COWPOSI TI ON FOR POLYOLEFI N RESIN FOAM , FOAM OF THE SAME, AND PROCESS FOR
PRODUCI NG FOAM FI ELD OF THE | NVENTI ON The preSent I nvention relates to a - -
conposition for polyolefin resin foamwhich is excellent in softness o
cushi oning property, heat-insulating property, etc., and to a foam obt ai ned -
therefrom and a process for producing the foam: IVbr_'e particularly, the EI
invention relates to a conposition suitable for use in producing a thick ':
pol yolefin resit, foamtherefrom BACKGROUND ART Foans to be used as

internal insulators for electronic appliances or:the Iike, cushioning

mat eri al s,CQARARE TIHAUIFQF POLYIPEEEF INNBEE ANOFQRM f dutfrp aFk AYENGAVBS el s, - -
clothing materials, building materials, and the like are required to have ::
properti ePREIEIS FOR EFROMEXIING (EIAMNI ng properti.es, and heat-insulating
properties fromthe standpoint of. securing the sealing and other .
properties of such foans 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. KpopnpasSrstigh f{i¢@rasy: polyolefin resin foam
such as pol yet hyl ene and pol ypropyl ene foans. However t hese foans have

had a probl em t hehet Be)ésae&e1n@eaeszens;:éfaeé§ SpdSilildhCigggt also in
softness and 1 cushi oni ng property. Technlques rOV|ng t hese

pelyclefinresin foamwhich is excellent in softness, cushioning

property, heat- :Lnsulatlng property, etc , znd to a foam cbtamed
therefrom and a process for producing the foam. Mora
particularly, the invention relates to a ccniposition suitabls

for use in producing a thick polyolefin resin foam therefrom.

BACKGROUND A.éT

Foams to be used as internal insulators for electronic
appliances or the like, cushioning mat_er:‘a.ais, sound insuliators.
heat insulators, food packaging mater'ials, clothing mater:ials,
buildingmaterials, and the like are required to have propertie.aa
such as softness, cushioning properties, and heat-insulating
properties from the standpoint of securing the sealing and -
other properties of such foams in the case where the foans
are incorporated as parts. | |

These foams are further requiredto have agiventhickness
so as to retain sealing properties. Xncwn as such fcams ar'e
polyolefin resin foam such as polyethylen-e:and pclyprepylene
foams. However, these foams have had a proeilem that they have
a poor strength and are insufficient also in softness and
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I nsufficient properties are being enployed, which are to heighten the
expansion ratio and to incorporate a rubber ingredient or the like into a:

polyolefin resin to soften the material itself . However, sfnce ordinary.:
pol yet hyl ene or polypropylene is lowin the viscosjty relating to the S
stress required for high-tenperature stretching, i.e., extensional .-

viscosity, a foam ng operation conducted so as to obtain a hi:gh expansion
ratio results in cell wall breakage and. hence in gas escape and cell B
enlargenent. |t has therefore been difficult to obtain a soft. foamhaving. ..
t he desire&uﬁhéﬁné%ﬁaﬂgpﬁﬁrtatidTe¢hEunqujmasﬁm&ﬁh&ﬁm@o&gbgeLn use for
producing a polymer foaminclude a chenmical process and a physical. B
process. TRBSU§EACLentRTPpiesdli gsramssinpenpl sged dWVERER SirBGohd igeei | i ng - -~
liquid (blowi ng agent) such as a chl orofl uorocarbon or hydrocarbon in a

pol ymer andhehewphpatongrahiodangetsi dncopporatati | iasdne fohawiagagent

and thereby formcells. The chem cal process for obtaining a foam

conpri ses pyrthgzinge antonpopollyébéeih Ngeapentyd éﬁkﬁ%htﬂhéiﬂ%@é%QEr base to
generate a gas and thereby formcells. However, the technique o p%ysical

foam ng hastsalfous environnental problens such as the harnful ness of the
subst ance used as a bl owi ng agent and ozonosphere depl eti on caused by the

“substance, while Hdwevdec Bl c2uicRed g8k yLeAP DR N34S p%l%%%lr:%[{]e%gat a

resi due 2

is low in the viscosity rélating to the stress required for
high~temperature stretching, i.e., exteﬁsional viscoéity,.a
foaming operation conducted so as to cbtaiﬁ 2 high e#?ansicﬁ
ratio results in cell wall breakage and hénce in gasrescape
and cell enlargement. Ithas thereforebeendifficul® to obtain
a soft foam having the desired high expansion ratio.
Knownprocessesheretoforeinusefo:producingagﬁlymer'
foam include a chemical process and a physical process. The
general physical Process comprises dispéréing a low-boiling
liquid (blowing agent) such as a chloroflucrocarbon ox
hydrocarbon in a polymer and theﬁ heating the dispersion to
volatilize the blowing agent and-therebf-fOrm cells. The
chemical process for obtaining a'foam:cp;prises pyrolyzing
a compound (blowing agent) added to a'polfﬁér'base to generate
a gas and thereby formcells. However{thetgéhniqueofpﬁysidal
foaming has various environmental prableﬁs such as the
harmfulness of the substance use& as a biéwing ageﬁt.and
ozonosphere depletion caused by the substance, while the
technique of chemical foaming has & protlem that a residue
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of the blow ng agent remains after: gas generation in the foam and this
residue is causative of' pollution especially in applications such as

el ectronic parts. On the other hand, a process for obtaining a,foan;havihg_f;l

a small cell diameter and a high cell densi.ty has recently been proposed.

This process conprises dissolving a gas such as nitrogen or'carbonﬁdiOxide”lu'

in a polymer at a high pressure, subsequently releasing the polymer. from-
the pressure, and heating the polymer to a tenperature around the glass
transition tenperature or softening point of the polymer to thereby form

cel 8. In ¢hithd eAwingd ageRtdbema DS | £f+ e e;afs%gﬁéréﬁign 51*?3%@ Efa;
annd an

t ynam cal ly unstabl e state and these nucl-&i.  expan grOM/?o'fofmf

cBFl's and smerelbys 0k ¥&i dudli £§ Codipdd e v J@%iﬁ%%ﬁ%%g%éid?% #) advant age

that a foamhaving a mcro-cellular structure I ch S not been obtai ned

so far ¢ 1= ri { ly this foamn t echni que
MbPEi P Oflbice dsyudff é§§1u%§§]€antah% I};r?%&@pp y g q

to thernoplastic elastoners in dstic pol yuret hanes have been
rati.o has. not. been

proposed. HoweveorachulSuienthy, DhRuresi b Laiofes gl been,
2 bllend or & et horor et SR 5 i RSyl haEcrer R Bkcoodi ng.
For 1 oam Mot e g oS, BERCHF b FomP P F Sliporarimisodl oof s ehave.
been pr0p0§§q1itrogen or carbon dioxide in a poiymer,_at a high pressu\:é, ‘
subsequentlyreleasingthepolymerfrom:hepressure,andbeating
the.polymer to 2 temperature around the glass transi%ion
temperature or softening point of the pol§m§r to theieby form
cells. Inthis foaming technique, nuclel are formed in a systex
in a thermodynamically unstable state-and:éﬁese nuclei expandg
and grow to form cells and thereby give-aiﬁiéto—cellu1§£ foam.
This process has an advantage that a foam having a
micro-cellular structure which has not been obtained so far
can be produced. Various attempts to apply this foaming
technique to thermoplastic elastomefs including therreplastic
polyurethaﬁgs have been proposed. _Howevérf a sufficiently
high expansion ratioc has not beenrobﬁaiﬁé&:and the foams |
obtainable with the technique have‘beénglimitad to thin ?oams. 
For overcoming those problém#, a.pdlyolefin réﬁin foam
mgde of a blend of a polyolefin :eéiﬁ:hé?gng, for axample, |
amelt tensionexceedinglcNat230°Canda frﬁbi:ér or thermeplastiz
elastomer ingredient and a process for foam productioﬁ usihq

carbon dioxide in a supercriticalrstate'have been proposed
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3it" (patent docunment 1) . Furthernore, it has been disclosed that a
pol ystyrene conposition having specific values of extensional viscosity,
wei ght - average nol ecul ar wei ght, etc. has excellent. suitability for
f oani ng (patent document 2) . (Patent Document -1]:: JP--A-2001-348452 -

(A ains) [Patent Document 2) JP-A-09-208771 (Clalns) SUMVARY - OF ‘THE. -

| NVENTI ON An object of the invention is to provide a polyolefin resin foan{?:ﬁ

whi ch is excellent in softness and cushioning property and has a
sufficient thickness. Another object of the intention is to prOV|de a

progess fonpateducassundier 19am ribengiRsed! 4 lﬁ%m@éef%b YR

|41\48$t|gat|0ns in order to overcone the pro em; déscri

Tesult, sy &q&@ﬁeo%wﬂlwﬁmns@g%pw Vb {5 POl QI efir-rpsin

f oamnhi ch conpri sés a pol ymer conponent~c r|S|ng sFPALCPBSI n anéfﬁuy
a rubber a r t rticle nd has an
extenS|ona?g€?§s£E? QRH' asaﬁgggg%1ﬁﬁfﬁﬁégh §§¥€1§Ff qﬁﬁ%nﬁF@

(t enper at Uéﬁl?&ﬂ?f’lt?hf@{- E iné @fo% !g{/(% of f m 20 to 100 kPa_s S

subj ected to Toam nof di hg, en’ c undergO|ng consi der abl e
contract|OPPQEeg@fgégaﬁégg f{ter f oam ng and can retaln t heir shape and,

JP-A-2001-348452 (Claims)
[Patent Document 2) -

JP-A~-09-208771 (Claims)

SUMMARY OF THE .imrrwleﬁ_

An object of the invention is to provide a polyélefin
resxnfoamwhichlsexcellent1nsoftnessandcushlonlngproperty
and has a sufficient thickness. Another object of the 1nventlon.
is to provide a process for producing the foam.

Thg present inventor made inteﬁsive-inVestigations in
order to overcome the problems described above. As a result,
it has been found that when a comﬁosition.for;polyolefin-resiﬂ
foamwhiché;mprisesapolyme:ccmponentcompfisrngapclyolefin
resin and a rubber and/or thermoplastic el__astomer and é' powdar
particle and has an extensional ﬁiécosiﬁy-as measufed with
a capillary rheometer (temperature, 2)0°C; shear rate, 5,000
[1/s]) of from 20 to 100 kPa-s is‘subj9ctéd to foam molding,‘
then cells grow without undergoing,consiéérable cont;actién'
or deformation after foaming and'canifetain theirx sha?e and,
hence, a foam having an increased thi:khess and excellent
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hence, a foam having an increased thickness and excellent 4 cushioning
properties is obtained. The invention has been conpleted based on this
finding: Namely, the present invention has the follow ng constitUtion (1) -
A conposition for polyolefin resin foam which conprises. a polyner: ‘_fTTw
conponent ‘conprising a polyolefin resin and ' a rubber and/ or" thernnplastlc )
el astoner, and a powder particle, wherein the conposition has an

ext ensi onal viscosity as measured with a capillary rheometer (tenperature
200C; - shear rate, 5,000 [11s]) of from 20 to 100 kPa-s. (2) The L
COQ§OS|t|Oauéhioﬁﬂthbgép@rfgégrugcgg&ggﬁggdlngﬂ Eqvggglggqﬁajg_équereln

the- powder particle is one selected fromthe group consrsting o e

si'Fi ca, al yempBete@obaséd okatlidn L3ifppat e, magnesi um carbonate,: barium~
sulfate, inc z (3). The conp05|t|on or pol'yolefin resin foan1accord|ng to

the above (1), whepgin, e p di ameter of from
0.1 to 10 pm (4) Thé'conpggltlgﬁm rEB%kvopng%Srgg g?ﬁ%ﬁ%ﬁéﬁordlng to
the above £Jd)<rWRgEELR, t he powder particle is contained 5

(1) A composition for polyolefin resin feam, which
comprises: |

a polyméflcompéﬁént compriéing a p@lyolefin resin zod
a rubber and/or thermoplastic eiastemer, and .

a powder particle,

wherein the composition has an extensional Qiscosity
as measured with a cépillary rheometer {temperature, 200°C

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

(2) Thecompcsitionforpolyolefinresinfoamacccrding
to the above (1), wherein the powdar ?article is one selectad
from the group consisting of talc, silica, alumina, zeolité;
caleium ca;bonate, magnesium carbonats, barium sulfats, zinc

oxide,titaniumoxide,aluminumhyd:cxidé,mignesiumhydroxide.

(3). Thecompositionforpolyoiefinresinfoaméccordiﬁg
to the above (1), wherein the powder particle has a parti&le

diameter of from 0.1 to 10 nm.

(4) The composition for polvolefin resin foam acéording
to the above (1), wherein the powder particle is contained
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WF in an anobunt of from5 to 150 parts ty wei ght based On 100 parts by
wei ght of the polynmer componnt . (5) A polyolefin resin foam obtainable by

f oam nol ding the conposition for polyol efin resi;p foam according.to claim .

1. (6) The:polyolefin resin foam according to-the -dbove (5),=Wwhich has a %
relative density in the range of from0.0-2 .to 0.30. (7) Theipolyolefin 43
resin foam according to the above (5), which has a |load against repul sion
upon conpressing to 50% (50% conpression strength) of 5.0 Ncn2 or | owner.
(8) A‘process for producing. a polyolefin.resin foam. which conprises s

f oa@n ol di 19 dn caRDest teoneian HOly ol 8 ifkrdeee)y weh QAN POLED GoTDELSes: a.

eifymer conponent conprising a polyolefin resin an a rubbef "and/or . .. -
Ret mopl asgast €l 5 tess @it é%“kﬁbFﬁBﬁyﬂéﬂ“qgﬂ‘Qt%nwherein the conposition has ~
an extensional viscosity as neasuréd wt capil'l ary rheoneter, -

, (tenperature, 200"" shear rate, 5,000 [11s]) of from20 to 100 kPas. 6
(9) The process for producing a polyolefin resin foam', according to the

above (8), whereig)t hg COPOSIAIORekn AP dn 04 L0 e M0 DR EoS TS £, 925
the composition for polyolefin resin foam according to claim

1.

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

Lo 0.30.

{(7) The polyolefin resin foam accoiding to the abova
(5), which has a load against répuision upon compressing tb

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

(8) A process for producing z polyolefin resin foam,
which comprises foam-molding 2 composition for polyclefin resin

—— . - ~

foam which comprises:

a polymer componeht comprising a poiyolefin resin and
a rubber and/or thermoplastic elastomer, and |

a powder particle

wherein the composition has én exﬁensional viscosity
as measured with a capillary rheometer {ﬁemperature,'éoﬁ°ﬂé

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



(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)
wherei n carbon dioxide in a supercritical state i's used as the .. oy
hi gh-pressure gas. In the present invention, the team' high-pressure". neans .’
6 MPa or higher. DETAILED DESCRI PTI ON: OF THE | NVENTI-ON The |nventlon mAII '

be described below'in detail. The conposition of the invention fit

pol yokefin resin. y f oam conpri ses: a pol yner corrponent conps- SI ng. a
pol y¢-lefin resih3andte IpﬂﬂE’SSalfdkOprédI@dfiﬁ)@'aa 1Goeka

pagitier particle. Exanples of the polyolefin. res?%]?o befﬁs %ﬂ%@?

i'fVenti on iaccowddng testhe afbdwe (BYpewhars g 18 M-ds, ) '
distribution with a shoul der on the 7 hlgher-nnlecng$Q§?§§ f%iﬁ%éﬁl of

the slight kyitar ashlighkpges¥iee gad.a resin of the long- chainbranched type.
The polyolefin resins of such types may be any of, far exanple,

| ow-density polyethyl ene, nmediumdensity polyethylene hi gh-density

pol yet hyl ene, linear |owdensity polyethyl ene, polypropyl ene,

(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 vroducing a pél-yolefin resin foam
according to the above (10), whar=zin carbon dioxide in a-

supercritical state is used as the highéﬁressure gas.

In the present inventien, the term “high-pressure” meszns

6 MPa or higher.

DETAILED DESCRIPTION OF THE INVENTION

The invention will be described below in detail.

b

The composition of the invention for polyolefin resiﬁ.
foam comprises: a polymer c@mponent COmprising a polyalejin
resin and a rubber and/or themkoplasti_'c_el:é.é_temer; and a powder
particle.

Examples of the polyclefin resin to be used in théﬁl
invention include a resin of thg tyce havihg a wide
molecular-weight distribution wiﬁh a shoulder on thae
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copol ynmers of ethylene and propyl ene, copolyners of ethylene or propylene
and other a-ol?fin(s), _-cpolyners of ethylene and one or nore of vinyl
acetate, acrylic acid, acrylic esters, nethacryllc -aci d, nethacryllc
esters, vinyl alcohol, and the Ilike, and mextures of .two or nore ‘ther eof .

Especially fromthe standpoints of ‘suitability for’ 't her mal proceSSLng in gﬁff
f oam - nol,di ng and of shape fixing after foahing,“efc., pol yethylene.or . =

pol ypropyl ene is Suitable. Exanples of the "other a--olefin: (s) "
nnciPdebutene 1, partens-1, . hexene-1, and 4- nethylpentene 1. The .

Conp o spspshestt  aulen SOBPLAEE o AER PR S Th 0001

og@ hernnplastlc el astoner 1 ngrédi enf
her mopl act?Pe7 LA bekEnbatiRilG: E%‘ﬂura'f%r%{*ﬁﬂem%@c'x S50 S daénnas
fibbers, andonrerPrcthoRy e i B Kb r&”g F oA Ty dmingensisy
ot Ei'eﬁQ?’vPEBF%EE?%%%‘)L%%%F o PeO b VRt Y SRR clnGPieped LY |
pol yethy! eggi  SLH(20ReS fnesd 8&%&2&%%1‘5‘2 Eviene, polvpropyiene, | o
copolymers of ethylene and propylene, copolymers of ethylene
or propyleﬁe and other a?olefin(s}, ccpolymers of athuleﬁp
and one or moxe of vinyl acetate, acrylic 4c1d acryllc este;g,
methacrylic acid, methacrylic esters, v;njl alcohol, and the
like, and mixtures of two or more thereof.

Especially from the standpoints of suitability for
thermal processing in foam molding aﬁi o shape fixing after
foaming, etc., polyethylene or polypropyiéne is suitable. |
Examplesofthe“othera-clefln{sl”:nc‘udebutene -1, pcrten- i,
hexene-1, and 4-methylpentena-1. fThe copolymers may be sither
random copolymers or blaock copolymers

"The rukber or thermoplastic elastomar irgredient in

‘. L_,

the invention is not particularly limited as long as it is
foamable. Examples thereof 1nc*ude VQI¢JQQ thermopl Astlc
elastomers such as natural or synthetic rubbers such as n%tuial
rubber, polyisobutylene, polyiscprene, chlcroprene rubbers,
butyl rubbers, and nitrile-butyl_rubbérsfblefin elastomérs
such as ethylene/propylene CODD;}ﬁer;- |
ethylene/propylene/dlene copolymers, etdé--ne/v1nyL éuetafﬁ'
copolymers, polybutene, and chlorinated polyethylene: styrene
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styrene/i soprene/ styrene copol ymers, and pol yners obtai ned by hydrogenatlng
t hese copol yners; pol yester el astoners; polyam de el astoners; and:: _

pol yur et harfé el astomers. These rubber or thernDpIastlc elastoner 3
i ngredi entss can be used alone .or in conbination of. tw or nore t
the invention, it is preferred to use a thernbpiastlc el ast oner a N
rubber or thernnplastlc el as-tomer ingredient.: . The ol efin elast oper-is :
anel ast aner having-'a m cro-donmai n structure. nade up of:an olefln -
i ngr&di ent and an et hyl ene/ propyl ene rubber. ‘and has’ satisfactary .- - =
conpatlbl|elqstmmetstﬁwcmoiytéEyﬂéndﬂﬁﬁﬂhdiﬁm%nyﬂﬁt@ﬁ@ ggﬁg@g@@gsserV|ng as

?nﬂhln conponent of the conposition -for: polyolefjn resin foam of.+the fon

nvention stpreiésesope one ¥t eidde @yd1a @%gbﬁel?ﬂgégroﬁbgfggglast|c
el astomer. The anount of the rubber and/or ther nopl as el ast oner

i ngr edi entby sh®sd e tvidd otRdsld.cd) PSR o e erably from
30 to 100 parts byévvel ghtg based or?bl 0 part;i",rO %Y)? wei g ggggpﬁ?%g; polyo efin

resin. | n $abpanii@d Celdr ety £iq tha af partsn%n@/l%th%lgfgg Y

el astoner ingredient is smaller than 1 e conposition is

apt to gi vieusbd e hiays Iﬁ%’i@glgyﬁghé’?'ﬂﬁ%re% 12RELd SShe ! u%et%a? or\é\'gglrj? the

anount thereof exceeds 0 parts as ‘escape TS

d0ri ng 05k ik Akt et fod 6t AR Sl g 0D 2l n & hi Ghl y expanded

foam 9

In the invention, it is prefsﬁrr-&d 1'@. use a therwcplac"i“
elastomer as the rubber cr thermoplastlc ela tomer :r.ngzedleqt o
The olefin elastomer is an elastomer hav1ng a mlcro-domagn:
structure made up of an olefin ingrecient and an
ethylene/propylene rubber and has Sat 5‘:. tory compat-ibilitry '
with the polyolefin resin.

The polymer component serving as a main component of
the composition for polyolefin resin foam of the invention
comprises a polyolefin resin and a zubher and/or ti‘xemoplastic
elastomer. The amount of the rubber and/or thermoplastic

elastomer ingredient is desirably fron 1o t; LIh0parts 1‘; waight,

e

preferably from 30 to 100 parts by weight, based on 1C0 parts
by weight of the polyo;efin :_c‘eé_iﬂ.

Incasewhere the aﬁuount of thé rubber and/or therméplasti: |
elastomer ingredient is smallerrthan 1:'0 pé:ts by weight, the-
composition is apt to give a foan hawv an reduced cuehlon_nq
properties. In case where thz amount tneracr gxceeds 15C parts
by weight, gas escape is apt to occur during foaming and it

is therefore difficult %o chtairn a hi;ghly expanded fcam,.

8




“ The conposition for polyolefin resin foamof the invention contains a
powder particle. The powder particle is mainly - intended to function as a -
nucl eator i-n foam nol ding. As the powder particle can be used, for, exanple, .
talc, silica, alunina, zeolite, calciumcarbonate, nmagnesium.carbonate, . - -
barium sulfate, zinc oxide, titanium oxide, ‘alum num hydroxide, ‘nagResi-ur
hydroxi de, or the lLike. The powder particle preferably & e gnes having:
particlte diameter . of about fromO0.1 to 10 rn..powder particle having
partixcl e di;ageter  smaller than 0..1 urn are undesirabl e because -there &
caggs where-such The tompesidQoRForpHfyiednl Yo diHELiP0s +RS 13 JAUG, ator
Pefwer particle having a particl e’a.g%gar?et er - exec-;e‘g_;{c}fén%“?%tﬁ%ﬁ%"gf’?@ L
tricfesi r abl echeaatgeaspehdbar gerpaciicl 68,0 BRYLANS A iye.of ‘gas, escape -
during foam nol di ng. The pomger particle | tﬁ% i 33%??%% 5F "ot %i ned i n
an amount ohtdfdeaabbyfhhefontHds I RaNLS Y welkght . ferabl,y from 10
to 130 parts by weight, based .on 18b pafﬁghbﬁgﬁg?g tm§§§%%%‘péﬁyﬁg?
conponent . pbidE AT MR LHS LANRILY t particle is.smaller than
e / g%ffep%‘ g_\gﬂe{a% ’a?h.fl‘f"ﬁ' @3EB1iGAere t he

5 parts by weight, an even foamis uFt - too

amount thegggiitgX t Y, | ght.._ not. only. the conposition ,for
pol yol ef i n rgs:iur:]sf o%g%éﬁ'géigu(%{nnsalsc ér%ﬁlgﬁrl&é mgﬁ?@%%lbaekfshggq.w;sulfate,

zinc oxide, titanium oxide, aluminum hydroxide, magnesium

hydroxide, or the like.

The powder particle preferably are cnes having a particle
diameter of about from 0.1 to 1C 'pm.r Fowder particie havineg
a particle diameter smalier than 0.1 um are imdesirable bacauss
there are cases where suchparticlesdo .nct s'uf__fi ciently funcﬁicn .
as a nucleator. Powder particle havi.ﬁﬁ ‘a2 particle diamet.e‘il;"-
exceeding 10 pm are undesirakle because é%l-:ﬁ large pafticle.s
nay be causative of gas escape during foam molding.

The powder particle in the in#antib:ﬁ are contained in
an amount of desirably from 5 to 150 f.:arts by weight, pieferably

from 10 to 130 parts by weight, based on 169 parts by weight

T

of the polfrumer component. In case whare the amount of the
powder particle is smaller than 5 parts by weight, ap even
foam is difficult to ocbtain. In case wheré the amount thereof

exceeds 150 parts by weight, not onlyrt‘r:;e”.-compcsition for

polyclefin resin foam has a ccnsiderably heightened viscosity,
but also gas escape may occur during Icam inoldi-ng to impair
suitability for foaminé.

Resin foams have a drawback that thé.y are flammable
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but al so gas escape may occur during foam nolding to inpair suitability

for foam ng. Resin foans have a drawback that they are flammble 10 SR
because they are constituted of a thernoplastic polymer.. it ‘s therefore: . -
preferred.do incorporate Zany of various .flane ‘retajidant as.powder ... o
particle especially-for applications in which inpartation of flame. .
‘retardangy is indispensable, as in efectronic appliances. As‘the f]|anme .
retardant can bé-ysed known flane retardants such:as: broni nated r'ef's?iif'ns,_-g ol
chlggfﬂated,resin§f"phosphorus conmpounds, agd,antin@ny;pounds:;h,+DMBvep§ﬁjhﬂ5
t hejchl ori patadser thepmrateshdesiytdd are o ehatdapt s.ay od, the ~1ike have a =
Q{é%ﬁl em that -t hese flgme retardants up%n@go%gg‘ﬁ?‘g}rﬁg%m 12 %O%e%léﬁ s e
Hafnful tojshenbyePsrbogye28er£Q" £9d mﬁ cies: while the phogphorus or. =
anti mony conpound flangg retardantg gﬁ%o'cgég%%fgﬁ?éﬁiv@Sﬁtan%ﬁ@mE R
, harnf ul neggrar8XPE OSLV. ; is therefore preferred in the it

i nvention that a net a%'gg\ﬁ@%?og%%%l%%e aoraed s Y %(S’r’f- RRPIJEALLRABA- ANt i mony

I norgani c : ' pecial Iy preferred exanpl es of such an 4
i norgani c ?%%ﬁ%g%%ﬁégggﬁ?é$ﬁ%?LéE?é%Lﬁﬁ#%ﬁ#ﬁqu695XP& +SRERFELL8m BFdr oxi de;
magnesi um oxi | ' hydr at e d nesi um oxi de/ zi nc oxi de
hydr at es. %Ec%]{/ﬂdﬁgﬁe%%ﬁéﬁgan%ggﬁpo%ﬁ}g‘ﬁ%me retardant can be used

known flame retardants such zs brominated resins, chlorinated

resins, phosphofﬁé dlpmﬁouncis, and antiméﬁy'-:ompounds. H::_Wever,
the chlorinated or brominated resin flsme retardants sad the
like have a problem that these flaiﬁe retar&aﬁts upon cczx&mstion )
emit a gas which is harmful to the human body and c-:.ﬁrodés |
machines, while the phosphorus or ant::f.mc;ny cﬁoméound flame
retardants alsc have problems conzerning .‘:ﬁa:’mfulness,_
explosiveness, etc. |

It is therefore preferred in ,the invention that a metal
hydroxide be added as a non-halogar non-antimony inorganic

flame retardant. Especially preferred example$ of such an

inorganic flame retardant include aluminem hydroxide, magnesium

i

hydroxide, ﬂﬁtqagnesium oxide/nickel o':-:i:de__a. hydrates, andnagnesium
oxide/zinc oxide hydrates. Such hydr.fat::lsd_rm‘e.tal :compounds ma;;;
have undergone a surface tréatment. Flame retardant .c;an be
used alone or as a mixture of twe or more thereof.

The content of such a2 flame .'r'e'ta‘i-dént'may be about frrozﬁn--
10 to 70% by weight, preferab-ly about from 25 to 65% by weight,
based on the whole composition for §-31yo§.e:€in res-in foam.
Too low contents thereos result in recicsd flame retarcﬁéncﬁ;,
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have undergone a surface treatnment. Flame retardant can be used al one or
as a mxture of two or nore thereof. The content. af- such a flame retardant. - .
may be-about from 10 to 70% by wei ght, pref"r"fab]"r:;about from:25:..to 65% by.
- 4si ght Hased on the whol e conposi ti on -for pelyclefin resin. foam 7 TOOw
| ow contents-thereof result i,n reduced flame.retardancy, 11. whil e too hi '-h
content sé t her eof -result i n* obtai.ni ng hi ghl y. expanded resin. four Lo 8o
Addi ti*ves naybe"'%d@ed to the conposi tion for pol yolefin resin® foam of t‘
mvep‘fl on according to need. The additives . are-not:particul arly tim tecﬁr (SR
Ki nd and mhl@tﬂoad@lltglhvsgntlenteruhaaey:usesﬁzbt fwoafi Micwlivigcap be
| es of the-additives include crystal “rucleators, pl asti.ci zers '
["Ubr i cant s obtaliodagt bighlyr axpahdtedabssthersam. ant i oxi-dant s; fillers,
reinforcenents, and antistatic agents. The anpbunt of such addltlves to be
added may be sui tably selected as long-as the incorporation thereof does
not inpair cell formation, etc. Addition anmbunts used in the nolding of

ordinary ther nophaditivesniayheéaddea ERheY&Shp JE: | C‘;&EEQE éato'l?%l%ffﬁhe

invention for polyolefin resin foamis characterlze

%B e?:SI ongh:e\smwsainyoﬁ&hé@%%he%w LB Gr SARY 'ﬂoaﬁ)éeﬁheoﬂ?é & d(mtt?%%r ature,
S a

are not particularly limited in kind, and various additives

in ordinary use for foam moiding .ca'n- be';:s'-ed.

Examples of the zidditiVes Iinc-:lude.'lr':rysta.l nurcl_éa.téi:s‘,_;
plasticizers, lubricants, colorants, ultraw.olet absarbers,
antioxidants, fillers, reznforcements, and ant:.statlc: age'xta
The amount of such additives to be aadna nawbe qultably selac’red
as long as the lncorporatlon th¢=re=c:f doa.; net impair .:eL B
formation, etc. Additionamountsussdinthe moldingof ordinary
thermoplastic resins can be employed.

The composition of the invention for polyolefin resin
foam is characterized by having #n extensional viscosity as

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

rate, 5,006' [1/5)) of from 20 to 100 kPa%sl. The externsicnal -
viscosity thereof is preferably frem 30 :c 20 kPa-s. '. By
regulating the composition for pcﬁlyoléfiﬁ 5.£esin f.oam" z0 'aé.
to have an extensional viscosity cf 'f:cm:é'a to IOO_kPa;s, “the
composition can be made trﬁ less suff__e: C°3.I ._*;-;_"a-ll breaké(;e G'IJI_‘I'J
foam molding and, hence, a high axpa*:slcn rat.io can be obtaine&.
Furthermore, a pressurs in the die can be maintained even
when the gap iswide and, hence, foamhavingan increased t.h.icknesé '
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rate, 5, 000 (1/s) ) of from20 to 100 Pa. s. The extensional. viscosity
thereof is preferably 41--on 30 to 90. kpas reqgul ati ng the conposition for . _
pclyolefi-nresin foamso as to have an ext:ensional viscosity-.of from 20 to.
100 kPas, fsthe conposition can be made to- less _suffer c-1.wall breakage A -
during foam nmol di ng and, hence, a high expansr onrati.aq can- be abt ai. ned
Furthermore a pressure in the die can: be nmintai ned even -~ whén: tthe -gap :
wi de :and, hence - foam havi ng an i ncreased £hi ckness 12 . can be obt ai: ned
Consgquently, in case where .t he extensi onaI Vi scosi’ ty -of the ‘CONposi tr_
i s ¥ower tleam BelolRained.a hei ghtened pressure’ is.di ffr cuttto obtar n-ins;
@ dip tip and it is necessary to narrow the gap for obt ai ning-as: e ok e
hei ght ened pressucénsdiga@hyly, aid Made & 0 I Iy thrs case- I'n .
addi tion, when the gap is ths narro %%andé?ﬁeééﬁ%%i@hr TLRASES Y

reduced, gag 5« aBepbsemicslis1be C egul 11 LLurther reduced
expansi on rati o. Onﬁpt he other: haﬁg eﬁgt Ptr? %xt e}'hl gghgen 2JPLESSIPEG of the

commos, L1 oRseuseetEutf0ck Bufasd 1Sl S80S0y (NETS LIS Compost 1 on

has reduced suitability for foam nol

therefrom Ryrt04 I S QU urface. I n the invention,

ext ensi onal Vi scggﬁtglgéggfngsouﬁtea nlﬁﬂgtahgef'gﬁrgt?%ﬂgpﬁ%?% VYaBeling
appar at us: ot ¥ flag CARLY 1580 ¥1o%:7 eoBLel 1rTthus case. In additioh, when

the gap is thus narrowed and the sheet th.,ckneSS is reducec,

gas escape fromcells is enhanced resultlng ina further reduced -
expansion ratioc. On the other hand, when the extensiecnal
viscosity of the composition exceeds lb(‘* kPa's, there are case

= s

where the composition has reciuc.ecz Su.ltabll-lty for foam molding
or where the foam obtained therefrom by -foam molding has a
rough surface. |

In the invention, extensional viscosity is measured
by the following method. |

Measuring apparatus: twin-capillary rheometer “Typa

RH7-2” manufactured by Rothanrd rrec,...mh

Long dJ.e ¢ 1 mm; le*xg..h 16 w; incidence angle, 18¢°

(L/D=16)

Short die: ¢ 1 mm; length 0.25 mm; 1nc1dence angle,

180° (L/D=0.25)

Aresininapellet formis intreduced into the ca;;:i llaries
of the capillary rheometer znd heated zt gwen temperat ur @

for about 10 minutes. The mclten resin is extruded through

13-



RH7- 2" manuf actured by Rothand Precision, Long die: 4) 1 nm length, :6

qua; incidence angle, 180" (L/D=16) Short die: 4) 1 mm length, 0.25 nmm
i nci dence angle, 1800 (L/D-0.25) Aresin .im*a. pellét formis |ntroduced

into the capillaries of the capillary rheineter ‘apd- heat.ed at.w giyen -
tenpera tyre for about 10 minutes. The noltenresin is extruded 1hrou
the lower capillary with a piston pushed down at speed Pres' g 01
-~ resin which is being thus’ extruded are’ neasured mrth pressure ‘sensor

dlspgsed at around the-inlets to the respéctive: caprllarres “The. pres_fﬂ‘igp,

t hug® neasurtde lawerceapdiliadyt @i@hVhSE0sts f H
% tion: PC = (Ps .- L‘I!_ﬂ PL -YtLt) / (%L Lsry %&%Fﬁm éép?desc(s&ursg%

aj PL: [slpeiesurePkéssurestdS'ﬁ 1000 8] W@cnpsts B%ef-\ U,fcﬁ é{?*ﬁh%%%e short '

d|[114 Pal. L1,: length of the long die ;M. ["erig rt die

[rnr.). Exteesheqstbred %8 8Bt shhu fekddn Sdr d algségé’&atteadroﬁt&‘ghe inlets

to the respective capillaries. The Prassures thus measured

are converted to a viscosity value using the following egquation:

Po = (Ps+Ly=Py-Ly)/ (Ly-Ls)

wherein

Po: pressure loss [MPa!

P.: pressure loss in the long die [MPa}
Ps: pressure loss in the shert die [M?ﬁ}
Lu: 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 = 3(n+1)%Ps/ (327y)

wherein

n: shear rate (1/s]

Y: shearing viscosity [XPa-s], :a;culated‘uith T = k-t
wherein t: shearing stress [k?a}d; |

n: power law index

k: constant.

b



the follow ng equation: JI =9 (n+l) 2Po/ (32'gy) wherei nq: shear rate
(1/sl y: shearing viscosity [kPasl, cal cul ated vmth = k,y" V\/nereln T
shearing stress [kPal n: power Ianndex s 1st.ar |91nthe
corrp05|t|®n for polyoletin foam of the- |n_' ] OR;- US
particle-has an effect that the - powder partlcle functlon as nu=cl_ ;
cell growth and bri ng ~ about a ore even-cekluf ar--structure. This- effect""'_r
-enhancéd especi al |y when a hi gh pressure.gas, in partlculfar gar bori “di o-e'. de.
|n super criitical state, is used as the pbl.owi ng agent ~whi ch «w |l be %
Ti bed bel ow. orjle eﬁbmélda.mmgo&e@l&mum%&lheggg@f,oggamneps&,ethe AR
_crﬁ.m:)osmlon of the invention can form -especially fine and uniformcells.

bl owi ngnagnbiohp bse USEAHN ﬁobﬁemnpgm;hgmef REs O4Y Al f¥ g t?\aEOLy lefi n- _
resin foamis not particularly limted a: lot' as it 1s one tor or |nary

use in thepdwast npaet 1€l &f Fipd Qe falsr nﬁ%ﬁb'ﬂsfoyowi’frgrdv;tht %lrgr glepged to

~use high-pressure gas; fromthe- standpoints of environnmen prese?vat I on,

"the properiyou®fa hege e@éﬁ@@r@tﬁa@gsw&cwfé“ tﬁﬁ%%?%@‘is §8;Fanéé‘dt hi s

specification, the term"high-pressure gas” Is used in
especiallywhenahigh-pressuregas, inparticular carbondi oxide

in a supercritical state, is_ used as the blowing agent which
will be described below. Compared .to foagmir;g techniaues -
heretofore in use, the composition o%f the Vinvention cé.m form
especially fine and uniform cel‘.'- . |

Theblowing agent tobe J.sed inthe invention for abtam;:wi :
a polyolefin resin foam is net p;tt_i-;ul:;_fly limited as long
as it is one for ordinary use';ifz t‘:s_é-- foém roliding of polyo'léfin
resins. However, it is preferred to u$e. & highﬁressﬁfe ga,s.
fromthe standpointsofenvirenmental presebvation, theproperty
of less contaminating the resin t'r:.‘b-e 'foamed, etc. In this
specification, the term ‘;high-—pressﬁre gas” is used in a sense
which includes a fluid in a Vsupe.:-re:rit.ical state.

The dl;igh-—pressure gas is _r:u.:-t pax icﬁlarly li’mited az
long as it infiltrates into the polyoleﬁin'i:'é'sin and the r-uﬁber
-or thermoplastic elastomer L'mder high préssure. Examples
thereof include carbon diox’ide,'ni’cré’gen,r and air. These
high-pressure gases may be usad as ia\.ﬁniﬁfr.ti‘:ee of two c: mar“e'
thereof. Carbon dioxide is ptef’éfred of th.ese -gases bécaﬁse
it can be infiltrated in a large an-omt m..o the puljoleun

resin and rubber or thermoplas _d.c ela.;tc wmer to be used as
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which includes a fluid in a supercritical state. The high-pressure gas is

not particularly limted a;; long as it infiltrates into the polyolefin
‘resin and/the rubber or thernoplastic elastozer -under hi gh. -pressure.
-Exanpl es <t hereof include carbon di oxi de, nltrogen and air. These, S

“hi gh-pressure gases ‘may be used 'as a. mi xture of two-o:; nore - thereof. ',r
Carbon di oxide i's preferred o} these gases because it can be infi ltrate
|nalarge amount into the- polyoref||n resi-n and rubber S :
t herpfop?ast: ~cel astom to be used a5 15 materials for’ foam and because ttﬂ i
rat€ of i nhateraalsnféehdoenf and beicalseFtld Iigltg'q-ﬁemn“*i@ﬁ}&@ﬁgﬁtﬁ@}%@'}fﬂt of .

hgrghternl ng the rate of infiltration into:the resin I gh- pressure gas_*

(€.g., cartsnhilghxi dairtHeaheah)l Yros he & SURRIGH beale s iﬁéﬁu
S

Incidentally, the critical tenperature and critical - pressure or® arbon

di oxi de areaBd n e t I e ercritical
a8eCo@ndn? 4t MRRioRCSRESTENE! Yo s M mhy@ 124 A guperel

state (supercritical fluid} is used, 1t not ©

| ubi | h
sol ubi l'ity (engt becarﬁ%:?m%&cid%?%r L 00y R%Hﬁ% %? %‘gﬁ] i]{'fcfg,taﬂson an

_COﬂCEﬂtI’atIOH ut al so generates a arger nu

abrupt pres eGa|Ls ncentr t|o ese cell nucl ei
growpt opgl vgﬂégd?gfg%$ ar grgﬁ:ese;tp‘%@er ud"r?ef" r!ftﬁf"ét ERSSPHIfoans
havi ng t he.sa o) d oguged t as |n anqt her st ate.

g ??; 85rB8h a£8¥18£' aPl §Ji’<‘|? gr\é\é —;ela%q@a\%e rraslggc@émeg.y When

Consequent use of “a supercritica

& gas in a supercr:r.tlcal state (suﬁercrlt*s.al fluid} is used,
it not only shows increased solubility in the resin and can
be incorporated therein in 4 hizjhcm:enlt;c:ation, .but' alsec
generates a larger number of ¢cz11 nuclzi upon an abrupt pressure
drop because of its high concentratioen. These cell. nuclei
grow to give cells, which a*e.present ‘.n a nlgher density than
in foams having the same porosity ana preduced 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 foamis not particulariylimitedas long as the corposition
for polyol-e__fin resin feam can b_e subj’ected fo foam molding.

ﬁ‘

-
o
=

The process may be any of a .batch- precess, cr;ntinuous,_p_r-::m &3
and the like. | |

An example in which a p’._olyclefi resin foam is bat ..hu_Se

produced using a high-pressure gas as a'blow;ng agent: is shown
below. First, the composition for pollye_l.efin resi,n fld.am

described above, which comprises a polymer component cemprising -

a polyolefin resin and 2 rubber and/cr :hefmcplastic elast!ﬁmér

1le




The process of the invention for producing a polyolefin resin foamis not
particularly limted as long as the conposition for polyolefin resin foam-
can be subfécted to foam nol ding. The process. may-.be any of a batch -~ .
. process, ~continuous process , and the like. An exanple in which a -f” y

" polyclef in, resin foamis batchw se produced usi:ng:-a high- pressure:gas a
‘a bIomAng agent is wna below First, the conposition for polyclefl
Tesin.2foam described above, which’ conprises a pol yer conponent ‘conpr Plafe
a poLonefln resin and a rubber.“and/ or:hers--fil asti.c el ast.. Qa.r - 16, and~7u
powder par tarcl & P@"d@(tﬁd&dﬂrcl"étﬁsa%xtﬁ'ﬁh‘éﬁd%gtﬁugp Qﬁtrxﬁd%'ﬁn%%eqscr ’

egtruder or tw n-scraw extruder to thereby produce a resi cﬁ”foam

f6f mati on. aimghetsyetyextBodeobY Bl LesidlJ.sevenl v kneaded
bef or ehand together with the rubber and%gr fh%?ﬁﬁﬁﬁag?l%b S EUERIRIE

i ngredi ent aan%dite sHMIersRard] ¢l ‘%o?)ﬁaqgéﬂs of aroller mll, cammll,
€

kneader,, or a kneadi ng nachi ne equi pp ‘With one or nore blades e.g.
one of the Banburx1t¥pgat@pd;thi t S press-nolded with, e.g., a
hot plate press to thereby %%rn1§? é%“n ﬁéﬁﬁ:rFSF“fbé ﬁv?%ﬁYhﬁHQﬁﬁQQmu ng a =

i t nd’ heet Lhus. obt ai ned laced 4 na
Pl gh- pressore rerend! WaodRHARTEL R B8 tPHB R tulinr et

elastomer ingredient and the powdar partlcln by means of a

‘!ﬁfazg; .

roller mill, canzmlll, kqeadsr; c; A xneadingnmachlne equipped
with one or more blades, e.y., on ; of tﬁ; Banbury tyﬁé,.a;dr
this mixture is press-molded withr e.g9., 2 hot plate press

to thereby form a resin zheet for feam formétion,having & giv-&

thickness.

high-pressure vessel, andalugh—prnss §aucomp:15-n4car;u4
dioxide, nitrogen, air, or the like is injected into the vessel
and infiltrated into the unfoamed shest. ;At the timé when
the high-pressure gas has been sufficierntl y infiltrated, the
sheet is released from the pressure {the‘pzessu:e is ueually
lowered to ;tmospheric pﬁ:ess u:rre‘) t.lo the-reby:generajte cell nuclei |
in the base resin. The cell nucléi_hay be allowed'tQ grcw
at room temperature. In some cases, howevef, the cell ﬁu:léi
may be grown by heating. | |

For the heating.;an bg usgd a known or common method
such as, e.g., heating with a waﬁef bath,}oil bath, hot rﬁll.
hot-air oven, far infrared rays, or micro@ave. After cell 1z
are thus grown, the sheet is rapidly cocled with, e.g., cold
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di oxide, nitrogen, air, or the like is jected into the vessel and

infiltrated into the unfoamed sheet. At the tinme when the high-pressure

gas has begn sufficiently infiltrated, the sheet is released fromthe S
pressure “ he pressure is usually- |owered to atnospheric pressure).to z_,. . -
erebygenerate cell .~uclel in the base resin. The.cell nuclei :may be. - .- &j 7
allowed :to grow . at..roomtenperature.: | n sone cases,. however, the.cell .=
nucl ei.” may be grown by heating.- For the heating can.be used-a knownh ‘O :;
commpn met hod = such. as,  e.g., heating w th.a water hath, oil ‘bath;.hot "5 .
.rgél | hveterrtovbbx the shdpamed taps:borobtElNVERD ] Wileficekbsinl are =
%ﬁﬁs grown, the sheet is rapidly cooled wth, e .g., cold 17 . water to fix— .
thié shape ZrdmthePlsbmodkied ob e poltyobsfidaneasi & faan nIbieq ) dgdepbj ect "to
be' foamed is' not limted to sheets, and nolded objects of variouS shapes -
can be usedndcmoldedgobiectPpbf Codt Diss SHUINEIRS ¢ Beshdgs an?g obt ai ned

by extrusion nolding or press nolding, the nolded object to & oanmed may

be producedobypplhesti®hgi ngrdraphini@yes bachHdkNgq L) §SELH | i ng. An
exanple in which a polyolefin resin foan??ghggnt?ﬁﬁ%ﬁsﬁ%ﬁéﬁ$%g3@@d using a

hi gh- pressuxerssorsnelal i & Boen 1 BhYS el QU alleoggmResLLign for

pol yot.efi.- :resin foam describe<
foamed may be produced by other molding techniques including

injection molding.
Anexampleinwhichapoiyolefinresinféamiscontinuouslyt"
produced using a high-pressure gas aé 3 bl_n'wing ag‘enﬁ is shoﬁn
below. The composition for polyolefiﬁ,résin foar described
above, which comprises a poiymer-coﬁpéneﬁtzcomprisiné a
polyolefin resin and & rubber and/or thefﬁcplastic elastoﬁe:
and a powder particle,.is ¥rieaded witﬁ an extruder such as
a single-screw extruder or twin-screw eXtiuder. During this
kneading, a high-pressure gas is injected into the kneader |
and sufficiently infiltrated into the resin. Thereafter, tha

composition is extrudecd and thereby releazed from the sressure

¥

(the pressure is usually lowered ta atmos?héric press&re} to
grow cells. In some cases, cell grewth is enhanced by heétin’é.
After cells are thus grown, the extrudate is rapidly'coeléd
with, e.g., cold water to fixthe{shégeigza thereby chtain

a polyolefin resin foam. This féamimdlding may be conducted -
withaninjectionmoldingmachinebrtheiikébesidesextfuders,
The shape of the foam is not parti#ﬁiarly limited,‘aﬁdmay '

be any of sheet, prismatic, and cther forms.
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above, which conprises a polynmer conponent conprising a polyolefin resin
and a rubber and/or thernoplastic elastonmer and a powder particle, is
kneaded wifh an extruder such as a single-screw extruder or. LW n-screw. ... ..
extruder..~During this kneading, - a hi gh- pressure . gas is injected into the, P
kneader and sufficiently infiltrated into:the resin. Thereafter, the o
conp05|?|on is extruded and‘thereby .rel eased fromt:. e pressure: (the
pressure is usually Towered to atnospheric. pressure) t.o grom;cells In

caé?s“, cell growth'is.-enhanced by hati g.  :After cells.are thi§. grovm 't

udate is rapiThe pmmdscde Wit Bhietgs g&@l dshaher 1epafiy 19&% share and &7 #i
(tﬁn reby obtain a polyolefin resin foam This. foam-mol'ding na e .conducted. "
W th an i npetdednobdedt ngr Nasdd ded OF e 4 11 ,&ilggel\_lge%bdgg 8%, Pde&sn_yghe ‘shape. -
of the foamis not particularly limted, ‘and may be any 0
prismatic, saptabl pese Taytas whslel 4Rl eg A 'c'%‘t'inttgf thd b ?ddf’% a%)rk. _

aki ng

kneaded resin M xture to be foaned can be suitably selec

account of ihhel ki8gioh dperdaon, idHd |t H3LL 08 OPE! q{ﬂhe is%te%ftﬁgx\%\;/ggsulrg

the case of using, for exanple, carbon di oxide or

I's, for exgPdamPNaaHdReh: 681 de o A09W 1§ 59T0EOL Oporl\épsas)drep rlgf eraply

o

example, €éMPaorhigher (e.g., about trométo100MPa), preferably
8 MPa or higher (e.g., about from Bi‘tc 100 i\i;?a} . In cas.e where
the pressure is lower than & MPa, considarable cell g;:owth-
occurs during foaming and this Lends ta .'r"esult in to>» largs
cell diameters and hence in a u_d* ced soundproofing effect.
The reasons for this are as f;}llaws When a low presaura
is used, the amount of the gas infiltrated is relatively smali
as compared with infiltration at highef pressures and the rate
of cell nucleus forma.tion i3 low. Bz 3 result, ths numke
of cell nuclei formed is. small. Becanse of ﬁhis, the géxs amount
per cell increases rather than decrsases, resulting in exceeding

large cell diameters. Furthesrmecre, in a region of pressures

b

lower than 6 MPa, only a sligh‘e changye .i.r..irfiltration Dressure
results inconsiderable "*ang% in cell dlam-}t rand ceil density
and, hence, it is difflv:qlt to regu-_late cell diameter and cell
density. | | .

The temperature for the gas infiltration step varies
depending on the kinds of the inert Igas and t.hermc?lastic: resis

to be used, etc., and can be selacted in a wi;ﬁe range. Howewver,

when infiltration operation and the like are taken into account,
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8 MPa or higher (e. g., about front Stoy 00 MPa) In case where the pressure
Is lower than 6 1Pa, considerable cell, occurs during foam ng and this _
tends to result int «cell diameters and hence in..a reduced soundproofl ng ..
effect. growth | arge ef The reasons for thi:s.are as. fial | ows:: Wien a | OW.g--s:
pressure is used, the anmbunt of the gas- . rnflltrated i s relatively: snall
"as conpared with- |nf|Itrat|on at” hi gher pressures ‘and the rate of . cell
nucl eus formation i-s:1ow. A5 a result; the nunber of tefl- nuel er forma
small Because of ‘this, the gas: am)unt per ‘cel| jngreases. rather - Iha_f@,
deggeases, thestlhgrammc‘ea@élgattw@e_g;elﬂord|ea¢@ﬁqres aEgﬁEhgf_—gﬂQer '-a{ Q'
rﬁél on of pressures |ower than 6 Ma, .only.:a.slight change ill. = ™.
filtratiba3508Ssurior erampls, |1h%i%ﬁ@@ﬁ&%%éﬁ§ﬁ%hl@' g,greter an
cell density and, hence, it is difficult to regulate cell dianmeter and

Cel|]. deirsftytrated t Bmerat Uieedied 7R 108% iBhL akhi QN aLEp i’c?{' e
dependi ng on the kinds of the inert gas and thernnplestlc resin

“used, etc-or atife CRike berisel Bot ek d il i “Meﬂ:% RYC e J.'éb%X?E zéc\%'l;

i nfi I tration operation and the like are ta en into accoun
-infiltratt®@RdETPepHdfeddly about from 40 to 200°C. In the casa of

the continuous process in which a molten polymer into which
a gas has been infiltratsdis extr_uda te s'ia:ﬁl-.taneously ‘cnduc
foaming and molding, the infiit.ra:ti‘an tempe.réture is g'enerally
about from 60 to 350°C. Incidentally, when carbon drexide
is used as an inert gas, it i's.p:c'eferred' ko infil_trat-e” the
gas at a temperature of 32°C or highér, especially 40°C -or
highexr, in order to mai_nta'in its supercritical state.

In the decompression stei:, :alt:mugh the rate of
decompression is not particularly limited, it is preferabiy
about from 5 to 300 MPa/sec from the standpoint of o:tainiag
uniformfinecells. Inthsheating step, _th-e heatingtemperature

is, for example, about from 40 to_250-°C, pré_ferably about fro;ﬁ

b

60 to 250°C.

The process for polyolefip ures:in foam pfodUctj.on :of
the invention has anadvantage that a foan ha?&'rirng ahigh ex:_:};.ns ién
ratio can be produced and, hance, a thick foam can be firod_uc'ed.

Specifically, this advantage is asfo_u::as In the ¢case whera
a polyolefin resin foam is nreduced ky a2 ccntinuous pro ,'ﬁ £s,
the procedure comprises <n==ad¢ng thc cozrpc.ht\on for poli alefin : |
resin feam, injecting a higfz.-press*ai& gas into the kneading
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the infiltration tenperature is, for exanple about from 10 to 350C. For
exanple, in'the case where in inert gas is batchwise infiltrated into an .
unf oaned nel ded object in a sheet form or the like,-the infiltration . .
t enperature i s about from1-0 to 200C, preferably about- fram40 to 200G

In the case of the Continuous process in‘whi'ch a nolten pol yfmer-into whit
~a gas has been infiltrated is extruded to S|nu|{aneously conduct . .foani ng;
and nDIdlng, the infiltration. tenperature |s generakly . about fr@n1601Lg%
350C," I ncidental ly, when car bon di oxi de i s used: g5 an inert. gas, it i sidg

pre@erred machiié | duntegt tiee Eﬁéﬁéﬂn@iﬂéﬂﬂuﬁﬁﬂdygﬁﬂq& 32¢C1erahibObRE, R
egpecially 40C or  higher, -in order to nmaintain its-supercritical state 'L”*f*

the deconmubgisiprestepe s hdugh tihe ratie, Ofanc-ﬁ%(z&m@g%%hggnkptﬁseé .f rom

particularly limted, It is preferably about from5to

the Standmﬁ@oﬁtmi%&k&er‘é@ eemehtoe ol + | ng.s the
heating tenperature 1is, for eg;nple aﬁ%ut fron# 0[B €g¥%C:qBTé g?ably

- about frorep @E’aﬁibr%%r%r@tf@frﬁ%ﬁ{ fofe RAlakal e or ERLNCLOAY o T oot on

of the invention has an advant age 1 hat . oanlha i Ng ah i on

. ratio can pe quaducsd, adBdreB%ﬂﬁ%e gnk héfgk PN LR D tq.l’hoedlécl%dof the

extruder so a5 to be as narrow as possible (generally from

0.1 to 1.0 mm).

Thismeans that forobtairing a th.:i,c:k foam, the compésli tion
for foam formation which has been extr:decﬁ' ﬁhrough the narrcw |
gap should be foamed at a high expanSJ. % ratio. In the |
related-art techniques haratofcre in use, however, a high '
expansion ratio is not obtzined and the fbams formed thereﬁy' ,
havehencebeenlimitedtothinoheé(e.g-,oneshavingathickness.
of about from 0.5 to 2.0 mm). -

In contrast, by the prdcess of the invention, a foan
havinga final thicknessoffrom(C.50t0 5. vimmcanbe continuously

obtained. In order to obtain such a thick foam, the relativs

density of the foam (density of tha shea* affer foaming/density
oftheunfoamedsheet)iédgsirabL?fromD.ﬁztoo.3,p:éferably
from 0.05 to 0.25. Relative densities thefeof exceeding 0.3
areunde51rablebecau5ﬂfoamlnglslnsa‘f1c1e ,,wnzlekeﬁatlve
densities therecf lower-than 0. 0” are unces¢rab?e bnrahae the
foam may have considerably reduced stxength,

The foam thus obtained has excellent shape retention.
Namely, the expansion ratic immediafely after feaming is
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“'suffic.en infiltrate the high-pressure gas into the resin, and: t'hen

Specifically, this advantage is as follow . In the case where a polyolefin
resin foamis produced by a continuous process; the procedure conprises
kneadi ng the conposition for po.lyolefixn resi n f-pam “i:nj ecting a S
hi gh--Pressure gas into the kneadi ng- 20 machi ne duri-ng.the kneadl ng.te. -

ext rudi ng the conposition to .thereby release it fromthe- pressure In;_t-- i
oper ation, for ‘maintaining the pressure in t'he:. extruder it s necessary
.to.regulate the gap in the die -at the tip; of - the extruder so as t'o be-:
nar sow as petaihee rgbridvenlfiopnl does Kbt sh i 1}k®“NNk1dIBé§1yEa%et B8hm for.
o?fal ning a thick foam, the conposition f.or< foam for mat1on which- has been

ruded tHuntiglr tHass naghomasmms{y)phcape.etieaﬂecwé eRaRb b, W?ééﬁ“

ratio- Int.e related-art techniques heretofer-e in use, however, hi gh
expansi on Ka§i 9 isadoigobhat n@éb@%érh%ﬂd?@%nfﬁ&%q.ngh%ﬁe%% h%e hence
been limted to thin ones (e . g. , ones having a thickness about from

0.5 to 2.0¢ reéglm@ﬁz%ﬁgtrhyok%c%@ e%Swgéut I\%A%C%%y%e coﬁ’t. 1; g@lmy

having a final thickness of" fromO to 5

obt ai ned. r cha.khl Felative density of
the foam (#E%Iﬁs?if{/ %c? gt’)‘ﬁ;e%sjhl%ﬁ" ’ aff Strlrgfg]é%él n%ﬁé tfr pw ?ﬁe?ﬁnﬁoarred

sheet) is idﬁézhré‘biyéré)dw%ﬂlﬁt‘)‘)?’ preferably fromO0.05 to 0. 25.
0 ,

Rel ative densities; there €eding 0.3

When the load against repulsion upon compressing to-
50% of the foam exceeds 5.0 N/cm?, there zre cases Qhere vEa
of the foam as an internal insulator or cushicning material
in an electronic appliance or the like_ :eéulte in a troubls
that circuit board deformaticn occurs and.a sufficient effeet
is not obtained. | |

The thickness and relat:‘.ﬁe_ .density' of the faaxﬂ to ba
produced can be regulated by suitably selecting or determining
operational conditions in the cas infiltration step, such as
temperature, pressure, and time period, operational conditicns

in the decompression step, such a3 decompression rate,

Vi

temperature, and pressure, and ether condlitions ineluding,
e.g., heating temperature afte:_deceﬁpras:mon, accora;ng Lo
the kinds of the inert gas to be -'?.iset.:i aA- cf the paly lefin
resin and rubbe;-' or themoplas‘-:i:. elzstorer used.

The polyolefin resin foam:of the ihvention can be used,
for example, as an internal insuletor 'for ele-:tronic apoliances
orthelike, cushioningmaterial, sound iasularor, heat ins: alasor
food packaging material, clothing matefial, ruildingmaterial
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are undesirabl e because foanmng is insufficient, while relative densities
t hereof |ower than 0.02 are undesirabl e because the foam may have

consi derabfy reduced strength The f oam t hus obtai ned has excel I'ent shape N
‘retentior. Nanely, the expansion ratio irmediately.after foan1ng 'S 2w
retai ned and the. foam does not shrink con5|derably§ The foam-=further: has
“hi gh cushioning" propertles For. exanple, ‘the: froaim.~has a.{oad. agalnstff“
repul sion upon conpressing to 50@6(50@6 conpre53|on strength) ‘of - dbou
N1=2~or | ower (e. g; about fromo. 1 to6 5. 0N cn+) fromO0.3t0 - 4(),”,-;
thﬂQ) preterably 4.0 N c¢m 2 or. |ower (e:a, Wieh t he  |-oad ‘agai nst - R
rgful si on upon conpressing to 'S. 0 50t of. the f.oam exceeds. _M2 tho- re ,-5

cases where of the foamas an interndl insulator of’ cushlonlng_natérﬁal"iﬁ-}”
an el ectronic appliance or the like results in a trouble that circuit
board deformation; occurs and a sufEkeiepEseffect is not obtained. The

t hi ckness and relatlve density of the foan1to be produced can be regul ated
by suitably sel cOidq erlaldtf W:NNge QE1314LARAL-EONALL] §8eal Pogne 928
inflitration step, such as tenperature, “pressure and™t
operationale £OPhEL @BExamples, but the invention should not be construed
as being limited by these Examples in any way. The extensional
viscosities of'resins ware measured hy the method described
above. Relative density and 50% compression strength were.

measured or calculated by ths fcllqwing_methods.

(Relative Density)
Relative density = {density 2fter foaming (density of the fesm)
(9/cm®) =+ {density before foaming (density of the shset or

the like to be foamed) (g/cm®)} -

(50% Compression Strength)

Several tsst piéces cut out in % Sﬁ;mm square were
superposed_;o'as to result in én overall thickness of about }
25 mm. The test piecas superpcsed wers é;mpressed te 80% ok
a compression rate of 10 mm/min, and the é-:t:r'ess in this states

was measured. This stress per unit area was faken as 5032

compression strength.

Example 1

Forty-five parts by weight of pclypropvlene was kneaded
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I n the deconpression step, such as deconpression rate, tenperature, and

pressure, and other conditions including , . e.g., heating tenperature after
deconpress1on according to t he ki nds of the |nert gas to be-used and of:
the resipiand rubber or tharmopl astic: used The poiyolefln re'”':foan1oL”,'
the invention-can be used, for exanpl €,. as*an- |nternal insulator:;

el ect r.onl c appliances .-or the<like, QUShI"On,I(ngl’TB.t eri.al ; sound § nsul at or ,\L"""

heat i nsulator,, ' food packagi ng-nateriadl, r_-;'cl ot hing- rrat eri‘al +*butl.di ng’
mat efial, 22 etc. EXAM ?LES The invention”will he expl ai ned belom1|n

det ?"pul by tegetbemewibhE&énm:e'ss Hmutweu'gém m/ﬁarat v yohedhid ambsbeméﬁnstrﬁed
b

eing limted by these.Exanples in any way . The extensional viscosities:. .

of resins L20 epanﬂasslh}ed:emg}tmefnnhbﬁdsﬂﬁﬁcmym :ﬁd)q\g@evlg%@aghvg‘ggpm ty E
and 50% conpression strength wer measured or cal cul ated by ‘the foll ow ng

met hods. (Reimétee, Delginy)amel @bhyes Bonsiightast daans 4 ¥ abhSk-Leaming
(density of. the fc-sr' (J/cnB) (density before foam ng (density of the

sheet or ~ $1@00%ebiyondans CAMedhwl BLE i ke ace SRIMCPIPEES By Shirengt h)
Several test pieces cut out in a ?-Orun square were superposé'd So as to
result in athv@i@ldr,! binekpess10hnflPUlture was extruded inte strands,

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

a composition for polyolefin resis 'fc-ém'-wa-.s producad which -

had an extensional vzsc:»sm.; at 25¢° L 0f£749.3 kPars.

These pe_llats were introduced into a single—sérew
extruder manufactured by JSW. A gas was 'iﬁjected in‘éo t_he',
extruder in an atmosphere of 220°C -at. a pressure of 22 MPa
(19 MPa after injection) to fully saturzte the melt wiith tha
gas. Thereafter, the melt was cooléd e a témperéture s.ﬁitabla
for foaming and then extruded through a die to obtain a foanm.

This foam had a2 relative density of 6.150 and a 50%
compression strength of 3.5 N/cm®. The die had a gap of 0.2

mm, and the thickness e¢f the fcam obtained therewith was 1.4

-

- . o | : _ | -
Example 2

.Forty-~five parts by weight of pelyoropylene was kneaded
together with 45 parts by weighl"i:.'of & pblyolefin elastomer,
10 parts by weiéht of polyethylene, 120 p,—, ts by w~1gn"‘ m
magnesium hydroxide (average pa.rtic;.-- dﬁa:'ne‘;er, 0.7 p:r-.}, an:i

10 parts by weight of carbon at & temp

iD

catuze of 200°C by means
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25 mm The test pieces superposed. we. e c inpressed to 5Cvat a
conpression rate of 1C mi 'sin, and the stress in this state. was.. . ..
measured. -This stress per unit area was taken as 50% conpression st s
. Exanple 1. Forty-five parts by wei.ght -of. polypropyl-éne was kneagded ;.2 iause
together. with 45. parts by weight of a potylefin elastoner -120:parts b
“wei ght: éf magnesi'um (aver gge particle dianeter, 0.7 un.., and 10 parts-
wei ght -‘'of carbon ‘at a terpecature  of 200C by:neans of a tw n- screw kne
manuf act ured-by JSW Theéreafter, the resultant i xture vias.extruded-i-nt
strénds, @i 3fcwidresa ddeaidelr mabefaatut-ddien: GBI Ntspel f1ad8. Vaus,
cgtiposi tion:.for.polyolefir, re~ir. cant wag?pr.oduged -which had an™ - : -
éxt ensi onaFeshitastimixitul® 0OE @it rulled ikRa- StrIMEse wRehalSr LG 1ad -
i ntroduced into a single-screw extruder manufactured by JSW A gas was.

i njected iwibhtWetereanduﬂEénifﬂfﬂﬁﬁﬁdﬁﬁﬁiﬁggg;ﬁgggggiéakgmﬁﬁgﬁﬁ§§&re of 22
MPa (19 MPa after injection) to fully satarate the nelt w al  gas.

Ther eaf t er £ot hpeo Inged e $¥36 r €9 0h b dndwas (- d RIS @b LES hS\W LAR! eceéifs(irong am ng
a

and then extruded through a die to obtain a foam T,EIS f oam ha refrative:

density ofvDsd58iepdag 20onc sPPsessipp strength of 3.5 NcnR2. The die had
a gap of 0..2 mm and the thickness of the fcamobtained therewith was 1.4

mm These pellets were intrcduced inte z single-screw

extruder manufactured by JSW. & gas wras' injecred :nto tha
extruder in an atmosphere of 220"';: at a pressure of 19 .MPa.-_-:
(16 MPa after injection) to fully saturate the melt with thé -'
gas. Thereafter, themelt was c_oo'lad to a tler*::perature S "itaiaie
for foaming and then extruded through a dia %o obtain a foim.
This foam had a relative dsnsizy U"I £.125 aﬁd a 50%
compression strength of 2.5 N/com?. Tre dle had a gap of 0.z
mm, and the thickness of the fcam obtained therewith was 1.7

mm.

Example 3

Forty-five parts by weigl*..ﬁ cof polypropylene was hisaded
together with 45 parts by weiglt.£ of a pclyolefiﬁ elastorer,
10 parts by weight of porlyethylene, 120 pé_z:ts by weigﬁt of
magnesium hydroxide (average particle diaméter, 0.7 uﬁ) , énd
10 parts by weight of carbon ét a -tem}‘ae'ratiirer of 200°C by means |
of a twin-screw kneader manu:facturéd by .751’:'3.7 Thereaft’le}:, thé

resultant mixture was extruded inte strands, which were cooled

with water and then cut into palliets. ' Thus, a composition
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- 7200C by nmeans 24 of a twin-screw kneader_ :anzafar-Sr t b r aSa:-

Exanple 2 Forty-five parts by wei ght of polypropyl ene was kneaded t oget her
with 45 parts by weight of a polyolefin elastoner, 10 parts by weight of
pol yet hyl ene, 1.210 parts by wei ght magnesi um hydroxi de (average particle . .-
dianeter, 20 57 7 p°, and 10 parts by-wei ght of:carhon at tenpe. at ufe.: .-

" Thereaf'tgr, t resultant mixture was ‘extruded .inte,strands, -whi'ch were 4
~cooled with water and then cut i-nto-pellets. Thus; ‘a.compositionfor.
pol ygl ef i:n resin foam was produced which tiad an extensional : vi scosity &
200€ of 52f@x pRAyelefénerpeit foamwen e prntinaddoftidnhad arbbRELLx SEKEW. .« &
e>f<zr'uder manuf actured by JSW A as as injected i%o the extruder~in:an -~
at nospher evidc@Q0¢ att 2 Prassuft 83nf7 dPavi2a: (16 NMPa after i njection) to-

fully saturate the nelt with the gas. Thereafter, the nelt was cooled to a
tenperature suit Thlese pellbesnivageandtibencext {need: thiomah a..cl, e to

obtain a foam This foamhad a relative density of 0.125 and a SC=E

conpr essi asxistudmngttaraifabtnddec By JEre dheqhad,as 08D ey %;ngm wand the

t hi ckness of the fcam obtained therewith was 1.7 nmm~ Exanple Eo'r"ty-five
parts by wetgidued ipolatpramdspne waskneaded, 1t Qogther, wit hs 45 AR S by

wei ght of a polyolefin el astoner,
(16 MPa after injection) to fully saturate the melt with the

Sag T

gas. Thereafter, the melt was ccﬁcléd to a temperature suitable
for foaming and then extruded threcugh a d_ie:: to obtain a feoam.
This foam had a relative densizty 0f 0.110 and a S2%
compression strength of 2.1'~N_fc.m"’f-;: Thé die had a gap of 0.2
mm, and the thickness of the foam obtainas "therewith was 2.4

mm.

Example 4

Forty-five parts by weight of polypropylene was kneaded
together with 45 parts by weight of a- polyolefin elastomer,
lO0partsbyweight of polysthylene, 1Cparts bywaightofmagnesium
hydroxide (average particles diameter, 0.7 um), and 10 parts
by weight of carbon at a temperature of 200°C by me'ané of a
twin-screw kneader manufactured- by. VJSVW. "Ehereafter,, the
resultant mixture was extruded in't'o- ‘stran.»:iis, ' which werel cooled
with water and then cut into pellets; Thus, a compositien
for polyclefin resin foa::i wa;s prcduced which had an extensiénal
viscosity at 200°C of 43.0 kxPa‘s. | :

These pell;ts were introduced into a single-screw
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10 parts by weigh : of polyethylene, NO parts by weight of magnesium
hydr oxi de (average particle diameter, 0.7 prr) and 10 parts: by - wei ght of
carbon at a tenperature of 200' C by rreant ‘of -a twi-n-screw-kneader .. .o 0
. :manuf actured; "by- JS W_-Thereafter, -t he -resultant wixture was extrude{”' N
Strands, mhlch were cool ed: with mater and then. ‘cut i nto- pellets.: Thu; ac
corrposa’tlon 25 for polyol efin resin foamwas ‘Pr oduced:; - whi.ch"had "an:exzed .
viscosity at 200C of '83.7 kPas. These pellets. vere”int roduced:i.nto At
si ngle-screw extruder. nanufactured by JSW A gas-wds Injected into' the?
ext rdider |nx&muﬂbwomahafacQﬁréaOEyaUSﬁ pﬁﬁiﬁﬁiﬁmﬂfl$%e¥9@d G 8. NEQ after.
|n;fect|on) to full'y saturate the nelt _wth the gas: Thereaf'ter fﬁe melt -

wds cool edextradeenRar ahuaemssbhabbeo ¢f 950 f@agi ng f?{kd-qédiﬂi' tyr t hr 0U9h
a die to obtain a foam This foamhad a relative density Cfﬁg‘ 1%%gnd a 50%

conpressi onlgt HeAgA bt &f ﬁiﬂeé\@ﬂﬁ-}z_toT%lq.'vengQerga&e m?)(_)t i’lﬁg{n%}and the

t hi ckness of the foam obtal ne~ therew Sf | ve

par (s by wgbght” ole AOLIALOPLLENE: YRk a0l totaOQS{gESg? hhf sinbBihe.

wei ght of a pol yol efin el astomer art’s by wei

parts by “@bghko%ﬂé%}f‘é'ﬂﬁgr{%%%'dgﬁ L%gsatau&gfﬂ%%“%%éﬁg of am’

and 10 parts by weight of carbon at
This foam had a relative density of 0.04 and a 50%

l

compression strength of 1.2 N/em? Ti‘..e ﬁie had a gag of 0.

mm, and the thickness of the fcam obtained therewith was 1.3

mm .

Comparative Example 1

Forty—flve pParts by weight of pol yp;.aoylene was kne 3ds=d '
together with 50 parts by weight of a polyolefin eliastoner,
100 parts by weight of magnesium hydrokide {average particle
diameter, 0.7um), and1l0parts byweightcfcarkonataterperature

of 200°C by means of a twin-screw kneader manufactured by J5W,

Thereafter, the resultant mixture was extruded into strands,

.Y

which were cooled with water and then cut 111!"0 pellets. Thus,
a composition for polyclefin -res;x.:n __fcam'was produced which
had an extensional viscosity at _2'_-1-;30"‘6.‘ of 15.6 kPa-s

These pellets were in.troduéed into a single~$crew :
extruder manufactured by Jsﬁ. A gas. was injected int§ the
eXtruder in an at’mosphere of 220°%7 a¢ 7'pr.essure cf 22 MPa
(19 MPa after injection! to fully satura t the melt wilth tha

gas. Thereafter, the malt was ccoled tu a tanperatuxe suitsble

27




tw n-screw kneader manufactured by 0'514.. Thereafter, the resultant
m xture was extruded into strands, which were cooled wth water and.then - - -
cut, into gélléts. Thus, a conposition for -polyolefin resin feam was. . “
,\produced whi ch had an ext ensi onal vi scosiity at- 200' € of- "43. 0 k=as.: These.
- “pel lets, mere i ntroduced unto a single-screw 26" . éxtruder manufactu
JSW A gas VA9 injected-into the ext ruder: in-an atnnsphere of. :220€
'Apressure of 13- MFa (12 MPa afters |nject|0n) to . fukly saturate. themelt
withsthe gds. Thereafter,: the nelt was cooled 1o atenperature’ sui‘t ablt.
for;f oani nforarftbartigry excy tden ddwmiiHy ahdibeghos AileaiA Grd@AMs FBES; Iloam had
Yel ati ve density of 0.04 and a 50% conpression.-8trength of 1.2 hﬁ o
.e die. addaa.galiowetef, the pramsuindis hastdickpgSS nefe Eé‘ﬁaiﬁ@@ 1‘?@:“ a| ned- ¢
therevmth was 1.9 IM Conparative Exanple 1 Forty-five parts by werght of
pol ypr opy| ehthoagh kite@dele §£08kdemAWtdle30 thakhe R.Xa.mb%h}ragu o2spolyolefin

el astone , 100 parts by wei ght of nagne5|un1hydrOX| average partlcle

diameter, €hd sPazatiél (9. PILS. Drellghl brOLy e thda,g{ fogep T aturn

of 200C by means of a tw n-screw kneader manu ure Thereafter,
the resul tamufesdidge yas &&%%gl%%n%%%@ﬂsno‘ehbghf‘é’en%sdcﬁgéc?d w th
ets. S .

water and then c t into pel
sheet.

The foams obtained from the fcamaﬁle polyolefin resin.
compositions obtained in the Examples given above, which eaéh
comprised a polymer component comprlsbnq a polyolefln resin
andarubberand/orthermoplastlcelastmmerandapowderparticle,
through release from the pressure”cf a hggh-pressure_gas in :
the conventional foaming step.had-a hlgh'éXPansion Qatio.ana
a sufficient thickness. |

Incontrast, the foamocbtainad in the Comparative Example
had a high relative density and a sufficient expansion ratic
could not be obtained.

Theﬁslyolefinresinfoamcffheinveﬁtianhasas:fficien:
thickness and is excellert in sc’f’tnéss and cuéb*‘oning prcperﬁy.
By the process c¢f the *1ventlon, such excellent foams can

be efficiently produced with ease.

While the invention has been d:s::ihed in detail anc.
with reference to specific ewmbodiments thereof, it will be

apparent to one skilled in the ar: tha® various changes and
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a conposition for polyolefinn resin fcamwas produced which had an
extensional viscosity at 20C4 of 1.0.6 kPas. These pellets were introduced: =
into a si ngLe serew, .extruder manufactured by: JSWE Cgas-was: i-nj ected nto
. ‘the extruder in an at nosphere of 22?7 a} a pressure of .22 MPa (19 MPa s
‘after injection! to fully s: t,lrat the nmelt" w -'~h:t gas. Thereafte
melt was, ‘cool ed.to-a terrperature swtable 27 feor foam ng - and:t.hen:gxt
,throuqh a die’i-n.order to-obtain-a foam’ Howevery ‘the pressureﬂln ;

odigr g:m | ".d not be maintained ;ned -al though the: dl e gap- was ﬁafrome
theﬁf‘n ni numodaieatobnst fgn Wﬁaﬁi&%h@ge%thh%g%%&q c{ %”1 ng
“insuffici ent -and the conposition coul d not be- formed I n eet '

f dans obt akmeref thaxrebE. f oamabl e pol yol efin. resin conposi ti ons obt ai ned e
the Exanpl es given above, which each conprised a pol ymer conponent '
conprising a pol yBhis appibskhionnd bee sedirireJapagé ¢ phRehiRppasicheehast omer

and a powder particle, through rel ease from the pressure of. a

hi | h- - pr es¥ar 52%%-2%91%é51c1m/emmm$t fafani2R@3st ehe hatt iar<h cghtexpansi on

rati o and g2 suffl CI ent thickness. In contrast, the foamobtained in the
Conpar at i vE*ER elﬂ%&‘%‘ﬁ?bﬁ‘?%@@?%%ﬁé{ tryEfaamna:esuf ficient expansion

ratio could not be obt ai ned. The polyolefin resin foamof the invention
has a sufficient ’




t hi ckness and is excellent in softness and cushioning property. By the
process of the invention,.. such excellent foans can be efficiently
produced wt'h ease. Wi l e the i nvention has been described in:detail .and :
Wt h refer%hce to specific ;enbodi ment. thereof,; it-w.ll .be apparent t.0-@ne;
skilled i the art that varlous changes- and-4~ nDdlflcations car, ‘be. nade i
t her ei np* ‘scope thereof. This: application-is. based Qn Japanese pate"';
appllcatlons No. -.2003-209196 fi |'€d. on. August 28, 2003 ’the ent-ite- conte
t her gof bei ng - hereby |ncorporated by reference, - 29.=7. 1. A conp05|t|o ;
polybleflnWhe§|thoéa1m&ﬁ|:h conpri ses: ‘a polyﬁer conmonent._ conpr|SIng a
pgyyolefln resi.n and a rubber and/or. thernnplastlc el ast oner [~and .a _powd
p icle, whéfein the conposition has an extensi‘onal V|50051ty as measur el
with a capillary nceonmeter tenperature, 200C shear rate, 5,000 [I/s], of
from 20 to 100 kRas. A2cofipestenpasksiopol 5180150k il FRsi N Whaam accor di ng
to claim1, wherein the powder particle is one selected from the group
consi sti ngcatpthdes: silica, alumina, zeolite, calci-m

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

a powder particle,

wherein the compositibn has a:.:-.'ex:t.:'ensional viscbs:iﬁy :
as measured with a capillary rhaometer 'f:-‘::e.mperatulre, C200°C; |

shear rate, 5,000 [1/s]} of from 2¢ Eo 1’,.00; kPa-s.

2. The composition for‘folyelefin1reéin foanlaccerding-
to claim 1, wherein the powder particle is sne selected frem
the group consisting of talc, silica, alumina, zeolite, caleivm
carbonate, magnesium carbonate, barium sulfate, zinc oxide,

titanium oxide, aluminum hydroxide, magnesium hydroxide.

3. The ceomposition for polyolefin resin foam according

to claim 1, wherein the pewde.-, part:.cle has a particle dlameter

of from 0.1 to 10 pm.

4. The composition fcr'pa*y eilrxrebzn foam acavru‘ng_
to claim 1, whereln the powder partlcae is c.ont:alned in an
amount of from 5 %o 152 parts by weight pased on 100 parts

by weight of the polymer com@oneh:.
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car bonat e, magnesi um carbonate, barium sulfate, zinc oxide; titanium

oxi de, al um nui hydroxi de, magnesi um hydroxi de. 3- The conp05|t|on for

pol yol efin fesin foam accordin~ to claimal, mhereln t he: powder "part icle

‘has a partfcle diameter of from0.% t6 10<ptm: 4. -The conpesition: for »amg

pol yol efin resin foan1accord|ng to clai m1, ‘whereéirn the powder : e

contalnéd in.an amount "of from5 to. 150 parts: by melght based

by mebght of  the. pol ymer i canpo hen-z. 5 A polyoieflr : : 5

obt aigibl e by subjectign theé: conp05|t|on for polyolefln resin, faanlaccorrgi“ M

to aim 1 to foam nol ding. 6. The polyolefln re5|n foan1accord|ng to = KA
climb5, which has a relative density-in the range’'cf 0.02 to C .=3=:s, 7.~

The pol yol efin re3i g fH?érHOé&fd-Pdlrﬁ?@lPo fokmi pbSainkbih bhaSuzajémﬂu@gal nst

repuIS|on ugon conpressing to 54 (50 conpression strength) of 5.0 N cnz.ar

| ower . Br6€@E§5¥§¥°brﬁQKKPQ&yQiqﬁﬂnymheﬁmn;bemlmcééguang\ﬁa ¢haganpri ses

foan}nnldlng a conposition for polyolefin resin foam which conprises: a

pol ymer cofpbfefioamonplidéngg a pol yolefin resin and a rubber and/or

t hernopl astic el astone., and a powder particle wherein the conposition has

an extensional viz osity

6. Thepolyolefin resin foamaccording to claim5, which

has a relatlve density in *ke ranqc, L from 0.02 te £.30

7. Thepolyolefin resin foam according to eclaim 8, which
has a load against repulsion upon comﬁressing to 50%-{50%‘1_

compression strength) of 5.0 N/em? or lower.

B. A process for prodﬁcihg’é péiyélefin resiﬁrfoam;
whldhcomprlsesfoamrmoldlngacmmp051*1onborpolyo¢efh_rn51n
foam which comprises:
a polymer component comprising a polyolefin resin and
a2 rubber and/or thermoplastic elastomer, and
a poWder particle 7 : | s
wherein the cempcsiticon Eag an =xtensional viscos ltj
as measured with a capillary rheometer ’*empnrature, ;00 Cs

shear rate, 5,000 [1/s]) of from 26 to 100 kPa-s.

3. The process for produszing = polyolefin resim fecam

ofclaime,whereintheccmpositionisfoamedwithahigh-nressufe

gas.




as neasured with a capillary rheonmeter tenperature, 200C, shear rate,

5,000 C1/s) of from20 to 10 kPa's. 9. The process:. iar produ irig po

yol efin :gﬁfh foam of claim8, wherein the ccriposi- Lion‘is foamed with a
I

‘hi gh-presgfire gas. 31 10.:The-process for pdech g a pol yol efin re3|n gpﬁé.i
foam of aim9, wherein the high-pressure gds is ¢arbon di-oxide - . pE
ni trogen.” 11. The process for prodUC|ng a_ polyolefin-resin- foaﬁ1of clarnr Y
10, rein carbon di oxi de" i'n a: supercrltlcal state |s used as the '

highf ressure gas.- 32 . = o : ST S . S ORI

10. The process for producing a polyolefin resin foam
of claim 9, wherein the high-pressure gas is carbon dioxide

or nitrogen.

11. The process for brodac;ng‘a polyolefln resin foamn

of claim 10, wherein carbon d;cx1de i & uupercrltlcal qtate

is used as the high- pressure_gag;
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