COWPOSI TI ON FOR POLYOLEFI N RESIN FOAM FOAM OF THE SAME, AND PROCESS FOR
PRCODUCI NG FOAM FI ELD OF THE | NVENTI ON The present invention relates to a
conposition for polyolefin resin foamwhich is excellent in softness,
cushioning property, heat-insulating property, etc., and to a foanpbtai ned
therefromand a process for producing the foam Mre particularly, the
invention relates to a conposition suitable for use in producing a thick
polyolefin resin foamtherefrom BACKGROUND ART Foans to be used as

i nt ernal |nsu ators for _electron HEEF ances or _the like, cushioning

mat eri al s€ yg@ﬁ&TI9§UFQFOP9LYOQ§§FN| Nt 8PEM: t BBHM pQE KR e e VLA s,

cl ot hi ng naterlals bui l din naterlals and the |like are reqU|red to have
propert i eSROSEER H9Rs GROMEEING S4bni ng properties, and heat-insulating
properties fromthe standp0|nt of securing the sealing and other properties
of such foanms in the case where the foans are incorporated as parts. These
foans are further required to have a given thickness so as to retain
sealing properties. Known asr3Bth OBamHEaIRNVENOIpNl efin resin foam such as
pol yet hyl ene and pol ypropyl ene foans. However, these foans have had a

probl em that theyhbageesanpo@hvehtengt keandear €ol BSebhipeisefti odl FBri N

softness and 1
polyolefinresin foamwhich is excellent insoftness, cushioning
N property, heat-insulatingproperty, etc., and to a foam obtained
therefrom and a process for producing the foam. More

particularly, the invention relates to a composition suitable

for use in producing a thick polyolefin resin foam therefrom.

BACKGROUND ART

Foams to be used as internal insulators for electronic
appliances or the like, cushioningmaterials, sound insulators,
heat insulators, food packaging materials, clothing materials,

{  3 buildingmaterials, and the like are required to have properties
such as softness, cushioning properties, and heat-insulating
properties from the standpeint of securing the sealing and
other properties of such foams in the case where the foams
are incorporated as parts.

These foams are further required to have a given thickness
so as to retain sealing properties. Known as such foams are
polyolefin resin foam such as polyethylene and polypropylene
foams. However, these foams have had a problem that they have

a poor strength and are insufficient also in softness and
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cushi oni ng property. Techniques for inproving these insufficient properties
are being enpl oyed, which are to heighten the expansion ratio and to
i ncorporate a rubber ingredient or the |like into a polyolefin resin to

soften the material itself. However, since ordinary polyethylene or
pol ypropylene is lowin the viscosity relating to the stress required for
hi gh-tenperature stretching, i.e., extensional viscosity, a foamng

operation conducted so as to obtain a high expansion ratio results in cel
wal | breakage and hence in gas escape and cell enlargenent. It has

t her ef or e WedH A1 TY RAWP Y- Bbt FiaThrd Wert IPgamrAAYHE % HEedEsired high
expansion ratio. Known processes heretofore in use for producing a polyner

f oam i ncl dde uf fCEmrdapreppotbs es ane e igtgemeke yed ovbs sh aTied o yenegh hién

physi cal process conprises dispersing a lowboiling Iliquid (bl ow ng agent)
such as atdid ergfdnsiracardioie candyids cocardipoiat e patyblesr andgt déheheat i ng
the dispersion to volatilize the blow ng agent and thereby formcells. The
chem cal prodgss ffidfe alrited M NG By d Dadr re orgs irs etso Py Ptz i fige ma €OPPOUN

(bl owi ng agent) added to a polyner base to generate a gas and thereby form
cells. Howawatyfthe technique of physical foam ng has various environnental
probl enms such as the harnful ness of the substance used as a bl ow ng agent

and ozonospher eydgRkRb 0B ; cUs8d 4By athers¥hst ADEEn WL Sol Pifropylene

is low in the viscosity relating to the stress required for
high-temperature stretching, i.e., extensional viscosity, a
foaming operation conducted so as to cobtain a high expansion
ratio results in cell wall breakage and hence in gas escape
and cell enlargement. Ithasthereforebeendifficult toobtain
a soft foam having the desired high expansion ratio.

Known processes heretofore inuse for producing a polymer
foam include a chemical process and a physical process. The
general physical process comprises dispersing a low-boiling

{ liquid (blowing agent) such as a chlorofluocrocarbon or
hydrocarbon in a polymer and then heating the dispersion to
volatilize the blowing agent and thereby form cells. The
chemical process for obtaining a foam comprises pyrolyzing
a compound (blowing agent)} added to a polymer base to generate
a gas and thereby formcells. However, the techniqueof physical
foaming has various environmental problems such as the
harmfulness of the substance used as a blowing agent and
ozonosphere depletion caused by the substance, while the
technique of chemical foaming has a problem that a residue
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techni que of chem cal foam ng has a problemthat a residue 2 of the bl ow ng
agent remains after gas generation in the foam and this residue is
causative of pollution especially in applications such as electronic parts.
On the other hand, a process for obtaining a foam having a small cel

di aneter and a high cell density has recently been proposed. This process
conprises dissolving a gas such as nitrogen or carbon dioxide in a polyner
at a high pressure, subsequently releasing the polyner fromthe pressure,

andheatin e | yner to a, tenperaturg around the glass trapsitjon
Fommerat ot RS BPoUIRE Aot n SORSTRL A gy g Pee ety SharRedean | ¢
this foam ng technique, nuclei are forned in a system in a

t her modyn&@®icc &Mty drrstidiitee 1t £3818fd thesle RAU WL B RERECTHL Yridv to form

cells and thereby give a mcro-cellular foam This process has an advantage
t hat a foappHadvdatgaas ruthv-aelelgehirgiraqants whi ch has not been obt ai ned
so far i can be produced. Various attenpts to apply this foam ng techni que
to thernopl asti cOrl @s¢ atdres: havkudd Py addesrsndpk agt i injpod yufethdmnesitmave been
proposed. However, a sufficiently high expansion ratio has not been
obt ai ned andmizha foedArms dichietiarabiel vd thi dthe-dlac hivrpier haves beefedting ted to
thin foans. For overcom ng those problens, a polyolefin resin foam nade of
a bl end ofhcarp@r@cRfddl repiB Pavtegs E6hpeX38B! &issolving a gas such
as nitrogen or carbon dioxide in a polymer at a high pressure,
subsequentlyreleasingthepolymer fromthepressure, andheating
the polymer to a temperature around the glass transition
temperature or softening point of the polymer to thereby form
cells. In this foaming technique, nuclei are formed in a system
in a thermodynamically unstable state and these nuclei expand
and grow to form cells and thereby give a micro-cellular foam.
This process has an advantage that a foam having a
micro-cellular structure which has not been obtained so far
f can be produced. Various attempts to apply this foaming
technique to thermoplastic elastomers including thermoplastic
polyurethanes have been proposed. However, a sufficiently
high expansion ratio has not been obtained and the foams
obtainable with the technique have been limited to thin foams.
For overcoming those problems, a polyoclefin resin foam
made of a blend of a polyolefin resin having, for example,
amelt tensionexceedinglcNat230°Candarubberor thermoplastic
elastomer ingredient and a process for foam production using

carbon dioxide in a supercritical state have been proposed
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a melt tension exceeding 1 cN at 230 C and a rubber or thernoplastic
el astoner ingredient  and a process for foam production using carbon dioxide
in a supercritical state have been proposed 3 (patent document 1)
Furthernore, it has been disclosed that a polystyrene conposition having
specific values of extensional viscosity, weight-average nol ecul ar wei ght,
etc. has excellent suitability for foam ng (patent docunent 2). [ Patent
Docunent 1] JP-A-2001-348452 (Cains) [Patent Document 2] JP-A-09-208771
(d ains) SUMVARY OF THE | NVENTI ON An object of the invention is to provide a
pol yol ef i AP2F8BENAPEURARFch) i s BRI TEHIT§/n 1dohEARICRMY T it tor oper t y
and has a sufficient thickness. Another object of the invention is to
provi de aamrokessyfene ppoRasifdgonimTiouhrrEaéipravdnted af enttem stadal
intensive investigations in order to overcone the problens described above.
As a resultiscoistl tlyaswdignt f aveda ¢ ao lwloed axr eohplos) tatan has eprleidleafi n resin
f oam whi ch conprises a pol yner conponent conprising a polyolefin resin and
a rubber aondtabitlheymipirasbiamielgastpertentaks camgemden) . particle and has an
extensional viscosity as neasured with a capillary rheoneter (tenperature,
200C, sheapatane, DocR@@nt 1]
JP-A-2001-348452 (Claims)
[Patent Dccument 2]

JP-A-09-208771 (Claims)

SUMMARY OF THE INVENTION

An object of the invention is to provide a polyolefin
resin foamwhichis excellent insoftness and cushioningproperty
and has a sufficient thickness. Another object of the invention

is to provide a process for producing the foam.
The present inventor made intensive investigations in
{ order to overcome the problems described above. As a result,
it has been found that when a composition for polyolefin resin
foamwhich comprises apolymer component comprisingapolyolefin
resin and a rubber and/or thermoplastic elastomer and a powder
particle and has an extensional viscosity as measured with
a capillary rheometer {temperature, 200°C; shear rate, 5,000
[1/8)) of from 20 to 100 kPa-s is subjected to foam molding,
then cells grow without undergoing considerable contraction
or deformation after foaming and can retain their shape andg,

hence, a foam having an increased thickness and excellent
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[1/s]) of from20 to 100 kPas is subjected to foam nolding, then cells grow
W t hout undergoi ng consi derable contraction or deformation after foam ng
and can retain their shape and, hence, a foam having an increased thickness
and excellent 4 cushioning properties is obtained. The invention has been
conpl eted based on this finding. Nanely, the present invention has the
followng constitution. (1) A conposition for polyolefin resin foam which
conprises: a polynmer conponent conprising a polyolefin resin and a rubber

and/ or ther | astic_el astomer, .and owder rticle, wherein the
conpositiSHgﬁggnéﬁge?F8H§F%ﬁ§F df%é%gﬁgfe s ﬁﬁﬁsﬁ?gah&ﬂ9ﬂ gaéa%FFPary
rheonmeter (tenperature, 200C, shear rate, 5,000 [1/s]) of from20 to 100

kPas. (2) CPRBLESRF0SRERE OPortHiS YIPEF iy -resin foam according to the above
(1), wherein the powder Earticle is one selected fromthe group consisting

of talc, silica,Nanghvnathgeprpsent éaventiareakbsnihe, fpddae¥drdm car bonat e,
barium sulfate, zinc oxide, titanium oxide, alum num hydroxide, magnesi um
hydr oxi decofi8tituthenconposition forpol yol efinresin foamaccording to the
above (1), wherein the powder particle has a particle
(1) A composition for polyolefin resin foam, which
comprises:
a polymer component comprising a polyolefin resin and
a rubber and/or thermoplastic elastomer, and
a powder particle,
wherein the composition has an extensional viscosity

as measured with a capillary rheometer (temperature, 200°C;

shear rate, 5,000 [1/s8]) of from 20 to 100 kPa-s.

(2} The composition for polyolefinresin foam according

to the above (1), wherein the powder particle is one selected

{ from the group consisting of talc, silica, alumina, zeolite,
calcium carbonate, magnesium carbonate, barium sulfate, zinc

oxide, titaniumoxide, aluminumhydroxide, magnesiumhydroxide.

(3). Thecompositionforpolyolefinresin foamaccording
to the above (1), wherein the powder particle has a particle

diameter of from 0.1 to 10 pum,

(4) The composition for polyolefinresin foamaccording

to the above (1), wherein the powder particle is contained
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diameter of fromO0.1 to 10 pm (4) The conposition for polyolefin resin foam
according to the above (1), wherein the powder particle is contained 5 in
an amount of fromb5 to 150 parts by wei ght based on 100 parts by wei ght of

t he pol yner conponent. (5) A polyolefin resin foam obtai nabl e by
foam nol ding the conposition for polyolefin resin foamaccording to claim
1. (6) The polyolefin resin foam according to the above (5), which has a
relative density in the range of from0.02 to 0.30. (7) The polyolefin
resin foan1accordinglto t he above (5), which has a ul si on

| gad agaj nst re

upon conprés$nG@rF 5§k (B cortpy dsf GRS S Dt B g’.a(qu & lcprOD| ower .
(8) A process for producing a polyolefin resin foam which conprises
f oam nol dPAFtE Eohpiesitito® T dhiepdlofomen womesingntf-oam whi ch conprises: a
pol ynmer conponent conprising a polyolefin resin and a rubber and/or
t hernopl astic el astoner, and a powder particle wherein the conposition has
an extensional viscosity as neasured with a capillary rheoneter
(tenperature, 2006} Ahpedryalaifdn bef0f fddms pptafinkbirm B9 ficand-Gtb kBasy

the composition for polyclefin resin foam according to claim

1.

(6) The polyolefin resin foam according to the above
(5}, which has a relative density in the range of from 0.02

to 0.30.

{(7) The polyolefin resin foam according to the above
(5), which has a load against repulsion upon compressing to

50% (50% compression strength) of 5.0 N/cm® or lower.

( (8) A process for producing a polyolefin resin foam,
which comprises foam-molding a composition for polyolefinresin
foam which comprises:

a polymer component comprising a polyolefin resin and
a rubber and/or thermoplastic elastomer, and

a powder particle

wherein the composition has an extensional viscosity
as measured with a capillary rheometer {(temperature, 200°C;

shear rate, 5,000 [1/3]) of from 20 to 100 kPa-s.



6 (9) The process for producing a polyolefin resin foam according to the

above (8),

wherein the conposition is foaned wth a high-pressure gas.

(10)

The process for producing a polyolefin resin foam the above (9), wherein
t he hi gh-pressure gas is carbon dioxide or nitrogen. (11) The process for
produci ng a polyolefin resin foam according to the above (10), wherein
carbon dioxide in a supercritical state is used as the high-pressure gas.
In the present invention, the term"high-pressure” neans 6 MPa or higher.
DETAI LED DESCRI PTI. ON THE | NVENTI ON The anentioEymjll be descri bed bel ow

in detail.
conpri ses:

pol yolefin resin to be used in the

The corpost2F AF WFeIhe ImPeRGiet e Botyelefin resth f9am

a polynmer conponent conprising a polyolefin resin and a rubber

and/ or t h&CepIdatd Eoethst dheye Bhd ahsoder thsarerepeitEeanps ekoamred he

havi ng a wiidd andliahrraresminghtgal stribution with a shoulder on the 7
hi gher - nol ecul ar side, a resin of the slightly crosslinked type,
andar esi nof t hel ong- chai n branched type. Thepol yol efin

(10) The process for producing a polyolefin resin foam

the above (9), wherein the high-pressure gas is carbon dioxide

or nitrogen.

(11) The process for producing a polyolefin resin foam

according to the above (10), wherein carbon dioxide in a

supercritical state is used as the high-pressure gas.

In the present invention, the term “high-pressure” means

6 MPa or higher.

DETAILED DESCRIPTION OF THE INVENTION

The invention will be described below in detail.

The composition of the invention for polyolefin resin

foam comprises: a polymer component comprising a pelyolefin

resin and a rubber and/or thermoplastic elastomer; and a powder

particle.

Examples of the polyolefin resin to be used in the

invention include a resin of the type having a wide

molecular-weight distribution with a shoulder on the

v

invention include a resin of the type



resins of such types may be any of, for exanple, |owdensity polyethylene,
medi um density pol yet hyl ene, high-density polyethylene, |inear |owdensity
pol yet hyl ene, pol ypropyl ene, copol yners of ethyl ene and propyl ene,
copolynmers of ethylene or propylene and other a-olefin(s), copolyners of
ethylene and one or nore of vinyl acetate, acrylic acid, acrylic esters,
met hacrylic acid, nethacrylic esters, vinyl alcohol, and the |Iike, and

m xtures of two or nore thereof. Especially fromthe standpoints of
suitability for thernal processin% in foam nol ding and of shape fi xing
after foRAPREL "BPLECUIBIy SLRF! efe 165 2P0 pibSy ISAahitd ¥s Gress i P keg anpl es
of the "other a-olefin (s) " include butene-1, pentene-1, hexene-1, and

4- et hyl péiiPenand a The i eddiymbeBonalya bebapngaed tvisdontBemsi e ior bl ock
copol ynmers. The rubber or thernoplastic elastonmer ingredient in the

i nventi onresinet ofasticbutgpey hawibedmg dbngfas axtanipsle,f daneddens ibyanpl es
t hereof include various thernoplastic elastoners such as natural or

synt heti cpplbbehylsneh awdiaim+dansityblperlydidipienehutylodnelenpdlty sopr ene,
chl oroprene rubbers, butyl rubbers, and nitrile-butyl rubbers; olefin

el ast oner go154€Ryasnet, hyl €8st RoaPHeeRa tOPOL YEER$1 R hxﬂo@@@frﬁfpg&\@r@)e_/ di ene
copol yners, ethyFéneIV|nyI acetate copolyners, pol ybutene, and chlorinated
pol yet hyl R 19th¥k@Ner 8thylene and propylene, copolymers of ethylene

or propylene and other o-olefin(s), copoclymers of ethylene

and one or more of vinyl acetate, acrylic acid, acrylic esters,
methacrylic acid, methacrylic esters, vinyl alcohol, and the

like, and mixtures of two or more thereof.

Especially from the standpoints of suitability for
thermal processing in foam molding and of shape fixing after
foaming, etc., polyethylene or polypropylene is suitable.
Examplesof the “otheroa-olefin{(s)” include butene-1, pentene-1,
hexene-1, and 4-methylpentene-1. The copolymers may be either
( random copolymers or block copclymers.

The rubber or thermoplastic elastomer ingredient in
the in&ention is not particularly limited as long as it is
foamable. Examples thereof include various thermoplastic
elastomers such as natural or synthetic rubbers such as natural
rubber, polyisobutylene, polyisoprene, chloroprene rubbers,
butyl rubbers, and nitrile-butyl rubbers; clefin elastomers
such as ethylene/propylene copolymers,
ethylene/propylene/diene copolymers, ethylene/vinyl acetate
copolymers, polybutene, and chlorinated polyethylene; styrene
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el astoners such as styrene/ butadi ene/ styrene copol yners,

styrene/i soprene/ styrene copol yners, and polyners obtained by hydrogenating
t hese copol yners; polyester elastoners; polyam de el astoners; and

pol yur et hane el astoners. These rubber or thernoplastic el astoner

i ngredi ents can be used alone or in conbination of two or nore thereof. In
the invention, it is preferred to use a thernoplastic elastoner as the
rubber or thernoplastic elastomer ingredient. The olefin elastoner is an

el astomer having a mcro-donmain structure nad?%gp of an ol efin ingredient

and an et IRATHIRHODYF R #RbDeyT akadbenat sy BFe cormat YBETFty with
the polyolefin resin. The pol ymer conponent serving as a nmain conponent of

t he conposi&YiRNEOF SR R 65 Fr e | FPRQBYMOF St hand nvehyhers eohpineds a

pol yolefin resin and a rubber and/or thernoplastic elastoner. The anmount of
t he rubberbyant/drogdreaiopy atihése edrastynersi ngrbgéener i slaesemabsy from 10
to 150 parts byweight, preferably from30 to 100 parts by wei ght, based on
100 parts pdiyyawidite bistdeeps} yahéfpal yeséthahe ehsstahere. t thegwunt of

t he rubber and/or thernoplastic elastoner ingredient is smaller than 10

parts by wei@hdr ctrhéhe EAGPDSEL1OR las taRlert Dn gl ¥@ientoammhay e d suused
cushioning properties. In case where the anpunt thereof exceeds 150 parts
by wei ght,; gag, eSGRPEnEE18R ot OLRECHF HYFE NEhEPRIENT and it

In the invention, it is preferred to use a thermoplastic
elastomer as the rubber or thermoplastic elastomer ingredient.
The olefin elastomer is an elastomer having a micro-domain
structure made up of an colefin ingredient and an
ethylene/propylene rubber and has satisfactory compatibility
with the polyolefin resin.

The polymer component serving as a main component of
the composition for polyolefin resin foam of the invention
comprises a pelyolefin resin and a rubber and/or tﬁermoplastic

{ elastomer. The amount of the rubber and/or thermoplastic
elastomer ingredient is desirably from 10 to 150 parts by weight,
preferably from 30 to 100 parts by weight, based on 100 parts
by weight of the polyoclefin resin.

Incasewhere the amount of the rubber and/or thermoplastic
elastomer ingredient is smaller than 10 parts by weight, the
composition is apt to give a fecam having reduced cushioning
properties. In case where the amount thereof exceeds 150 parts
by weight, gas escape is apt to occur during foaming and it
is therefore difficult to obtain a highly expanded foam.
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is therefore difficult to obtain a highly expanded foam 9 The conposition
forpolyolefin resin foamof the invention contains a powder particle. The
powder particle is mainly intended to function as a nucleator in foam

nol ding. As the powder particle can be used, for exanple, talc, silica,
alum na, zeolite, calcium carbonate, nmagnesi um carbonate, barium sulfate,
zinc oxide, titanium oxide, alum num hydroxide, magnesi um hydroxide, or the
| i ke. The powder particle preferably are ones having a particle dianeter of
about fromO.1 to 10 pm Powder particle having a particle dianeter smaller
than 0. 1 pm ar eThEFEMHCHIE Betatbel yPhefandes idakear phidhe Sueerpst i cl es
do not sufficiently function as a nucleator. Powder particle having a
particl e dicafatieys aratim@ars st e Thedesreebl papédadse isudiaindyge
particles may be causative of gas escape during foam nol ding. The powder
particl e iimtdmsldchventiuor tdioe esneainned eafcrannaffoamt mofiddesi.r abs ytHeom 5 to
150 parts by weight, preferably from 10 to 130 parts by wei ght, based on
100 part s pdowde ghttioletdan pelussel, Conponaplle, | taTaseidtiene 4 hanamount of
the powder particle is smaller than 5 parts by weight, an even foamis

difficult #1008l Balliugasebehare , heyadBuit chheeeat e, BeaaRESsIbRarts by
wei ght, not only the conposition for polyolefin resin foamhas a
consi der abliy, hej,ghiened pdrSiGRS I d¥ide, aluminum hydroxide, magnesium
hydroxide, or the like.
The powder particle preferably are ones having a particle
diameter of about from 0.1 to 10 pm. Powder particle having
a particle diameter smaller than 0.1 um are undesirable because
there are cases where suchparticlesdonot sufficiently function
as a nucleator. Powder particle having a particle diameter
exceeding 10 ym are undesirable because such large particles
may be causative of gas escape during foam molding.
The powder particle in the invention are contained in
( an amount of desirably 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. In case where the amount of the
powder particle is smaller than 5 parts by weight, an even
foam is difficult to obtain. In case where the amount thereof
exceeds 150 parts by weight, not only the composition for
polyolefin resin foam has a considerably heightened viscosity,
but also gas escape may occur during foam molding to impair
suitability for foaming.
Resin foams have a drawback that they are flammable
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but al so gas escape may occur during foamnolding to inpair suitability for
foam ng. Resin foans have a drawback that they are flammble 10 because
they are constituted of a thernoplastic polynmer. It is therefore preferred
to incorporate any of various flame retardant as powder particle especially
for applications in which inpartation of flane retardancy is indispensable,
as in electronic appliances. As the flanme retardant can be used known
flame retardants such as brom nated resins chlorinated resins, phosphorus
conpounds, and an the chlorjnated or braom nated

ool n {1 aRECAUER: HANYSLERICOREEL EkEd o o A DTSIAT it HHREEET e

retardants upon conbustion emt a gas mhlch is harnful to the human body
and corr odés thREEAPKES Pr\ﬁﬁfieFée@héopH%ﬁHBPﬁ@t@r agt PoMprdemsodAd™el ame
retardants al so have probl ens concerni ng harnful ness, expl osiveness, etc. It
is theref@Eéapd@hérﬁ@dppwdﬁwepﬁm&é@ﬂﬁoﬁspﬁ&ﬁaélﬁeﬁ@w a@wdd@ﬁﬁd@nﬁeiadded as
a non- hal ogen non-antinony inorganic flane retardant. Especially preferred
exanpl es ehishchmpartiandoganifc ffllaare redchacddanty iisclindd splemsatmlm, hydr oxi de,
magnesi um hydr oxi de, nmagnesi um oxi de/ ni ckel oxi de hydrates, andnmagnesi um

oxi de/ zi ngnoxi det hydr at £spl SueBe Hy drid et Bl alneCOBPOHALE t NBYN HR ednder gone

a surface treatnent. Flane retardant can be

known flame retardants such as brominated resins, chlorinated
resins, phosphorus compounds, andantimony compounds. However,
the chlorinated or brominated resin flame retardants and the
like have a problem that these flame retardants upon combustion
emit a gas which is harmful to the human body and corrodes
machines, while the phosphorus or antimony compound flame
retardants also have problems concerning harmfulness,
explosiveness, etc.

It is therefore preferred in fhe invention that a metal
hydroxide be added as a non-halogen non-antimony inorganic

( flame retardant. Especially preferred examples of such an

inorganic flame retardant include aluminumhydroxide, magnesium
hydroxide, magnesiumoxide/nickel oxide hydrates, andmagnesium
oxide/zinc oxide hydrates. Such hydrated metal compounds may
have undergone a surface treatment. Flame retardant can be
used alone or as a mixture of two or more thereof.

The content of such a flame retardant may be about from
10 to 70% by weight, preferably about from 25 to 65% by weight,
based on the whole composition for polyolefin resin foam.
Too low contents thereof result in reduced flame retardancy,
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used alone or as a mxture of two or nore thereof. The content of such a
flame retardant may be about from 10 to 70% by wei ght, preferably about
from25 to 65% by weight, based on the whole conposition for polyolefin
resin foam Too |ow contents thereof result in reduced flame retardancy, 11
while too high contents thereof result in difficulties in obtaining highly
expanded resin foam Additives nmay be added to the conposition for
polyolefin resin foam of the invention according to need. The additives

are not particularly limted in kind, and various additives in ordinary use
for foam WBLdEn§oeanind GeadentRafpreescdt refeladdint diddiicnditdgs dnyst al

nucl eators, ©plasticizers, lubricants, colorants, ultraviolet absorbers,

ant i oxi danbg§aihinbehd ghlyi sekpecceentresiandoant.i stati c agents. The amount of
such additives to be added naybe suitably selected as long as the

i ncorporation thereof does not inpair cell formation, etc. Addition anounts
used in the nolding of ordinary thernoplastic resins can be enployed. The

conposi tion of thRedinvessintly beraqddy ebeflid coapon ithieantsds pehgoaetrani zed by
havi ng an extensional viscosity as neasured with a capillary rheoneter

(tenperat ¥e8in2086m Shede Bt PR bHashy 66 heeq 20rHo HM thRas. The

extensional viscosity thereof is preferably from30 to 90 kPas. By
are not particularly limited in kind, and various additives

in ordinary use for foam molding can be used.

Examples of the additives include crystal nucleators,
plasticizers, lubricants, colorants, ultraviclet absorbers,
antioxidants, fillers, reinforcements, and antistatic agents.

The amount of such additives tobe addedmay be suitably selected
as long as the incorporation thereof does not impair cell
formation, etc. Additionamountsusedinthemoldingofordinary
thermoplastic resins can be employed.

The composition of the invention for polyolefin resin

{ foam is characterized by having an extensional viscosity as
measured with a capillary rheometer (temperature, 200°C; shear
rate, 5,000 [1/s]) of from 20 to 100 kPa-s. The extensicnal
viscosity thereof is preferably from 30 to 90 kPa-s. By
regulating the composition for polyolefin resin foam so as
to have an extensional viscosity of from 20 to 100 kPa-+s, the
composition can be made to less suffer cell wall breakage during
foammolding and, hence, a high expansion ratio can be cbtained.

Furthermore, a pressure in the die can ke maintained even

when thegapiswide and, hence, foamhavinganincreasedthickness
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regul ating the conposition for polyolefin resin foamso as to have an
extensi onal viscosity of from20 to 100 kPas, the conposition can be nade
to less suffer cell wall breakage during foam nolding and, hence, a high
expansion ratio can be obtained. Furthernore, a pressure in the die can be
mai nt ai ned even when the gap is wide and, hence, foam having an increased

t hi ckness 12 can be obtained. Consequently, in case where the extensional
viscosity of the conposition is lower than 20 kPa s, a heightened pressure
is difficult to ohtain in the dip tip and it is necessary to narrow the gap
for obtai i3y 2e MR GEREd pressure. Nanely, a thick foamis not obtained
inthis case. In addition, when the gap is thus narrowed and the sheet

thi ckness is redﬁ@@éﬁqU§§§lébc&ﬁecﬁﬁénwgérﬁsth% LhheReEenat c¥iFEPRHEY n a
further reduced expansion ratio. On the other hand, when the extensional

vi scosi ty of thhecourmpost 1doh sekawsti $hao® kRRa- ss,a hkdgdtanedgasessunter e t he
conposition has reduced suitability for foamnolding or where the foam
obt ai ned tierdiffrioimbht flwambieidi dg as dipr baghasdrifces hecébgaryviemt i on,
ext ensi onal viscosity is neasured by the follow ng nethod. Measuring

appar at us: ndmdw e |daar rorhepretien nglypiei Riitedednprukaater. edvdye Rot hand

Preci sion

a thick foam is not obtained in this case. 1In addition, when
the gap is thus narrowed and the sheet thickness is reduced,
gas escape fromcells is enhanced, resulting in a further reduced
expansion ratio. On the other hand, when the extensional
viscosity of the composition exceeds 100 kPa*s, there are cases
where the composition has reduced suitability for foam molding
or where the foam obtained therefrom by foam molding has a
rough surface.

In the inventicn, extensional viscosity is measured
by the following method.

( Measuring apparatus: twin-capillary rheometer “Type

RH7-2” manufactured by Rothand Precision

Long die: ¢ 1 mm; length, 16 mm; incidence angle, 180°
(L/D=16)

Short die: ¢ 1 mm; length, 0.25 mm; incidence angle,

180° (L/D=0.25)

Aresininapellet formisintroduced into thecapillaries
of the capillary rheometer and heated at a given temperature

for about 10 minutes. The molten resin is extruded through

13



Long die: 4 1 mm length, 16 nm incidence angle, 180 (L/D=16) Short die: $
1 mm length, 0.25 mm incidence angle, 180 (L/D=0.25) Aresin in a pellet
formis introduced into the capillaries of the capillary rheonmeter and
heated at a given tenperature for about 10 minutes. The nolten resin is
extruded through 13 the lower capillary with a piston pushed down at a
constant speed. Pressures of the resin which is being thus extruded are
measured wi th. pressure sensors disposed at around the inlets to the
respective capillaries. The pressures thus nealgggd are converted to a

vi scosity ulé“[%‘T rffR et 3o mmfhga RptrPushrd dowy a2 pporgiany (Lo

Ls ) wherein pressure | oss [MPa] PL: pressure loss in the long die

[ MPa] Ps: Sﬁﬁ%%su?éelsééléfeisn otthéhengies i ebfloballs beingeidus exwneiadong die

[ Ls: length of the short die [mmj. Extensional viscosity A [kPas] is

cal cul at eceussinagsurhd Widih preaguequERtsmrs Al spos¢d-At) apPond 32Tiylet siher ei n
to the respective capillaries. The pressures thus measured

are converted to a viscosity value using the following equation:

Po = (Ps'Ly-Pr L}/ (Ly-Ls)

wherein

Po: pressure loss [MPa]

P,: pressure loss in the long die {MPa]
Ps: pressure loss in the short die [MPa]
Li: length of the long die ([mm]

Ls: length of the short die [mm].

Extensional viscosity A [kPa-s] is calculated using

[ the following equation:

A = 9(n+1)%Po/ (32my)

wherein

1n: shear rate [1/s]

Y: shearing viscosity [kPa-s}, calculated with 1 = k-y"
wherein 1: shearing stress [kPal]

n: power law index

k: constant.

14



ri: shear rate [1/s] y: shearing viscosity [kPas], calculated with i = ky"
wherein T:. shearing stress [kPa] n: power |aw index k: constant. 14 In the
conposition for polyolefin resin foamof the invention, use of the powder
particle has an effect that the powder particle function as nuclei for cel
grow h and bring about a nore even cellular structure. This effect is
enhanced especi al |l ywhenahi gh-pressure gas, in particular carbon dioxide in

a supercritical state, is used as the bl owi ng agent which wll be descri bed
bel ow. Conpared 9 gganln t echni %s he etgfgre in use, the osition of
the invention ca th €8 88&£FP§ FhePq REEBr meSer £o8hg bI Wi ng agent
to be used in the inventiagn for obtaining pol yolefin resin foam.is not

parti cul afhyentaoted V&S P5n§ eaEOWQGFSP%ﬁElFB? beai gargtiret i athdovam
mol di ng of polyolefin resins. However, it is preferred to use a

hi gh- pr es pewelegaparttichet rf@nm@@p@ﬁnngca;Eleﬁvrr@ﬁh?engmwmeas;@cﬁ\kamrtm t he
property of |less contamnating the resin to be foaned, etc. In this
speci fi cabbomt ahmotermerhcghliplessuteugastei s Trsied eifif emts £Asmhantiech
includes a fluid in a supercritical state. The high-pressure gas is not
parti cul arlspedinitlediiaen a high-pressuregas, inparticular carbondioxide
in a supercritical state, is used as the blowing agent which
will be described below. Compared to foaming techniques
heretofore in use, the composition of the invention can form
especially fine and uniform cells.

The blowing agent tobeused in the invention for obtaining
a polyolefin resin foam is not particularly limited as long
as it is one for ordinary use in the foam molding of polyolefin
resins. However, it is preferred to use a high-pressure gas
fromthe standpointsof environmental preservation, theproperty
of less contaminating the resin to be foamed, etc. In this

{ specification, the term “high-pressure gas” is used in a sense
which includes a fluid in a supercritical state.

The high-pressure gas is not particularly limited as
long as it infiltrates into the polyolefin resin and the rubber
or thermoplastic elastomer under high pressure. Examples
thereof include carbon dicxide, nitrogen, and air. These
high-pressure gases may be used as a mixture of two or more
therecf. Carbon dioxide is preferred of these gases because
it can be infiltrated in a large amount into the polyolefin
resin and rubber or thermoplastic elastomer to be used as

15



long as it infiltrates into the polyolefin resin and the rubber or

t hernopl asti c el astoner under high pressure. Exanples thereof include
carbon di oxide, nitrogen, and air. These high-pressure gases nmay be used as
a mxture of two or nore thereof. Carbon dioxide is preferred of these
gases because it can be infiltrated in a |large anmount into the polyolefin
resin and rubber or thernoplastic elastoner to be used as 15 materials for
foam and because the rate of infiltration thereof is high. Furthernore,
fromthe standpoint of heightening the rate of infiltratjion into the resin,
Lhe hi gh- BPeetaed foBer (G YO R it B GeyS BHter B bk o F Lopreree
supercritical state. Incidentally, the critical tenperature and critica
pressure isfhégdhbonfgrbBReEBOBE e @@@Féﬁﬁf?t@nﬁPQ}nﬁegge%@4%Qﬁ?@1W%éH“3a gas
in a supercritical state (supercritical fluid) is used, it not only shows

i ncr eased redleuloifl iy it netd aredintcatdiec aresive ithsotpatatret sshareiges n a hi gh
concentration, but also generates a |arger nunber of cell nuclei upon an
abrupt predssuyr.e cdrbpnbgtatsde pfpretferabdly concert sapenariThessd sedtie nucl ei
grow to give cells, which are present in a higher density than in foans
havi ng theisaidep@aQdivt,ythadepiothced erddrdtharegand ¢nianed hegrsdaies

Consequently, use of a supercritical gas can give fine cells. The process

of the i nvENtdabJrOradR:0dci NG 810 WHELfi M MPa, respectively. When

a gas in a supercritical state (supercritical fluid) is used,

it not only shows increased solubility in the resin and can

be incorporated therein in a high concentration,.but also
generates a larger number of cell nuclei upon an abrupt pressure
drop because of its high concentration. These cell nuclei
grow to give cells, which are present in a higher density than
in foams having the same porosity and produced with the gas
in another state. Consequently, use of a supercritical gas
can give fine cells.

{ The process of the invention for producing a polyolefin
resin foam is not particularly limited as long as the composition
for polyolefin resin foam can be subjected to foam molding.

The process may be any of a batch process, continuous process,
and the like.

An example in which a polyolefin resin foam is batchwise
produced using a high-pressure gas as a blowing agent is shown
below. First, the composition for polyolefin resin foam
described above, which comprises a polymer component comprising
a polyolefin resin and a rubber and/or thermoplastic elastomer
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resin foamis not particularly limted as |long as the conposition for

pol yolefin resin foam can be subjected to foam nolding. The process may be
any of a batch process, continuous process, and the like. An exanple in
whi ch a polyolefin resin foamis batchwi se produced using a high-pressure
gas as a blowing agent is showmn below First, the conmposition for

pol yolefin resin foam descri bed above, which conprises a pol yner conponent
conprising a polyolefin resin and a rubber and/or thernDpIastic el ast orer
16 and a powder particle, is _extruded with an extruder such as single-s

creM/extrGHQraoPOWﬂFﬁ BEF&ERCLr r d@ePS VEREr iy TpRdd ﬁ&érWQQFé§ﬂHﬂEH@bt f or
foam formation. Alternatively, the polyolefin resin is evenly kneaded

bef or ehané SidyBieerc 1% ex EHedenpBEW ian@Cerew ek iR ate therebyRmmlice

i ngredi ent and the powder particle by neans of a roller mlIl, cammll,
kneader, er raskneatiesg echifveredoirppédonsi th one or nore blades, e.g., one
of the Banbury type, and this mxture is press-nolded with, e.g., a hot
plate press to Rheeehytioeinya tesipobhektf ivrrdéommm foravwnlon khrmddegl a gi ven
t hi ckness. The unfoaned sheet thus obtained is placed in a high-pressure

vessel , apdfarhghdpregsthe rdas teoMpe Suldaakbery o rdithergep IRiddiegen, air,
or the like is injected into the vessel
elastomer ingredient and the powder particle by means of a
roller mill, cammill, kneader, or a kneading machine equipped
with one or more blades, e.g., one of the Banbury type, and
this mixture is press-molded with, e.g., a hot plate press
to thereby form a resin sheet for foam formation having a given
thickness.

The unfoamed sheet thus obtained is placed in a
high-pressure vessel, and a high-pressure gas comprising carbon
dioxide, nitrogen, air, or the like is injected into the vessel
and infiltrated into the unfoamed sheet. At the time when

{ the high-pressure gas has been sufficiently infiltrated, the
sheet is released from the pressure (the pressure is usually
lowered to atmosphericpressure) to thereby generate cell nuclei
in the base resin. The cell nuclei may be allowed to grow
at room temperature. 1In some cases, however, the cell nuclei
may be grown by heating.

For the heating can be used a known or common method
such as, e.g., heating with a water bath, oil bath, hot roll,
hot-air oven, far infrared rays, or microwave. After cells
are thus grown, the sheet is rapidly cooled with, e.g., cold

17



and infiltrated into the unfoaned sheet. At the tinme when the high-pressure
gas has been sufficiently infiltrated, the sheet is released fromthe
pressure (the pressure is usually |owered to atnospheric pressure) to

t hereby generate cell nuclei in the base resin. The cell nuclei may be
allowed to grow at roomtenperature. In sone cases, however, the cel

nuclei may be grown by heating. For the heating can be used a known or
common nmethod such as, e.g., heating with a water bath, oil bath, hot roll,
hot-air oven, far infrared rays, or mcrowave. After cells are thus grown,
t he sheet WA§eFapPdf§%cblt ethawt @ tgreray PPtEi vt & lve 1ehin FesdRape and
thereby obtain a polyolefin resin foam The nol ded object to be foaned is
not |intédamne sheetpldeshabisrtedo iy eenediliy anitobsnshagds> camebé used
according to applications. Furthernore, besides being obtained by

ext rusi onandl dbhdedr opriesssnolfdivag iotise shepdedcabj et usedbeccbadied nmay be
produced by ot her nol ding techniques including injection nolding. An

exanpl e i aowhpphiaapabyel. ef Fartkstnotoanbésidentbainygsbytapredused using a
hi gh- pressure gas as a blowi ng agent is shown below The conposition for

pol yol ef i pxkeskachoamndeneg bRedreadRoye1higsh teaNMRblses: %b{ﬂ@ldt_m% g@nmponent
conprising a polyolefin resin and a rubber and/or thernoplastic el astoner
foamed may be produced by other molding techniques including
injection molding.
Anexampleinwhichapolyolefinresinfoamiscontinuously
produced using a high-pressure gas as a blowing agent is shown
below. The composition for polyolefin resin foam described
above, which comprises a polymer component comprising a
polyolefin resin and a rubber and/or thermoplastic elastomer
and a powder particle, is kneaded with an extruder such as
a single-screw extruder or twin-screw extruder. During this
kneading, a high-pressure gas is injected into the kneader
i and sufficiently infiltrated into the resin. Thereafter, the
composition is extruded and thereby released from the pressure
{(the pressure is usually lowered to atmospheric pressure) to
grow cells. In some cases, cell growth is enhanced by heating.
After cells are thus grown, the extrudate 1is rapidly cooled
with, e.g., cold water to fix the shape and thereby obtain
a polyolefin resin foam. This foam molding may be conducted
with an injectionmolding machine or the like besides extruders.
The shape of the foam is not particularly limited, and may
be any of sheet, prismatic, and other forms.
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and a powder particle, is kneaded with an extruder such as a single-screw
extruder or twi n-screw extruder. During this kneading, a high-pressure gas
is injected into the kneader and sufficiently infiltrated into the resin.
Thereafter, the conposition is extruded and thereby rel eased fromthe
pressure (the pressure is usually |lowered to atnospheric pressure) to grow
cells. In sone cases, cell gromh is enhanced by heating. After cells are
thus grown, the extrudate is rapidly cooled wth, e.g., cold water to fix

t he shape and thereby obtain a polyolefin resin foam This foam nol di ng may
be conducted wi fRCaRTPAFEEE & MOHLGnG Hachiife 18 itlhd atioke 1pds dés
extruders. The shape of the foamis not particularly limted, and nay be
any of shewtldest ichiedtc ormkhanrdrd Fegims nird ulte Y éxsufeangd wikthbe gas is
infiltrated into the nolded object or kneaded resin mxture to be foaned
can be suuididhi sekdeteddwhhl et bkking accountt of the Kdmtl odf thhegams,
infiltration operation, etc. However, in the case of using, for exanple,

car bon di oxiftiel taratdiveh ldgeatiitn preassur BowevekOr inexnapt £se GhPans trigher
(e.g., about fronttol ooMPa), preferably 8 MPa or higher (e.g., about from$8

to 100 MPagor kBnpate Waehen HNExPHESSHIthd S ilkekhkhaRe8slYPR, i §onsider abl e
cell growth occurs during foamng and this tends to resuit in too | ar ge
cel | di amel£ii%, 18006 RBACE H Thife f UGS 2BBURIRIRAE £89 0BWMERS!, preferably

8 MPa or higher (e.g., about from 8 to 100 MPa). In case where

the pressure is lower than 6 MPa, considerable cell growth

occurs during foaming and this tends to result in too large

cell diameters and hence in a reduced soundproofing effect.

The reasons for this are as follows. When a low pressure
is used, the amount of the gas infiltrated is relatively small
as compared with infiltration at higher pressures and the rate
of cell nucleus formation is low. As a result, the number
of cell nuclei formed is small. Because of this, the gas amount

{ per cell increases rather than decreases, resulting in exceeding
large cell diameters. Furthermore, in a region of pressures
lower than 6 MPa, only a slight change in infiltration p.ressure
results inconsiderable changes incell diameter andcell density
and, hence, it is difficult to regulate cell diameter and cell
density.

The temperature for the gas infiltration step varies
depending on the kinds of the inert gas and thermoplastic resin
to be used, etc., and can be selected in a wide range. However,
when infiltration operation and the like are taken into account,
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The reasons for this are as follows. Wen a |ow pressure is used, the
anmount of the gas infiltrated is relatively small as conpared with
infiltration at higher pressures and the rate of cell nucleus formation is
low. As a result, the nunber of cell nuclei fornmed is small. Because of
this, the gas anount per cell increases rather than decreases, resulting in
exceeding large cell dianeters. Furthernore, in a region of pressures
| ower than 6 MPa, only a slight change in infiltration pressure results in
consi derabl e ¢h gges in cell dianmeter and cell density hence, it is

I

nd,
di fficult e raddiidre tdon tEmnfPd tend ScellPt GERTRLF! Yerig&athft e for

the gas infiltration step varies depending on the kinds of the inert gas
and t her gl 31 & r ESirreXanP by §Béle @rse whene apdn s ges ésthadahvisen de
range. However, when infiltration operation and the |ike are taken into
account, ingitlleraitefd [irvtat iaon urdineareat mod diesl ofbgreadxdmplae, shasdutfdfamom 10 to
350C. For exanple, in the case where an inert gas is batchwise infiltrated
i nto an unfroahed liddededhebjiedti litr st ishe dtenperat wore tilge dddag, fidven 10
infiltration tenperature is about from10 to 200C, preferably about from 40
to 200C. Ik e caserefferhie yCamouudusmPaOCEss200°vhi Cin acn®ldade pa yner

into which a gas has been infiltrated is extruded to sinmultaneously conduct
foam ng anghlFitNGude grifdddd atd WhileMerWs itH1980E" aldte which

a gas has been infiltrated is extruded to simultaneously conduct
foaming and molding, the infiltration temperature is generally

about from 60 to 350°C. Incidentally, when carbon dioxide

is used as an inert gas, it is preferred to infiltrate the

gas at a temperature of 32°C or higher, especially 40°C or

higher, in order to maintain its supercritical state.

In the decompression step, although the rate of
decompression is not particularly limited, it is preferably
about from 5 to 300 MPa/sec from the standpoint of obtaining
{ uniformfinecells. Intheheatingstep, theheating temperature

is, for example, about from 40 to 250°C, preferably about from

60 to 250°C.

The process for polyolefin resin foam production of
the invention has an advantage that a foamhavingahigh expansion
ratio can be produced and, hence, a thick foam can be produced.

Specifically, this advantage is as follows. 1In the case where

a polyolefin resin foam is produced by a continuous process,

the procedure comprises kneading the composition for polyolefin

resin foam, injecting a high-pressure gas into the kneading
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about from60 to 350C. Incidentally, when carbon dioxide is used as an
inert gas, it is preferred to infiltrate the gas at a tenperature of 32C or
hi gher, especially 40C or higher, in order to maintain its supercritical
state. In the deconpression step, although the rate of deconpression is not
particularly limted, it is preferably about from5 to 300 MPa/sec fromthe
standpoint of obtaining wunifornfine cells. In the heating step, the heating
tenperature is, for exanple, about from40 to 250C, preferably about from

60 to 250C. The pr.ocess for olefrn resr f aam,_ pr oduc n qf
Cnvent on RELIGR SAFANEAGE S ICAR P oh At A erbféﬁs e?r o can be
produced and, hence, a thick foam,.can be produce Specr cal | this
advant age '-PaBTESIEGRs I35 e g&? P 3R di 44&9 mis
produced by a continuous process, the procedure conprrses kneadi ng t he
conposi t i 6AMPEE 15dPoler FRerpRY| Feteate i hjfd@m fgeaPhr§Rupressti €lgds into
the kneading 20 machine during the kneading to sufficiently infiltrate the
hi gh- pr es spegagasni, ntfent e ind<iimingnd hehar epaunadiiyy e exdomsissit ildn to
thereby release it fromthe pressure. In this operation, for maintaining
t he pressiumsenenesbBargxtoudegnlate tlse npgesisarhhe dircegtl ahe tihe ghpfhen the
die at the tip of the extruder so as to be as narrow as possible (generally
from extruder so as to be as narrow as possible (generally from
0.1 to 1.0 mm).
Thismeans that forobtainingathick foam, thecomposition
for foam formation which has been extruded through the narrow
gap should be foamed at a high expansion ratio. 1In the
related-art techniques heretofore in use, however, a high
expansion ratio is not obtained and the foams formed thereby
havehencebeenlimitedtothinones (e.g., oneshavingathickness
of about from 0.5 to 2.0 mm).
In contrast, by the process of the invention, a foam
{ havinga final thicknessof from0.50t05.00mmcanbe continuously
obtained. In order to obtain such a thick foam, the relative
density of the foam (density of the sheet after foaming/density
of the unfoamed sheet) is desirably from 0.02 to 0.3, preferably
from 0.05 to 0.25. Relative densities thereof exceeding 0.3
are undesirable because foaming is insufficient, while relative
densities thereof lower than 0.02 are undesirable because the
foam may have considerably reduced strength.
The foam thus obtained has excellent shape retention.

Namely, the expansion ratio immediately after foaming is
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0.1 to 1.0 mm). This neans that for obtaining a thick foam the conposition
for foam formation which has been extruded through the narrow gap should be
foamed at a high expansion ratio. In the related-art techniques heretofore
in use, however, a high expansion ratio is not obtained and the foans
formed thereby have hence been Iimted to thin ones (e.g., ones having a

t hi ckness of about fromO0.5 to 2.0 mm. In contrast, by the process of the
invention, a foam having a final thickness of fromO0.50 to S. 00Omtanbe
cont i nuousl .obt.ained, In_order to obtajn,such a thick foam_the relative
density oFe¥ﬁénF8aﬁP§dE?§i??a%ﬁ£¥ﬁ%n§ e@bréP#eFo?Bé ﬁ@?&@nsi?@ﬁ ¥ he

unf oanmed sheet) is desjirably from0.02 to 0,3, preferably. from0.05 to
0.25. Rel &rfEedehas iiidh CHeNdOn1BRcRERRAHE DS HY gradBlraptee fduse
foaming is insufficient, while relative densities thereof |ower than 0.02
are undeshegble lpadaggainpd meparhsiay WRPE combirgssdiidy tredded % engt h.
The foam thus obtained has excell ent shape retention. Nanely, the expansion
rati o i medinptrelsy iaht et réogthigof bt febalhen” andlokerf bang doepowdt shri nk
consi derably. The foam further has high cushioning properties. For exanple,
the foam fikas &.l0ad 398 MY’ Epubse DErAPDN €OOPN £ewi nY 1wl (HQPH,

conpression strength) of about 5.0 NNcn2 or |ower (e.g., about
from 0.3 to 4.0 N/cm?).

When the load against repulsion upon compressing to
50% of the foam exceeds 5.0 N/cm?, there are cases where use
of the foam as an internal insulator or cushioning material
in an electronic appliance or the like results in a trouble
that circuit board deformation occurs and a sufficient effect
is not obtained.

The thickness and relative density of the foam to be
produced can be regulated by suitably selecting or determining
operational conditions in the gas infiltration step, such as

{ temperature, pressure, and time period, operational conditions
in the decompression step, such as decompression rate,
temperature, and pressure, and other conditions including,
e.g., heating temperature after decompression, according to
the kinds of the inert gas to be used and of the polyolefin
resin and rubber or thermoplastic elastomer used.

The polyolefin resin foam of the invention can be used,
for example, as an internal insulator for electronic appliances
orthelike, cushioningmaterial, soundinsulator, heat insulator,
food packagingmaterial, clothingmaterial, building material,
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fromO0.1 to 5.0 NNcnR), preferably 4.0 NNcn2 or lower (e.g., fromO0.3 to
4.0 NNcnR). Wen the | oad agai nst repul sion upon conpressing to 50% of the
foam exceeds 5.0 N cn2, there are cases where use of the foamas an
internal insulator or cushioning material 1in an electronic appliance or the
like results in a trouble that circuit board deformation occurs and a
sufficient effect 1is not obtained. The thickness and rel ative density of
the foamto be produced can be regulated by suitably selecting or
determnin operational conditions in the gas infiltration step, such as
t enper at uF&S-pressure, and tinme period, operational conditions in the
deconpression step, such as deconpression rate, tenperature, and pressure,
and other conditions including, e.g., heating tenperature after
deconpression, according to the kinds of the inert gas to be used and of
the polyolefin resin and rubber orEXANFepl astic el astonmer used. The
polyolefin resin foam of the invention can be used, for exanple, as an
i nternal insul atBrefbnvehetononitl apel ezptesnedrbehew! ikedetashi byi ng
material, sound insulator, heat insulator, food packaging material,
cl ot hi ng mafefealke tEkdmp] eBRtit 8he ird2ration EXAYPEESt be construed

as being limited by these Examples in any way. The extensional

viscosities of resins were measured by the method described

above. Relative density and 50% compression strength were

measured or calculated by the following methods.

(Relative Density)
Relative density = {density after foaming {(density of the foam)
(g/cm®) + {density before fecaming (density of the sheet or

the like to be foamed) (g/cm’)}

{ (50% Compression Strength)
Several test pieces cut out in a 30-mm square were
superposed so as to result in an overall thickness of about
25 mm., The test pieces superpcsed were compressed to 50% at
a compression rate of 10 mm/min, and the stress in this state
was measured. This stress per unit area was taken as 50%

compression strength.

Example 1

Forty-five parts by weight of polypropylene was kneaded
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The invention will be explained belowin detail by reference to Exanpl es,
but the invention should not be construed as being |imted by these
Exanpl es in any way. The extensional viscosities of resins were neasured by
t he met hod descri bed above. Relative density and 50% conpression strength
were neasured or calculated by the follow ng nethods. (Relative Density)
Rel ative density = {density after foam ng (density of the foanm) (g/cnB) =
{density before foanming (density of the sheet or the |ike to be foaned)
s..cut out,in a 30-nm

(g/cnB)) 5mégmme ign Strength Sm/mﬂéfﬁ iece
square wer&IeEasér b“&ﬁ]d 4230 1) otbr e&G490th o W q(ietfrﬁrblﬁﬂ?@s‘f’stod?erabout 25
mm The test pieces superposed were conpressed to 50% at a conpression rate
of 10 nmi hid?, PARESt R¥ YeLeRs Ph RIFREIHAR N YGERX WASIFRE2ThiRAtIES per
unit area was taken as 50% conpression strength. Exanple 1 Forty-five parts
by wei ght dédmsgleypropliehe ahas Gpraivedy we3 ghégat prrboR 8 h a4Smatatule wei ght
of a polyolefin elastoner, 120 parts by wei ght of magnesi um hydr oxi de
(aver age pdr2D6f€ bylimmmeterf 8. tWinmgcrewnaebgrambsuligcueirght bpfISshr bon at
a tenperature of 200C by neans of a tw n-screw kneader nmanufactured by JSW

Thereafter, the resultant mixture was extruded into strands,

which were cooled with water and then cut into pellets. Thus,

a composition for polyolefin resin foam was produced which

had an extensional viscosity at 200°C of 40.3 kPa-s.

These pellets were introduced into a single-screw

extruder manufactured by JSW. A gas was injected into the

extruder in an atmosphere of 220°C at a pressure of 22 MPa

(19 MPa after injection) to fully saturate the melt with the

gas. Thereafter, themelt was cooled to a temperature suitable

for foaming and then extruded through a die to obtain a foam.

This foam had a relative density of 0.150 and a 50%
( compression strength of 3.5 N/cm’. The die had a gap of 0.2

mrm, and the thickness of the focam obtalined therewith was 1.4

mm.

Example 2

. Forty-five parts by weight of polypropylene was kneaded
together with 45 parts by weight of a polyolefin elastomer,
10 parts by weight of polyethylene, 120 parts by weight of
magnesium hydroxide (average particle diameter, 0.7 um}, and

10 parts by weight of carbon at a temperature of 200°C by means
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Thereafter, the resultant m xture was extruded into strands, which were
cooled with water and then cut into pellets. Thus, a conposition for

pol yol efin resin foam was produced which had an extensional viscosity at
200C of 40.3 kPas. These pellets were introduced into a single-screw
extruder manufactured by JSW A gas was injected into the extruder in an
at nosphere of 220C at a pressure of 22 MPa (19 MPa after injection) to
fully saturate the nelt with the gas. Thereafter, the nelt was cooled to a

t enper at ur SU|tabIe for foa and. t hen extruded through di e obtain
a foam THs2 fOGRTHRFS H@ea_‘tc{n‘awfe%@é‘r‘l‘%aﬁ”ﬁﬁ‘%gﬁﬁs%nd q‘%%%fa t\i’sem on
strength of 3.5 NcnR. The die had a gap 2 mm and the thlckness of

t he foam bBEHLRBETIHEF BN e Wa\ﬁangude%mn@aﬁﬁﬂa@dzs EBLEY- e R godrlesd by

wei ght of pol ypropyl ene was kneaded together with 45 parts by wei ght of a
pol yol ef i withawabmer andlOhpar catbynivei gietl leftspol JPetsy| @anepmp@sipaens by

wei ght of magnesi um hydroxi de (average particle dianeter, 0.7 um, and 10
parts by ferghtlwdlehiharsdn fobemeey atudecetl WM by dnaeares te2d iahad

tw n-screw kneader manufactured by JSW Thereafter, the resultant m xture
was extrugedcbBi@ysttands,” cwairclower pgoel.ed w th water and then cut into

pellets. Thus, a conposition

These pellets were introduced into a single-screw
extruder manufactured by JSW. A gas was injected into the
extruder in an atmosphere of 220°C at a pressure of 19 MPa
(16 MPa after injection) to fully saturate the melt with the
gas. Thereafter, themelt was cooled to a temperature suitable
for foaming and then extruded through a die to obtain a foam.

This foam had a relative density of 0.125 and a 50%
compression strength of 2.5 N/cm®. The die had a gap of 0.2

mm, and the thickness of the foam obtained therewith was 1.7

mm.

Example 3

Forty-five parts by weight of polypropylene was kneaded
together with 45 parts by weight of a polyolefin elastomer,
10 parts by weight of polyethylene, 120 parts by weight of
magnesium hydroxide (average particle diameter, 0.7 pm), and
10 parts by weight of carbon at a temperature of 200°C by means
of a twin-screw kneader manufactured by JSW. Thereafter, the
resultant mixture was extruded into strands, which were cooled

with water and then cut into pellets. Thus, a compesition
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for polyolefin resin foamwas produced which had an extensional viscosity
at 200C of 52.5 kPas. These pellets were introduced into a single-screw
extruder manufactured by JSW A gas was injected into the extruder in an
at nosphere of 220C at a pressure of 19 MPa (16 MPa after injection) to
fully saturate the nelt with the gas. Thereafter, the nelt was cooled to a
tenperature suitable for foam ng and then extruded through a die to obtain
a foam This foamhad a relative density of 0.125 and a 50% conpression

strength of 2.5 N ._The die had a gap ,of Q.2 . d the thickness of
Che T oam SBERPPEHO ERE}BAH TnaS et A5 FRPCBeal O Bl 5519 TS by
wei ght of pol ypropyl ene wgs kneaded together with 45 parts by weight of a
pol yol ef i Wisicasidyert 209 Fards 83 Weifghts -of pol yet hyl ene, 120 parts by
wei ght of nmagnesi um hydroxi de (average particle dianmeter, 0.7 }im, and 10
parts by wei ght Bhegarbealatsavwesapeniraducefl 200C bysikbgAs-sefredw twi n-screw
kneader manufactured by JSW Thereafter, the resultant m xture was extruded
i nt o str amcs,rudheirc maxerfecdoeolesd by I3W wakegaandashénjeatedntiatpelthet s. Thus
a conposition 25 for polyolefin resin foam was produced which had an
ext ensi onalx t rideaosin \arata t2EHITr 8D 7 KREL at a pressure of 18 MPa

(16 MPa after injection) to fully saturate the melt with the

gas. Thereafter, themelt was cooled to a temperature suitable

for foaming and then extruded through a die to obtain a foam.

This foam had a relative density of 0.110 and a 50%
compression strength of 2.1 N/cm®. The die had a gap of 0.2

mm, and the thickness of the foam cbtained therewith was 2.1

mm.

Example 4
Forty-five parts by weight of polypropylene was kneaded
{ together with 45 parts by weight of a polyolefin elastomer,
l0partsbyweightofpolyethylene, 10partsbyweight cfmagnesium
hydroxide (average particle diameter, 0.7 um), and 10 parts
by weight of carbon at a temperature of 200°C by means of a
twin-screw kneader manufactured by JSW. Thereafter, the
resultant mixture was extruded inte strands, which were cooled
with water and then cut into pellets. Thus, a composition
for polyolefin resin foam was produced which had an extensiocnal
viscosity at 200°C of 43.0 kPa-s.

These pellets were introduced into a single-screw
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These pellets were introduced into a sSingle-screw extruder manufactured by
JSW A gas was injected into the extruder in an atnosphere of 220C at a
pressure of 18 MPa (16 MPa after injection) to fully saturate the nelt with
the gas. Thereafter, the nelt was cooled to a tenperature suitable for
foam ng and then extruded through a die to obtain a foam This foam had a
relative density of 0.110 and a 50% conpression strength of 2.1 NcnR2. The
die had a gap of 0.2 mm and the thickness of the foam obtained therewith

was 2.1 no. Exanple 4 Forty-fjve parts by wei ght of .polypraqpyl ene was
Knoaded  FOTETRET WAFH L5 PRRACS Ty i -ghts. BRSaWBSI §B0EAER RS Lo, 10

parts by wei ght of polyethylene, 10parts hywei ght of magnesi um hydroxide
(aver age gattivdes dinafét tmasPheHf) Clakd U Fdr tB5s PURE STy ML of 3 dfon at a
tenperature of 200C by nmeans of a tw n-screw kneader manufactured by JSW
Thereaft er(12 M&a pésert and egitiond etaaduékyr sdedraheothermals, widkh ctherer e
cooled with water and then cut into pellets. Thus, a conposition for
pol yol ef i yarsesi @htoamfuas, privelnedd ws cdociadl to ackempsrahake sustcaslid y at
200C of 43.0 kPas. These pellets were introduced into a single-screw 26
extruder mywifaciihedaby IH¥ &xBasdvasthirgest eddirt @ot BBtain a foam.
This foam had a relative density of 0.04 and a 50%
compression strength of 1.2 N/cm®. The die had a gap of 0.3
mm, and the thickness of the foam cobtained therewith was 1.9

mm.

Comparative Example 1

Forty~five parts by weight of polypropylene was kneaded
together with 50 parts by weight of a polyolefin elastomer,
100 parts by weight of magnesium hydroxide (average particle
diameter, 0.7um}, andlOpartsbyweight cf carbonata temperature

( of 200°C by means of a twin-screw kneader manufactured by JSW.
Thereafter, the resultant mixture was extruded into strands,
which were cooled with water and then cut into pellets. Thus,
a composition for polyoclefin resin foam was produced which
had an extensional viscosity at 200°C of 10.6 kPa-s.

These pellets were introduced into a single-screw
extruder manufactured by JSW. A gas was injected into the
extruder in an atmosphere of 220°C at a pressure of 22 MPa
(19 MPa after injection) to fully saturate the melt with the

gas. Thereafter, the melt was cooled to a temperature suitable
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extruder in an atnosphere of 220C at a pressure of 13 MPa (12 MPa after
injection) to fully saturate the nelt with the gas. Thereafter, the nelt
was cooled to a tenperature suitable for foam ng and then extruded through
a die to obtain a foam This foamhad a relative density of 0.04 and a 50%
conpression strength of 1.2 Ncn2. The die had a gap of 0.3 nmm and the

t hi ckness of the foam obtained therewith was 1.9 nmm Conparative Exanple 1
Forty-five parts by wei ght of polypropyl ene was kneaded together with 50

parts by weight of a polyolefin el astoper, 100 parts by weight of nagnesium
hydr oxi de tPAVEP HRERHATTF dhen 8?&&@%@& g%’?‘?u%rr’j Ci,%“-’a&éil q dﬁar‘?% Whrdight of
carbon at a tenperature of 200C by neans_of a tw n-screw kneader,

manuf act uRPasy- JBRreVERer Ea® PECSSUFE FoEhrtdR caitand Rasadntaided i nto
strands, which were cooled with water and then cut into pellets. Thus, a
conposi t i eathongpolthel dfien gepsive st camrwas dpted dded mimighim ad ven fet ensi onal
viscosity at 200C of 10.6 kPas. These pellets were introduced into a

si ngl e- sctew appbrades rAndf aot)ur eBebyud&W £ Athas, wisamipgctved i nto t he
extruder in an atnosphere of 220C at a pressure of 22 MPa (19 MPa after

i nj ection)nk@fffukligntatudateect RempRist tiichh colve d @es: bEheigadderintiche mel t
was cooled to a tenperature suitable 27

sheet.

The foams obtained from the foamable polyclefin resin
compositions obtalned in the Examples given above, which each
comprised a polymer component comprising a polyolefin resin
and a rubber and/or thermoplasticelastomer and apowder particle,
through release from the pressure of a high-pressure gas in
the conventional foaming step had a high expansion ratio and
a sufficient thickness.

In contrast, the foamobtained in the Comparative Example

( had a high relative density and a sufficient expansion ratio
could not be obtained.

Thepolyolefinresinfoamof theinventionhasasufficient
thickness and is excellent in softness and cushioning property.

By the process of the invention, such excellent foams can

be efficiently produced with ease.

While the invention has been described in detail and
with reference to specific embodiments thereocf, it will be

apparent to one skilled in the art that various changes and

28



for foamng and then extruded through a die in order to obtain a foam
However, the pressure in the die could not be maintained although the die
gap was narrowed to the mnimumvalue for the apparatus (0.1 nm. Because
of this, foam ng was insufficient and the conposition could not be forned
into a sheet. The foans obtained fromthe foamabl e polyolefin resin
conpositions obtained in the Exanples given above, which each conprised a
pol ymer conponent conprising a polyolefin resin and a rubber and/or
thernopl astic el astonmer and a powder particle, through release fromthe
pressure #Pdafhicghiipnessanebganada thaeetbrivehieohadeRatiing Biwp ted a high
expansion ratio and a sufficient thickness. In contrast, the foam obtai ned
in the Cofpaprst ther®ednpl e had a high relative density and a sufficient
expansion ratio could naot be obtajned. Thepol yol efin resin foanof the

i nvention has a Shifiddrddcatiiickbasedd JaPExReF PEREN ARV GRS d

hi oni ty. h f t i tjon, ch |l ent f
can b oRerceBRRrposn bt LT R Of SBiutt Wit 200Re FROLRT CHE A iRitiE | o
described Ln deta&{.and mj&? Leferencet;o §$ecif'c enbodi nents thereof, it
Wl be  ABSEFSH B ThPeHERY dRGGTHHE Tt e ARRS changes and 28
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mouTTTTari ons can be nmade therein wi thout departing fromthe scope thereof.
This application is based on Japanese patent applications No. 2003-209196

.~.filed on August 28, 2003, the entire contents thereof being hereby

i ncorporated by reference. 29 What is clained is: 1. A conposition for
polyolefin resin foam Wth conprises: a polynmer conponent conprising a
polyolefin resin and a rubber and/or thernoplastic elastoner, and a powder
particle, wherein the conposition has an extensional viscosity as neasured
with a capillary rheorneter (tenperature of 200C, shear rate of 5,000
[1/s]) of from 20 to 100 kPas, and the powder particle has a particle
dianeter of fromO0.1 to 10 pm 2. The conposition according to claim1,
wherein the powder particle is selected fromthe group consisting of talc,
silica, alumna, zeolite, calcium carbonate, nagnesium carbonate, barium
sul fate, zinc oxide titani um oxi de, al um num hydroxi de and nmagnesi um
hydr oxi de A& 03|t|on according to claiml1l, wherein the powder
particle Y@W%B; %F% an amount of fromb5 to 150 parts by wei ght based
on 100 parts by melght of the polyner conponent. 4. A polyolefin resin

f oam obt gi_nabl £ compoesitipn dor palyatefin c&mrptuamlwhscla@onmtlsag t o claiml to foam
o1 NG S e hhongbnlodrSiding SYBYHIER! fsiPahd atLBb Sharthlrehmdafstc
elastomer, and
a powder particle,
wherein the compaosition has an extensional viscosity as measured with a capillary
rheometer {temperature of 200°C; shear rate of 5,000 [1/s]) of from 20 to 100 kPa-s,.and
the powder particle has a particle diameter of from 0.1 to 10 pm.

2. The compdsition according to claim 1, wherein the powder particle is selected
from the group consisting of talc, silica, alumina, zeolite, calcium carbonate, magnesium
carbonate, barium sulfate, zinc oxide, titanium oxide, aluminum hydroxide and

magnesium hydroxide.

3. The composition according to claim 1, wherein the powder particle is contained in
an amount of from 5 to 150 parts by weight based on 100 parts by weight of the polymer

component.

4. A polyolefin resin foam obtainable by subjecting the composition according to

claim 1 to foam moliding.

5. The polyolefin resin foam according to claim 5, which has a relative density in the
range of from 0.02 to 0.30.

6. The polyolefin resin foam according to claim 5, which has a load against repulsion
upon compressing to 50% (50% compression strength) of 5.0 N/cm? or lower.

7. A process for producing a poiyolefin resin foam, which comprises foam-molding a

composition according to any one of claims 1 to 3.
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range of fromO0.02 to 0.30. 6. The polyolefin resin foamaccording to claim
5; which has a | oad agai nst repul sion upon conpressing to 50% (50%

* conpression strength) of 5.0 NNcnR or lower. 7. A process for producing a
pol yol efin resin foam which conprises foamnolding a conposition according
to any one of clains 1 to 3. 30 8. The process of claim?7, wherein the
conposi tiog i s TRaEREcesd br Aalih I wiEmUER cdigosifion Tdﬂﬁaaméumﬁ 2 hidr-BreSsfire
wherein theé high-pressure gas iIs carbon dioxide or nitrogen.

process ofgasaim9, wherein carbon dioxide in a supercritical state is used
as the high-pressure gas. 31

=) The process of claim 8, wherein the high-pressure gas is carbon dioxide or

nitrogen.

10.  The process of claim 9, wherein carbon dioxide in a supercritical state is used as
the high-pressure gas.
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