COVPCSI 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 a polyole fin 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 equipment or the like, a cushioning material, a
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property adi abatic property and the |ike characteristics fromthe
V|emp0|n$ R ot R R gF@#@ seal i ng performance and the |i ke when
incorporated 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
cushiony property are not sufflE&PefRE, THEo INVENTIRE pur pose of i nproving

t hese problens, an attenpt has been nade to soften the raw material itself
by i ncreasi ng iMhe pexpansioventionrelablesnd agoappsi ydbeffon apsiyolefina
rubber conponent or the |like. However, it was difficult to obtain a soft

f oam havi&gin hi gdin expasnbl @it rigt i e fioM A geheiess potysityteneraserty,

pol ypropyl ene, 1 because tension force at a high tenperature, nanely nelt
tensi on, agdiabatic property and the like, a foam thereof and a production
method thereof.
' ( S
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. As sucha foam, foams of polyethylene, polypropylene

I

and the 1like polyolefin resins are known, but these feoams 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
expansionraticorblendingapolyolefinresinwitha rubber component
or the 1ike. However, it was difficult to obtain a soft foam having

high expansion ratio from a general polyethylene 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 ynmerfoanproducti onnmethods. 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
then bubbles are fornmed_by evaporating the foam ng agent through heating.
A'So, i nBRREUSRerPEarORetRutE SF PoltPat SORT ALAr Fhr CATGTL ¥ IRE o Reeion o
bubbl es effected by a gas generated by thermal deconposition of a caonpound
(f oani ng Odg@EY) AERIBHD 16 TREFSFH Yt 2Byset temiererob tatie ar el S¥PeESHPNques
by physical nethod have various environnmental problens such as toxicity of
t he substrande teswtusadhmsovheassbnd ag thgdine defopniny sheto bremdkagsyer
and the like, and in the foam ng techniques by chem cal nethod, residue of
t he foamofgbajppbie abtldrs ogerer dhicomndbnt bé pabbrilesai ns in the resulting foam
and causes a problemof pollution particularly in the case of the

application toceheehtoohalparts ahémibellm&Eholinaaddatpensitalreeenbdyears,
a met hod has been proposed as a nethod for obtaining a foam having small

bubbl e disgEEteiwedspohiAb riFehl Eraansi toh mé fhyls ch 1H tHogeRera 2R idizaxi de
or the like gas is dissolved in a polynmer under a high pressure and then

bubbl es @& for fRG IR JRRAINE U RIEREWS Ah Bealid ke fHebyTaNi iy 0se
toits 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 foamiscocbtained 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 method have 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 1s 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 forned froma thernodynam cally unstable

state, and a mcro-porous foamis obtained through the formation of bubbles
due to expansion growh of this nucleus. According to this nethod, it has
an advantage in that mcrocellular plastics so far unknown can be obt ai ned.
In addition, various attenpts have been proposed for applying this foam ng
net hod to thernnplastic polyurethane and the li ke thernoplastic el astoners.
However, suyffici exBP i on ra | d not. be obtained,_ and thlckness
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of the fEAREHIS 3= Jtso ?WF% REL 2 FRe R aThksa! by BBFEABLef or
exanple, a resin conposition for_ foam conpact has been proposed, which is
char act 6tpfed PRIt AAFLICFPORPEOES E@RAHArt Ly hnsichhh rengh b’@leyépéﬂlaﬁlon

el astomer is blended wth 100 parts by wei ght of a pol ypropyl ene resin
mai nl y odnprbbileg dbeotroexpansdenbyrasighofothaspolugpeopy! ehechrotopal ymer
having a nelt tension at 230C of 7 gf or nore and from 10 to 90% by wei ght
of a polyptiopymetchabpdltyhes davdvand agel intest on atoc230Clefr pTagtias nore
(see JP-A-2002-322303) . Also, a polyolefin resin foam conprising a

pol yol ekibn reesiuakhawinngaa wel bbtansiedn ain 2380 tD6n exegetibig dt ednpng a
rubber or thernoplastic el astonmer conponent and a nethod for producing a

f oam UShBQeQ%é}PﬁrQ gxkderding ?l?ln?/l&%Qchd)ém me@hditt ORLBanepha8Ric
pr oposed (see JP—A— 001- 34845 SUMVARY OF THE | NVENTI ON The obj ect of the

| nvent | rkfhBhevihde hQO %i‘i&'eefth@rﬁx%hQstﬁeag‘lgé‘ébﬂgrgxc%éﬁ@\tf&Oft”ess

and cus |o y property an i ci ent
sufficient expansion ratio could not be obtained, and thickness

( of the formed foam was limited to 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 dioxide 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

tensi on of at | east 20 _cN when. measur i,n range between ( a first
tenperaﬁ%?éﬁgﬁsi’ngppiﬁgp g%HFt&PDSEFSQSSWﬁgngP%n and a second tenperature
that is 20 degrees Celsius higher than said, first te rature, is carried
out, bubbles af&tQrbi 3??e?ffﬁai¥hﬁg VF?h%ﬁ?r%ﬁﬁgFﬁagggrEgoéﬁ?Wﬁkaﬁﬁeand

def ormati on and the shape of bubbles can therefore be maintained, so that

t hi ckned¥esenthd WWeaRCrEahPEe rEkeled andeasigamstadisg avcelfiosd @Jshi ony
property can be obtained. In addition, the phrase "at | east one of a rubber
and a teheespptashdl, ohein foenampddeny hae chepsaint impahtng @olve ledier
and/or a thernoplastic olefin elastoner”. Accordingly, the invention

provi desemsicorfipasm, t Wbl chorcoapriclepolkebiold ymesi nompame nibthicompadsimigsas a

pol ynmer conponent conprising a polyolefin resin and a rubber and/or a

t her noplgastyicd e fahefd 91 re kA oS e én OB @rth aaidp 164 €11 c 6harF antedraiszetheirn t hat
said conposition has a nelt tension of at |east 20 cN when neasured in a

range betnsegBwaekirSirt £ADEE AtdH A Rltcd iMRIE HAOt ROt Nda Dl SRighs IGAMPHlalsl ON
and a second tenperature that is 20 degrees Cel sius

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, 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 cushicny 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 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



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 for
a polyolefin resin foam wherein said conposition 1is characterized in that
it conprises a polyner conponent conprising a polyolefin resin, a rubber
and/ or a, ther Iastlc oLefin elasto and ticles d sai d
conmosi B BRShatta et 4 L EREr D EoBRe T E s b0 NP A SELS G ERLR nEGeR ange
between a fjrst tquera ure at a neltin oint of said COﬂgOSItIOﬂ and a
second Yehplrif pECNFER P¥ bl jEerRaBo e kY (R ik rcPmRms shiant frsta
tenperature. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The conposition of the

i nventipalyolebiporgdieffpaResin foamis conposed of a pol ymer conponent
conprising a polyolefin resin and a rubber and/or a thernoplastic el astoner
and powdery pdrsd,cles iTheergolgmer cumssnentmedhache amiprdsbayirgf & he
conposition of the invention for a polyolefin resin foam conprises a

pol yol epobyolesin seslim fadmenwtand! aomprtibesnopkasting ehasfoamrmolding
desirable that the rubber and/or thernoplastic elastoner is used in an
amount oot dogn@Bskt itch A5 apaNlys IRE Wk eitin £PaRf Ghakly nfy08 SOmpos100cpart s

by weight, based on 100 parts by weight of the aforenentioned polyolefin
resin. jscharacterized in that it comprises a polymer component comprising
apolyolefinresin, a rubber and/or a thermoplasticolefinelastomer,
( and powdery particles, and 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.

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 and a rubber and/or a thermoplasticelastomer. Itisdesirable
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

polyolefin resin.



5 Cushiony 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 meight di stribution and a shoul der on the

hi gh nolecular ht sid htI crasslinked pe resin, .a_l chain
branched chai n %fﬁﬁ%9¥ﬁpré%er e Ilﬁ%)caﬁsfgpte E% reggcggtwaenEgggples
of the polyolefin_resi of th es | density pol yet hyl ene,
a medi uAMGBRSI Py Hog et z?@n%ﬂ% Wﬂé%ﬁ%ﬁ}*p@qﬁégﬁﬁeénés eﬁﬁnggﬁnlow
density Bolyethylene a poI propylene copol yner of ethylene with

propyl eh8, PArEs Ry yieghtof @tawpérﬁé:o@ @@bwaéﬁ@wtlﬁhoﬁﬁeanél@merﬁﬁma
copol ymer of ethylene wth vinyl acetate, acrylic acid, acrylic ester,

met hacr yehoo&chd, cbrathadr yhen ébEeamovnhyBXQEe@ﬁol5@rpah58|bkeweaght

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

af or enedtieobedthet bptnasel €bi ndusrcbutlgasbiihenet | thpehirneof, fhexéng- 1,

4- et hyl pentene-1 and the like. Also, the copolyners may be any of random
copol ynmers andadl ek palopslefiet scesthe afubiher iavehhepmpphasybe elfagketmar
component of the invention is not particularly limted with the proviso
that 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 other a-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 provisc that it

can perform foaming, and its examples include natural rubber,



can performfoamng, and its exanples include natural rubber, 6

pol yi sobut yl 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 copol yner, hydrogenated products thereof and the
li ke stypéﬁéSOEPégﬁsﬁﬁrsPOb%+?%%¥%Qeeﬂ%E&Qﬁﬁﬂ%ﬁnﬁmﬁ%ﬁgﬁﬁmeb@ﬁé&t6H€P§Fr(

pol yuret hane el astoners and the |ike_various thernoplastic elastoners.
These rubbedlerbukEtnbpbhsti eand| hbeoktrecbapbheht 8T sdRtbetisegukbene:or as
a conbination of two or nore. According to the invention, a thernoplastic
ol efi n ehastbyeéenerpreopiviabkycopedymsri henatohghenerpnedylabbediene

t hermopl astic el astonmer conponent. The olefin elastomer is an el astoner
havi ng cepslyuetryr eni athhieheaninief enetattpooepdlandranaepbylybneepeopyl ene
rubber forma state of mcro-phase separation, and it has good

conpat i bhllbk¥nwitkA bbeyatnyeanat hpaedhpolypkebiafigseéNastbxirg;rati o of the
m xture of the aforenentioned polyolefin resin and rubber and/or

t her nopkast-cacebashaiBhel 8t yE0he€%8ABN fmert g é@pﬂsﬁéL@gbgkeﬁeaae&eéhgately
from1/99°to 99/1 (preferabe from about 10/90 to about 90/10, nodre

Pgsgﬁ{?ghﬁPgpﬂg&ggﬂggfégéﬁgFgé?g?@&ﬂ&tgoéﬁg}eofhﬁn&OEHQSi&k@”s@&rbﬂ@
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 clefin elastomer
is suitably used as the aforementioned rubber or thermoplastic
elastomer component. The olefin elastomer is an elastomer having
a structure in which an olefin 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 polyoclefin
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 functionas anucleating agent at the time of foam-molding,



f oam conprises powdery particles. As the main object, the powdery particles
function as a nucleating agent at the tinme of foamnolding, 7 and talc,
silica, alumna, zeolite, calcium carbonate, nagnesium carbonate, barium
sul fate, zinc oxide, titanium oxide, alum num hydroxide and the |like can
for exanple be used. It is desirable that these powdery particles have a
particle size of fromO. 1 to 10 m Wen the powdery particles have a

particl gy size-0f *f§§atrgﬁhﬁkﬁarn zd 6 REWden Y- RAT WG hoha4Q n&%g%%%&%m

function as a hucleafing agent in sone cases. Nbreover, a particle size
exceedin 0 I S.N e b S SO b se of
outga55|%6% Pg%%é Pa%%u%fgpﬁgg%ﬁblggﬁé.SF%EFheg?%vgﬁgpoﬁgqgﬁé a1 %Fi§ﬁ§ si ze
of the é@ arti.c resents the pa le size in a state wher ei n
t he pomﬁ¥ VOB iﬁ? éPds the grdl ggsﬁéps 8riﬁ¥8B8 FoPynE€fonponent conprising a
polyolefin resin and a rubber and/or a thernDpIastlc elastoner or the
particle sizelfnstfestaableddiafathrspaRowsesy Patsieles hate apastarlisn
agglutinate in the case the particles are agglutinated. According to the
i nvent i emzeidf fsoddésilrablld urhat Whwe phewewde nyapa 1 tl eseahaveontartedlien an
anmount of from5 to 150 parts by weight, preferably from 10 to 130 parts by
wei ght , shasesft oas$iGtharpar t urby theigivdady phetpall yaeio aonpiuklny fuActiibhor m
f oam cannot be obtai ned when the powdery particles are less than 5 parts by
wei ght , aand whehebhéngmaygehtexaeednelbfsepar tfobyower gha, parstosétyias the
conposition for a polyolefin
exceeding 10 um 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 polyolefin
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 the powdery
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 weilght, 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. 8 In addition, since the resin foam conprises a thernoplastic
polymer, it has a di sadvantage of being easily burned. Because of this, it
is desirable to fornulate various flame retardants as the powdery particles
particularly when the material is used in electronic equipnment and the |ike
applications for which provision of flane retardancy is essential. As the
flane retardadt 2eghdRPY oMEITS LR FERMBWH BR SRMwe 1888 Asthemrteriatttesins,
phosphorus system antinony systemand the |ike flane retardants ( can be
used, beelgieice thehahl driheacyanieaage mbomaang s aidirnrd | | Be dEugee
retardants generate gases at the tine of burning, which are toxic to human
body andf ctorisiie 19 desiraventsy fomwhuldiee phosiphor usl ayes tem andarEng | nony
system flane retardants al so have toxicity, explosiveness and the |ike
probl enss the i Sowdsty apa et i ¢ e adsk Bt ol dval woaremorhania terya Syisd e et al
hydroxi de as an inorganic flame retardant. As such an inorganic flane

retar dafy e1abupbRY MW AREeand FRENGHHDHYLF 0 $tes £ar ndicalier &F i SBgnesi um
oxi de- ni ckel oxide, a hydrate of nmagnesi um oxi de-zinc oxide and the |ike

are parg Cel 4hd Yre 0850480Y Vi 4S8k ernilCdl Y Halied FaLale GRARUAGT My be
surface-treated. These flanme retardants nay be used alone or as a mxture
of two 5%n6@ﬁfﬁonally well known bromine resins, chlorine resins,

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
gsurface-treated. These flame retardants may be used alone or as
a mixture of two or more.

Bmount 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 polyolefin

resin foam. The flame retarding effect becomes small when this



Amount 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
effect becones small when this 9 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_ inventjon for olyolefin resin foam_Kinds ., of the
add: U1 VeORGRRE 7 o ot SBAl 1 CUTArTSET i 1 150, ARl VEFT GtS i oR Vet Bent s
generally used in the foamnol ding can be used. Exanples of sajd additive
agent i TR & QY ST THL At ieﬁgaé?&éﬁp, rakig GEPI RA DALY B bratac: a
coloring agent, an ultraviolet ray ( absorbent, an antioxidant, a filler, a
rei nforci ng adénoccasiointeseatre agerdduhbve Roentk@ayakgi agdsrotintthe t he
additive agent can be optionally selected within such a range that it does
not spodthpdoiaen onf ofhéulsbiers: iand fiove a pld yodrd inheeaddi igampoukinds
generally used in the nolding of thernoplastic resins can be enpl oyed. The
conposidf othefaddetivveateonth doe @oporyot eduharegi himiosn natedrvatioss
characterized in that said conposition has a nelt tension of at |east 20 cN

(20 cN aqdipred shentseqeneedlip @seanpge thet fean-roldisg donpes atyse. at a
mel ting point of said conposition and a second tenperature that is 20

degr ees melsl Uss Birgherd bRant isaidhdrit shel eAPQY 8t s €al Wien calithd ggshon of
t he conposition for a polyolefin resin

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 canbeemployed.

The composition of the invention for a polyolefin 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 exXpansion 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 time of expansion nolding so that high expansion ratio can be obtai ned.
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 Celsius higher than said first
tenperature is at |east 25 cN (25 cN or nore) (e.g., approximately from 25
to 70 c nor e, desi r y_ a st 30 ¢cN (30, cN or opr e.g. .

appr ox| WATRPYFH8in 36715 S8-0RTy ESMRETAFUr Eonabt L 520 otntt o RCEbeTHE
invention, the nelt tension is neasured ip a range bet ween a first

tenpera?hggeétt%?nn%?%@nﬁlﬁ%FnFe%?eE%Fﬂr%oh%o%Ft% ﬁS%n%5a¢§e&%ﬁd”¥eﬂﬁerature
that ( is 20 degrees Celsius higher than said first tenperature, because

mol ten Berek tandot BRPHOXHNALE! At TEOMepekat P ecBi |meEetfamiraklynetting
poi nt. Mreover, that the second tenperature is exceeding 20 degrees
CelsiuslhagheBOthﬁn(shecNi@sthEﬁbetat@re fpprokhgapelnt frofh 3@ido 50
conposition) is not desirable too, because the conposition becones
conpleteNy.fluid state and the tension force therefore can hardly be
obtained. In addition, according to the invention, it is sufficient when
the nelt tensimn s LGahait i@y, @Y &d e riangs tieineahe andlit st

tenperature at a nelting point of said conposition and a second tenperature

that ist2Qsd68" eeSm&rbstbs hhoherahbamstliéen a first temperature at a
melting point of said composition and a second temperature that

(j 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 ¢N 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 di oxide under

supercritical state, i.s used as, the foam ng agent described bel ow, because
bbby e e e B

par ti cuPBEEGERT net i L SuRRE bR b Red PR BRFESIEENIAFLh t he

conventional foam ng nmethods. According to the invention, the foam ng agent
to be uséBeciatlpbEarfPRglacsdrgolBRr FBEFACFHARTARL 8EREE, | §SnBged as
particularly limted, with the proviso that it is generally used in the
expansi bhe hodnling afepbldedefired axiley, because padédicndblrd vt §inseandhi gh
pressure gas fromthe viewoint of environmental protection and | ow

st ai ni ngnadarmstulsb et erdraba dobmefoamechmpar s wddinétiei oonvethieohel m
"hi gh pressure gas" as used herein neans that it includes any fluid under
super cr fbafdhgshatRodkn the invention, the phrase "high pressure"” neans,
for exanple, at least 1 Mpa. The high pressure gas is not particularly

limted with theco IOV S thd {deenf D5eeiHd oneth RO Vb &{t ned asd gl

rubber or thernopl astic el astoner can be inpregnated therewith under a high

Pressur gq it d {151 fX A"BL &0l BEL He £8% BRrth XL d€a1 M 4 1RGCParfiEularly
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. 1In 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. In addition,

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

carbon dioxide) is under a supercritical state from the viewpoint

12



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 npregnating anount 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_ viewoint 2 of quickening its_inpregnation
ate inPb CRECEEEIRG 1 hot W= EBARERE] BATC T TPchict ERpERat b BT Lar bon

dioxide is 31C, and its critical pressure is 7.4 MPa. \Wen a_gas under a
super cr FEPRAFL4PRL eCT dhpEREr LERBEF2FRERIPE FareRdI1PXEdR| §h %griberﬂ%t i on
entrappi ng becones _possible due _to increased solubility in the resin, and
gener at i6f 6F1buBBLePrABEPERAsiat 7t AeMPRme of sudden pressure drop becomes
frequent because of the high concentration, so that the density of bubbles
formed ( by tH&eR evids ghdefies s Unglisitd thgel e t dlee dimawarargdrl aeHafluhd) case
of other conditions even when the porosity is the sane, and fine bubbles
can t heief osedbeibbt higbdcofbhentrebhbdnf ent papdicgngetbrepopyesibla desin
foammaterial of the invention is not particularly limted with the proviso

that itoi $nargethadsvhushlcany pertbenrexpansand gehdragiosi ag bhpble
af orenenti oned conposition for a polyolefin resin foammaterial, and it may

be eithgticlehat-nhtB¥SiioNE OF suddii bPHOYEL 8 YRR be ABmEX ARt BBBause
production of a polyolefin resin foam

of the high concentration, so that the density of bubbles formed
(' by the growth of these bubble nuclel becomes larger thanh the case
of other conditions even when the porosity is the same, and fine
bubbles can therefore be obtained.

The method for producing the polyolefin resin foam material
of the invention is not particularly limited with the provisc that
it is a methed 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 continucus system.

An example of the production of a polyolefin 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 polyclefin resin foam material, which contains a polymer
component comprising a polyclefin 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

13



material by a batch systemusing a high pressure gas as the foam ng agent
is showmn 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

| di | j,vel ' i ial. Lng is.f d
15 by o SPhFORRAE B o P °ShE, EREReeREL SETRRLIDLEF sl KOG aor finer

and/or a thernop]astic.olefin elast ._an owder articles using a

o1l or . CobREE RHEGR+ EagrBnp]aEh D8 PR | 1R b Ha s P AL C L P Bped
with a blade, and_then press-nmolding the m xture to a predeterm ned

t hi ckne¥810di Agralh8E  pFafe preddesr PARPRFKeLYPSheTr uhbeohikd KREBE1BHt ai ned
inthis manner is put into a high pressure container, and a high gressure
gas conPafBing earberedivvinde, blafer ogjed, thany rasd srie LIdiRe thej hjisEnsd
therein to effect inpregnation of the aforenentioned un-foanmed sheet with
t he hi ghopa gssentet gpasined\Wiér akre sshestinigsa s f il astre Iprdampregnaeediwet h t he
hi gh pressure gas, the pressure is released (generally to atnospheric

pr essur eThe t oneféawstd gelines At dlota ofiedubb| ehiwatainén idhepbasenvmterhaghr esin
The bubbl e nuclei may be grown as such at roomtenperature or wth heating
as occagrepsdeswndsaiRegaraidg htilye diesd une: g8t bodpr iwahercdasdn dobkibal h,

hot roller, hot air oven, extreme infrared radiation, near infrared

radi ati gt rahehowaAYEaRd thBel 1 kkeseljlected 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 ke 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., 1In this connection, the compact to be

subjected to the foaming is not limited to a sheet, and various
shapes can be used in response to respective applications. 1In

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 enployed. After effecting growth
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 only .b trusion |.di ng ar press | di ng but so by

hi Bt on ol s e T I SR 6 AoOd O B Y SSRA DY 1 he
production of a polyolefin resin foam material by a continuous system using
a hi gh PreRsift Yo £ONMHLUPFaRYTE Fy &t 1% asHéﬁ%r BEFBRHIPnERE #hethe
aforenenti oned conposition for a polyolefin resin foam material, which

cont ai nEoalpey wient toapenare kvnpr Wildg Bheafpseaent irasdncaneoal Fidber
and/or a thernoplastic olefin elastonmer and powdery particles, is kneaded
usi ng afer ngleobyo bef Bxtreslon , foawm mateeba bxtwhider oentéens i kepokyteuder, a
hi gh pressure gas is injectedthereinto effect sufficient inpregnation of

t he restompbhdént heotpghs pigss usel gabe f andréhion atdibdl esblase gndnor by

rel easing the pressure (generally to atnospheric pressure) by extruding the

resin, whéPndendsnic asl Ofons 1Mk demandsd pblberyepheet cngsgr 0wt ineéddabbl es,
a polyolefin resin foammaterial can be obtained by fixing its shape

throughysydgen §004180sidh cLOFEI¥R] CEwOR $8Lel i &errhdet Nbs €RENEELLEON, the
expansi on nol ding can also be carried out using an injection nolding
machi ne. of r§88r, ahighpressure gas is injectedthereinto effect sufficient
( 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, apolyolefin resin foammaterial
can be obtained by fixing its shape through sudden cooling with
cold water or the like. 1In this connection, the expansion molding
can alsoc 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 opticnally
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).

15



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 m xture to be subjected to foam ng
is inmpregnated 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 ( - proxi mately.from .6 t 00 Nﬂ&ﬁ pr.ef erably 8 MPa or
more (e. g, alpTOkFRARES TRt S §oHET 1T NRATR JBURRLR TRESHAISRETRTRS | oner
than 6 MPa, bubbl e di aneter becones Iar%e due to consi derabl e_bubble growth
at the t3H%° 0fU¢ 0bfi RS S0 THAL S t PR BENGC Pl 2t i e eF ¥BRtOF sTOPTLRY be
reduced. The reason for this is that when the pressure is |ow, the
i npregne® i Heat abbensowhd ghrsnkattpnat ¢ Teegt shal 2Pt nte dpparedeneti t he
amount at the tinme of high pressure, so that the nunber of formed bubble
nucl ei bezsmestemiliisdde tlhat edurt itdbe pfebsibbe e ndoeusheoimpnggnabieg t he
anount of gas per one bubble increases on the contrary, and the bubble
di anet esindecon®s gxabresetylibigel assmat bsih tcompar 1 den pwEsls ut ke r angen of
| ower than 6 MPa on the other hand, bubble dianeter and bubble density are
gr eat | yathangead mheit hliighi ppeegaat| ofio {HES e nusbelr glit Eyrabangedhlso t hat
control of the bubble dianeter and bubble density becones difficult. The
t enper at gk Be At HEBEMEISshAPL egRAt tONr SHERL Var | €5 KlePSDEi R@cleus 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 ¢f lower than 6 MPa on the other hand, bubble
diameter andbubbledensityare greatlychanged when 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 simultaneocusly

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 Iike
and can be selected within a broad range, but for exanple, it is
approximately from 10 to 350C when workability and the |like are taken into
consi deration. 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 200C, preferably from
about 40 to abqut ,200C. Al sq, when foam ng and, pol ding are simultaneously
Carti ed Gy QORI 1§ ASG95F Mt gHiEed Ts: 6 bOI JRBITaphe thtbrdihat | on
tenperature in the case of a continuous systemis generally from about 60

t 0 aboutt3BGCatiure at $heohiee cif b Ng@Em t U6 ¢8r3P0R o Bride Har tuisndl asl ¥ he
inert gas, it is desirable that the tenperature at the tinme of inpregnation
i s 32C caro°cone, mpaet i dnl ardygr 40Ckeepnmuhe, supeordétitelkeéptiehe
supercritical state. In the aforenentioned pressure reducing step, the
pressure dropInatkeisfodmgraricomed gadesdum reduchoy steps pPrefrereddyrd rom
about 5 to about 300 MPa/second for the purpose of obtaining uniform fine
bubbl es.drddp addiet iiennotthpaheatungrignpenstude bkt the b gwrbatdwnedeheat i ng
step is, for exanple, fromabout 40 to about C 250C, preferably from about

60 to abhmdut28GG abBuadthd MPR/ seicBed fof @am patessalo thayt agn an§iaii Rxdpansi on
rate can be produced by the method of the invention for producing a

pol yol ef & g5igh feddm AR 8Hiudkiohl Bae 8BaRduaNLagBe-AthRal a2 thii ck foam
material can be produced. That is, when a polyolefin

aforementioned 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 polyclefin
resin foam material is produced by a continuous system, a high
pressure gas 1s 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 i1s 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 te 1.0 mm). 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
foam material 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 that
case, it is necessary to adjust the gap of the termnal die of the extruder
as narrow. _as possi.ble (generally fr 0.2 to 1.Q nmm .. Thus, though a foam
mat eri al 53&&02@?@&n(§x rudéBpFﬁ¥6ﬁﬁgggYniFPEwbggptﬁugrgbgm@oaned at a high
expansion ratio for obtaining a thick foammaterial, a high expansion ratio
coul d not be oBegRRAHNTFHENEOHR MGLeZie lsdf thRatn YR EkPrR 88 'ge ERELABFYed f oam
material was also limted to 17 a thin level (e.g., approximately fromO0.5
to 2.0 AP is Regsidileg toheonsamugusdyi abtefint ke fioavempitenies bh&ivaneérary,

it is possible to continuously obtain a foam material having a final

t hi cknedanafl fehdmk®es6 od Fro0 ®mS5CFde Sbi0AI mng Bocholhtathing $oam a
material, it is desirable that relative density of the foamnateri al

(densi t yhadfdkefobmamd bgf tighsi ity iundesivabileantdt cohdtiveorjensitfy @n @h82 to
0.3, preferably fromO0.05 to 0.25. The relative density exceeding 0.3

resul ts figan msthdigilentdenfsaafi AG L eandcardenyiden saft 1 es8letrhan-@c@elds al so

undesi rabl e because of a possibility of considerably reducing strength of

the foam,tadd isThe ol oremery aned Phi-dnesd and Jhelabisveodensisty of the
The relative density exceeding 0.3 results in insufficient

( foaming, and a density of less than 0.02 is alsc 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 polyclefin resin and rubber or thermoplastic
elastomer, for example by optiocnally 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
orthelike, acushioningmaterial, asoundinsulator, aheat insulator,

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

and the like.

18



foam material can be adjusted in response to the inert gas to be wused and
ki nds of the polyolefin resin and rubber or thernoplastic elastoner, for
exanpl e by optionally selecting and setting the tenperature, pressure, tine
and the |ike 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 polyolefin resin foag*gg%ﬁé'al of the invention can be used,
for exanple, as an inner insulator efectroni c equi pment or the like, a

cushioning material, a squ g i nsul at or a.ﬂia i nsul at or a Lo d, packagi ng
material . a ol BEARRYCHaber AP, LRVGGERARng it BFi BrVeAnCLAY: | PRE. thE
EXAMPLES Exanples of the invention will be given below, but the invention
i s not restenitdeadippathesetekahpidy thAsER ¥R REct Tonthis KOPRSIGE 108nhsi on
and rel ative density were neasured and cal cul ated by the follow ng nethods.
(Mel t t dési oa)tlrenhomeasuredani vefdems ity ersdiconcasuchdsamplcaliost latadided
froma capillary of 1 mfmm4) and L/D = 10, in a strand shape at a constant
rat e of R0 tiemifio.l lowiagpmetigds | oad fromthe upper side using a capillary
type rheoneter manufactured by Toyo Sei ki, 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 1s gradually increased. The speed is increased until

the sample isbroken, andthetensionjustbeforebreakageisgenerally

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 is
broken, and the tension just before breakage is generally used as the nelt
tension, though a tension at a take up speed of 2 mimn. is enployed

t herein. Measuring equi pnment: Capil ograph manufactured by Toyo Sei k

Summary of the equipnent: Capillary die size 1 mnmm4), L/D =10 D e dianeter
10 nmm Equi pnent conditions: Extrusion speed 20 mmimn Take up speed 1 to
100 ninlﬁgﬁ;%agﬁe t|v ensity) Rel ative density =(density after foam ng
(density (g/cmB)} = (density before foaning (density of

sheet or_the |i before foam n Hg? Exanp e.1 A mxture con5|st|ng
of 45 pat Etjsatb‘;)’ev\g?%%tlﬁf‘ E e ‘b?éﬁ%f%é 2 R éegglaﬁﬁf R Ay Mg alt)s py
wei ght of a ponoIefln el astomer (MFR 6 g/ 10 min, JIS A hardness 79) and 10
parts bylaeinght of {demgheyi b:afthyeirfmarqu a(ﬁéera@etaoarﬁ ieetsiare e Ijkenas
kneaded at a tenperature of 200C using a twn screw kneader nmanufactured
by JSW tedaneddibaming)sttaimir’shape, cooled with water and then nol ded by
cutting into a pellet. Melting point of this conpound calculated 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 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 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 foammaterial.
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
material at that ,tine was 2.2 nm 20 Exanple 2 A m xture consisting of 45
parts by @éﬁ“ﬁeo% a pol ypropylene (MFR 0.35 g/ 10 nin), 55 parts by wei ght

of a polyol efin_el astoner alﬁsl\/FR,G g/%O mn, JIS A ha gne s 79) and 120 parts
by wei ght of nAghEEF IR RPdsdsitde Al érager hamy ‘dFégé z%fs 8.EP TyPLRRY ded
at a tenperature of ZOOC,using a twin _screw kneader manufactured by JSW
extruded (¥FR t3%a0d 18nBpB) / codl R Wi t1Y Wedehtand fneplvebeabd HATEARG g
into a pellet. Melting point of this conmpound cal culated by DSC was 170C,
and nelt (&Koo MNgasuired &S P82@rdvess ST H) chndTRi2® pelrtet bywasepghti ntfo a
single screw extruder manufactured by JSW and a gas was injected under a
pressur e i grleds {6 afdeixiddj eptd e MRactiiclan st 2@ Spherm)ofw2 Mg Afddr
sufficient saturation with the gas, this was cooled to a tenperature suited
for foam g ArdriRen texkr ydedobromdihg di ewif obtalnkRed@ammpliefd@ured

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 1injected 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 ¢/10 min), 55 parts by weight of a polyclefin elastomer
(MFR 11 g/10 min, JIS A hardness 65°) and 120 parts by weight of
magnesium hydroxide (averadge 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 foamnmaterial at that tinme was 2.2 nmm Exanple
3 A mxture consisting of 45 parts by wei ght of a pol ypropylene (MR 0.5
g/10 mn), 55 parts by weight of a polyolefin elastoner (MR 11 g/ 10 mn,
JI'S A hardness 65) and 120 parts by wei ght of magnesi um hydroxide (average
particle size 0.7 m was kneaded at a tenperature of 200C using a twin
screw kneade nufact ured. 21 JSW extruded in, a strand shape ool ed
W et Y i R AT G By ARG & et 4tb el T4 AT Tcht SO ¢ i s
conpound cal cul ated by DSC was 168%, and nelt tension neasured at 182C was
24.9 cN. WHidRPpaY & D ionfo P ldigl et Hhe X2+ libie? T nimt® a2 d by
JSW and a gas was injected under a pressure of 19 (16 after injection) MPa
in an at nusphelratad PROGC Mazrl GiChHi anehme 1$atenstioon meiatsh relde agad 826 6i s
was cooled to a tenperature suited for foam ng and then extruded fromthe
die to obtas k. Yo material. Relative density of the foam material was
0.251. In addition, the gap was 0.3 mm and thickness of the foam nateri al
at that tine wahis. gdehiet Exanplte i4tA arkihygle onsy ekikngdet mmyBad tsidad

wei ght of a copolynmer of ethylene and propylene (MR 0.4 ¢g/10 mn), 55
parts by meigiH, 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 0.251. 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 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 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 (16 after
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of a polyolefin elastonmer (MFR 6 g/10 mn, JIS A hardness 79) and 120 parts
by wei ght of nagnesi um hydroxi de (average particle size 0.7 pm was kneaded
at a tenperature of 200C using a twin screw kneader manufactured 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 tension neasured at 182C was 32.6 cN. Thi s pellet was put into a

single screw Xtr manuf actyred by JS d.a vvas i ppected under a
pressur e f 1(01‘3 3{ tfert™ 22 a%“@&q}@?/{) ﬁ?\F/é( %%EJ gho?l%l%c Aft er
sufficient _ saturati an

| d t t t t ed
for foam ¥ HridttHen™ htltﬁ]‘&eaafsroﬁﬁ?ﬁewﬁgeg?la%l %?%Cfeﬁa aFOefH%’aﬁﬁeaﬁ{era ur% s te

Rel ative density of the foammaterial was_ 0.273. In addition, the gap was
0.3 nm &% fapRikReanhEheRextdaderthf BPRAneadl ¢ (7 OPER b Aphean ITE“"ﬁ‘trﬁ‘ﬁlaﬂxarrpl e

5 ( Amxture consisting of 45 parts by weight of a co ymer of ethylene
and propyRedativerRdgns igy1 0 nithe, fosmpaeterpglwiaght . 25f3 -a pol gaietian,

el astomer (MFR 6 g/ 10 mn, JIS A hardness 79) and 120 parts by wei ght of
magnesi urhbey dragx ivies (Cb.\Bemage gar thhdlaknesisz @ 0. themf osers medeaded att dhat
tenperature of 200C using a twn screw kneader manufactured by JSW

ext ruded tiimea wets dnd stwape, cooled with 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 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 0.11. 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
t hi ckness 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
(MFR 4 g/ 10 mn), 55 parts by weight of a polyolefin elastomer (MFR 6 g/10
mn, JISORMpRTdidye FoGPded 150 parts by wei ght of magnesi um hydroxi de
(average particle size 0.7 m was kneaded at a tenperature of 200C using a
twi n screw kneadewixtrg aongietingyo J4Wpaxts byede i phi ost 2 ared wWwhapey L egool ed
with water and then C nolded by cutting into a pellet. Melting point of this
conpound (MFH culgatied rhiyy ) DSGC Swas rtA0 Gy ard gl to ft engicdryoieaSiur ed sttcdh8C  was
4.0 cN. This pellet was put into a single screw extruder manufactured by

JSW and @mgas 0 Mi9Gt d undefa ranisessure ghdal8o2phidsabieleiyitesti on)
MPa in an atnosphere of 220C. After sufficient saturation with the gas,

this was &4 P k@ycfx%%%feat(‘érvpelr%léjet e rtfiQn & Q@ATND AN NeR LR From

the die to obtain afoam materia
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 ocbtain 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, cooled with water. and then nolded by cutting into a pellet.
Mel ting pdl it SSran SheqfpornP led othitd atp sy B thed mddedmy mattt ihsi on
measured at 182C was 0.9 cN. This pellet was put into a single screw

ext ruder infiufla®edded - bYedSipgapdlat gas Wass | epreeewed urrfeeubape@dayirRSGf 18
MPa in an atnosphere of 220C. After sufficient saturation with the gas,
this was wnplle o antiemperatyneisui hedsheedf aaning andas hensexwruded from
the die, but a sheet could not be obtained due to insufficient foam ng.
Conpar ati ve Examplie 314 ¢m xasitconsbs snggle st Ppaeksrhyevaipghifadtired

pol ypropylene (MR 0.35 g/10 min) and 30 parts by weight of a polyolefin

el ast omeryy (MR G 1D Jid.wall Sy dicdnessield)a Wake ddinadesk atg ademerat ure

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

strand s e i wat e . d i Lt | et.

MR R e b S e A
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

Amixture 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 (%fBénna anE§Q&§kness of the foammaterial at that 25 tine was 2.5
mm  Si nce each ot ‘1e expandabl e polyolefin resins obtained in the above

I nventive Exanpl.es containing pol yner nponent onprising a,pol.yolefin
resin and a rubﬁépcﬁnﬁﬁgh 8%tﬁanﬁﬁéﬁggﬁﬁgeeP8§?8ﬁ§ l&naeﬁéﬁgePF%6é¥Fﬁkles
showed a high nmelt tension,  respective foamnmaterials obtained by the
convent i dRItHOFANEF LYV S SR IRP sl & I YD SEWAPE wer e
possessed of high expansion ratio and sufficient thickness. Contrary to
this, suffamsirEminekpgaheilvaledinoreabn motd ghrabhed ARANPEhe Theamomestiial s
obtai ned i n Conparative Exanpl es because of their low relative density. The
pol yol ef ielasgsimerf card medwiemy rofrttinel e hvadmtweagh ahasi gls ufdliteitets idmn,ckness
and is excellent in softness and cushiony property. Al so, according to the
product i aregpridtadreoffddre matwenitd Ion,obtexioadd ént flommaorateart iadrsa last alasiaig bed
in the above can be produced easily and efficiently.
step 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

Fanms

reference to specific embodiments therecof, 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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VWil e the invention has been described in detail and wwth 1 reference to
speci fic enbodi nents thereof, it will be apparent to one skilled in the art
t hat various changes and nodifications can be nmade therein w thout

departing fr he.s thereof. This application is based on Japanese

pat ent appli @glfai%ogss’ 8%&%%’?—'041154 filed on February 19, 2003, the entire
contents thereof being hereby incorporated by reference. 26 What is cl ai ned
is: 1. A conposition for a polyolefin resin foam which conprises: a

pol yner conponent CONpEbfipOgitBorpobyalpefiiysleesimesandcaln, lveash e rdfses
rubber and a thernoplastic olefin elastoner, and powdery particles, wherein
sai d conposition has gl tensbRenOfcadprdigaat;: 20 cN when neasured in a
range between a first tenperature at a nelting point of said conposition

and a second tenperature thatpoliy®12@ifdegsens, Geldsiats 1kiaghesns han $ahtbddi st
tenperature, wherein the powé)ery particles have a particle size of fromO0.1

to 10 m and phereiheRsp POYEr 1R HI 61 £S5t caMpi ned in an  amount of
from10 to 130 parts by wei ght based on 100 parts by weight of the pol yner

conponent. 2. The coipasi)iRRtaetesding to claim1, wherein at |east one of
t he rubber and the thernoplastic elastoner is contained

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,
wherein the powdery particles have a particle gize of from 0.1
to 10 um, and 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.

2. The composition according to claim 1, wherein at least
cne 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 polyolefin 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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in an anount of from 10 to 150 parts by weight based on 100 parts by wei ght
of the polyolefin resin. 3. The conposition according to claim2, wherein at
| east one of the rubber and the thernoplastic elastoner is contained in an
anount of from 30 to 100 parts by weight based on 100 parts by wei ght of
the polyolefin resin. 4. The conposition according to claim1, wherein at

| east one of the rubber and the thernoplastic olefin elastoner is a
thernoplastic olefin elastomer. 27 5. The conposition according to claim1,
wherein the powdery particles are a flane retardant. 6. The conposition

according to cl ain 5 er el die s ol AURLALALOAY E380 N0 QAN | BE

retardant. 7. The ‘conpositi according'to ¢ wher ei ' t i'nor gani c

flame retar%&&hek Btk h¥g£Q§Ié¥%m reggghéﬁ%np03|tlon according to claim
Rd MSakt

6, wherein t gani c I ame Teta I's one selected fromthe group
consi sting of a alum num hydroxi de, magnesi um hydroxi de, a hydrate of
nmagnesi um oxi de- ni ckel oxide, a hydrate of magnesium oxide-zinc oxide. 9.

The COMPOSI {i 0N GCCOT 40 LomSldTLl, JNRLSLAG e, TELL i &1ST Qo) i,pt cheast

25 cN. 10. The conposition according to clainT9, wherein the ne t ension
is at |east fygm%hketardant is an inorganic flame retardant.

7. The compogition according to c¢laim 5, wherein the

inorganic flame retardant is a metal hydroxide.

8. the composition according to claim 6, wherein the
inorganic flame retardant is one selected from the group
consisting of a aluminum hydroxide, magnesium hydroxide, a
hydrate of magnesium oxide-nickel oxide, a hydrate of wmagnesgium

oxide-zinc oxide.

9. The composition according to claim 1, wherein the melt

tension is at least 25 c¢N.

10. The composition according to claim 9, wherein the melt

tension ig at least 30 cN.

11. A polyoclefin resin foam produced by foam-melding the

compogition according to claim 1.
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11. A polyolefin resin foam produced by foam nol ding the conposition
according to claiml1l. 28 12. The polyolefin resin foamaccording to claim
11, which has a relative density of fromO0.02 to 0.30. 13. A nethod for
produci ng a polyolefin resin foam which conprises carrying out
foam nol ding 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 thernoplastic olefin elastoner, and
powdery particles, wherein said conposition has a nelt tension of at |east

20 cN when neasured i a ran etween a_first tenperature. at mel ting
poi nt of said co#ﬁ%sit#h§1p§g§gge§5%&ﬁz1Feﬁ%%?a??ﬁ%§ Rt Oiglﬁﬁngggrg%§CH

Cel si us higher. than,said fi te ature erei.n the powdery particles
have a part!hﬁseasfgéﬁ%ﬁv%|é§%?26¥1g?§5T31éfo%ﬁgjﬁhégéin the powdery particles
are contained in an amount of from 10 to 130 parts by wei ght based on 100
parts by weight of the polyner conponent. 14. The nmethod according to claim
13, wherein said fopampng .

The method accordifig to Cele(;}lji r%c%g,gu&ﬁ%gg%?%ngtjﬁaie%lgﬁgiagg]npégssfnurﬁoa%e’lsmgghlf)-
comprises carrying out foam-molding of a composition for a
polyolefin 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 1n a range between a first temperature at a
melting point of said composition and a second temperature that

igs 20 degrees Celsius higher than said first temperature,

wherein the powdery particles have a particle size of from
0.1 to 10 pm, and 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.

14. The method according to claim 13, wherein said foaming

is conducted by using a high pressure gas.
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pressure gas is carbon dioxide or nitrogen. 16. The nethod according to

claim15, wherein carbon dioxide under supercritical conditions is used as

the high pressure gas. 30

15. The method according to c¢laim 14, wherein the high

pressure gas is carbon dioxide or nitrogen.

16. The method according to c¢laim 15, wherein carbon

dioxide under supercritical conditions is wused as the high

pressure gas.
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