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1 TI'TLE OF THE | NVENTI ON: FOAMED AND EXPANDED BEADS (@R ¢
POLYPROPYLENE RESI N FOR MOLDI NG BACKGROUND OF THE | NVENTI ON
Field of the Invention: The present invention relates to foamed and

expanded beads of a pol ypropylene resin for nolding. Description of the
Background Art: Pol ypr opyl ene relin foams are wi dely used as _
packaging materials, building materials, insulating materials and the |ike

because they arriegxos amt INVENRIORerti es such as mechani cal strength and
cushioning properties. As nethods for producing polypropylene resin
foans, there have b&eAMEDOANDEKHANBEBUEBRADS OF fPOIYPRORYLEN®REEIN0 and
an expansi on nolding nethod. O these, the foamextrusion nethod is a
met hod suitabl e for FOROMOLDIN@s|y providing |engthy foans. However, only
| engt hy foans the shape in a section perpendicular to the extrusion
direction of which are always the sane, such as plate-like foans, colummar
or prismatic foans, or those having projections along the extrusion
directi on on BAEKGBOQUNEBCOE THEt RNYENTDAN®, can be produced by this,
extrusion nethod. It is hence difficult to provide foams having a
conplicated sH&pdd of the deventhemd, the expansion nolding nethod is a

nmet hod in which foaned and
The present invention relates to foamed and

expanded beads of a polypropylene resin for molding.
Description of the Background Art:

Polypropylene resin foams are widely used as
packaging materials, building materials, insulating
materials and the like because they are excellent in
properties such as mechanical strength and cushioning
properties. As methods for producing polypropylene resin
foams, there have been known methods such as a foaﬁ
extrusion method and an expansion molding method. Of
these, the foam extrusion method is a method suitable for
continuously providing lengthy foams. However, only
lengthy foams the shape in a section perpendicular to the
extrusion direction of which are always the same, such as
plate-like foams, columnar or prismatic foams, or those
having projections along the extrusion direction on the
surfaces of these foams, can be produced by this,
extrusion method. It is hence difficult to provide foams
having a complicated shape. On the other hand, the
expansion molding method is a method in which foamed and

expanded beads (hereinafter referred to as "foamed beads"



-

expanded beads (hereinafter referred to as "foaned beads”

2 mnerely) of a polypropylene resin are filled into a nold and heated with
steam to fusion-bond themto one another, thereby obtaining an
expansion-nol ded article (hereinafter referred to as "nol ded foani)
conforming to the mold. Therefore, a mblded foam having an optional shape
can be obtained according to the shape of the internal surface of a nold
so far as it amrdieyy elfcasadlybropylilbaentedinFaret Bitle@asnbo & hfoBxpansi on
nmolding nethod is widely used for the production of nolded foans of

vari ous shapesand heated witthe s¢epansiooffusibdi-bgndethed, tot one MecEsSH) Y

for foamed beads filled in a nold to expand upon heating themso as to
fill in voids theyepn btiadadog( ant expeadionemndified amdtimieover to surely
fusion-bond to one another. Therefore, it is necessary to inpart

expandabi | i ty (heneigafiteanaweforndd to Be f'mpldedi fivam! hecomfermingricer t hat
the foaned beads can be expanded by heating. There is thus adopted a

met hod i n whi diet molepafaerefoxy, ia mebded ofban havtiad canwdticaadd by
conpressing theminto the volune smaller than that before their filling
into the nol dShaR¢ c@Rebeoppiained peaasding tachheishare ok cthere nol d, or
a nmethod in which the expandability is inparted to the foaned beads by
subj ect i ng théﬁ¢§5n31p§g§§appzpﬁga mold so far as it can be released

from the mold. For this reason, the expansion molding
method is widely used for the production of molded foams
of various shapes.

In the expansion molding method, it is necessary
for foamed beads filled in a mold to expand upon heating
them so as to fill in voids among the beads (interbead
voids), and moreover to surely fusion-bond to one another.
Therefore, it is necessary to impart expandability to the
foamed beads to be filled into the mold in order that the
foamed beads can be expanded by heating. There is thus
adopted a method in which the expandability is imparted
to the foamed beads by compressing them into the volume
smaller than that before their filling into the mold, and
the compressed beads are then filled into the mold, or a
method in which the expandability is imparted to the
foamed beads by subjecting them to a pressurizing
treatment with air or the like prior to their filling
into the mold to increase the internal pressure thereof.

Of these methods, the expansion molding method

making use of the foamed beads the internal pressure of

R



-

treatment with air or the like prior to their filling into the nold to

i.;ncrease the internal pressure thereof. O these nethods, the
expansi on nol di ng nmethod rmaking use of the foaned beads the internal
pressure of 3 which has been increased

Is preferred as a nethod for providind’nvlded foanms having a hi gher
expansion ratio conpared with the expansi on nol di ng net hod nmaki ng use of

t he conpr essewhfichnbdsbbads. increased nis eprafeyrad sas tdhanetiad fuxwever been
a demand for provision of foans higher in nmechanical properties such as
conpr essi ve spPremgdhngi mpldhd Spamschavingoh yipigipet eercpansion fmnk | n
order to neet such a demand, a pol ypropylene resin having a higher nelting
poi nt has confompapedyvWdihathe expansien meidingmetheddeakingarse adired
beads of an uncrosslinked pol ypropyl ene resin, which are preferred in that
they can be ré&Bgcremprapeedysaamed keadict nol di ng, however, it is

I npossible to provide a superb nol ded foam excellent in the fusion-

bonded state of thel® JERRRPbefRAFsandhere: has Rovweverh®sen wodemandl ess t he

pressure (te erature%ﬁgf super heated steam (hereinafter referred to as
"st eant rrerelng?rfBFov 1P NGt ok dBkIhRF ngtinfrhaniffle RuaRead i8S t he
nmelting point_of the base resin is higher if the kind of the resin and

t he expansi onSW_é]Pi ?° of CTRECF DR by Wity dhes fRFead, afhe foaned beads
of the uncrosﬁ$i§5§§pylane resin foams. In order to meet such a

demand, a polypropylene resin having a higher melting
point has come to be used as a base resin of foamed beads.
When foamed beads of an uncrosslinked polypropylene'resin,
which are preferred in that they caﬁ be recycled, are
used to conduct molding, however, it is impossible to
provide a superb molded foam excellent in the fusion-
bonded state of the foamed beads and little in interbead
voids unless the pressure (temperature) of super heated
steam (hereinafter referred to as "steam"™ merely) for
molding as a heating medium is more raised as the melting
point of the base resin is higher if the kind of the
resin and the expansion ratio of the foamed beads are the
same. In the foamed beads of the uncrosslinked
polypropylene resin having a higher melting point, it is
hence necessary to mold them using higher-pressure steam.
As a result, such foamed beads have involved a problem
that energy cost is increased, and moreover the molding
cycle is lengthened, resulting in lowering of

productivity.



pol ypropyl ene resin having a higher nelting point, it is hence necessary
t.o nold them using higher-pressure steam As a result, such foanmed beads
have involved a problem that energy cost is increased, and noreover the
nmol ding cycle is |engthened, resultirmhirllomering of productivity.

4 SUMVARY OF THE | NVENTI ON The present invention has been nade
with the foregoing circumstances in view and has as its object the
provision of foaned beads of a polypropylene resin for nol di ng, which are
f oaned beads using, as a base resin, an uncrosslinked pol ypropyl ene resin

havi ng a nel t ISUYMARYOIOR THE NINYENFSORt | east 140[err]C, but permt the
provi si on of excellent nol ded foans as before even when they are heat ed

Wi th | ower - pressur e Theepmesempaindentibnt has beenviradé omath ferered beads
conprising, as a base resin, an uncrosslinked pol ypropyl ene resin having
t he sanme nelt ifiegegodmignicircumstantasahnaspewt andi hde fpsesentob foentirmn,
there are thus provided foanmed beads of a pol ypropyl ene resin for
nol di ng, whi cPTeyAsiose ofn fanwedsbeadk edf paopyl gpeopybenen reaiiol foer havi ng
a nelting point of at |least 140[err]C as a base resin, wherein the tine
required to afPddddde ¥Whighrare foamed beads using, as a base resin,

an uncrosslinked polypropylene resin having a melting

point as high as at least 140°C, but permit the provision

of excellent molded foams as before even when they are

heated with lower-pressure steam compared with the

conventional foamed beads comprising, as a base resin, an

uncrosslinked polypropylene resin having the same melting

point.

In an aspect of the present invention, there are

thus provided foamed beads of a polypropylene resin for

molding, which comprise an uncrosslinked propylene random

copolymer having a melting point of at least 140°C as a

base resin, wherein the time required to attenuate an air

pressure within the foamed beads applied by a

pressurizing treatment with air from 1.2 kgf/cmz(G) to

0.8 kgf/cm?(G) under atmospheric pressure at 23°C is at

least 80 minutes, and the CNI value of the foamed beads,

which is defined by the following equation (1): ,

CNI = logio[Pw x Er + (2.24 x D*> x B)] (1)
wherein Pw is an average weight (mg) per foamed bead, Er

is a bulk expansion ratio (time) of the foamed beads, D

is a cell diameter (mm) of the foamed beads, and B is a



pressure within the foamed beads applied by a pressurizing treatment wth
air from1.2 kgf/cnferr](G to 0.8 kgf/cnferr] (G under atnospheric
pressure at 23[err]Cis at least 80 mnutes, and the CNI value of the
foamed beads, which is defined by the follow ng equation (1): _ CNI =
log[err][Pw x Er [err] (2.24 x Derr] x B)] (1) wherein Pwis an
average weight (ng) per foaned bead, Er is a bulk expansion ratio (tine)

of the foaned desesdsy Df ithea baslel rdisan®pt @6 ehEL1er thenfoaged beads, and B
is a 5 density of the base resin, is

smal | er than 3.80. In the plreseh¢ pnesabfionnveNs)Bnin"€Ke "unihtf he unit,
kgf/cnferr] (G, of the pressure neans that the pressure is a gauge
pressure. kgf/omi(Ghe 6batke bhrasisuremsaisigthat tite prsare irvent i on,
the CNI value of the foamed beads may preferably be 2.00 to 3.60. The
uncrossl i nked gguggy pa®&surgndom copol ymer, which is the base resin of the
foamed beads, may preferably be a propyl ene random copol yner contai ni ng
anot her conononer cgﬁpﬁhénfO@ﬁaﬂ bea@y| @peording o ope tpoeserit 0. 05 to 15
Ww.% It may also be preferred that the nelting point of the uncrosslinked
pol ypr opyl ene 1Pp¥&N&10Hn; Ehej SNEhBapugeof ety Epamed beéadgrmtpeads, be at

| east 140[err]C hut at npst 160[err]C, and the nelt flow rate thereof be
0.5 to 12 g/1 rgigrably be 2.00 to'3.60. The uncrosslinked propylene

random copolymer, which is the base resin of thne foamed
beads, may preferably be a propylene random copolymer
containing another comonomer component than propylene in
a proportion of 0.05 to 15 wt.%. It may also be
preferred that the melting point of the uncrosslinked
polypropylene resin, which is the base resin of the
foamed beads, be at least 140°C but at most 160°C, and
the melt flow rate thereof be 0.5 to 12 g/10 min.
Further, it may be preferred that the average weight of
the foamed beads be at least 0.2 mg but at most 1.1 mg
per foamed bead, and the bulk expansion ratio thereof be
40 to 80 times. Still further, it may be preferred that
on a DSC curve obtained by the differential scanning
calorimetry of the foamed beads, a high-temperature peak
should appear on the temperature side higher than a
temperature at which an inherent peak corresponding to
the heat of fusion of the base resin of the foamed beads
appears, and the quantity of heat at the high-temperature
peak be not lower than 10 J/g but lower than 15 J/g.

In a preferred aspect of the present invention,



Further, it may be preferred that the average weight of the foaned beads
he at least 0.2 ng but at nost 1.1 ng per foaned bead, and the bul k
expansion ratio thereof be 40 to 80 tines. Still further, it may be
preferred that on a DSC curve obtained by the differential scanning
calorinetry of the foanmed beads, a high-tenperature peak should appear on
the tenperature side higher than a tenperature at which an inherent peak
correspondi ng there arehediscofprovided Gbamba bea@sresi a pblypeoppasesd beads
appears, and the quantity of heat at the high-tenperature peak be not

| ower than 10 r@sgnbior! owddiniganwhicl/ gomprise ahnuacpoeskinleedaspect of
the present invention, 6 there are

al so provi ded proaydeneec eéndoft gopolypevphaeieg armsltbingrpoihdiof), awhi ch
conpri se an uncrosslinked propyl ene random copol yner having a nelting
poi nt of at leasst 1400Cecas]& basa basin r adiereiwherha rtiinee Meigud negwior ed to
attenuate an air pressure within the foanmed beads applied by a
pressurizi ng Bt&gnwete ant pigi preseure. wikiyin cierfgqr@d b@@ﬂ@ dpplied
kgf/cnferr] (G under atnospheric pressure at 23[err]Cis at | east 80

m nutes, the CH av&F&ésb}FlFFrégf BE%H“%Ed‘SlT—% aip fon ol 2 g9t Aawf (Gle

f oamed beads have an avera?e wei g of at least 0.2 ng but at nost 1.1 ny
per foamed bek8 An§ k9&/pW HGbXQRﬂﬁﬁ(ﬂme§Hh§nﬂc‘Hyﬂﬁ§qm@ @itm@3°Cahd wher ei n

on a DSC curye obt d he djfferenti scapni cal orinmetry of the
f oamed beads, ﬁﬁaﬁ% gﬁp@FéP%?§ pt & éﬁ value of hé’foamed beads “is

2.00 to 3.60, and the foamed beads have an average weight
of at least 0.2 mg but at most 1.1 mg per foamed bead and
a bulk expansion ratio of 40 to 80 times, and wherein on
a DSC curve obtained by the differential scanning
calorimetry of the foamed beads, a high-temperature peak
appears on the temperature side higher than a temperature
at which an inherent peak corresponding to the heat of
fusion of the base resin of the foamed beads appears, and
the quantity of heat at the high-temperature peak is not
lower than 10 J/g but lower than 15 J/g.

The above and other objects, features and
advantages of the present invention will be readily
appreciated as the same becomes better understood from
the preferred embodiments of the present invention, which
will be described subsequently in detail with reference
to the accompanying drawings, and from the appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS



appears on the tenperature side higher than a tenperature at which an
i_.nherent peak corresponding to the heat of fusion of the base resin of

t he foanmed beads appears, and the quantity of heat at the

hi gh-tenperature peak is not | ower than 10 J/g but |ower than 15 J/g.

The above and ot her objects, features and advantages of the present
invention will be readily appreciated as the sane becones better

under stood from theIg:efieshedseahoiipestsavivd hehgariesenta ifvesd ipgt  whi ch
wi |l be described subsequently in detail with reference to the

acconpanyi ng duaweng$, faaseflr bentiheofippeporyprepwlenme resiRIfidr DESCRI PTI ON
OF THE DRAW NGS 7 FIG 1 shows an
illustrative mpddingfagcbrdingDEC therpresént obnezh hisads adid a polyprgfylene

resin for nolding according to the present invention; and

shows an il ustrati¥&Geharshows aasetblas DSt ivarchantf afha sesondedse of t he
f oamed beads of the pol ypropyl ene resin. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENVBERFNENFE the basghvegir eof cthe fiamdd Hegsdlm dfhddeds accor di ng

to the present_invention is an uncrosslinked propyl ene random
polypropylene resin.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The base resin of the foamed beads according to the
present invention is an uncrosslinked propylene random
copolymer. Examples of another comonomer copolymerized
with propylene include a-olefins such as ethylene, 1-
butene, l-pentene and l-hexene other than propylene. The
propylene random copolymer may be either a bipolymer such
as a propylene-ethylene random copolymer or propylene-
butene random copolymer, or a terpolymer such as a
propylene-ethylene-butene copolymer. A proportion of the
other comonomer component than propylene in the copolymer
is preferably 0.05 to 15 wt.%, particularly, 0.1 to 10
wt.%. If the proportion of the comonomer component is
lower than 0.05 wt.%, the properties, such as cold
resistance, of the resulting molded foam, are
deteriorated. On the othér hand, any proportion,
exceeding 15 wt.% results in a copolymer hard to have a
melting point of at least 140°C. As a result, there is a
possibility that the heat resistance, and mechanical

properties, such as compressive strength, of the



copol ynmer. Exanpl es of another conononer copol ynerized wth propyl ene
i.nclude a-olefins such as ethylene, 1- butene, 1-pentene and 1-hexene
ot her than propyl ene. The propyl ene random copol yner nay be either a
bi pol yner such as a propylene-ethyleneprandonlcopolyner or propyl ene-

but ene random copol yner, or a terpolyne

such as a

propyl ene- et hyl ene- but ene copol ymer. A proportion of the other conobnoner
conponent t hanrgswpyirenend Tadd & @P@lay e detepiioikatally 0.05 to 15 wt. %

particularly, O.

1tol10 w.% If the proportion of the conononer conponent

is lower than 0.05 AlttHgudhhehpr Gpatieide beadidCAcadra®hd toeshet pesenef the
resulting nolded foam are deteriorated. On the other hand, any
proportion, ekvagdiiun requirk needl tthel basecapsliyinehebabd bRoliadchave

nmel ting point of at |east. 140[err]C As a result, there is a possibility
that the heat a esilstiang qoiartd ofealtanieastc 1ROOPET the e Bty gso BONPILSSI ve

strength, of the

8 resul ti ng nol ded

f oam may be darefiegradtlad.at most 16APC hopahttdeldobned 41eass s°0r dnng to

t he present i nvention require that the base resin thereof should have

a

mel ting point Vdevaof] &aet predustiyEtyt hponekhengopding ©f therfbéamedl y at
nost 160[err] C, particularly, 141 to 155[err]Cin vi ew of the

productivity

BEHSy hd o CeiSitg 08 egHéPMBAkedandptheslikee domtther.ediieoment ,

and the like. Further, the proBerne random copol ynmer, which is the base

resin of

propylene random co

Olymer, which is the base resin of

the foamed beads, preferably has a melt flow rate

(hereinafter abbreviated as "MFR") of 0.5 to 12 g/10 min,

particularly 4 to 10 g/10 min in view of the heat

resistance of the resulting molded foam, and expansion

efficiency upon the production of the foamed beads.

Incidentally, the MFR is a value obtained by measurement

under Test Conditions 14 prescribed in JIS K 7210.

The foamed beads according to the present invention

are such that the CNI value represented by the equation

(1) is smaller than 3.80. In the equation (1), the

average weight, Pw per foamed bead is a value determined

by measuring the total weight of 10 foamed beads selected

at random and dividing the total weight by the number of

the foamed beads (i.e. 10). The cell diameter, D of the

foamed beads means an average diameter of cells Present

in the foamed beads. More specifically, each of foamed

beads selected at random was cut at its substantial

center to count the number, N of cells present on a

straight line of an optional length, L drawn from an



the foamed beads, preferably has a melt flowrate (hereinafter
abbreviated as "MFR') of 0.5 to 12 g/ 10 mn, particularly 4 to 10 g/10
mn in view of the heat resi stance of the resulting nolded foam and
expansi on efficiency upon the productgon of the foaned beads.
Incidentally, the MFR is a val ue obtai ned by neasurenent under Test
Condi tions 14 prescribed in JI S K 7210. The foaned beads according
to the presentoRfwiaH: iellamaldudie emetheme optiionallugeldpwadénondaby t he
equation (1) is smaller than 3.80. In the equation (1), the average
wei ght, Pw perifagan¥ Jeggrquhodograph oft dtsi segtipy kelsor thgousk aot al
wei ght of 10 foamed beads selected at random and dividing the total weight
by the nunber B¥CTASEONa @ RsPYdLinding ap) averageerelyi m@F??D Bt OIt he
f oamed beads neans an average dianeter of cells present _in_the foane
beads. More spfb{liq‘at‘%‘alﬁ%mega?agf 1o 3rQrdpBsasithethedf et 1P¥EAS M was cut
at its substantial,. ce r to count Ee nunmber, N.of cells present on a
strai ght |ine q%uagﬁo%gitzgnaﬁiolwgﬁﬁfh,sz eqafknAiphbntipe is dr wn in such
9 optional cel] | 1.t ot her tional _cell vvalﬁlj on, a | e or
m cr ophot ogr agh 60 Es t «?%t %g’ﬁ F;E&%RPHr BBQH%aandnf’B ogcéb'bg,of hﬁ%by
finding an av 1349 |, ;dia er. . Of CE foanmed, bead, i n corfdance
with the foll Ssrvm ng'g%%e&l}gﬁ g%%( ergfgﬁre“\?(eir ?gt 8 g?r%?%?nﬂn ef:g ki in
such and another optional cell wall, and at least 10 cells are
present between them.
D' = 1.62 x (L + N) (2)
The above-described process was conducted on 3
foamed beads in total, and the total average diameter, D'
of the these foamed beads are arithmetically averaged,
thereby calculating out the cell diameter, D of the
foamed beads.
As the bulk expansion ratio, Er of the foamed beads
in the equation (1), for convenience' sake, there is
adopted a value obtained by multiplying an apparent
expansion ratio of the foamed beads based on the
measurement, which will be described subsequently by 1.6.
In the present invention, the density, B of the base
resin is determined to be 0.9 g/cm® for convenience' sake.
The foamed beads according to the present ,invention
are such that the CNI value is smaller than 3.80, and
moreover the time (hereinafter referred to as "internal
pressure attenuation time" merely) required to attenuate

an air pressure within the foamed beads applied by a

ey



a manner that the starting point and end point of the straight line are

determ ned to be an optional cell wall and anot her optional cell wall,
and at least 10 cells are present between them D =1.62 x (L
[err] N) (2) The ove-descri bed process was conducted
on 3 foaned beads in total, and the total average dianeter, D of the

t hese foaned beads are arlthnetlcally aver aged, thereby calculatlng out
t he cell d|anEpfmssdlxﬁlngmtréammaﬂ:baaﬂsalr from AsZtkgfbuhﬁ(GXp305|on
ratio, Er of the foaned beads in the equation (1), for conveni ence' sake,
there is adopaesl ]egﬁ/,edm?&Gobha'aeedalnmosfphétpbypngsaurepaar pRYC iaxpgnsi on
rati o of the foanmed beads based on the neasurenent, which wll be
descri bed subskepstht8Q minutess. [n ohdepr bgemeasnwventhenintaenakbnsity, B of
the base resin is determned to be 0.9 g/cnferr] for conveni ence sake.
The foamed bedwresstitrs diienuatien fdmeeef theefopped Readsuchkhehfpampd CNI
value is smaller than 3.80, and_ noreover the tine (hereinafter referred to
as "internal Rﬁ%ﬁﬁnﬂﬁ?zﬁ#ﬁﬁﬁﬂﬁﬂhﬂ¢Qﬁﬂﬁet°n§r@F?FSP€&§FP6dtF@aéﬂﬁéﬁuate an
air pressure within the foaned beads applied a ] .
10 pressuri zi'igh radd fshPapetrater tﬂeon‘i.oemgdkéﬁﬁéﬁ{ with( thet girg. g
kgf /cn2( G under atnospheri, ressure at 23[err]Cis at_ |east 80 m_nutes.
In order to m&ﬁﬁﬁqpxlﬂpgyﬂﬁgpﬁg|hlgh internal pressure to the foamed
beads to measure the time required to attenuate the
internal pressure applied from 1.2 kgf/cm?(G) to 0.8
kgf/cm(G). Specifically, the time is measured in
“accordance with the following method.
A plurality of foamed beads are first contained in
a polyethylene bag of about the size of 70 mm x 100 mm,
in which many pores through which no foamed bead can pass,
but air can freely pass have been bored with a needle.
The foamed bead-containing bag is then pressurized with
air in a closed vessel while holding the bag at 23°C,
thereby applying an internal air pressure of 2 to 3
kgf/cm?(G) to the foamed beads. The bag was then taken
out of the closed vessel into a thermostatic chamber
controlled at 23°C under atmospheric pressure, and
immediately placed on a weigher to read its weight
(regarding the time the weight is first read as .,the
reference time). While the bag is placed on the weigher,
the weight of the bag is read at intervals of 5 minutes

until 2 hours elapse from the reference time, and at

intervals of 30 minutes from after 2 hours from the



pressure attenuation tinme of the foaned beads, the foaned beads are first
subjected to a pressurizing treatnent wth air to penetrate the foaned
beads with the air, thereby applying a high internal pressure to the
foanmed beads to neasure the tine requijfed to attenuate the internal
pressure applied from1l. 2 kgf/cn2(G to 0.8 kgf/cm( Q. Specifically,
time is neasured in accordance with the foll ow ng net hod. A
plurality of frefeéneadimer ¢of aftercaest hbtied Fhomathpel yef&yéete bage Of
about the size of 70 mm x 100 mm in which many pores through which no

f oaned bead c@&@ing@sthe paessurieed aieekwythassthaveodmed bedds Wwth a
needl e. The foaned bead-containing bag is then pressurized with air in a
cl osed vessel psemelteatelsdongstide bhgoagh28herc¢l] wabks eby Hppl yimg an
internal air pressure of 2 to 3 kgf/cnferr](:GQ to the foaned beads. The
bag was then tgslesnongutthef welight| ofettheefganed nbeads tredwdss ati ¢ chanber
controlled at 23[err] C under atnospheric pressure, and imrediately placed
on a wei gher rerrespondingdyghnd beeghedi agbshantiably etaklhlaeds first
read asthe reference tine). Wiile the bag is placed on the weigher, the
wei ght of thed54§Ti 48r BeyTrsat framethal segerenee nbind begause 2 hours el apse

fromthe reference tine, and at _intervals of 30 mnutes fromafter 2 hours
fromthe equilibrium is reached. All the foamed beads are taken

t he

out of the bag in the thermostatic chamber immediately
after the weight measurement after 48 hours is completed
to read the weight of the bag. In any case of the above
process, the weight is read up to the decimal part of
0.0001 g. From the data thus obtained, a weight-time
curve on the foamed beads is prepared with the weight (g)
of the foamed beads plotted as ordinate against the time
(min) as abscissa. Incidentally, the weight of the
foamed beads as ordinate is a value obtained by
subtracting the weight of the polyvethylene bag from the
weight of the foamed bead-containing bag.

The time, t;.; (min) until the weight of the foamed
beads becomes a weight corresponding to the internal air
pressure of 1.2 kgf/cm?(G) and the time, to.s (min) until
the weight of the foamed beads becomes a weight
corresponding to the internal air pressure of 0.8
kgf/cm?(G) are read from the thus-obtained weight-time
curve on the foamed beads. The thus-obtained [tp.s (min)
- t;.2 (min)] is the "internal pressure attenuation time"

referred to in the present invention. Incidentally, the



reference tine to after 48 hours fromthe reference tine. Since the
pressurized air within the foanmed beads penetrates outside through the
cell walls as the time goes on, the weight of the foaned beads reduces
correspondi ngly and becones substantial.y stabilized after 48 hours from
the reference tinme because equilibriumis reached. Al the foaned beads
are taken out of the bag in the thernostatic chanber imediately after
the wei ght neasureamelt frt @redurayr P i[koFyEF etRl of otheagoshea Ve &is of
the bag. In any case of the above process, the weight is read up to the
deci mal part dfs daleG0hbted Eutmirthaddeirdadnes valthaithedfoalvkiight - ti ne
curve on the foaned beads is prepared with the weight (g) of the foaned
beads pl ott ed esadridimndt39 :agai nst the tinme (min) as abscissa.

I ncidentally, the weight of the foaned beads as ordinate is a val ue

obt ai ned by subtra®t EngWt keMMekgRt xoff kh@ povyet hykspe bag fromthe

wei ght of the foaned bead-contai ni ng bag. The time, t[err](mn)
until the wei ght of Theeefivatdan 8addsbecwesrsianwef ghhecequatpomdofig to the
internal air pressure of 1.2 k%f/cn{err](G) and the tine, t[err] (mn)
until the weiStiteortt §astoarfd theadisspectivs ehasagherschbnrtspondi ng to

the internal air pressure of 0.8 kgf/cn{err]((% are read fromthe
thus-obtainedeﬂﬁﬁgﬁpptﬁﬁé atgr 48 &RLLR¥SFoaned beads. The thus- obtai ned

[t[err] (mn) - t] rr_% %rri n%% is the "internal Fressure attenuation tine"
referred to in the PriSeRP RGEREFEH. aiRcVeroRbI19) 9@ means a

difference between the weight of the foamed beads at each
measuring time and the weight, S (g) of the foamed beads
after 48 hours from the reference time. M is the
molecular weight of air, and a constant of 28.8 (g) is
adopted herein. R is a gas constant, and a constant of
0.082 (atm°//K°'mol) is adopted herein. T means an
absolute temperature, and a constant thereof is 296 (°K),
since an atmosphere at 23°C is used. Q is a coefficient
for converting the unit of the pressure from an atm unit
to a kgf/cm® unit, and a coefficient of 1.0Q332
(kgf/cm?/atm) is adopted herein. V means a volume (/)
obtained by subtracting the volume of the base resin
occupied in the foamed beads from the apparent volume of
-ﬁhe foamed beads. Incidentally, the apparent volume (/)
of the foamed beads is obtained by calculating out a
volume, Y (cm®) of the foamed beads from a graduation
read at the time all the foamed beads taken out of the
bag after 48 hours from the reference time are immersed

in water within a graduated cylinder in which 100 cm® of



12 internal air pressure, P [kgf/cnferr](GQ] of the foamed beads S

cal cul ated out in accordance with the following - equation (3): P =
(W[err] M x Rx Tx Qferr] V (3) The equation (3) is a
version of the equation of state of gg8s, and the respective characters in
the equation (3) are as foll ows: Wis an increased air weight (Q)

and neans a difference between the weight of the foaned beads at each

nmeasuring ti myated Bhe 20ec dhdve oddn @dntdnddared keadsertahermé hours

fromthe reference tine. Mis the nolecular weight of air, and a constant

of 28.8 (0) iwolaseptedaheieesr. (R ignit gaTheoRshank, oENBagecoastant of
0.082 (atnferr]/K nol) is adopted herein. T neans an absolute tenperature,
and a const antocchipriedf insthecfopmed]| Badssiscebbmimedosphdieidin@Herr] C i s
used. Qis a coefficient for converting the unit of the pressure from an
atmunit to arollgtmbcnpfen(c]n urby , amrappandf fexpassiosf ratd®3time) of
(kgf/cnerr]/atm is adopted herein. V neans a volunme ([err]) obtained by
subtracti ng t lthev@fbamedobetlis badecorsenting ctipi ®dvalue hiso faoaniedebedds from
t he apparent volune of the foaned beads. Incidentally, the apparent vol une
([err]) of tHaiteanthe RRRRreRt cranPhratdic ¢ifattihgg fogmed E)>\<>*élfi§m=3 Y
(cnferr]) of the foaned beads froma graduation read at thetinme all the
foaned beads t&keRta&Pedf PYhdivhagnds tae AenHbhvs ErQﬁn%kﬂl?%fePgnﬁéetlne

are immersed L0 MLEl"byhh SpPhadiRt 4 SV S end) WY (RelP3agker 1] of
beads. The apparent density (g/cm®) of the foamed beads
is obtained by dividing the weight, S (g} of the foamed
beads by the volume, Y (cm®).

In the above-described measurement, a plurality of
foamed beads in such an amount that the weight, S of the
foamed beads is 0.5000 to 10.0000 g, and the volume, Y
thereof is 50 to 90 cm® are used.

Foamed beads having an internal pressure
attenuation time shorter than 80 minutes provide molded
foams, which take a long time to recover a.molded foam
obtained by molding such foamed beads in a mold or the
like from shrinkage occurred in the molded foam right
after the molding, or cannot be recovered from the
shrinkage, in a high proportion, so that the fraction
defective of the resulting molded foams is increased.
From such a point of view, the internal pressure
attenuation time is preferably at least 85 minutes,
particularly at least 90 minutes.

When the CNI value of the foamed beads is not



13 water at 23[err]C have been contained, and converting this volune to
aliter ([err]) unit. The volune of base resin occupied in the foaned
beads is obtained by dividing the volune, Y (cnierr]) by an apparent
expansion ratio (tine) of the foaned fgeads and converting this value to a
liter ([err]) wunit. The apparent expansion ratio of the foaned beads is
obt ai ned by dividing the density, B (0.9 g/cnferr]) of the base resin by

an apparent deasiiher( @hel 8reb) ehet peebssapgdof bewdsstedenedygant density
(g/cnmerr]) of the foanmed beads is obtained by dividing the weight, S (g)

of the foanedforeadsdbyigt hasvobenencXefs8@ersd)that the dmjddie of the
above-descri bed neasurenent, a plurality of foamed beads in such an anpunt
t hat the wei ghptres€naf ihlrentioamednhetdsei acRi&OOd. t dnHidedd@ 1y, amtiehhe
volune, Y thereof is 50 to 90 cnierr] are used. Foanmed beads havi ng
an internal prtéssGNg vaftiendat madet B0 shorsmalldman 8ie rprrgsssrepralyi de
nol ded foans, which take a long tine to recover a. nolded foam obtained
by nol di ng suthef sdpen beadssanyafop| mobdingenay ke moxen waerddhgarstcurred
in the nolded foamright after the nolding, or cannot be recovered from
the shrinkagés hangehbghferoedrt iWhen ddie KNI Maduer dot itoe smefldctive of
the resulting nolded foans is increased. Fromsuch a point of view the
i nternal preshkgwever, such foamed beads may involve such problems that

they are easy to become an open-cell state by mechanical

compression or the like, and a molded foam obtained from

the foamed beads is easy to wrinkle at its surface after

aging. Therefore, it is preferred that the lower limit

of the CNI value be determined to be 2.00. Accordingly,

the CNI value is preferably 2.00 to 3.60. Incidentally,

the CNI value shows a greater value as the number of

cells contained in a foamed bead increases, while the CNI

value shows a smaller value as the number of cells

thereof decreases.

Smaller foamed beads have a merit that the pressure

of the steam upon molding can be lowered. If the foamed

beads are too small, however, their expansion efficiency

becomes poor. Therefore, the average weight of the

foamed beads is preferably 0.1 to 4.0 mg, particularly

0.2 to 1.1 mg per foamed bead. If the average weight per

foamed bead exceeds 4.0 mg, the molding of such foamed

beads requires steam of a higher pressure, and the foamed

beads have a possibility that the insulating property of

the resulting molded foam may be deteriorated, and cells



attenuation tinme is preferably at least 85 mnutes, particularly at |east
90 m nutes. When the CNI val ue of the foanmed beads is not

14 smal l er than 3.80, the pressure of the steam necessary for nolding
must be increased, so that the object qk the present invention cannot be
achieved. Incidentally, when the CNI value is nmade 3.60 or snaller, the
pressure of the steam necessary for nolding may be nore | owered, and 1is
hence preferreth WemaldedMoamimay be easysieal be chiblepsed sheh ifvaied
beads may invol ve such problens that they are easy to becone an open-cell
state by nechdtgdwmnicadn eoripnessedi.he | i ke, and a nol ded foam obt ai ned
from the foanmed beads is easy to winkle at its surface after aging.
Therefore, it is prdher fogmedabepds pemrerding to thetpregpnt vihvenbion
determ ned to be 2.00. Accordingly the CNI value is preferably 2.00 to
3.60. |nci dent3lg prefiegabdy s\‘/‘&?’uéh%oﬂé a Bﬁ@at’@rv@apgﬁaé%e@h@’ntm%er of

cells contained in a foaned bead i ncreases, while the CNI val ue shows a
smal | er val ue BEiarentdfdeSconndng| salpkimesry je€r Ehgefoamed beadspm|a er

f oamed beads hav nmerit that th ressure of the steam upon npl ding can

be lowered. | P‘%ﬁﬁ%&‘ﬁ’%&tuﬁgaggagr EPPSBr%ﬁPI Fhﬁoﬁ_%’v@??a'fwg‘? rSEPansi on

OIS ETEY, PR BREN o FEBERLEpabl e VR B et AhLeShe b 0
corresponding to the heat of fusion of the base resin of
the foamed beads appears, and the quantity of heat at the
high-temperature peak is not lower than 10 J/g but lower
than 15 J/g. If the quantity of heat at the high-
temperature peak is lower than 10 J/g, the compressive
strength, quantity of energy absorption or the like of
the resulting molded foam are lowered, and moreover such
a molded foam tends to be hard to recover from shrinkage
occurred in the molded foam even when it is aged under
heat after molding. If the guantity of heat at the high-
temperature peak is not lower than 15 J/g on the other
hand, such foamed beads have a possibility that it may
take a longer time to apply an internal pressure to the
foamed beads upon their molding. In the present
invention, the foamed beads the gquantity of heat at the
high-temperature peak of which is 11 to 14 J/g are
particularly preferred.

The quantity of heat at the high-temperature peak

is a quantity of heat at a high-temperature peak b which

appears on the temperature side higher than a temperature



0.2 to 1.1 ng per foanmed bead. If the average weight per foamed bead
exceeds 4.0 ng, the molding of such foamed beads requires steamof a

hi gher pressure, and the foamed beads have a possibility that the

i nsul ating property of the resulting qgl ded foam may be deteriorated, and
cells- 15 i n the nol ded foam may be

easy to be coll apsed when it is mechani cal | y conpressed. The

foamed beads ageosgicly 4@ idteeRSEsGdak Y aHHFentdi8 RS 3Rl Yegygh that
on a DSC curve obtained by the differential scanning calorinetry of the

foamed beads, @ppéagh-drerPaIst WierRealsRAREATS FAY. N9 LYMREnh’EULEeai de
hi gher than a tenperature at which an i nherent peak corresponding to the

heat of fusiorhedtime hase 4 asg rpHOfthd dm@edadieadsoaPReadms, and the
guantity of heat at the high-tenperature peak is not |lower than 10 J/ g but

lower than 15teMgerdfutdietajurrn’ct ytoh heatiay rheehoshro°d MRETHL W e peak
Is lower than 10 J/ g, the conpressive strength, quantity of energy
absorption or d¥ffenentigdl sdenndeguldalegimeltéed hodmcareekspoatedioaan
noreover such a nolded foamtends to be hard to recover from shrinkage
occurred in tHFemlafedheodha denpeaatiorel peageth.unbiee qireatitaf tef nol di ng.
If the quantity of heat at the high- tenperature peak is not |ower than 15
J/ g on the ot k@at aRd bes geterpdmed .hEsds example . pdssitbel £oylowangi t may

manner. Namely, a straight line (a-f) is first drawn

between a point o corresponding to 80°C on the DSC curve

and a point B on the DSC curve, which corresponds to the

melting completion temperature, Tz of the foamed beads.

A line parallel to the 6rdinate axis of the graph is then

drawn from a point y on the DSC curve, which corresponds

to a valley between the inherent peak a and the high-

temperature peak b, to regard an intersection of this

line with the straight line (a-f) as 8. The area of the

high-temperature peak b is an area of a section (a

hatched section in FIG. 1) surrounded by a. curve at the

portion of the high-temperature peak b on the DSC curve,

the line (d-f§) and a line (7-9).

The high-temperature peak b appears on the first

DSC curve obtained by the above-described measurement.

However, the high-temperature peak b does not appear on a

second DSC curve obtained when cooling the foamed beads

from 220°C to about 40°C at a cooling rate of 10°C/min

once after the first DSC curve is obtained, and heating

them again to 220°C at a heating rate of 10°C/min. Only



take a longer time to apply an internal pressure to the foamed beads upon
their nolding. In the present invention, the foamed beads the quantity of
heat at the high-tenperature peak of which is 11 to 14 J/g are
particularly preferred. The quanj4ty of heat at the high-tenperature
peak is a quantity of heat at a high-tenperature peak b which appears on
the tenperature side higher than a tenperature

16 at whichthe inherent peak a inherent in the base resim appegesrenon .a
DSC curve (shown in Fig. 1) obtained when heating 2 to 4 ng of the foaned
beads from rodine secopdr 85Gr eurye23dpiiar CtataDieacrige rhtbugtrated
10[err]C/mn by a differential scanning calorineter, and corresponds to
an area of ﬂﬁeFHGgR-tenperature peak b. The quantlty of heat can be
determ ned, for exa in the foll ow ng manner. Nanely, a straight |ine

(a-[err]) is first %B&wﬁoamﬁgt%@ﬁsaa‘b%‘??@lfagc‘éﬁ e PR IRt GLIBRIFIITE on
the DSC curve and_a point [err] on the DSC curve, which corresponds to
t he neltlnggéaﬁﬁﬁégyoHaFénﬁEr%FB?%SqueF?}l%f°¥h% £ ahY bluRs: A line
O The ook LB Bl el S el P R AR o
2,300, 118 10 93 pehCRZhR! HEARE2S P Sch 9915 Mt © SRR Oh
high-tenperatﬁog_ggsgngloﬁ 3818£83a£418136§$aQK&éﬁtexpans1on molded
article can be obtained with ease from foamed beads
having a high expansion ratio. From such a point of view,
the expansion ratio of the foamed beads according to the
present invention is preferably at least 30 times, more
preferably at least 40 times. If the expansion ratio of
the foamed beads becomes too high on the other hand,
cells therein become liable to be collapsed. Therefore,
the expansion ratio is preferably at most 90 times, more
preferably at most 80 times. When the intended expansion
ratio of a molded foam to be provided is not very high
and is limited to a narrow range, the foamed beads used
do not always require to have an expansion ratio of 30
times or higher.

For example, a publicly known method, in which
particles of a polypropylene resin are dispersed together
with a foaming agent in a dispersion medium such as water
in a closed vessel and heated to soften the resin

particles and impregnate the resin particles with the

foaming agent, and the resin particles are then released



hat ched section in FIG 1) surrounded by a curve at the portion of the
hi gh-tenperature peak b on the DSC curve, the line ([err]) and a line (
[err]) . The hi gh-tenperature peak b appears on the first DSC curve
obt ai ned by the above-descri bed rreasurvégent. However, the high-tenperature
peak b does not appear on a second DSC curve obtai ned when cooling the
foamed beads from 220[err]C to about 40[err]C at a cooling rate of

10[err] T/ min forame tife sressed fundsr BSEregsugei dowbrakthad, thedimeernal them
again to 220[err]C at a heating rate of 10[err]C/ mn. Onl

17 the inher @Ressade £ e agssied taﬁeab§§@P¢§§Fﬁr8pB@§r¥°W tpan second
DSC curve simlar to a DSC curve illustrated in Fig 2. The foaned
beads accor di ide Faffendngs &emperadnreort §BReFSPLY RaTEiGHeExpEIRTPYrati o
of 3 to 100 tines.., Only a | owexpansion nol ded article can be obtained
from foamed HOANGANY eXDRdi8gy4hei 5RSLRt PETLiEheFerMaporh applied

| ow- expansi on nol ded artjicle and hi h-exgﬁg I on | ded tticle can be-

obt ai ned wi t h @adds PEedusttog péadhe A9 BeAfg§hageBEIETINt? tRD. From

Such 2 POLIL Qleodent snbS SRl NPl 800 L5 LoRn hega dgor o119 Lo
TR ANl T P R E R 3 N o
Therefore, simply by controlling the cell diameter of the resulting
foamed beads when an average weight per resin particle
and the intended bulk expansion ratio of the foamed beads
are Qetermined in advance. The control of the cell
diameter of the foamed beads is mainly made by using a
cell-nucleus forming agent such as inorganic powder.
However, the cell diameter can also be changed by
changing a foaming temperature, the kind and amount of
the foaming agent used, and the like. In order to
achieve the intended cell diameter, it is therefore
necessary to preset conditions by conducting a
preliminary experiment. In order to impart a nature that
the internal pressure attenuation time becomes at least
80 minutes to the resulting foamed beads, it is only
necessafy to produce the foamed beads under such
conditions that the quantity of heat at the high-
temperature peak on a DSC curve of the foamed beads
becomes at least 8 J/g, preferably at least 10 J/g. The

foamed beads having such a high- temperature peak can be

obtained by a method in which upon dispersing the resin



the expansion ratio is preferably at nost 90 tinmes, nore preferably at

nost 80 tinmes. When the intended expansion ratio of a nolded foamto be

provided is not very high and is limted to a narrow range, the foaned
beads used do not always require to hage an expansion ratio of 30

or higher.

ti mes

For exanple, a publicly known nmethod, in which particles

of a polypropylene resin are dispersed, together wth a_ foam ng agent
di spersi on nedaghiscdes 48 hheefispargienosedivesie| thpdchestddvedsebften
the resin particles and inpregnate the resin particles with the foam ng

agent, and t h&¢ #sat phem dpes

18 fromthe
the vessel at
the resin par

bS| BherteAtRd FAcAR oPREHPH

grgupﬁéﬁlyekggg@dmethod described above,

in a

M ure of

vessel uynder a Eressure | ower .t han t he inte%P%QWb ressure of
t

ther EpSeraParet

ticl . .th f ' d i th i ticl ,

may be applie&%%PgiﬁﬁBrgpggécVFgﬁg%P tﬁgngggﬁgggﬁgﬂdgogc%ga%?n %%blfhgs
t i ti o t hi , | d _beads the CN | i ch

present inven |§g E&ﬁt i s case, foa eads the va uelgépwhlc i S

snmal | er than
of the result

it BBIpPBHRE edTm SIpiP FEHTh @A YHHES He

tPamet er

and the i nt endedesutRoE, sEECRERL TR, SOuRtERESF EobA e’ WM ne
i advance. The GanthoksfioLhg eabhe ALATELSToRL Lheud QU bpadsd s mainly
ce as | nar gani

made by using a

- nNucl eus orm ng agent SucC C powder.
the melting completion temperature, Te of the resin

particles or higher, held at this temperature Ta for a
sufficient period of time (preferably, about 10 to 60
minutes), then heated to an optional heating temperature,
Tb within a range of from [the melting point, T, - 5°C]
to [the melting completion temperature, Te + 5°C] to hold
them at that temperature, Tb for an additional sufficient
period of time (preferably, about 10 to 60 minutes) if
necessary, and then released from the vessel, thereby
foaming and expanding them.

The quantity of heat at the high-temperature peak
of the foamed beads mainly depends on the holding
temperature, Ta énd bolding time at the temperature, Ta,
the holding témperature, Tb and holding time at the
temperature, Tb for the resin particles upon the
production of the foamed beads, and a heating rate. The
quantity of heat at the high-temperature peak of the
foamed beads shows a tendency to increase as the
temperature, Ta or Tb is lower withiﬁ the above

temperature range, the holding time is longer, and the



However, the cell dianeter can al so be changed by changing a foam ng
tenperature, the kind and anmount of the foam ng agent used, and the |iKke.
In order to achieve the intended cell dianmeter, it is therefore necessary
to preset conditions by conducting a pgelimnary experinent. In order to

I npart a nature that the internal pressure attenuation tinme becones at

| east 80 mnutes to the resulting foanmed beads, it is only necessary to

produce the fqaetihpatdsdindenowes) Aondatimdsrdt@tof he. sjuentsocymah heat
at the high- tenperature peak on a DSC curve of the foaned beads becones

at | east 8 J/ dgis mesfaaradlily asloptedst Wiled/ the Timee 1 inpbmady bexpisr ianingissuch a
hi gh- tenperature peak can be obtained by a nethod in which upon

di spersi ng t hecoreigted repeatedly in view of these respg@ts,pbheicles in

t he dispersion nediumin the closed vessel to heat themin the publicly
known net hod dwdetiitansalfore produeingsthepfipameficbeads pxhibiting akhe
optional heating tenperature, Ta within a range of fromnot |ower than
[the nelting p¥iskredrguantiny cfshgapapti theshighsfempprptyse Po@ercamhan
the melting conpletion tenperature, Te of the resin particles wthout

heating the r &8 Akneam wdit¥s e@§e-the nmelting conpl etion tenperature, Te of
the resin particles or, h;gher, held at this tenperature_Ta for a

sufficient period offMGAPEPLRLLY er HBRytemBEERTYHS t F2B8CS niEEESd t hen

heated to an gﬁgional heati n e era%ure, .
ove are prope emperature’ ranges in the case where an

inorganic gas type foaming agent (hereinafter referred to
as "inorganic foaming agent™) is used as the foaming
agent. Accordingly, when the foaming agent is changed to
a volatile organic foaming agent (hereinafter referred to
as "organic foaming agent"), the respective suitable
temperature ranges are shifted on the temperature sides
lower than the above temperature ranges according to the
kind and amount of the organic foaming agent used.

The melting point, Tm means a temperature
corresponding to a top of an inherent peak a appeared on
a second DSC curve (illustrating an example thereof in
Fig. 2) obtained by using 2 to 4 mg of the resin
particles as a sample to conduct its differential
scanning calorimetry in the same manner as the above-
described method for obtaining the DSC curves of the
foamed beads, while the melting completion temperature,
Te means a temperature corresponding to a point on the
temperature side higher than the temperature

corresponding to the inherent peak a, at which the DSC

5o



Tb within a range of from[the nelting point, T[err] - 5[err]C] to [the
melting conpletion tenperature, Te + 5[err]C] to hold themat that
tenperature, Th for an additional sufficient period of time (preferably,
about 10 to 60 minutes) if necessary,zand then rel eased fromthe vessel,
t hereby foam ng and expandi ng them The quantity of heat at the
hi gh-tenperature peak of the foaned beads mainly depends on the hol di ng

tenperature, Tanang il{digty ddtienad Fhemt ¢hpetapube, the, inhbBeehe! geay
tenperature, Tb and holding tine at the tenperature, Tb for the resin

particles upor tthe a oductdooftnkheakeanedelpgagy. and a heating rate. The
quantity of heat at the high-tenperature peak of the foanmed beads shows a

tendency to increasasatheh€oamdngeagenteuséd tn Thei abboredesctrhbadt he
above tenperature range, the holding time is longer, and the

20 heat i ng mpatordss,| dbere Mayedei ggneabdlygf uel o bfganic€/ fivaming
general |y adopted. Wien the prelimnary experinment is conducted repeatedly
in view of thegentespeans inoygandionficamdng &genpr oducengixhureé obhededEads
exhibiting the desired quantity of heat at the high-tenperature peak can
be known withExgmples of thenergandgl Fpaming agepér AngludeanqdBhabieri bed

above are proefr tenperature ranges in the case where an
ydrocarbons such as propane, butane, hexane and heptane,

alicyclic hydrocarbons such as cyclobutane and
cyclopentane, and halogenated hydrocarbons such as
chlorofluoromethane, trifluoromethane, 1,1-difluoroethane,
1,2,2,2~tetrafluoroethane, methyl chloride, ethyl
chloride and methylene chloride. These foaming agents
may be used in any combination thereof. Examples of the
inorganic foaming agent include nitrégen, carbon dioxide,
argon and air. These foaming agents may be used in any
combination thereof. When an organic foaming agent and
an inorganic foaming agent are used in combination,
compounds optionally selected from among the above-
mentioned organic and inorganic foaming agents may be
used in combination. Of these foaming agents, the
inorganic foaming agents are preferred in that they cause
no ozonosphere destruction and are cheap, with nitrogen,
air and carbon dioxide being particularly preferred.

The amount of the foaming agent used is determined
according to the expansion ratio of the foamed beads
intended to obtain, and in view of the kinds of the base

resin and foaming agent used. However, the amount is



I norgani c gas type foam ng agent (hereinafter referred to as "inorganic
foam ng agent") is used as the foam ng agent. Accordingly, when the

foam ng agent is changed to a volatile organic foam ng agent (hereinafter
referred to as "organic foam ng agent”), the respective suitable '
tenperature ranges are shifted on the 2énperature sides |ower than the
above tenperature ranges according to the kind and anount of the organic
foam ng agent g&eskally aboulthe el Giongaptsnby weigkrénsoa tkaperganie
corresponding to a top of an inherent peak a appeared on a second DSC
curve (il ust ridamingrageenpire aboateof. 5i o BlgpaR)isobyaweidghbyfositige2 to 4
ng of the resin particles as a sanple to conduct its differential

scanni ng cal orimatganiian fidamismragenrtne peas 1l0bepabbseby wesght befl tieé hod f or
obt ai ning the DSC curves of the foaned beads, while the nelting conpletion
tenperature, TrEsimsans a tenperature corresponding to a point on the
tenperature side higher than the tenperature corresponding to the inherent
peak a, at which t hdhpsd@ispersion medium used in dispersinghhe Regife | s

just returned fromthe top of the inherent peak a to a position of the
base |ine(a- [ &agticles thergin B peinLAgihgentouthd YateRedepevibekscri bed
process, there_may be generally used an organic foam ng agent or an

i norganic foaQQﬁYQm, . agy medipm,may: her @ged so far as it does not

dissolve the resin particles. Examples of dispersion
media other than water include ethylene glycol, glycerol,
methanol and ethanol. In general, water is preferably
used. A dispersing agent may be added to the dispersion
medium upon dispersing the resin particles in the
dispersion medium as needed. Examples of the dispersing
agent include fine particles of aluminum oxide, titanium
oxide, basic magnesium carbonate, basic zinc carbonate,
calcium carbonate, kaolin, mica and clay. These
dispersing agents are generally used in a proportion of
0.2 to 2 parts by weight per 100 parts by weight of the
resin particles.

As the resin particles, there are used those
composed of the above-described propylene random
copolymer. However, any other propylene resins (for
éxample, propylene block copolymers), ethylene resins
such as high density polyethylene, medium density
polyethylene, low density polyethylene, linear low
density polyethylene, linéar very low density

polyethylene, ethylene-vinyl acetate copolymers,



Exanpl es of the organic foam ng agent include aliphatic hydrocarbons such
as propane, butane, hexane and heptane, alicyclic hydrocarbons such as
cycl obut ane and cycl opentane, and hal ogenat ed hydrocarbons such as

chl or of | uor onet hane, trifl uoronethane, 54, 1-di fl uor oet hane,

1,2,2,2-tetrafl uoroethane, nethyl chloride, ethyl chloride and nethyl ene
chloride. These foam ng agents nay be used in any conbination thereof.
Exanpl es of tlethyileaegacryliicaacid agpolymnecs uakd nethpliene-mathaorglbxi de,
argon and air. These foam ng agents nmay be used in any conbination

t hereof . Wienasddocgapilgmbagr sgyagrat rastins asuchoagapolty$vpreng amgént are
used in conbination, conpounds optionally selected fromanong the above-
nment i oned or gatyceardmaieigannbyfivadengongtymersmyobeothsrdrésimormanat i on
O these foam ng agents, the inorganic foam ng agents are preferred in
that they caube snitebdwobphudeddéorrusei vhtanthererepphegne wramdemt r ogen,
air and carbon dioxide being particularly preferred. . The anmpunt of
t he foanmi ng ageprlymed B9 Harepfi heddebriwerital inflpenegphsstereRyi o of
t he foanmed beads intended to obtain, and in view of the kinds of the base
resin and foai"RgsS&denn tBedexPerEsdreffeetantinthe spresent invention.

22 generally about 5 tgo 50 parts by weight for the organic, foam ng agent
or about 0.5 to 30 Bﬁ?%geﬁytgﬁiﬁh?v EW3¥$&Pn?qKF%ﬁ&H%'f%ﬁuﬁ*@ﬁ?ﬂﬂﬁﬁ, per

100 parts by gﬁéﬂhgsOéthgiene-propylene rubber, ethylene-l-butene

rubber, propylene-l-butene rubber, styrene-butadiene
rubber or a hydrogenated product thereof, isoprene rubber,
neoprene rubber, nitrile rubber, or styrene-butadiene
block copolymer elastomer or a hydrogesnated product
thereof may be added. When the resins other than the
propylene random copolymer, and/or the elastomers are
blended with the propylene random copolymer, it is
preferred that the amount of these resins and elastomers
added be controlled to about 10 wt.% or less in total.

Various kinds of additives may be added to the
resin particles. Examples of such additives include
anticxidants, ultraviolet absorbents, antistatic agents,
flame retardants, metal deactivators, pigments, dyes,
crystal-nucleus forming agents, and cell-nucleus forming
agents such as inorganic powders of zinc borate,, talc,
calcium carbonate, borax, aluminum hydroxide and the like.
These additives may preferably be added in an amount of
20 parts by weight or less, particularly 5 parts by

weight or less in total, per 100 parts by weight of the



resin. The di spersion nediumused in dispersing the resin particles
thereinis not limted to the water described above, and any nedi um may be
used so far as it does not dissolve the resin particles. Exanples of

di spersion nedia other than water inclyde ethylene glycol, glycerol,

met hanol and ethanol. In general, vat e% s preferably wused. A dispersing
agent may be added to the dispersion nedium upon dispersing the resin
particles in tyesinipgoeristles . nedi um as needed. Exanpl es of the dispersing
agent include fine particles of alum num oxide, titanium oxide, basic
magnesi um car bonat e, Insdglentaliy .c dhsofaemed bekhdsumfcihbopal¥prikpplens nica
and clay. These dispersing agents are generally used in a proportion of
0.2 to 2 part sreésimediffainsd by0Cheamrodesswdiegkhribedt Aboveesan particl es.
As the resin particles, there are used those conposed of the

above- descr i bedPprapiad da tafeaned headembavipgway Bighgry ePRBE1BROPYI| ene
resins (for exanple, propylene block copolynmers), ethylene rosins such as
hi gh density Pt By SEigddhaimidsedi 6 asBPFePRRYLENBreFsiT ensity

pol yet hyl ene, linear |ow _density pol yethyl ene, |inear verXtLOMIdensity

pol yet hyl ene, BIHAYHAY AT I Ba P eSsYSHFIBAs treatment w
23

pressurized air to apply an internal pressure thereto and
then heating them with steam or heated air.

A molded foam can be obtained by using a batch-wise
molding process comprising f£illing the foamed beads, the
internal pressure of which has been optionally raised,
into a mold which can be heated and cooled, and
hermetically closed and opened, supplying the mold with
steam under a steam pressure of about 1.5 to 6.0
kgf/cmz(G) to heat the foamed beads in the mold, thereby
expanding and mutually fusion-bonding them, and then
cooling the thus-obtained molded product to release it
from the mold. A molded foam may also be produced by a
continuous molding process comprising feeding the foamed
beads, the internal pressure of which has been optionally
raised, bétween belts which continuously move along the
upper and lower sides within a passageway, respectively,
expanding and mutually fusion-bonding the foamed beads
while passing a steam heating region, causing the thus-
obtained molded product to pass through a cocling region
to cool it, and then taking the molded product out of the

passageway to cut it into proper lengths (the molding



et hyl ene-acrylic acid copolyners and et hyl ene-nethacrylic acid copolyners;
styrene resins such as polystyrene and styrene-naleic anhydride
copolymers; or other resins may be suitably blended for use with the
propyl ene random copolynmer so far as $§ detrinental influence is thereby
| nposed on the expected effects of the present invention. Besi des

t he above-nentioned resins, an elastonmer such as ethyl ene-propyl ene
rubber, ethyl gmdedsutdeseribedbdn, Foopekamplé- bdapapeseabbatent
styrene-but adi ene rubber or a hydrogenated product thereof, isoprene
rubber, neoprAapindition Laid-Openr Noiser 1040267 ) P8ie- bO#@aAV7 £h297 bandk
copol yner el astoner or a hydrogenated product thereof nmay be added. Wen
the resins ot HB08881 %983 . pIinpyfdentatdvidoim copdey ke raigy dihe he

el astomers are blended with the propyl ene random copol yner, it is
preferred thatinternadp presgurehefe thesifeamgAdbepdst okbr s aBded be
controlled to about 10 wt.%or less in total. ] Various kinds of
addi ti ves nay NeCeseday t® PHacer &ien foamedcbeads kBRp| @sCopPsedcressdt-ti ves
include antioxidants, ultraviolet absorbents, antistatic agents,_ flane
retardants, mnd 18&xe: ithefote, SfrgRehes, 2dPESPer cPeE1af- fict¥me $®r&i ng
agents, and cell-nucleuys formn gents_such as ingrgapi c. powders of zinc
borate. talc, StaHcHAt RIBSREEEZoHoPAF, PRFURPRBNERYGTBP dERGNYEERRLH | ke.

Ihese 20t L Ve RSt ol S Ba BB pCpar 5 Py vl ot
wei ght of the The molded foam produced in the above-described
manner preferably has an open cell content of at most 40%,
more preferably at most 30%, most preferably at most 25%
as measure in accordance with Procedure C prescribed in
ASTM D 2856-70. A molded foam having a lower open cell
content has better mechanical strength.

The present invention will hereinafter be described
in more detail by the following Examples.
Examples 1-3 and Comparative Examples 1-3:

In respective extruders, zinc borate (Zinc Borate
2335; product of Tomita Seiyaku K.K.) was added in their
corresponding amounts shown in Table 1 to 100 parts by
weight of a propylene-ethylene random copolymer (melting
point: 146°C; ethylene content: 2.3 wt.%; MFR measured
under Conditions 14 of JIS K 7210: 10 g/10 min). Each of
the mixtures was melted and kneaded in the extruder and
extruded into a strand. The strand was gquenched and then

chopped by a pelletizer, thereby producing mini-pellets

(resin particles).



24 resin particles. I nci dental ly, the foanmed beads of the

pol ypropyl ene resin obtained by the process described above can be
converted into foamed beads having a higher expansion ratio by aging them
under an atnospheric pressure, subjecting themto a pressurizing treatnent
wWith pressurized air to apply an inte Ral pressure thereto and then

heating themw th steam or heated air. A nol ded foam can be obt ai ned
by using a batch-w si amwladiteg laivesel90c paptss bpgwekightngft bhef mankd beads,
the internal pressure of which has been optionally raised, into a nold

whi ch can be hesilBbstsandB0wgaarts ayd weightebifcabltgrchesaddasgeoptond,
supplying the nold with steam under a steam pressure of about 1.5 to 6.0
kgf / cnf err] (Gmedidweato thedmmrky Wedghti oft keokbhdast hedébpereipgndi ng and
nmut ual Iy fusion-bonding them and then cooling the thus-obtained nol ded
product to relagent. t0.f0tomarits fyl weighkpbdegofidum dadeaiibeheepeoduced by
a continuous nolding process conprising feeding the foaned beads, the
i nternal pressitlEaratighiash ahsarfasitagdt podacrybopafiedidpel AB¥Enige) t 8swhi ch
continuously nove along the wupper and |ower sides within a passageway,
respectively, 2 SGHANhFRRE dx J&1s| goryespRNBdRE AGORRE FBawBdiBeads
whi | e passing a _steam heating regian, causin% the thus- _obtained nol ded
product to paselif dudieTe SHGLIRG A8droA™ fBTEEAVEt toafidCBReRR®aki ng t he
ageva to cut it into:Pro er qugghs (the
nts n aut

I r f th
mol ded product, qut .of I CwnP18S89LrT ng the conte e lave,

mol di ng autoclave.
they were then heated at a heating rate of 2°C/min to its
corresponding temperature (Ta) shown in Table 1 and held
.at the same temperature (Ta) for its corresponding period
of time shown in Table 1. After the contents were then
heated at a heating rate of 1°C/min to its corresponding
temperature (Tb) shown in Table 1 and held at the same
temperature (Tb) for its corresponding period of time
shown in Table 1, a valve fitted to the bottom of the
autoclave was opened to release the contents in the
autoclave under atmospheric pressure to obtain foamed
beads (one-stage foamed beads) according to each example.
In this process, the release was conducted while
introducing high-pressure air into the autoclave. After
the one-stage foamed beads thus obtained were left to
stand for 24 hours at ordinary temperature and .,
atmospheric pressure, the expansion ratio thereof was
measured. After its corresponding internal pressure
shown in Table 1 was then applied to the foamed beads

with pressurized air at ordinary temperature, steam of



25 process described in, for exanple, Japanese Patent Application
Lai d- Open Nos. 104026/ 1997, 104027/1997 and 180888/1998). Incidentally, in
order to raise the internal pressure of the foanmed beads, it is only
necessary to place the foaned beads in&g a closed vessel and |eave themto
stand for a proper period of time in a state that pressurized air has been
fed into the vessel, thereby penetrating the foanmed beads with the air.

The nol ded foamekedyend(ch whe vBhowe-dgaitisbethe nEnner tysefead atdamdtds an
open cell content of at nost 40% nore preferably at nost 30% nost
preferably at beesls Zobaaimefsamed beadso( dwroestagehfaneddbeads)
prescribed in ASTM D 2856-70. A nol ded foam having a | ower open cel
content has bdavengrec bigheal egpresdbh. ratio. Afheemprisenthusnodrttaioredm | |
herei nafter be described in nore detail by the follow ng Exanpl es.
Exanpl es 1-3 dwd-Ghager £oanedEkenpsewete3left to standefprcidvioexs raters,
zinc borate (Zinc Borate 2335; product of Tomta Seiyaku K K. ) was added
in their coroxdisedivnFeapsratyurehand pimpapherictpressupartthey wei ght of
a propyl ene-et hyl ene random copolynmer (nelting point: 146[err]C, ethylene
content: 2.3 wWvexagermedghiuleg) . .uhudk esmansionsrahier (Yimek. 7210: 10 g/ 10
m) . Each of the m xtures was nelted and kneaded in the extruder and
extruded i nt o 9Ha®tityg (IYgd ofr hratwat §henkhehl-bemperapure peak,

average cell diameter (mm) and internal pressure
attenuation time (min) thereof were measured. Further,
the CNI wvalue thereof was found by calculation based on
these data. These results are shown in Table 2.

After an internal pressure of 1.2 kgf/cmz(G) was
then applied to the two-stage foamed beads using
pressurized air at ordinary temperature, they were
immediately filled into a mold having inside dimensions
of 300 mm x 300 mm X 60 mm and preheated with steam under
a steam pressure lower than a steam pressure upon heating
for molding by 0.4 to 0.8 kgf/cm?(G). Steam of its
corresponding pressure shown in Table 2 (in Table 2,
expressed as "Minimum steam pressure") was then
introduced into the mold to heat the foamed beads for
molding. The thué—obtained molded product was aged for
24 hours at 60°C and atmospheric pressure. Incidentally.
the term "minimum steam pressure" as used herein means a
minimum steam pressure required to obtain a molded
product which has good appearance (being little in voids

on the surface thereof), undergoes little shrinkage (the



chopped by a pelletizer, thereby producing mni-pellets (resin particles).

26 In an autoclave, 100 parts by weight of the mni- pellets, 300

parts by weight of water as a dispersion nedium 0.3 parts by wei ght of

kaolin as a dispersing agent, 0.006 p? gts by weight of sodium

dodecyl benzene- sulfonate as a surfactant and carbon dioxide (dry ice) as

a foamng agent in its corresg Hding anount shown ip e 1 were charged
1dgdt BE

into an autocIHVéuWS efother iy pdpet #htee %Q%?Ql?ﬁﬁ?$mﬁkxﬁﬁ1ﬁﬁs in
th t ocl N heat t te qd t
R e R
Af?gr t he contgﬁ?sgﬁgFgetﬂgnguﬁgg?ehog?gﬁgh%@??% O%We $99% E%%qﬁto
its correspondlngP8%gn$grg£ur nﬁTQ%e%QQXQ LR _ éH%%J%éﬁtégﬁ}he sane

tenperature (TBf S corresponding per| able 1, a

valve fitted tQ fhe QQ{;E?&O{: hl{lg @Uig%évéows Oc?e?f@ﬂnf&%al naqﬁﬁ ?

contents in thée "autoclave un m)sp eric pressure to o

beads (one- st ageshganfgn begdih g b8, o6 M XATR fach Idhd NiBOPRACESS

the rel ease was c ucted wh intro pressure air into the
autocl ave. Aftep 1LRH§tRNEwREEHChASAHEEN bEFHSHl b Ur A MSh® Brdiidt f O

at a crosshead speed of 500 mm/min by a tensile tester to

break it and observing the rupture cross-section).



stand for 24 hours at ordinary tenperature and atnospheric pressure, the
expansion ratio thereof was neasured. After its corresponding internal
pressure shown in Table 1 was then applied to the foamed beads wth
pressurized air at ordinary tenperaturgg steam of

27 0.6 kgf/cnerr] (G was bl own against the thus treated foaned beads to

obt ai n f oaned bead<"‘(“rvm_5‘r‘aﬁ‘g€‘ peags) avi ng- a nipgher expansi on
ratio. After the thus-ol§ ai ped | t w-stlage|foamgd be%ds wefe left to stand
for 24 hours at orldi n@r{,‘}/ t enper at Ur e land|at nogpherijc pregsure, the
average wei ght (mg), b&KK pansion ratiof(timg), quantity (J/g) of heat
at the high-tenperat, rqg'abga o [ayelagd cell i gmeger] (gm | and internal
pressure attenuatijo g n) .t hes goft Yerge neasurjed,; Further, the CN
val ue thereof was fo;grgi‘ﬁo cal dul ation baged o thegse dafa. These results
are shown in Tabl e|2f 8o & Affter fan fi nt g¢rnal |pressure of 1.2
kgf/cnierr] (G was| gHe® Sppligd th thHe tfw-stage fdamed peads using
pressurized air at |QEdd dary|tenperaturle, {hey Jvere imedj ately filled into
a nol d havi ng i nsi ge—eirenst-org—oe+—380—HR—390—m—60 and preheated
w th steam under gteam presgureflover fhan a st egm prejssure upon heating
for molding by 0.4|t® 0.8 kbf/qnfefr](jG.] Steamof |its [orresponding
pressure shown in 'I'a%;lga‘” ﬂﬁ’( n Tabl g 2,
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expressed as "M ni mum st eam pressure”) was then introduced into the nold
to heat the foanmed beads for nolding. The thus-obtai ned nol ded product was
aged for 24 hours at 60[err]C and at nospheric pressure. Incidentally. the
term"m ni num steam pressure” as used Rgrein nmeans a m ni num st eam
pressure required to obtain a nolded product which has good appearance

(being little in}jvegids o t e spurfdce jhereqgf), undergpes little shrinkage
(the § 28|l vol yme of| the mfded product after
agi ng being at | ¢agt Qﬁo of [t he] i ntjer npal voljune df the | d) and is high
in the degree of |o§ bdhdi Tig éﬁqn@ h& f garfed |beRds| (&he proportion of
non-i nt er bead br e:§t Y ?upfhr tr 83s{séttilon™bej nY at | east 60% as
determ ned by pul 7% spec¢i men 14 nnhin thi ckngss, 30 $muin width and
100 mMmm in | ength,: i Ch has|been cuyt ofit of |t he nplded maofuct, at a
crosshead speed ¢—500—rwrfi—bya—tensite—tg¢sterite %ré&kglt and
observing the rup&yre cross-sectfon). A
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30 [err] 31 Exanpl e 4:
One- st age foaned beads were produced in the sane manner as in Exanple 2.
After the one-stage foaned beads thus obtained were left to stand for 24
hours at ordinary tenperature and atnmggpheric pressure, the average wei ght
(mg), bulk expansion ratio (tine), quantity (J/g) of heat at the
hi gh-tenperature peak, average cell dianeter (mm) and internal pressure
attenuation tExampben):thereof were neasured. Further, the CN val ue
t hereof was found by calcul ation based on these data. These results are
shown in Table 2. One-staid divamed ieardsawepeepsodacefl @n8thgfsamgerr] (G
was then applied to the one-stage foanmed beads using pressurized air at
ordi nary tenpenanner,as higy Exampled fhedAfiterythe| ored- $hage af panetl Hedds
i nsi de di mensions of 300 nmx 300 nm x 60 nm and preheated with steam
under a st eantipuesebainedsrenchdiefithdosisdamipfersdiehgopsh aheardhparyr
nmol ding by 0.4 to 0.8 kgf/cnjerr](G. Steamof its corresponding "m ni num
st eam pr essur eteBPRGHI YL @tmospheric pressure, the average weight
(mg), bulk expansion ratio (time), quantity (J/g) of heat
at the high-temperature peak, average cell diameter (mm)
and internal pressure attenuation time (min) thereof were
measured. Further, the CNI value thereof was found by
calculation based on these data. These results are shown
in Table 2.
After an internal pressure of 0.8 kgf/cmz(G) was
then applied to the one-stage foamed beads using
pressurized air at ordinary temperature, they were
immediately filled into a mold having inside dimensions
of 300 mm x 300 mm X 60 mm and preheated with steam under
- a steam pressure lower than the steam pressure upon
heating for molding by 0.4 to 0.8 kgf/cm?®(G). Steam of
its corresponding "minimum steam pressure" shown in Table
2 was then introduced into the mold to heat the foamed
beads for molding. The thus-obtained molded product was
aged for 24 hours at 60°C and atmospheric pressure.
As described above, the foamed beads according to
the present invention can provide molded foams excellent
in mechanical properties because the foamed beads

comprise, as a base resin, an uncrosslinked propylene

random copolymer having a melting point as high as at



2 was then introduced into the nold to heat the foaned beads for nolding.
The t hus-obtai ned nol ded product was aged for 24 hours at 60[err]C and

at nospheri c pressure. As descri bed above, the foamed beads acco; ding
to the present invention can provide | ded foans excellent in nmechanical
properties because the foanmed beads cOnprise, as a base resin, an
uncrossl i nked propyl ene random copol yner having a nelting point as high as
at least 140°C. In additiol, tHe& FdameMRadsCadcdraddigt iten, the
f oaned beads according to the present invention permt the provision of

nol ded foans the gdexent dnvieatfion perivdndetlespabeisfiohheffmabdedd beads,
and little in or free of interbead voids and hence good in appearance,

t hough t he baswamsiexdeddeathiighdhe falstiongbpoidetl, stata whAehhéhfganed
heated with | ower- pressure steam conpared with the conventional foaned
beads conpri sibepdsas anddddtiesiin, oxnfueer ofslintiketeagoivgopdspghénkenesi n
havi ng the sanme nelting point. Further, the foaned beads according to the
present i nver@dash ipe@ppeayangeng thongh the- ppessyesint bag ashighemt the
energy cost of the steamfor nolding the foanmed beads can be reduced, and
nor eover the MSIdiNg PpdmE .cgvenaWhgnpEheNoprrenBaatedsHLERngOVRT T npr ovenent

of productivity. .
pressure steam compared with the conventional foamed

beads comprising, as a base resin, an uncrosslinked
polypropylene resin having the same melting point.
Further, the foamed beads according to the present
invention permit molding using low-pressure steam, so
that the energy cost of the steam for molding the foamed
beads can be reduced, and moreover the molding cycle can
also be shortened, resulting in improvement of

productivity.



i 1. Foanmed and expanded beads of a
pol ypr @“ﬁﬂgﬁ“m"m‘ nol di ng, which conprise an uncrosslinked
propyl e random copolsvyner having a nelting point of at |east 140[err]C as
a base resin, wherein the tine requireg attenuate an air pressure
wi thin the foaned and expanded beads Bplled by a pressurizing treatnent
wthair from 1.2 f/c err& G) to 0.8 kgf/cnferr] (G under atnospheric
pressure at 2§F@¥9] iCdAMEDe 80 minutes, and the CNI value of the

f oaned and expanded beads, mhlch is defined by the follow ng equation (1):
CNI = log[err][Pw x Igr ][:'%?“PT (?“%@’FPW%@ Bgads of B PRYYRTOPYIORE s an
aver age wei ght anded bead, Er is bul k expansi on
Pt 0 Cti ey CieRb oo mpld a0 BRbaRcBAMBELES . o weonotel iMkrdnet or (1)
of the foaned and expanded beads, .and is.a densi e resin,

1
Cs smmller i hEFOPTGHE Tandon S5BoIRECT hARingng B bLY %@%&%saic%rd. i

(9 aimt eas%ri I N IR

wherein the Uk 611:%31 %k%ﬂ 8&9%2%9%6 g”ﬁ?%lﬁ%% 4me NEd) é:?pzhﬂf‘e?c?ase

resin of the and expante 'S propyl ené random-copol yner
beads applied by a pressurizing treatment with air from

1.2 kgf/cm?(G) to 0.8 kgf/cm?(G) under atmospheric
pressure at 23°C is at least 80 minutes, and the CNI
value of the foamed and expanded beads, which is defined
by the following equation (1):

CNI = log;o[Pw x Er =+ (2.24 x D® x B)] (1)
wherein Pw is an average weight (mg) per foamed and
expanded bead, Er is a bulk expansion ratio (time) of the
foamed and expanded beads, D is a cell diameter (mm) of
the foamed and expanded beads, and B is a density of the

base resin, is smaller than 3.80.

2. The foamed and expanded beads according to
Claim 1, wherein the CNI value represented by the

equation (1) is 2.00 to 3.60.

3. The foamed and expanded beads according to
Claim 1, wherein the uncrosslinked propylene random
copolymer, which is the base resin of the foamed and
expanded beads, is a propylene random copolymer

containing another comonomer component than prcopylene in



cont aIH,'m” Qﬁwgﬂdmnom&\r conponent than propylene in

a propont 05 to 15 wt. % 4. The foanmed and expanded
beads according to Claim1, wherein the nelting point of the uncrosslinked
pol ypropyl ene resin, which is the base3#esin of the foamed and expanded
beads, is at |east 140[err]C but at nost  160[err]C. 5. The foaned
and expanded beads accord| erein the nelt flowrate of the
uncrossl i nked @ Eﬁi regﬁnt wﬁ#cwtmg ‘the base resin of the foaned
and expanded beads, is 0 5 to 12 g/ 10 m n. 6. The foanmed and
expanded beads according to Caim1l, wherein the average wei ght of the

f oamed and &EQE‘SSS aae fgaﬂéd'fﬁf bl Tt B.be
according to ' 33 ﬁe?ﬁ&é“%&?aggiage gg H){c}{;%ﬁl?ﬁé&re”t ' al

scanni ng canrlne ry of oaned an enperature

peak appears go1fifropyd s i bflgohi b hthﬂaséfttsggﬁratwtﬁeat whi ch an

i nherent peak“co nding to the eat o u5|on 0 _
foamed and expanded beads, is at least 140°C but at most

160°C.

5. The foamed and expanded beads according to
Claim 1, wherein the melt flow rate of the uncrosslinked
polypropylene resin, which is the base resin of the

foamed and expanded beads, is 0.5 to 12 g/10 min.

6. The foamed and expanded beads according to
Claim 1, wherein the average weight of the foamed and
expanded beads is at least 0.2 mg but at most 1.1 mg per

foamed and expanded bead.

7. The foamed and expanded beads according to
Claim 1, wherein on a DSC curve obtained by the
differential scanning calorimetry of the foamed and
expanded beads, a high-temperature peak appears on the
temperature side higher than a temperature at which an
inherent peak corresponding to the heat of fusion of the
base resin of the foamed and expanded beads appears, and
the quantity of heat at the high-temperature peak is not

lower than 10 J/g but lower than 15 J/g.



base res”" m f and expanded beads appears, and the quantity of
heat at lm ,m mwm *ure peak is not |ower than 10 J/g but |ower than
* [ L M 3 %* ’

15 J/g. 35 8. The foaned and
expanded beads according to Caiml1l, erein the bul k expansion ratio of
the foanmed and expanded beads is 40 t0780 tines. 9. Foanmed and

expanded beads of a polypropylene resin for nolding, which conprise an
uncrossl i nked propyl ene random copol yner having a nelting point of at

| east 140[err]C as a base resin, wherein the tinme required to attenuate an
air pressure w thin8&.heTheafieameddars pererrfiedendsmmadaniding 4o
pressurizing treatnment with air from 1.2 kgf/cnferr](G to 0.8

kgf / cnf er r] (QCkaiderl atneasHiar ithe prdksgrpansion[Ertle £ Hhe| Eeame@o

m nutes, the CNI_value of _the foaned and expanded beads, which is defined
by the fol | ot edpagdesh begfs is 40 tenpO-tiB@Ferr][Pw x Er [err] (2.24 x

Derr]x B)] (1) wherein_Pwis an average wei ght ) per foanmed and
expanded bead, Er i¢-a Bﬁ?@e@x%%ﬁs?%ﬁﬁqéﬁq(P?qqﬁné%(ﬁ(ﬂgi¥Pq99¥%9¥eand

cxpanded beads e o e B e teehShul baglhoe ! B LOSF S Qg supanded
foamed and expanded n2°3d8 a8 80881 51mer SV IR, 90 m8l £ B! 8888t Csf LB Ut at
least 140°C as a base resin, wherein the time required to
attenuate an air pressure within the foamed and expanded
beads applied by a pressurizing treatment with air from
1.2 kgf/cm*(G) to 0.8 kgf/cm?(G) under atmospheric
pressure at 23°C is at least 80 minutes, the CNI value of
the foamed and expanded beads, which is defined by the
following equation (1):

CNI = logi;o[Pw x Er + (2.24 x D® x B)] (1)
wherein Pw is an avérage weight (mg) per foamed and
expanded bead,.Er is a bulk expansion ratio (time) of the
foamed and expanded beads, D is a cell diameter (mm) of
the foamed and expanded beads, and B is a density of the
base resin, is 2.00 to 3.60, and the foamed and expanded
beads have an average weight of at least 0.2 mg but at

; most 1.1 mg per foamed and expanded bead and a bulk
expansion ratio of 40 to 80 times, and wherein op a DSC
curve obtained by the differential scanning calorimetry
of the foamed and expanded beads, a high-temperature peak

appears on the temperature side higher than a temperature

at which an inherent peak corresponding to the heat of



nost 1 oanmed and expanded bead and a bul k expansion ratio of 40
to 80 t| ’mlua on a DSC curve obtained by the differenti al
scannlng* s the f oamed and expanded beads, a high-tenperature
peak appears on the tenperature si de hégher than a tenperature at which
an i nherent peak corresponding to the hgdt of

36 fusion of the base resin of the foaned and expanded beads appears, and

the quantity offiehdn abf ttise lbade IEIG HrIMGe B I r. than 10 J/ g
but |ower than 15 J/g. e & MY PMlck"BLat?

appears, and the quantity of heat at the high-temperature

peak is not lower than 10 J/g but lower than 15 J/g.



