricted., and capable of being used is, for
exanple, a nmethod in which the respective conponents are heated, noiton and
m xed or kneaded byAnneanscoeidanpropebieratype Silieerinaaddubien shaft 15
bl ender and a kneader. A blending order of the respective conponents shal
ri ot specificabl yhbehydesgenaeted. cbuoiheer thehdeabsagpdepper atnie shall  not
speC|f|caIIy be restricted as well, and heati ng,
5 the plasticizer each descrlbed above can be added, if
necessary, to the hot melt adhesive composition of
the present invention as long as the required
physical properties are not damaged.
A method for preparing the hot melt adhesive
10 composition of the present invention 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
15 blender and a kneader. A blending order of the
respective components shall not specifically be
restricted. Further, the heating temperature shall
not specifically be restricted as well, and heating,
melting and mixing or kneading are carried out
20 usually at a temperature of 120 to 120°C
The hot melt adhesive composition of the
present invention thus obtained has an excellent
fluidity in heating, a small heating loss and heat

hue change and an excellent heat stability and has a

25 good weatherability, and it can be used in various

11



melting and m xi ng or kneading are carried oiat 20 usually at- a
tenperat"Lire of 120 to 1-000C. The hot nelt adhesive conposition of the
present invention th-os obtained has an excellent fluidity in heating, a
smal|l heating | oss and heat hue change and an excellent heat stability and
has a 25 good weatherability, and it can be used in various | | fields such
as, for exanple, sanitary materials, packaging, Look-binding, non-woven
materials, wood working, electric nmaterials, can working, building, bag
wor ki ng and binders for a road. 5 Next, the present invention shall be
expl ai ned infferdhesudetas ]| sfow tdxamfler encorittaexampleasiabut  the present
i nvention shall by no neans be restricted by these exanples. The physi cal
properties ofpradtieaciopnl yinerls-anudindg, triver-wadreogermsted lopolwamet s and t he
performances of the hot nelt adhesive conposition were evaluated according
to -nmethods shownihel ow ecPhysimat e prajper tdas vofr k ey ,cdpol yameres and t he
hydr ogenat ed copol yners > 15 (1) Softening point Measured by the ball & ring
met hod accor dvang vor kAT ad38hders for a road.
5 Next, the present invention shall he explained
in further details with reference to examples, but
the present inventicn shall by no means be restricted
by these examples.
The physical properties of the copolymers and
10 the hydrogenated copolymers and the performances of
the hot melt adhesive composition were evaluated
according to methods shown below.
<Physical properties of the copeclymers and the
hydrogenated copolymers >
15 (1) Softening point
Measured by the ball & ring method according to
JAI 7-1999.
{2) Styrene unit content
Determined by means of an infrared
20 spectrophotometer {(absorbance in a wavelength of 700
cm™t) .
(3} Bromine value
Measured according to JIS K 2605.

<Physical properties of hydrogenated copolymers >

25 (4) Heating loss

12



~2) Styrene unit content Determ ned by neans of an infrared 20
spectrophot onet er (absorbance in a wavel ength of ~UU cm | (3) Brom ne val ue
Measured according to JIS K 2C0S. <Physical properties of hydrogenated
conolynmers > 23 (4~ ~leating loss 1 2 The hydrogenated copol yner 2 g was put
on an alum num nmade Petri dish and heated at 180C for one hour to neasure a
heating | oss, and the heating | oss was determ ned according to the follow ng
equation: 5 heating loss ("e) = [(weight before heating - weight after
heati ng)/ (wei ght before heating)] X 100 (5) Heating hue The hydrogenat ed
copolymer 20 g was Jhwt hyvmogglassd botnd leymed hentvets atutl80C dror 48 hour s,
and it 10 was then dissolved in toluene to determ ne a Gardner hue
accordi ng to 8k 680dade<Per il nhindesarof Hdwet drdtanel #0°@dHesi weeconposi ti on>
(6) Heating |loss and heating hue Measured in the sane manners as in (4) and
(5) 15 descrhided abovm sy Bdi¢xnimg point and the heating loss
was determined according to the following equation:
5 heating loss (%) = [(weight before heating - welght
after heating)/ (weight before heating)] X 100
(5) Heating hue
The hydrogenated copclymer 20 g was put in a
glass bottle and heated at 180°C for 48 hours, and it
10 was then dissolved in toluene to determine a Gardner
hue according to JIS K 6901.
<Performances of the hot melt adhesive composition>
(6) Heating loss and heating hue
Measured in the same manners as 1in (4) and (5)
15 described above.
(7) Softening point
Measured according to JIS K 2207.
{8) Melt viscosity
Measured according to JIS K 6862 by means of a
20 B type viscometer.
(9} Adhesive strength
Measured according toc JIS Z 0237.
(10) Loop tack

Measured according to a FINAT test standard.

25 (11) Holding power
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Measured according to JIS K 2207. (8) Melt viscosity Measured according to
JIS K6862 by neans of a 20 13 type visconeter. (9) Adhesive strength
Measured according to JIS Z 0237. (10) Loop tack Measured according to a
FI.-NAT test standard. 25 (11) Holding power 1 3 Measured according to JTS Z
0237. Production Exanple | A one liter polynerization reactor equipped 5
wth a stirrer which was substituted with nitroQer- was charged with 382 g of
xyl ene and heated up to 2600C, and a mi xture of 159 g of dicycl opent adi ene
and 159 Q of styrene was added thereto in 120 minutes while stirring. Then,
the copol yneri zati oMerpeaceidoactOrdasacont iVatied 0887110 minutes. After
finishing the reaction, the reaction solution was taken out and treated at a
tenperature of 2C)C)'-- and a pressure of 1.3 kPa for 2 hours by neans of a
rotary evaporator to renove the unreacted 1.5 nononers and xylene to obtain
28-7 g of a copokyméncof Exeyellepént adi ene and styrene. The physi cal
properties
A one liter polymerization reactor equipped
b with a stirrer which was substituted with nitrogen
was charged with 382 g of xylene and heated up to
260°C, and a mixture of 159 g of dicyclopentadiene
and 159 g of styrene was added thereto in 120 minutes
while stirring. Then, the copolymerization reaction
10 was continued for 110 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
15 monomers and xylene to obtain 287 g of a copolymer of

cyclopentadiene and styrene. The physical properties

of this copolymer are shown in Table 1.

Production Example 2

20) A copolymer was obtained in the same manner as
in Production Example 1, except that in Production
Example 1, the copolymerization reaction was
continued for 130 minutes after the monomer mixture
was added. The physical properties of this copolymer

25 are shown 1n Table 1.

14



of this copolyner are shown in Table 1. Production Exanple 2 20 A copol yner
was obtained in the same nmanner as in Production Exanple 1, except that in
Production Example 1, the copolynerization reaction was continued for 130
m nutes after the nmonomer mi xture was added. The physical properties of this
copolynmer 25 are shown in Table 1. 1 4 Exanple 1 A 300 ml reactor equi pped
wth a stirrer which was substituted with nitrogen was charged with 70 g 5
of cycl ohexane, 70 g of the copol yner obtained in Production Exanple 1 and
1.5 g of a nickel base catalyst to carry out hydrogenation reaction at a
hydrogen pressure of 4 MPa and a tenperature of 230C for 4 hours. 10 After
finishing the reaction, the reaction solution was taken out, and 4,000 PPM
of an antioxkEdamplébtand name "Irganox 1010", nmanufactured by G ba
Specialty Chemcals Co., Ltd.) was added thereto. Then, the solution was
treated at a 15 tenpepatune oéa200€ agdipppdesstlea oft brPePavhinech3 hours by
nmeans of a rotary evaporator to renove cyclohexane, whereby 70 g of a
hydr ogenat ed gapokybpetituted with nitrogen was charged with 70 g
) of cyclohexane, 70 g of the copolymer obtained in
Production Example 1 and 1.5 g of a nickel base
catalyst to carry out hydrogenation reaction at a
hydrogen pressure of 4 MPa and a temperature of 230°C
for 4 hours.
10 After finishing the reaction, the reaction
solution was taken out, and 4,000 PPM of an
antioxidant (brand name “Irganox 10107, manufactured
by Ciba Specialty Chemicals Co., Ltd.) was added
thereto. Then, the solution was treated at a
15 temperature of 200°C and a pressure of 670 Pa for 3
hours by means of a rotary evapcrator to remove
cyclohexane, whereby 70 g of a hydrocgenated copolymer
of cyclopentadiene and styrene was obtained. The

physical properties of this hydrogenated copolymer

20 are shown in Table 1.

Comparative Example 1
Hydrogenation reaction was carried out in the
same manner as in Example 1, except that in Example 1,

25 the copolymer obtained in Production Example 2 was



of cycl opent adi ene and styrene was obtained. The physical properties of this
hydr ogenat ed copol yner 20 are shown in Table 1. Conparative Exanple 1
Hydrogenati on reaction was carried out in the same manner as in Exanple 1,
except that in Exanple 1, 25 the copolynmer obtained in Production Exanple 2
was 15 substituted for the copol yner obtained in Production Exanple 1. After
finishing the reaction, the reaction solution was taken out, and 4,000 PPM
of the 5 antioxidant ~brand nane "Irganox 1010", nanufactured by C ba
Specialty Chemcals Co., Ltd.) was added thereto. Then, the solution was
treated at a stlenpenated ef of 2000 EMLYEe prassareedfil. BrdkdRacfion one hour by
nmeans of a rotary evaporator to renove 10 cycl ohexane, whereby 70 q of a

hydr ogenat ed opoblarer. of cycl opent adi ene and styrene was obtai ned. The
physi cal properties of this hydrogenated copolynmer are shown in Table 1. 15
t 6 Table 1 ProductAforer finishing the reaction, the reaction

solution was taken out, and 4,000 PPM of the

antioxidant (brand name “Irganox 10107, manufactured

[}

by Ciba Specialty Chemicals Co., Ltd.) was added
thereto. Then, the solution was treated at a
temperature of 200°C and a pressure of 1.3 kPa for
one hour by means of a rotary evaporator to remove

10 cyclohexane, whereby 70 g of a hydrogenated copolymer
of cyclopentadiene and styrene was obtained. The
physical properties of this hydrogenated copolymer

are shown 1in Table 1.

15



Exanpl eExanpl eConpar ati ve 1Exanple 1 12 Softening point (C) 50609190 Styrene
unit content 1 184722 (mass % Brom ne val ue (g/1008) 555533 Heating hue
(Gardner)--47 Heating loss (mass 5)--6.39.6 As shown in Table 1, while the
copolymer 5 obtained in Production Exanple 1 had a softening point of 50C,

t he hydrogenated copol yner obtained in Exanple 1 had a softening point of
91C. Further, the hydrogenated product obtained in Exanple 1 had a heating
| oss of 6.3 mass | when heated at 180C for 10 one hour and a Gardner hue of 4
when heated at 180C for 48 hours. In contrast with this, the copol yner
obtained in Productalere Exanple 2 had a softening point of 60C, and the
hydr ogenat ed copol yner obtained in 15 Conparative Exanple | had a softening
poi nt of 90C. Further, the hydrogenated product obtained in Conparative

Exanple 1 had a heating ross 0f 9.6 MBS duct ion
Example Example | Comparative
1 Example 1
1 2

Softening point (°C) 50 60 91 90
Styrene unit content

o 48 47 2 2

(mass %)

Bromine value (g/100qg) 55 55 3 3
Heating hue {Gardner) - - 4 7
Heating loss (mass %) - - 6.3 9.6

As shown in Table 1, while the copolymer
5] obtained in Production Example 1 had a softening
point of 50°C, the hydrogenated copolymer obtained in
Example 1 had a softening point of 91°C. Further,
the hydrogenated product obtained in Example 1 had a
heating loss of 6.3 mass % when heated at 180°C for
10 one hour and a Gardner hue of 4 when heated at 180°C
for 48 hours.

In contrast with this, the copolymer obtained
in Production Example 2 had a softening point of 60°C,
and the hydrogenated copolymer obtained in

15 Comparative Example 1 had a softening point of 90°C.
Further, the hydrogenated product obtained in
Comparative Example 1 had a heating loss of 9.6

mass % when heated at 180°C for one hour and a



when heated at 180C for one hour and a 17 Gardner

hue of 7 when heated at

180C for 48 hours. As shown above, the hydrogenated copol yner obtained in
Exanple 1 had a smaller heating |oss and a better hue after heating than

t hose of the 5 hydrogenated copol ynmer obtained in Conparative
Exanple 2 Used in a proportion shown in Table 2 were the

Exanpl e 1.
10 hydr ogenat ed

copol yner obtained in Exanple 1, an SEBS copolyner (brand name "Craton
G1652", manufactured by Shell Japan Co., Ltd.; styrene conponent/rubber
conponent mass ratio = 29/71), an oil (brand nane "P5-32", nmanufactured by
| dem t su Kosakefiner Liuwk )of 16 wdneh dteardd ad daati°c( oand snaoer'’sl.r ganox 1010",
manuf actured by G ba Specialty Chemcals Co., Ltd.). They were bl ended at
140C for 40 m nut esndbyshmansatofve a kneadidrgpgeacitiae dade IRinest M | |
a hot nelt adhesive conposition and eval uate the 20 performances thereof.
The results tdiereofedirin shownpld n Tedd ea ZmLOdrpartadd tiendEXargd eard A hot nel t

adhesi ve conposition was prepared in

except that

5

10

15

20

25

idl better hue after heating than those of the
hydrogenated copolymer obtained in Comparative

Example 1.

Example 2

Used in a proportion shown 1in Table 2 were the
hydrogenated copolymer obtained in Exanple 1, an SERS
copolymer (brand name “Craton G1652”, manufactured by
Shell Japan Cc., Ltd.; styrene component/rubber
component mass ratio = 2%/71), an o©il (brand name
“P5-32", manufactured by Idemitsu Kosan Co., Ltd.)
and an antioxidant (brand name “Irgancx 10107,
manufactured by Ciba Specialty Chemicals Co., Ltd.).
They were blended at 140°C for 40 minutes by means of
a kneading machine Lab Plast Mill to prepare a hot
melt adhesive composition and evaluate the
performances thereof. The results thereof are shown

in Table 2.

Comparative Example 2
A hot melt adhesive composition was prepared in

the same manner as in Example 2, except that in

to prepare

25 the sanme manner as in Exanple 2,



1 s Exanple 2,

was substituted for the

t he hydrogenated product obtained in
‘ hydr ogenat ed product obtained in Exanple 1 to
eval uate the performances thereof. The results 5 thereof are shown in Table

Conpar ati ve Exanple 1

2.. 'Table 2 Conparative Exanple 2 Exanple _2 SEBS (Craton G1652)2020

Hydr ogenat ed copol ynmer 60- of Exanple 1 Hydrogenated copol yner
Conparative-60 (nass part)Exanple 1 O

1010) 11 Softening point (C)_ 82 82 Melt viscosity [160C]

10

Example 2,

the hydrogenated product obtained in

Comparative Example 1 was substituted for the

hydrogenated product obtained in Example 1 to

evaluate the performances thereof.

thereof are shown in Table 2.

The results

Table 2
e le 2 Comparative
zampie Example 2
SEBS (Craton G1652) 20 20
Hydrogenated copolymer -
of Example 1
Blend ratio Hydrogenate@ copolymer
of Comparative - 60
(mass part) Example 1
il (PS-32) 20 20
Antioxidant (Irganox 1 ]
1010)
Softening point (°C) 82 82
Melt viscosity [160°C]
2400 2480
{mPa-s)
Adhesive strength
o 8.5 B.6
[23°C]  (N/cm)
Loop tack [23°C
Performance P ( ] 4 c 3
{N/cm)
Holdin ower [50°C
9P [ ) 0.8 0.7
(mm/h)
Heating hue [Gardner] 6 8
Heating loss (mass %) 2.1 3.6

According to Table 2, the hot melt adhesive

composition prepared in Example 2 was almost equal to

Bl end ratio of
(PS-32) 2020 Anti oxidant (I raanox




24002480 (nmpa s ) Adhesive strength [23C] (N cm8.58.6 PerfornmanceLoop tack
[23C] '(NNcm5.45.3 Hol ding power [50C] (mm h)0.80."'7 Heating hue [Gardner] 68
Heati-ng loss (mass 1_)2.1 _3.6 According to Table 2, the hot nelt adhesive 10
conposition prepared in Exanple 2 was al nost equal to 1 9 the hot nelt
adhesive conposition prepared in Conparative Exanple 2 in terns of an
adhesive strength, a |oop tack and a hol ding power but inproved in a |oss
and a hue in heating. 5 | NDUSTRI AL APPLI CABI LI TY According to the present
i nvention, capable of being provided is a hydrogenated copol yner which has
a smal |l wei ghthe eldouctmeht radlee s nvheatmmgs andem goopdad€d hire after heating and
whi ch has an adhesi on- provi di ng

Comparative Example 2 in terms of an adhesive

strength, a loop tack and a holding power but

improved in a loss and a hue in heating.

INDUSTRIAL APPLICABILITY
Accecrding to the present invention, capable of
being provided is a hydrogenated copolymer which has
a small weight reduction rate in heating and a good
10 hue after heating and which has an adhesion-providing
property and 1s suited as one component of a hot melt
adhesive composition.
Further, the hot melt adhesive composition of
the present invention comprising the hydrogenated
15 copolymer described above is excellent in a fluidity
in heating and has a small heating loss and a small
change in a hue in heating, and it is excellent in a

heat stability and has a good weatherability.

20

20



property and is suited as one conponent of a hot nelt adhesive conposition.
Further, the hot nelt adhesive conposition of the present invention
conphiéing t he hydrogenated 15 copol yner descri bed above is excellent in a
fluidity in heating and has a small heating |loss and a shall change in a
hue in heating, and it is excellent in a heat stability and has a good

weat herability. 20 20 What is clainmed is: 1. A hydrogenated copol yner

obtai ned by hydrogenating a copolynmer having a softening point falling in a
range of 45 to 55C determned by a ball 5 & ring nethod, wherein the

hydr ogenat ed @opol yseclahrasdai soft eni ng point of 55 to 95C determ ned by the
ball & ring nmethod. 2. The hydrogenated copol yner as described in claim 10
1, wherein the capolyirerens tebt aioped yineamobyraliopentadi ene and/ or

di cycl cpent adi ene and a vinyl- substituted aromatic conpound. 3. A production
process for ahhycsogeanatied 45ccopblyeerhiavhgga assdteeimangoporint of 85 to 95C
determ ned by a ball & ring nmethod, characterized by subjecting a copolyner
havi ng a sof t eal hgngoimta range of 45 to 55°C determined by a ball

) & ring method, wherein the hydrogenated copolymer
has a softening point of 85 to 95°C determined by the

ball & ring method.

2. The hydrogenated copolymer as described in c¢laim
10 1, wherein the copolymer is obtained from
cyclopentadiene and/or dicyclopentadiene and a vinyl-

substituted aromatic compound.

3. A preduction process for a hydrogenated

15 copolymer having a softening point of 85 to 95°C
determined by a ball & ring method, characterized by
subjecting a copolymer having a softening pcint
falling in a range of 45 to 55°C determined by the

ball & ring methocd to hydrogenation treatment.

20
4. The production process for a hydrogenated
copolymer as described in claim 3, wherein the
copolymer is obtained from cyclopentadiene and/or
dicyclopentadiene and a vinvyl-substituted aromatic
25 compound.

21



falling in a range of 45 to 55C determned by the ball & ring nmethod to
hydrogenation treatnent. 20 4. The production process for a hydrogenated
copquher as described in claim3, wherein the copolyner is obtained from
cycl opent adi ene and/ or dicycl opentadi ene and a vinyl-substituted aromatic
25 compound. 21 S. A hot nelt adhesive conposition conprising the
hydr ogenat ed copol yner as described in claiml1l. 5 6. The hot nelt adhesive
conposition as described in claimb5, wherein the copolyner is obtained from
cycl opent adi ene and/ or di cycl opent adi ene and a vinyl- substituted aromatic
conpound. 10 7. The hot nelt adhesive conposition as described in claims$S or
6, further conprising a base polyner and a plasticizer. 15 22

5. A hot melt adhesive composition comprising the

hydrogenated copclymer as described in claim 1.

5 0. The hot melt adhesive composition as described
in claim S5, wherein the copolymer is obtained from
cyclopentadiene and/or dicyclopentadiene and a vinyl-

substituted aromatic compound.

10 7. The hot melt adhesive ccmposition as described
in claim % or 6, further comprising a base polymer

and a plasticizer.

18
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