COWVPCSI TI ON FOR POLYOLEFI N RESI N FOAM AND FOAM THERECF, AND METHOD FOR
PRODUCI NG FOAM FI ELD OF THE | NVENTI ON The present invention relates to a
conposition for apolyolefin resin foamexcellent in terns of softness,
cushiony property, adiabatic property and the |ike, a foamthereof and a
production nethod thereof. BACKGROUND ART A foam which is used as an inner
insul ator of electronic equipnment or the like, a cushioning material, a
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mat er i al~or requires sof tness, cushiony
pr oper adlabatlc erty and the |like characteristics fron1the
V|empoF%P~ FHODMGL NG ﬁ%ﬂﬁgs seal i ng performance and the |i ke when

i ncorporated as a conponent. As such a foam foans of polyethyl ene,

pol ypropyl ene and the |ike polyolefin resins are known, but these foans
have problens in that their strengths are weak and their softness and
cushi ony property are not sBIELR|@ntTHE oBNVENFI@Me purpose of inproving
these problens, an attenpt has been made to soften the raw naterial itself
by i ncreasi ngThepreaeminisivem triatr 10e bat dss o di qugure 381 il £9F A podgiod aefiith a
rubber conponent or the like. However, it was difficult to obtain a soft
f oam hadgig fiiagh egeansingn imattie@misr o aofenessl, polshavhyl preperty,

pol ypropyl ene, 1 because tension force at a high tenperature, nanely nelt
tensi onydiabatic property and the like, a foam thereof and a production

method thereof.

BACKGROUND ART

A foam which is used as an inner insulator of electronic
equipment or the like, a cushioning material, a sound insulator,
a heat insulator, a food packaging material, a clothing material,
abuildingmaterial or the like requires softness, cushionyproperty,
adiabatic property and the like characteristics from the viewpoint
of ensuring its sealing performance and the like when incorporated
as a component. Assucha foam, foams of polyethylene, polypropylene
and the like polyclefin resins are known, but these foams have
problems in that their strengths are weak and their softness and
cushiony property are not sufficient, too.

For the purpose of improving these problems, an attempt
has been made to soften the raw material itself by increasing its
expansionratioorblendingapolyolefinresinwitha rubber component
or the like. However, it was difficult to obtain a soft foam having

high expansion ratio from a general pelyethylene or polypropylene,



of such a resin is so weak that any attenpt to obtain a high expansion
ratio results in the outgassing at the tinme of foam ng due to breakage of
bubbl e walls or in the union of bubbles. Conventionally, a chem cal nethod
and a physical nmethod are known as pol ynmer foam production nethods. In the
general physical method, a chlorofluorocarbon, a hydrocarbon or the |ike

| ow boiling point liquid (foam ng agent) is dispersed in a polyner, and
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Al'so, in e chemca I's obtaine oug e fornation of
bubbl es effected by a gas generated b er mal,_ de 0sitio of ..a conmpound
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by physical nethod have various environment.al Problens uch as toxicity of
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and the like, and in the foam ng techniques by chem cal nethod, residue of
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foam and causes a problemof pollution particularly in the case of the
application Congleadtiomildypaert shamdcelemeithed bBndaddphiysi cailn meddont
years, a nethod has been proposed as a nethod for obtaining a foam having
smal | bbbk eowh aggeicdrynasrdf o dm ghodubbi endebkbtly,. | Tn whegeneirtaigdensiacal bon
dioxide or the like gas is dissolved in a polyner under a high pressure

and t heietndb) asch Bs£of DidEsScDybdre) aasydeo¢iepdt @Isthe lankt heatddigl ing
polymer close to its glass transition tenperature or softening point. In

this 2 point liquid (foaming agent) is dispersed in a polymer, and then
bubbles are formed by evaporating the foaming agent through heating.
Also, inthe chemicalmethod, a foamisobtained through the formation
of bubbles effected by a gas generated by thermal decomposition
of a compound (foaming agent) added to the polymer base. However,
the foaming techniques by physical methodhave various environmental
problems such as toxicity of the substance to be used as the foaming
agent, destruction of ozone layer and the like, and in the foaming
techniques by chemical method, residue of the foaming agent after
generation of the gas remains in the resulting foam and causes
a problem of pollution particularly in the case of the application
to electronic parts and the like.

In addition, in recent years, a method has been proposed
as a method for obtaining a foam having small bubble diameter and
high bubble density, in which nitrogen, carbon dioxide or the like
gas is dissolved in a polymer under a high pressure and then bubbles

are formed by releasing the pressure and heating the polymer close

to its glass transition temperature or softening point. In this



foam ng nethod, a nucleus is fornmed froma thernodynam cally unstable
state, and a mcro-porous foamis obtained through the formation of
bubbl es due to expansion growmh of this nucleus. According to this method,
it has an advantage in that mcrocellular plastics so far unknown can be
obtained. In addition, various attenpts have been proposed for applying
this foam ng nethod to thernoplastic polyurethane and the |ike
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pol ypr opyl ene honopol ynmer having a nelt tension at 230*C of 7 gf or nore
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tension at 230" C of 7 gf or nore (see JP-A-2002-322303) . Also, a
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SUffiCi§ﬁ%ficient expansion ratio could not be obtained, and thickness
of the formed foam was limited tc thin ones.

To solve these problems, for example, a resin composition
for foam compact has been proposed, which is characterized in that
from 5 to 70 parts by weight of a polyclefin elastomer is blended
with 100 parts by weight of a polypropylene resin mainly comprising
from 90 to 10% by weight of a polypropylene homopolymer having
a melt tension at 230°C of 7 gf or more and from 10 to 90% by weight
of a polypropylene copolymer having a melt tension at 230°C of
7 gf or more {see JP-A-2002-322303). Also, a polyolefin resin
foam comprising a polyolefin resin having a melt tension at 230°C
of exceeding 1 cN and a rubber or thermoplastic elastomer component

and a method for producing a foam using carbon dicxide under a

supercritical condition have been proposed (see JP-A-2001-348452).

SUMMARY OF THE INVENTION
The object of the invention is to provide a polyolefin resin

foam having excellent softness and cushiony property and sufficient



t hi ckness, and a production nethod thereof. Wth the aimof solving the
af orenenti oned problens, the present inventors have conducted intensive
studies and found as a result that, when foam nolding of a conposition for
a polyolefin resin foam which conprises a polynmer conponent conprising a
pol yolefin resin and a rubber and/or a thernoplastic olefin elastomer and
powdery particles, characterized In that said conposition has a nelt
t ensi on of at Ieast(fo cN neasu&ggé%n a range between a first
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tenperature that is 20 degrees Celsius higher than sai fir enperature,
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shrinkage and deformation and the shape of bubbles can therefore be
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havi ng excel | ent cushi ony property can be obtained. In addition, the
phrase 4 atshidasthate wifera fiorrbew laidgao £ taheompplsdttiion fbefa rpoélyashaﬁﬁer " has
the sane neaning as "a rubber and/or a thernoplastic olefin elastoner”
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foam which conprises a pol yner conponent conprising a polyolefin resin
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particl'es,” characterized in that sald conposition has a nelt tension of at
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degrees gﬁhﬁi%%nsion of at least 20 ¢N when measured in a range between
a first temperature at a melting point of said composition and
a second temperature that is 20 degrees Celsius higher than said
first temperature, is carried out, bubbles are grown after foaming
without causing large shrinkage and deformation and the shape of
bubbles can therefore be maintained, so that thickness of the foam
can be thickened and a foam having excellent cushiony property
can be obtained.

In addition, the phrase “at least one of a rubber and a
thermoplastic olefin elastomer” has the same meaning as “a rubber
and/or a thermoplastic olefin elastomer”

Accordingly, the invention provides a composition for a
polyolefin resin foam, which comprises a polymer component
comprising a polyolefin resin and a rubber and/or a thermoplastic
olefin elastomer and powdery particles, characterized in that
said composition has a melt tension of at least 20 ¢N when measured

in a range between a first temperature at a melting point of said

composition and a second temperature that is 20 degrees Celsius



4 higher than said first tenperature, and a polyolefin resin foam which is
produced by the foam nol ding of said conposition for a polyolefin resin
foam Also, the invention provides a nethod for producing a polyolefin
resin foam which conprises carrying out foamnolding of a conposition f
or a polyolefin resin foam wherein said conposition is characterized in
that it conprises a polyner conponent conprising a polyolefin resin, a
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sai d conposition melt tension cN when neasured 1n a
range tween. a fir t rat ur it el fi i nt_ of sai.d conposition
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i nvent iR YU EThASHILE3PResin foamis conposed of a pol ymer conponent
conprising a polyolefin_ resin and a rubber and/or. a thernoplastic
el ast omer and?d&Rdethe gaventied rrR¥iFdseyaeRetbrfofeRt PO Fai®n body of
the conposition of the invention for a polyolefin resin foamconprises a
pol yol &f¢¥yokefim rasdra fioghbewhandy epmari fes nopruging @ steammng ding
desirable that the rubber and/or thernoplastic elastoner is used in an
anmount oD cbrpmsi®ipo fif0a palys 1by inaieghin fqumef ¢habé yn Eadm GOnpas MO0Ipar t s
by wei ght, based on 100 parts by weight of the aforenentioned polyolefin
resin. ischaracterized in that it comprises a polymer component comprising

apolyolefinresin, arubber and/or a thermoplasticolefinelastoner,

and powdery particles, and said composition has a melt tension

of at least 20 cNwhen measured in a range between a first temperature

at a melting point of said composition and a second temperature

that 1s 20 degrees Celsius higher than said first temperature.

DETAILED DESCRIPTION OF THE INVENTION

The composition of the invention for a polyolefin resin
foam is composed of a polymer component comprising a polyolefin
resin and a rubber and/or a thermoplastic elastomer and powdery
particles.

The polymer component as the main body of the composition
of the invention for a polyolefin resin foam comprises a polyolefin
resin anda rubber and/or a thermoplasticelastomer. It isdesirable
that the rubber and/or thermoplastic elastomer is used in an amount
of from 10 to 150 parts by weight, preferably from 30 to 100 parts
by weight, based on 100 parts by weight of the aforementioned

polyoclefin resin.



Cushi ony property as a foamis apt to be reduced when the anount of the
rubber and/or thernoplastic elastoner is less than 10 parts by wei ght.

Mor eover, a foam having high expansion ratio cannot be obtained when the
anount exceeds 150 parts by weight due to the aptness to cause outgassing
at the time of foamng. As the polyolefin resin of the invention, a type of
resin having broad nol ecul ar wei ght distribution and a shoul der on the
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chain branched chain“type resin and the |ike can for exanple be cited.

Exanpl ﬁﬁné%% WUBhED LAY BS eflekﬁﬁgfagw@seiﬂgé er PP Qgﬂﬁelrfene

pol yet ene enS|ty pol yet a hig enS|ty p yet

a line | ow.de Slt Iene r (of0) ner. of ethylene
with pf%opﬁaerrﬁes t l%bﬁﬁ &fh rﬂylaﬁﬁtg‘étﬁl RBYLES f%h@h KRk Heh oier
a copol yner of e ene Wi Vv acetate, ac |c aC| crylic ester
net hacr‘%//qri‘rt‘)tack? neet MRS té‘é%/eﬁlmouxﬂ%ﬁxcﬁ X(é" eTght

m xtures thereof, and any of them can be used. Exa Ies of the ,

af or enetisg oti:fed:h%térré%neai%m iGRUS S QUEER S DTt - £, epéﬁtﬂ@q@ 1, EOAmddHE- 1,

4- et hyl pentene-1 and the like. Al so, the copolyners may be any of yandom
copol ymer s andsbhitbekpodgpdeyisr SeSIheOfublb%rlfeVemwfﬂmp@ asype &f apifer
conponent of the invention is not particularly limted with the proviso

t hat ithaving broad molecular weight distribution and a shoulder on the

high molecular weight side, a slightly crosslinked type resin,
a long chain branched chain type resin and the like can for example
be cited.

Examples of the polyolefin resins of these types include
a low density polyethylene, a medium density polyethylene, a high
density polyethylene, a linear low density polyethylene, a
polypropylene, a copolymer of ethylene with propylene, a copolymer
of ethylene or propylene with othera-olefin, a copolymer of ethylene
with vinyl acetate, acrylic acid, acrylic ester, methacrylic acid,
methacrylic ester, vinyl alcohol or the like, and mixtures thereof,
and any of them can be used.

Examples of the aforementioned “other a-olefin” include
butene-1, pentene-1, hexene-1, 4-methylpentene-1 and the like.
Also, the copolymers may be any of random copolymers and block
copolymers.

The rubber or thermoplastic elastomer component of the
invention is not particularly limited with the proviso that it

can perform foaming, and its examples include natural rubber,



can performfoamng, and its exanples include natural rubber, 6

pol yi sobutyl ene, pol yi soprene, chl oroprene rubber, butyl rubber,

nitrile-butyl rubber and the |ike natural or synthetic rubbers; an

et hyl ene- propyl ene copol yner, an ethyl ene-propyl ene-di ene copol yner, an

et hyl ene-vinyl acetate copolynmer, a polybutene, a chlorinated pol yet hyl ene

and the like olefin elastoners; a styrene-butadi ene-styrene copol yner, a

styrene-i soprene-styrene _capolyner, hydrogenated products thereqf and the
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a conbi nation of two or nore. According to the invention, a thernoplastic
ol ef i n @t asthonkene 1oy tard ycarseld/mese t Fn f drdars-inoray rarshbetiene
t hermopl astic el astonmer conponent. The olefin elastomer is an el astoner

havi ng capsl ymet uran i et vyl exte -ani o lefa ae ttonp aropd 1 yared: ,are gddiwhaneengy oyl ene
rubber forma state of mcro-phase separation, and it has good
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i nventio In resin

elastomers; polyester elastomers; polyamide elastomers;
polyurethane elastomers and the like various thermoplastic
elastomers. These rubber or thermoplastic elastomer components
can be used alone or as a combination of two or more.

According to the invention, a thermoplastic olefin elastomer
is suitably used as the aforementioned rubber or thermoplastic
elastomer component. The olefin elastomer is an elastomer having
a structure in which an clefin component and an ethylene-propylene
rubber form a state of micro-phase separation, and it has good
compatibility with the aforementioned polyolefin resin.

Mixing ratio of the mixture of the aforementioned polyolefin
resin and rubber and/or thermoplastic elastomer is, for example,
the former/latter = approximately from 1/99 to 99/1 (preferably
from about 10/90 to about 90/10, more preferably from about 20/80
to about 80/20).

The composition of the invention for a polyolefin resin
foam comprises powdery particles. As the main object, the powdery

particles function as anucleating agent at the time of foam-molding,



foam conpri ses powdery particles. As the main object, the powdery
particles function as a nucleating agent at the tinme of foamnolding, and
talc, silica, alum na, zeolite, calciumcarbonate, magnesium carbonate,
barium sul fate, zinc oxide, titanium oxide, alum num hydroxide and the

| i ke can for exanple be used. It is desirable that these powdery particles
have a particle size of from0O. 1 to 10 pm Wen the powdery particles

have a pratigle, Sizacdf diessidd)anddlite;McallBeuporndenynhael i fhgiedQumot
fully function as a nucleating agent in sone cases. Myrreover, a particle
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cause of outgassing at the tine o oamnolding. In the invention, t
particl lze. % h ¥d p éi s..re t e particle size in a
state mﬁ%$%§§l$ eg%gmgg yf%g?tgé e§$ga?éﬁ%§£%25£e§5%%to a pol ymer conponent
conprising a polyolefin .resi ang a rubber and/or,a.thernoplastic.
ol astoner, or TheSiTiTaeie Shak FROsREPRHAST X REZbAFLPEIER SR B LFGHE, or
the size of an agglutinate in the case the particles are agglutinated.
Accor di pize o ft fieom Avértia bA pn.t Whedddig povderiatantie ngldeve a particles are
contained in an amount of from5 to 150 parts by weight, preferably from
10 to 1S8Dzparft Seby thainght 1 pbasede powdedy par t 5cbys wei ghit fafl tyhBupot yoer
conmponent. A uni form foam cannot be obtai ned when the powdery particles
are | esssthamdlpatisgbygewet ginh , sanel avdiesas t hdMdaramdr exc gedst iS50 giaad s by
wei ght, viscosity as the conposition for a polyolefin
exceeding 10 pm is not desirable because it sometimes becomes the
cause of outgassing at the time of foam-molding.
In the invention, the particle size of the powdery particles
represents theparticle size ina state wherein the powderyparticles
are dispersed into a polymer component comprising a polyoclefin
resin and a rubber and/or a thermoplastic elastomer, or the particle
size in the case the particles exist alone, or the size of an
agglutinate in the case the particles are agglutinated.
According to the invention, it is desirable that-thejpowdery
particles are contained in an amount of from 5 to 150 parts by
weight, preferably from 10 to 130 parts by weight, based on 100
parts by weight of the polymer component.
A uniform foam cannot be obtained when the powdery particles
are less than 5 parts by weight, and when the amount exceeds 150
parts by weight, viscosity as the composition for a polyolefin
resin foam considerably increases, as well as a possibility of

spoiling foaming characteristics due to generation of outgassing

at the time of foam-molding.



resin foam considerably increases, as well as a possibility of spoiling
foam ng characteristics due to generation of outgassing at the tinme of
foamnolding. In addition, since the resin foam conprises a thernoplastic
polymer, it has a di sadvantage of being easily burned. Because of this, it
I's desirable to formulate various flane retardants as the powdery
particles particularly when the material is used in electronic equipnent
and the like applications for which provision of flane retardancy s
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resins, chlorine resins, phosphorus system antinony systemand the |ike
flane reebmRint sit dads e dswdvanfiags e ki mani e Rigat  Besause
systemand the like flanme retardants generate gases at the tine of
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t he phosphorus system and antinony system flane retardants al so have
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phosphorus system, antimony system and the like flame retardants
can be used, but since the chlorine system, bromine system and

the like flame retardants generate gases at the time of burning,
which are toxic to human body and corrosive to instruments, and
the phosphorus system and antimony system flame retardants also
have toxicity, explosiveness and the like problems, it is desirable
to add a non-halogen-non-antimony system metal hydroxide as an

inorganic flame retardant.

As such an inorganic. flame retardant, aluminum hydroxide,
magnesium hydroxide, a hydrate of magnesium oxide-nickel oxide,
ahydrate of magnesiumoxide-zinc oxide and the like areparticularly
desirably used. Such hydrated metal compounds may be
surface-treated. These flame retardants may be used alone or as
a mixture of two or more.

Amount of such a flame retardant to be contained is from
about 10 to about 70% by weight, preferably from about 25 to about
65% by weight, based on the entire composition for a polyclefin

resin foam. The flame retarding effect becomes small when this



Anmount of such a flame retardant to be contained is from about 10 to about
70% by wei ght, preferably fromabout 25 to about 65% by wei ght, based on
the entire conposition for a polyolefin resin foam The flame retarding
ef fect becones small when this content is too small, and when it is too
| arge on the contrary, a resin foam having high expansion ratio can hardly
be obtai ned. As occasion demands, an additive agent nay be added to the
conposition of the invention for a polyolefin resin foam Kinds of the
addi t i werdgatt 1sr Eavotsmedrlti @ndamben jif tied tognd args s theddionityéTagent s
generally used in the foam nol ding can be used. Exanples of said additive
agent iancdlesde doamysbalingublight éxpgangeon, ratiplcsn iksxbry be Odeicet. a
coloring agent, an ultraviolet ray absorbent, an antioxidant, a filler, a

rei nforcing agendccasioBndénimis c Agenidididd heechitknayAddi addedmumtthef t he
additive agent can be optionally selected within such a range that it does

not  sRQInpdAtTRH &F ehebubbbasisndrbheal pheyoassdih heealdi faMO®Inds
generally used in the nolding of thernoplastic resins can be enpl oyed. The
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has a nel't tension of at |east 20
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a plasticizer, a lubricant, a coloring agent, an ultraviolet ray
absorbent, an antioxidant, a filler, a reinforcing agent, an
antistatic agent and the like. Adding amount of the additive agent
can be optionally selected within such a range that it does not
spoil formation of bubbles and the like, and the adding amount
generallyusedinthemoldingof thermoplasticresins canbe employed.

The composition of the invention for a polyeclefin resin
foam material is characterized in that said composition has a melt
tension of at least 20 cN (20 cN or more} when measured in a range
between a first temperature at a melting point of said composition
and a second temperature that is 20 degrees Celsius higher than
said first temperature.

When melt tension of the composition for a polyolefin resin
foam material is set to 20 cN or more, bubble walls are hardly
destroyed at the time of expansion molding so that high expansion
ratio can be obtained.

Particularly, it is desirable that the melt tension measured

in a range between a first temperature at a melting point of said

10



foammaterial is set to 20 cN or nore, bubble walls are hardly destroyed
at the tinme of expansion nolding so that high expansion ratio can be
obtained. Particularly, it is desirable that the nelt tension nmeasured in
a range between a first tenperature at a nelting point of said 10
conposition and a second tenperature that is 20 degrees Cel sius higher
than said first tenperature is at least 25 cN (25 cN or nore) (e.g.

approxi mately from25 to 70 cN),_ nore desirahbly at ast 30 cN (30. cN or
o e (PO LS A 5 P09 AT O L% 151026 % S TR LS
according to the invention, the nelt tensjion is nmeasured in a range

bet weern EHe Y stharegskit ik estartePera tungy isoial leshidd Ghpdst 1$dPand a
second tenperature that 1is 20 degrees Cel sius higher than said first

t enper aran®), techusapmd X iow sl dranidt e htdlinedwcgte dlasimadrlal te of
|l ess than its nelting point. Mreover, that the second tenperature is
exceedi mps2BHeaN ee3x) @ somsndueghefe than agperdAdimsttalgnpirat Wk torddd i ng
point of said conmposition) is not desirable too, because the conposition
becomescigonpl etely fluid state and the tension force therefore can hardly
be obtained. In addition, according to the invention, it is sufficient

when the melt 1heR$ii@n dohin? tGNng! 2R%rugRRetal ¥he jAventdseas kekwaent
first tenperature at a nelting point of said conposition and second
tenper al & $1 s x50 20,4897 £85 RIS 4 e S@imperature at a
melting point of said composition and a second temperature that
is 20 degrees Celsius higher than said first temperature, because
molten state cannot be obtained at a temperature of less than its
melting point. Moreover, that the second temperature is exceeding
20 degrees Celsius higher than the first temperature (melting point
of said composition) is not desirable too, because the composition
becomes completely fluid state and the tension force therefore
can hardly be obtained.
In addition, according to the invention, it is sufficient
when the melt tension is 20 cN at any temperature in a range between
a first temperature at a melting point of said composition and
a second temperature that is 20 degrees Celsius higher than said
first temperature.
In addition, according to the invention, when powdery
particles are used by adjusting melt tension of the composition
for a polyolefin resin foam material to 20 ¢cN or more, an effect

is exerted in that the powdery particles become the base point

for the growth of bubbles and the bubble structure becomes further
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first tenperature. In addition, according to the invention, when powdery
particles are used by adjusting nelt tension of the conposition for a
polyolefin resin foamnmaterial to 20 cN or nore, an effect 1is exerted in
that the powdery particles becone the base point for the growth of bubbles
and the bubble structure becones further 11 uniform This is particularly
effective when a high pressure gas, especially carbon dioxide under

supercritical state, is used as the foam ng agent descri bed bel ow, because
par i CUIESFT 1 nd hafchS Aok TR 62E5H B8 ¥or et A ACRTHar HEOWAT L t he
conventional foantgajnethpds, According to the invention, the foam ng
agent teSBRCIEEY FaRLPbtHEIGH I ASRE AW TG GRY cftfat &5 41593 ot
particularly limted, with the proviso that it is generally used in the
expansittre fosimding aglensokpsicefibadr belog, lb@@amseigadwmhmﬁvtﬁ)imeami hi gh
pressure gas fromthe viewoint of environmental protection and | ow

st ai ni nehafAinn $ubd ket eahabe t fiodmeed danedmpbn isbnswibhneed icamvertthieortael m
"hi gh pressure gas" as used herein neans that it includes any fluid under

super criddmwlg Setitbdd n the invention, the phrase "high pressure" neans,
for exanple, at least 1 Mpa. The high pressure gas is not particularly

limted with pheo pigy $@ that itkendiohementl enaming ¥akati Ror 88l nsead

rubber or thernoplastic elastoner can be inpregnatéd therewith under a

hi gh RS %Wt%’in%% étp?)l%r@fﬁ? rieréc.‘llnuggarﬁ%ak{%}icgloﬁisdﬁot 'Béfﬂ%aﬁj
limited, with the proviso that it is generally used in the expansion
molding of polyolefin resins, but it is desirable to use a high
pressure gas from the viewpoint of environmental protection and
low staining against a material to be foamed. In this connection,
the term “*high pressure gas” as used herein means that it includes
any fluid under supercritical state. In the invention, the phrase
“*high pressure” means, for example, at least 1 Mpa.

The high pressure gas is not particularly limited with the
proviso that the aforementioned polyolefin resin and rubber or
thermoplastic elastomer can be impregnated therewith under a high
pressure, and its examples include carbon dioxide, nitrogen, air
and the like. These high pressure gasses may be used as a mixture.
Among them, the use of carbon dioxide is desirable because of
the large impregnating amount into the polyolefin resin and rubber
or thermoplastic elastomer to be used as the raw materials of the
foam material and of the quick impregnation rate. 1In addition,

it is desirable that the aforementioned high pressure gas (e.g.,

carbon dioxide) is under a supercritical state from the viewpoint
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and the |like. These high pressure gasses may be used as a mi xture. Anong
them the use of carbon dioxide is desirable because of the large

i mpregnating amount into the polyolefin resin and rubber or thernoplastic
el astoner to be used as the raw materials of the foam material and of the
qui ck inpregnation rate. In addition, it is desirable that the

af orenenti oned high pressure gas (e.g., carbon dioxide) is under a
supercritical state fromthe viewpoint 12 of quickening its inpregnation
rate in®d gnkckering 1hs t HIRreghahbenr i bate ckniQ cdre tenplt at Jie t¥lscar bon
dioxide is 310C, and its critical pressure is 7.4 MPa. Wien a gas under a
super credheatt ot ec{Stpeiri¢npatathie d)f dcarimeddiotsddi i TG enrindat i on
entrappi ng beconmes possible due to increased solubility in the resin, and

gener atipf ofi bubdl eprewwbesisiat7iheMpa me of sudden pressure drop becones
frequent because of the high concentration, so that the density of bubbl es

formed by theyHEowMdnLiinkibeseshgbbleinueheisthacomapkataet ithans fieicase
of other conditions even when the porosity is the sane, and fine bubbles

can_thergfos e be; ebUR] ecordtien FFS Posh f ALY e ddife PP BT dST N

foammaterial of the Tnvention is not particularly limted wt

: h o : ' on. ol di . h
ot or emert i ot ased S RLER LS e EFhL TS PR A0 O A1 IBbELES, | Te
may be eitfer continuo stem A@rgxaggg%égathe

or adnctTin 61 RS e BEGE PhSfgi s (e o e 2,848 use
of the high concentration, so that the density of bubbles formed
by the growth of these bubble nuclei becomes larger than the case
of other conditions even when the porosity is the same, and fine
bubbles can therefore be obtained.

The method for producing the polyclefin resin foam material
of the invention is not particularly limited with the proviso that
it is a method which can perform expansion molding using the
aforementioned composition for a polyolefin resin foam material,
and it may be either a batch system or a continuous system.

An example of the production of a polyclefin resin foam
material by a batch system using a high pressure gas as the foaming
agent is shown below. Firstly, the aforementioned composition
for a polyolefin resin foam material, which contains a polymer
component comprising a polyolefin resin and a rubber and/or a
thermoplastic olefin elastomer and powdery particles, is extruded
using a single screw extruder, twin screw extruder or the like

extruder to prepare a resin sheet for foam material molding.

Alternatively, a resin sheet for foam material molding is formed
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material by a batch systemusing a high pressure gas as the foam ng agent
I's shown below. Firstly, the aforenentioned conposition for a polyolefin
resin foammaterial, which contains a polyner conponent conprising a

pol yolefin resin and a rubber and/or a thernoplastic olefin elastoner and
powdery particles, is extruded using a single screw extruder, twin screw
extruder or the like extruder to prepare a resin sheet for foam materi al

nmol di nq... _Alternat.ivel a resin et far. f terial. | « j.s, f.or med
13 by fOr %/rril%a}ﬁ}élnagdltr}%q%}eora:@n nfeél(r)%é) n%gn%rﬁsl é&l lneaj!rle@necgealﬁg 'Elar§(:1 rétjbber
and/ or a thernoplastic ol efin el ast r and powder articles Si a

fol | or TURRRT RRGAABA ¢ LASU RO L R LSt OMereanst RE“IREIMATRE diSped
with a blade, and then press-nmolding the m xture to a predeterm ned

t hi cknessingihg® Mot slute Braadehr Babuynk EYPreukhivdide SHad g ai ned
in this manner is put into a high pressure container, and a high pressure
gas compdhsing ecprippeddivdkhde blade r egeh thenrpaegsthel dike fle imjxdinsl
therein to effect inpregnation of the aforenentioned un-foanmed sheet with
t he hi gio @r esedetegainedVbkrickhessheeing s $witf ptadet byesspoegiiae edike £t h t he
hi gh pressure gas, the pressure is released (generally to atnospheric

pressur @he to-efdarid genretadan iefedubblte iduaaineim itsh@utase teatetiiath
resin. The bubble nuclei may be grown as such at roomtenperature or wth

heat i NG, Ass ACEASHRPa I88RNASd R IGh Piregd shike eptber 181 R earbWatElobiadd, o |
bath, hot roller, hot air oven, extreme infrared radiation, near infrared
radi ation, » Jh&E ONRY-& R thd1€ 1 kkkies YR  beted therein to effect impregnation
of the aforementioned un-foamed sheet with the high pressure gas.
When the sheet is sufficiently impregnated with the high pressure
gas, the pressure is released (generally to atmospheric pressure)
to effect generation of bubble nuclei in the base material resin.
The bubble nuclei may be grown as such at room temperature or
with heating as occasion demands. Regarding the heating method,
water bath, oil bath, hot roller, hot air oven, extreme infrared
radiation, near infrared radiation, microwave or the like well
knownor conventionallyusedmethodcanbeemployed. Aftereffecting
growth of bubbles in this manner, a polyolefin resin foam material
can be obtained by fixing its shape through sudden cooling with
cold water or the like. In this connection, the compact to be
subjected to the foaming is not limited to a sheet, and wvarious
shapes can be used in response to respective applications. In
addition, the compact to be subjected to the foaming can be prepared

not only by extrusion molding or press molding but also by injection

molding or the like other molding method.
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known or conventionally used nethod can be enpl oyed. After effecting

grow h of bubbles in this manner, a polyolefin resin foammaterial can be
obtained by fixing its shape through sudden cooling with cold water or the
like. In this connection, the conpact to be subjected to the foamng is
not limted to a sheet, and various shapes can be used in response to
respective applications. In addition, the conpact to be subjected to the

foam ng can be prepared ot. onl xtrusion nol di or press | di ng hut
al so by injecﬁpoﬁxaﬁﬂiﬁiﬂg BPetHéoaﬁﬁ 18pnBF ﬁnPB#HﬁT%Eiﬂo €51k gﬁa@xanple
of the production of a polyolefin resin foam naterial by a continuous

syst enmadierdad kivgh gpégsnﬂeugagyagemh@sl%a@ﬁhﬂgglhg&ﬁi*%r%m A5e [LOF.
Wil e the aforenentioned conposition for a polyolefin resin foam material,
whi ch dortrdingsagepblipnsiiow bepowent Webohe tihsi aforepen ybdred gomesisd taed a
rubber and/or a thernoplastic olefin elastoner and powdery particles, is

kneadedorusi 1% 1y diafdne recriew fexdr wderer itadi, n whdobwoexttaider sopalhandn ke
extruder, a high pressure gas is injected therein to effect sufficient

| mpr egRrigihe@ft dithp s i gMat fpotl?@l@ﬂhl RS PURedIaS rubert e/ dwulbl es are
grown by releasing the pressure (generally to atnospheric pressure) by

ext r udigpg LRE, 8H % oMl nheahsREmas QR3S S Nds: c Afd eri £fiReEd
growt h of bubbles, a polyolefin resin foamnmaterial can be obtai ned by

(hra"Ssia PR e e et o Wi ke, |

injecﬂé% fgaégfghg%ﬁ@fyas'fé&g%isinjectedthereintoeffectsufficient
impregnation of the resin with the high pressure gas, and then
bubbles are grownby releasing the pressure (generally toatmospheric
pressure) by extruding the resin, with heating as occasion demands.
After effecting growth of bubbles, a polyolefin resin foammaterial
can be obtained by fixing its shape through sudden cocling with
cold water or the like. In this connection, the expansion molding
can also be carried out using an injection molding machine or the
like, in addition to the extruder. Shape of the foam material
is not particularly limited, and it may be any of sheet, prism
and the like shapes.

When a compact or kneaded resin mixture to be subjected
to foaming is impregnated with a gas, the pressure can be optionally
selected by taking kind of the gas, workability and the like into
consideration, but when carbon dioxide or the like is used for
example, it is for example 6 MPa or more (e.g., approximately from

6 to 100 MPa), preferably 8 MPa or more (e.g., approximately from

8 to 100 MPa).
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like, in addition to the extruder. Shape of the foammaterial is not
particularly limted, and it may be any of sheet, prism and the |ike
shapes. Wien a conpact or kneaded resin mxture to be subjected to foam ng
is inpregnated with a gas, the pressure can be optionally selected by
taking kind of the gas, workability and the like into consideration, but
when carbon dioxide or the like is used for exanple, it is for exanple 6

MPa or nore ( .,,.approximately. from .6 t 00, VP ref erabl a or
Im)r e (e.hg. , agbgfi)ﬁr}?’gﬁﬁ?ﬁs‘f‘?%r}ﬁ PYer f&é‘nl\%g%?’ %%eéndfﬁgeg?ggs%rogtl%@

ower than 6 MPa, bubble dianmeter becones |arge dye tq consi derahl e bubble
or oot h B e e 58 SPGART L& SUPRIe Ere i Buag ThEut ot OGN ot
to be reduced. The reason for this is that when the pressure is |ow, the

i mpr egrsat ithgt dieursowsfd dasulatienatsfifdar dmaldPti o Siepdedisiedni t Kbehe
anount at the tinme of high pressure, so that the nunber of forned bubble
nucl ei rHeecaresosnahis die thatr edant tloe pofedsuiis ésnliev eushd dmpnegnatbing t he
anount of gas per one bubble increases on the contrary, and the bubble

di amet emReEOEE ¢ rieymalel dtanga e esul tcompar itsee prieds wie reanges tof
| ower than 6 MPa on the other hand, bubble dianeter and bubble density are

great| y, Chargednenge ﬁ{?‘liﬂ%m) ¥ tR@SSHEEniBbEr i @htidredngaihl o
that control of the bubble dianeter and bubble density becones difficult.
The tenpgenaliuns Aindd&Bas IR eINald RISIEP Mah@bi1deReRdidil forming
rate, the amount of gas per one bubble increases on the contrary,
and the bubble diameter becomes extremely large as a result. In
the pressure range of lower than 6 MPa on the other hand, bubble
diameter andbubble densityare greatly changedwhen the impregnation
pressure is slightly changed, so that control of the bubble diameter
and bubble density becomes difficult.

The temperature at the gas impregnation step varies depending
on the inert gas to be used, kind of the thermoplastic polymer
and the like and can be selected within a broad range, but for
example, it is approximately from 10 to 350°C when workability
and the like are taken into consideration. For example, when a
sheet shape or the like un-foamed compact is impregnated with an
inert gas, the impregnation temperature in the case of a batch
system is from about 10 to about 200°C, preferably from about 40
to about 200°C. Also, when foaming and molding are simultaneously
carried out by extruding a gas-impregnated molten polymer, the

impregnation temperature in the case of a continuous system is

generally from about 60 to about 350°C. 1In this connection, when
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on the inert gas to be used, kind of the thernoplastic polynmer and the

| i ke and can be selected within a broad range, but for exanple, it is
approximately from 10 to 3500C when workability and the |like are taken

i nto consideration. For exanple, when a sheet shape or the |ike un-foaned
conpact is inpregnated with an inert gas, the inpregnation tenperature in
the case of a batch systemis fromabout 10 to about 2000C, preferably

from about 40 _to about 2000C. Al so, when foani ng, an nplgé re

si nul t R Piogdds dd Baedngs e ddiHg Qag‘"’as-litnb?eg%%’c’é Fe that potSner,
the inpregnation tenperature in the case of a continuous systemis

gener alignifaramatoat B t mabdulm@sOyGt 1on tiisi 32 °Carnnotreema nthier U ar bon
dioxide is used as the inert gas, it is desirable that the tenperature at
t he ti mmegf oirmMabegnatinoBrder32oCkeepnihe, sppklricetildchy s4@®€.or nore, in
order to keep the supercritical state. In the aforenentioned pressure

reduci ng st epint BReps LSt t50ed Trasdureneedpaihigcstapl ythé otegbubmt it
is preferably from about 5 to about 300 MPa/second for the purpose of

obt ai ni gt Ms higke phvkblasarty adflitkan, bhibei hepd igkk f&MNeT At fiF@n at
the aforenentioned heating step is, for exanple, fromabout 40 to about

250" G, cﬁfa@é% )éth‘Eﬂi@@%%/égcbﬁdaﬁ8ytthﬁe5%ﬁ%o$@ Adgb Lk ORi n§ e Srf 0aM

materi a ving a high expansion rate can be produced by the nmethod of the

vent LMd QruBrodic g ARglugl ethiy besi o aLerial it chas an

advant age 1 oam frat’eri al- can hat" i's, when a
p0|y0|nggkementioned.heating step is, for example, from about 40 to about

250°C, preferably from about 60 to about 250°C.

In addition, since a foam material having a high expansion
rate can be produced by the method of the invention for producing
a polyolefin resin foam material, it has an advantage in that a
thick foam material can be produced. That is, when a polyolefin
resin foam material is produced by a continuous system, a high
pressure gas is injected while the aforementioned composition for
a polyolefin resin foam material is kneaded, thereby effecting
sufficient impregnation of the resin with the high pressure gas,
and then the pressure is released by extrusion, and in order to
keep the pressure inside the extruder in that case, it is necessary
to adjust the gap of the terminal die of the extruder as narrow
as possible (generally from 0.1 to 1.0 rmm). Thus, though a foam
material composition extruded through a narrow gap must be foamed
at a high expansion ratio for obtaining a thick foam material,
a high expansion ratio could not be obtained in the prior art so

that thickness of the molded foam material was also limited to
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resin foammaterial is produced by a continuous system a high pressure
gas is injected while the aforenenti oned conposition for a polyolefin
resin foammaterial is kneaded, thereby effecting sufficient inpregnation
of the resin with the high pressure gas, and then the pressure is rel eased
by extrusion and in order to keep the pressure inside the extruder in

t hat case, IS necessary to adjust the gap of the termnal die of the

extrude r 0s SEne! |3 0 nm . Thus,

t hough a(a lﬁgar{r]nalérr‘gétqerﬁae;go %ﬁ%ﬁ){ on ex ]t%}r udregd{ mf’gutgcﬁ 2.2 nfj;r{Fnr ow gap nust be
foaned at a ansi o rml for nin m material, a
hi gh expansi oﬁ %ﬂ%ﬁ%@o@?%%ﬁa‘f“% Dok ﬂgg:}f% ﬁﬁgn%FPBrorhE & SO R

t hi ckness of the nol ded foam material was also |imted t()éi; a thin | evel
(e.g., Hpprorgmtidrie fﬁf%rﬁ@@ft‘%?@]d (RPL 3 IRy A AR Yoaaiee idal  of
the invention on the contrary, I S possible to continuously obtain a foam
mat er i af irelvitiyl ckngshap tﬁﬁ%krfés'%o dfo 7.0 aUs0 Fersobbagmingosusht i ni ng
such a thick foammaterial, it is desirable that relative density of the

f oam nuitterdlalfofaae naitey iaflt, eitf:b@rderﬁgilrtmﬂsé thhainded ataveoderditgondittieon) i s
fromO0.02 to 0.3, preferably from0.05 to 0.25. The relative density

exceedi figa). i tte@SiH T S(dend inspfd fitod e o arfioagr den s iand endbensintyfaamddess t han
0. 02 is also undesirabl e because of a possibility of considerably

reduci nebrdeneth of fhen foam wwmterialprdiher 8§ 10F efi sl gdhickaess and
rel ative density of the

The relative density exceeding 0.3 results in insufficient
foaming, and a density of less than 0.02 is also undesirable because
of a possibility of considerably reducing strength of the foam
material.

The aforementioned thickness and relative density of the
foam material can be adjusted in response to the inert gas to be
used and kinds of the polyolefin resin and rubber or thermoplastic
elastomer, for example by optionally selecting and setting the
temperature, pressure, time and the like operation conditions of
the gas impregnation step, the pressure drop rate, temperature,
pressure and the like operation conditions of the pressure reducing
step, and the heating temperature after pressure reduction.

The polyolefin resin foam material of the invention can
be used, for example, as an inner insulator of electronic equipment
or thelike, acushioningmaterial, asoundinsulator, aheat insulator,

a food packaging material, a clothing material, a building material

and the like.
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foam material can be adjusted in response to the inert gas to be used and
ki nds of the polyolefin resin and rubber or thernoplastic elastoner, for
exanpl e by optionally selecting and setting the tenperature, pressure,
time and the |like operation conditions of the gas inpregnation step, the
pressure drop rate, tenperature, pressure and the |ike operation
conditions of the pressure reducing step, and the heating tenperature
after pressure reduction. The polyégﬁﬁéikgaesin foam material of the

invention can be used, for exanpl i nner insulator of electronic
equi pnent or the like, a cushioning material, a,sound |nsulator, a heat
insul ator, aEraBElpacRAgFRg HRYERFHPD ElﬁioPﬁiﬁbvﬁ%t%?#%T{ BuhyFRGi ng
material and the |like. 18 EXAMPLES Exanples of the invention wll be

gi ven Helvewt ibnt is meti neshriohed dnboreseaxanttlas by InHdses ERAREICELO™n this
connection, the nelt tension and relative density were neasured and

cal cul athedmeby ttdres fa lama nglakiheddengiMy werenneaahred ank cadastedmsht of
nelt tension, each sanple is extruded froma capillary of 1 nmO and L/D =

10, inpy fheard1giag@imedhogi@nst ant rate of 20 m'nmin. by applying a | oad
fromthe upper side wusing a capillary type rheoneter manufactured by Toyo
Seiki, and the extruded matter is passed through a tension detecting
pulley and taken up on a feed roller. During this operation, the take

(Melt tension)

In the measurement of melt tension, each sample is extruded
from a capillary of 1 mm ¢ and L/D = 10, in a strand shape at a
constant rate of 20 m/min. by applying a load from the upper side
using a capillary type rheometer manufactured by Toyo Seiki, and
the extruded matter is passed through a tension detecting pulley
and taken up on a feed roller. During this operation, the take
up speed is gradually increased. The speed is increased until
the sample isbroken, and the tensionjustbeforebreakageisgenerally
used as the melt tension, though a tension at a take up speed of

2 m/min. is employed therein.

. Measuring equipment: Capilograph manufactured by Toyo Seiki
Summary of the equipment:
Capillary die size 1 mm ¢, L/D = 10
Die diameter 10 mm
- Equipment conditions:
Extrusion speed 20 mm/min

Take up speed 1 to 100 m/min
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up speed is gradually increased. The speed is increased until the sanple

I s broken, and the tension just before breakage is generally wused as the
melt tension, though a tension at a take up speed of 2 mimin. is enployed
therein. nmeasuring equi prent: Capil ograph manufactured by Toyo Sei ki
Summary of the equipnent: Capillary die size 1 nmO, L/D =10 Die dianeter
10 mm Equi pnent conditions: Extrusion speed 20 mmim n Take up speed 1 to
100 mMmn 19 (Relative density) Relative density= {density after foam ng
(densi tRedatigenceasdtyal ) (g/cnB)} _ {density before foaning (density of
sheet or the |ike before foamng) (g/cnB) } Exanple 1 A m xture consisting
of 45 Ralesily d«emfgmysf{ciaermﬂtyspa6p9reﬁ@@mwﬁi@n35tgpfof%1ﬁ5ﬂ§t95laéjts by
wei ght of a polyolefin elastomer (MFR 6 g/10 min, JIS A hardness 79) and

10 par t(g/Rn’yei ghtdéfs i tRgRess tem fuyiing deldrasierage Erdeitclos shee 1dke pm
was kneaded at a tenperature of 200C using a twi n screw kneader

manuf agidca@ twmnddd) e/cwded in a strand shape, cooled with water and
then nolded by cutting into a pellet. Melting point of this conpound
cal cul ated by DSC was 170C, and nelt tension neasured at 182C

Example 1

Amixture consisting of 45 parts by weight of a polypropylene
(MFR 0.35 g/10 min), 55 parts by weight of a polyolefin elastomer
(MFR 6 g/10 min, JIS A hardness 79°) and 10 parts by weight of
magnesium hydroxide {(average particle size 0.7 pm} was kneaded
at a temperature of 200°C using a twin screw kneader manufactured
by JSW, extruded in a strand shape, cooled with water and then
molded by cutting into a pellet. Melting point of this compound
calculated by DSC was 170°C, and melt tension measured at 182°C
was 31.1 cN,

This pellet was put into a single screw extruder manufactured
by JSW, and a gas was injected under a pressure of 22 (19 after
injection) MPa in an atmosphere of 220°C. After sufficient
saturation with the gas, this was cooled to a temperature suited
for foaming and then extruded from the die to obtain a foam material.
Relative density of the foam material was 0.05. In addition,
the gap was 0.3 mm, and thickness of the foam material at that

time was 2.2 mm.
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was 31.1 cN. This pellet was put into a single screw extruder manufactured

by JSW and a gas was injected under a pressure of 22 (19 after injection)

MPa in an atnosphere of 220C. After sufficient saturation with the gas,

this was cooled to a tenperature suited for foam ng and then extruded from

the die to obtain a foammaterial. Relative density of the foam materi al

was 0.05. In addition, the gap was 0.3 mm and thickness of the foam

mat eri al at %gqi time was 2.2 mm 20 Exanple 2 A m xture consisting of 45
t

parts b5RamY of a polypropylene (MR 0.35 g/10 nin), 55 parts by weight
of a polyolefin elastomer (MFR 6 g/10 mn, JIS A hardness 79) and 120
parts by wei gﬁtmwtuﬁamhﬁﬁlﬁw@gﬁfdﬁafaﬁému@lga?ﬂtcr%aé%lmrqulene was
kneaded at a tenperature of 200C using a twi n screw kneader manufact ured
by JSW (MRR rQud¥d /i Oams it an85spapes mooledghti bif wepet yabhefihenlastdmed by
cutting into a pellet. Melting point of this conpound calculated by DSC

was 170G¢rrng gEld hensi prs measdr@tesd 183Canwag 231 phre bihive iRgid @if was
put into a single screw extruder manufactured by JSW and a gas was

i nj ect ggly fterunilul']&cﬁsék‘:[c?e of ol 4dd Rdelc1d e ieom Mia vds amaia@msphere

of 220C. Icient saturation with the gas, this was cooled to a

]Eggﬁ]e;a g;e}e aﬁ%'l’f!pteq:%tlfr%r oE020b89 N J ReRuEXt LLAER LLoTulPenherio@Pigin a
by JSW, extruded in a strand shape, cooled with water and then
molded by cutting into a pellet. Melting point of this compound
calculated by DSC was 170°C, and melt tension measured at 182°C
was 31.4 cN.

This pellet was put into a single screw extruder manufactured
by JSW, and a gas was injected under a pressure of 19 (16 after
injection) MPa in an atmosphere of 220°C. After sufficient
saturation with the gas, this was cooled to a temperature suited
for foaming and then extruded from the die to obtain a foammaterial.
Relative density of the foam material was 0.120. In addition,

the gap was 0.3 mm, and thickness of the foam material at that

time was 2.2 mm.

Example 3

Amixture consisting of 45 parts by weight of a polypropylene
{(MFR 0.5 ¢g/10 min), 55 parts by weight of a polyolefin elastomer
(MFR 11 g/10 min, JIS A hardness 65°) and 120 parts by weight of
magnesium hydroxide {average particle size 0.7 um) was kneaded

at a temperature of 200°C using a twin screw kneader manufactured
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Rel ative density of the foammaterial was 0.120. In addition, the gap was
0.3 mm and thickness of the foammaterial at that tine was 2.2 mm
Exanple 3 A mixture consisting of 45 parts by weight of a pol ypropyl ene
(MFR 0.5 g/10 mn), 55 parts by weight of a polyolefin elastomer (MR 11
g/10 mn, JI'S A hardness 65) and 120 parts by weight of rmagnesium

hydr oxi de (average particle size 0.7 m was kneaded at a tenperature of

200C using_a twi n screw kneader mapufactured 21 by JSW extruded in a
strand BNaBin, GHSsd o vty A ST RIGHES By Tut S (4 Shab | et
Mel ting point of this conpound calculated by DSC was 168C, and nelt

t ensi orfmgietedifuy catt tigoc inggs axped leR- ekt bed 1R iRk so huihi hitePBPeRYl e
screw extruder manufactured by JSW and a gas was injected under a

pr essureafulléd dd o afIsr wddjlesgeicongniiPaecilh aenat.ons peasaretd 220CT82ACt er
sufficient saturation with the gas, this was cooled to a tenperature suited
for foamgara dhen extruded fromthe die to obtain a foam materi al

Rel ative density of the foammaterial was 0.251. In addition, the gap was

0.3 nm and t kihGknessl &f whkemfoantart ei hal ealcidiabx tthde rwemit A tped
Exanple 4 A m xture consisting of 45 parts by weight of a copolyner of

et hyl eng, afsly Prapy ! £ned MR Oy & Midter 20 RAdsudly deiht (16 after
injection) MPa in an atmosphere of 220°C. After sufficient
saturation with the gas, this was cooled to a temperature suited
for foaming and then extruded from the die to obtain a foammaterial.
Relative density of the foam material was 0.251. In addition,
the gap was 0.3 mm, and thickness of the foam material at that

time was 1.4 mm.

Example 4

A mixture consisting of 45 parts by weight of a copolymer
of ethylene and propylene (MFR 0.4 g/10 min), 55 parts by weight
of a polyolefin elastomer (MFR 6 g/10 min, JIS A hardness 79°)
and 120 parts by weight of magnesium hydroxide (average particle
size 0.7 pum) was kneaded at a temperature of 200°C using a twin
screw kneader manufactured by JSW, extruded in a strand shape,
cooled with water and then molded by cutting into a pellet. Melting
point of this compound calculated by DSC was 168°C, and melt tension

measured at 182°C was 32.6 cN.

This pellet was put into a single screw extruder manufactured

by JSW, and a gas was injected under a pressure of 19 (l6 after
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of a polyolefin elastomer (MFR 6 g/10 mn, JI'S A hardness 79) and 120

parts by weight of magnesi um hydroxide (average particle size 0.7 n) was
kneaded at a tenperature of 200C using a twin screw kneader nmanufactured
by JSW extruded in a strand shape, cooled with water and then nol ded by
cutting into a pellet. Melting point of this conpound cal cul ated by DSC
was 168C, and nelt tensi on neasured at 182C was 32.6 cN. This pellet was

put into a sin rew extruyder nuf ac a_gas, was

Pl ect e ihreron” b ol o B i 8 AT oh SRbeSe et

at nosphere of 220C Aft suf fi 'ent sat ur on with the gas, thi S
ool o S At STeuPhgd ThOP FASMFIDLSRACS Hort N TS (DM EaD di o
to obtain a foan1nater|al Rel ative density of the foam material was
0.273. far fsamingmnd {:hgngaaﬁqmﬂse%fgo%ﬁheaﬁaetw eRER3R HECERF G arat eri al
at that tinme was 1.2 mm Exanple 5 A m xture consisting of 45 parts by

wei ght d¥elatdoisoldamesii t Yoo fetthgl dvarama terdgll @ae OMRR30. 319/ @édﬁrrhynf%
parts by weight of a polyolefin elastomrer (MFR 6 g/10 nmin, JI'S A hardness
790) artk 1P pars O B meei gintd dfhindgresss il Hydy daade Ir(aal;aariaig]e Partthat e
size 0.7 m was kneaded at a tenperature of 200C using a twin screw
kneadert itenufactiuredmby JSW extruded in a strand shape, cooled wth water
and then nol ded by cutting into a pellet. Melting point of this conpound
cal cul ated by DSC was 167C, and nelt tension

Example 5

A mixture consisting of 45 parts by weight of a copolymer
of ethylene and propylene (MFR 0.3 g/10 min), 55 parts by weight
of a polyolefin elastomer (MFR 6 ¢g/10 min, JIS A hardness 79°)
and 120 parts by weight of magnesium hydroxide (average particle
size 0.7 um) was kneaded at a temperature of 200°C using a twin
screw kneader manufactured by JSW, extruded in a strand shape,
cooled with water and then molded by cutting into a pellet. Melting
point of this compound calculated by DSC was 167°C, and melt tension

measured at 182°C was 60.0 cN.

This pellet was put into a single screw extruder manufactured
by JSW, and a gas was injected under a pressure of 12 (16 after

injection) MPa in an atmosphere of 220°C. After sufficient
saturation with the gas, this was cooled to a temperature suited
for foaming and then extruded from the die to obtain a foammaterial.
Relative density of the foam material was 0.11. In addition,
the gap was 0.3 mm, and thickness of the foam material at that

time was 1.8 mm.
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measured at 182C was 60.0 cN. This pellet was put into a single screw
extruder manufactured by JSW and a gas was injected under a pressure of
19 (16 after injection) MPa in an atnosphere of 220C. After sufficient
saturation with the gas, this was cooled to a tenperature suited for
foam ng and then extruded fromthe die to obtain a foammaterial. Relative
density of the foammaterial was 0.11. In addition, the gap was 0.3 mm
and thickness of the foammaterial at that tinme was 1.8 mm 23 Conparative
Exanple 1 A mixture consisting of 45 parts by weight of a pol ypropyl ene

(NFR 4 g/10 mn 5 parts by wei ght of a polyolefin elastomer (MFR 6 g/ 10
d%@QQEﬁﬁﬁ%% 50 parts by wei ght of nagnesium hydroxide
(average particle size 0 was_kneaded . at a tenperature of 200C using

a twin screw %M&é%r%ﬁaﬁaéicapaepf By PSS &%ﬂ%%‘at O & PAYRFPRINENRE
cooled with water and then nolded by cutting into peIIet Mel ting point
of thi stMEGhpound 0 @siirdul &SedassDEE wed glroet @n@q%éaq efdis i SHORAF ed at

182C was 4.0 cN. This pellet was put into a single screw extruder
manuf acMRReds AL ) S\n ,ard Sa g & rwiee ssnj78C) edndnéeér parpsebguweightl16£2 (14
after injection) MPa in an atnosphere of 220C. After sufficient saturation

Wi th t hesgass i drhisyoresk iGRO| @rdrage pimErclirsd zzuit.ed prf)owadoamaugieand t hen
extruded fromthe die to obtain a foam material .

at a temperature of 200°C using a twin screw kneader manufactured
by JSW, extruded in a strand shape, cooled with water and then

molded by cutting into a pellet. Melting point of this compound
calculated by DSC was 170°C, and melt tension measured at 182°C

was 4.0 cN.

This pellet was put into a single screw extruder manufactured
by JSW, and a gas was injected under a pressure of 16.2 (14 after
injection) MPa in an atmosphere of 220°C. After sufficient
saturation with the gas, this was cooled to a temperature suited
for foaming and then extruded from the die to obtain a foammaterial.
Relative density of the foam material was 0.35. In addition,
the gap was 0.3 mm, and thickness of the foam material at that

time was 0.4 mm.

Comparative Example 2

Amixture consisting of 45 parts by weight of a polypropylene
(MFR 4 g/10 min) and 55 parts by weight of a polyolefin elastomer
(MFR 6 g/10 min, JIS A hardness 79°) was kneaded at a temperature

of 200°C using a twin screw kneader manufactured by JSW, extruded
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Rel ative density of the foammaterial was 0.35. In addition, the gap was
0.3 mm and thickness of the foammaterial at that tine was 0.4 nmm
Conparative Exanple 2 A m xture consisting of 45 parts by weight of a

pol ypropylene (MFR 4 g/ 10 min) and 55 parts by weight of a polyolefin
elastoner (MFR 6 g/ 10 mn, JIS A hardness 79) was kneaded at a tenperature
of 200C using a twin screw kneader manufactured by JSW extruded 24 in a

strand ,shape, coo wi th water t he m)l de cutt intog peI | et .
Vel {1 g Thdl HE G e RS S AR oy BB PR oiA thh i
tensi on neasured at 182C was 0.9 cN. ThIS eIIet was ut i nt 0 sin
screw et dePedafi- acM@#EHnngOHTSWOQnH‘ rﬁp 'iﬁfg 5
pressure of 18 MPa in an atnosphere of 220C After sufficient saturation
Wit h t eagydsi0°Ct hasdwaisltotkadibn metenpedattr @880 twas fOr9fomi ng and t hen
extruded fromthe die, but a sheet could not be obtained due to

i nsufficient Théarpelyl.etOsaparut intoBxampbée Fckav gxtiredevmsirstfant wfed0
parts by weight of a polypropylene (MR 0.35 g/10 mn) and 30 parts by
wei ght f FBWolatal ef igaelvast diglectddRirfiley H priassubleS of Har MiEs siy Bn was
kneaded at a tenperature of 200C using a tw n screw kneader nmanufactured

by JSW, g dptfiat df“ 2 R, ANy SLAPS, £ £001 & Vo4 PuMBE 85n ARtk heRe NBL42d by
cutting 1nto a pellet. Melting point of this conpound cal cul ated by DSC
this was cooled to a temperature suited for foaming and then extruded

from the die, but a sheet could not be obtained due to insufficient

foaming.

Comparative Example 3

A mixture consisting of 70 parts by weight of a polypropylene
(MFR 0.35 g/10 min) and 30 parts by weight of a polyolefin elastomer
(MFR 6 g/10 min, JIS A hardness 79°) was kneaded at a temperature

of 200°C using a twin screw kneader manufactured by JSW, extruded

in a strand shape, cooled with water and then molded by cutting
into a pellet. Melting point of this compound calculated by DSC
was 170°C, and melt tension measured at 182°C was 23 cN.

This pellet was put into a single screw extruder manufactured
by JSW, and a gas was injected under a pressure of 22 (19 after
injection) MPa in an atmosphere of 220°C. After sufficient
saturation with the gas, this was cooled to a temperature suited
for foaming and then extruded from the die to obtain a foammaterial.
Relative density of the foam material was 0.43. In addition,

the gap was 0.3 mm, and thickness of the foam material at that
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was 170C, and nelt tension neasured at 182C was 23 cN. This pellet was put
into a single screw extruder manufactured by JSW and a gas was injected
under a pressure of 22 (19 after injection) MPa in an atnosphere of 220C.
After sufficient saturation with the gas, this was cooled to a tenperature
suited for foam ng and then extruded fromthe die to obtain a foam
material. Relative density of the foammterial was 0.43. In addition, the
gap was Q3 ?néj n{[‘pi ckness of the foammaterial at that 25 tine was 2.5
ch o

nm Since ea t he ‘expandabl e pol yol efin resins obtained in the above
I nventive Exanpl es containing a pol co nent _.conpri.sin pal yol efin
resin and a rgEBEF aAq oP?atﬁﬁe?EBBﬁggﬁﬁg g§ﬁ§8?8ﬁép g§8188w§Q%§185 i cles
showed a high nelt tensiaon, spect.ive foam materi al s .obtai ned by the

conventitridie f%ﬂ%gm‘éftréﬁ-‘{?;e RIS Sh Py & Be lnmsT Hlgas

were possessed of high expansion ratio and sufficient thickness. Contrary
to thicompyifFing anpoéypaasianresin @nshe Kubbekt andéer fa dhammerlaahic
mat eri al s obtained in Conparative Exanpl es because of their low relative
densi t yelatemnmot oldfiawdessi parddm st esticnledbfa thhiegh megit i toam shiasn,
sufficient thickness and is excellent in softness and cushiony property.
Al so, atedpabitnigted fdem praohircitd lon oietaiod byt dhd meentdron onadx cildmeintg f oam
materials as described in the above can be produced easily and
ef fi ci ed¥dyy by releasing pressure of a high pressure gas were possessed
of high expansion ratio and sufficient thickness. Contrary to
this, sufficient expansion ratio was not obtained from the foam
materials obtained in Comparative Examples because of their low
relative density.
The polyolefin resin foam material of the invention has
sufficient thickness and is excellent in softness and cushiony
property. Also, accordingtotheproductionmethodof the invention,

excellent foam materials as described in the above can be produced

easily and efficiently.

While the invention has been described in detail and with
reference to specific embodiments thereof, it will be apparent
to one skilled in the art that various changes and modifications
can be made therein without departing from the scope thereof.

This application is based on Japanese patent applications
No. 2003-041154 filed on February 19, 2003, the entire contents

thereof being hereby incorporated by reference.
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Whil e the invention has been described in detail and with reference to
speci fic enbodi nents thereof, it will be apparent to one skilled in the
art that various changes and nodifications can be nmade therein w thout
departing fromthe scope thereof. This application is based on Japanese
patent applications No. 2003-041154 filed on February 19, 2003, the entire
contents thereof being hereby incorporated by reference. 26 What is
clainmed is: 1. A conposjtion for a polyolefin resin foam which conprises:
a pol yBr o et &bnipti sing: a polyol efin resin, and at |east one of a
rubber and a thernoplastic olefin elastoner, and powdery particl es,
wherein said conposition has a nelt tension of at |l east 20 cN when

neasured in a,r e_bhetween first.te . r a i f said
Commos: 11 on akd BoSBBERCraRger bravPTRr At s e T EtRR {Heft
than said first tgper at ur e. 2. The conposition according to claiml,
wherein at |e8sP° Lo OPRENERHEPTRRGSERE 't her nopl astic el astoner is
contained in an amount of from 10 to 150 parts by wei ght based on 100
parts by wei ght of tIfe Bot¥lafit rasdity. and Afe o SNe Gt S JdoR% to
claim?2, wherein at |east one of the rubber and the thernoplastic
el ast orand | & tdwmromles tig ale BHifoumitasdforfaroma@l t 0 100 parts by wei ght
based on 100 parts

powdery particles,

wherein said composition has a melt tension of at least
20 ¢cN when measured in a range between a first temperature at a
melting point of said composition and a second temperature that

is 20 degrees Celsius higher than said first temperature.

2. The composition according to claim 1, wherein at least
one of the rubber and the thermoplastic elastomer is contained
in an amount of from 10 to 150 parts by weight based on 100 parts

by weight of the polyoclefin resin.

3. The composition according to claim 2, wherein at least
one of the rubber and the thermoplastic elastomer is contained
in an amount of from 30 to 100 parts by weight based on 100 parts

by weight of the polyolefin resin.

4, The composition according to claim 1, wherein at least
one of the rubber and the thermoplastic olefin elastomer is a

thermoplastic olefin elastomer.
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by wei ght of the polyolefin resin. 4. The conposition according to claiml1,
wherein at | east one of the rubber and the thernoplastic olefin el astoner
is a thernoplastic olefin elastoner. 27 5. The conposition according to
claim1l, wherein the powdery particles have a particle size of fromO0.1 to
10 pm 6. The conposition according to claim1, wherein the powdery
particles are contained in an anount of fromb5 to 150 parts by weight
based on 100 parts by wei ght of the polyner conponent. 7. The conposition
according to claim6, wherein the powdery particles are contained in an

amount of from 1f,d %o&l%g)sﬁﬁb% QMcoi‘\@ilﬂ%ttobé§§§jmpﬂ 1@ rkant snbpRiahy of

t he pol yner conponent. e conposition according to claim1, wherein the

powdery rticles are a _flane retardant . The .c ition according to
clai m EPEPR%H‘&']'&%’I € A B ke $re iof ﬁoﬁng)r'gla%irgc)qﬁ & retardant. 10.
The conposition according to claim8, wherein the inorganic flanme retardant

is a netal hydroxide. 11. The conposition according to claim9, wherein the
inorganic flane retardant is one selected fromthe g%oup co sistkpgrof

al um num hydPoxitR CORRGFSLGM ATAPHR S EoaChfdRat e WOF TRagnERE RAWAETY

oxi de-ni ckel ~oxide, a hydrate of magnesi um oxi de-zinc oxide. 28 12. The
conposiRadh defordingFadadingdnin amhamsiunt; pd dgam 5 to 150 parts by

weight based on 100 parts by weight of the polymer component.

7. The composition according to claim 6, wherein the powdery
particles are contained in an amount of from 10 to 130 parts by

weight based on 100 parts by weight of the polymer component.

8. The composition according to c¢laim 1, wherein the powdery

particles are a flame retardant.

9, The composition according to claim 8, wherein the flame

retardant is an inorganic flame retardant.

10. The compositionaccordingtoclaim8, whereinthe inorganic

flame retardant is a metal hydroxide.

11. Thecompositionacceordingtoclaim9, whereinthe inorganic
flame retardant is one selected from the group consisting of aluminum
hydroxide, magnesium hydroxide, a hydrate of magnesium oxide-nickel

oxide, a hydrate of magnesium oxide-zinc oxide.
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tension is at least 25 cN. 13. The conposition according to claim12,
wherein the nelt tension is at least 30 cN. 14. A polyolefin resin foam
produced by foam nol ding the conposition according to claim1. 15. The

pol yol efin resin foam according to claim214, which has a relative density
of fromO0.02 to 0.30. 16. A nethod for producing a polyolefin resin foam
whi ch conprises carrying out foam nolding of a conposition for a
polyolefin resin foam wherein said conposition conprises: a polyner
conponent conprising: a polyolefin resin, and at | east one of a rubber and

a thernopl asti [ t.omer, YeP2E L £ 6She VOEL QIHE SRI19
conposition h%g'g+§%l @ﬁﬁﬁ%éﬁ?ﬁﬁaégaﬁéﬁi %BZSP%Rﬁmﬁén ﬁ%asureéﬂ?n a range
between a first, te rat yre .at mel ting point of said conposition and a
secondquﬁﬁéVhﬂﬁ¥é&$ﬁ S '?SZGNgegrees Cel si us higher than said first
tenperature. 29 17. The nethod according to claim 16, wherein said foam ng
is conducted by using a high pressure gas. 18. The nethod according to

claim 17, wherein the high pressure gas is carbon di oxi de or nitrog%p. 19.
The net hod acédr dTigy qaRaIsdithorsacarEfénd kartéimildxi teerein the melt

tension is at least 30 cN.

14. A polyolefin resin foam produced by foam-molding the

composition according to claim 1.

15. The polyolefin resin foam according to claim 14, which

has a relative density of from 0.02 to 0.30,

16. A method for producing a polyolefin resin foam, which
comprises carryingout foam-moldingof a composition forapolyolefin
resin foam,

wherein said composition comprises:

a polymer component comprising:

a polyolefin resin, and at least one of a rubber
and a thermoplastic olefin elastomer, and

powdery particles,

wherein said composition has a melt tension of at least
20 cN when measured in a range between a first temperature at a
melting point of said composition and a second temperature that

is 20 degrees Celsius higher than said first temperature.
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under supercritical conditions is used as the high pressure gas. 30

17. The method according to claim 16, wherein said foaming

is conducted by using a high pressure das.

18. Themethod accordingtoclaim1l7, wherein thehighpressure

gas is carbon dioxide or nitrogen.

19. The method according to claim 18, wherein carbon dioxide

under supercritical conditions is used as the high pressure gas.
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