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EXPANDED POLYPROPYLENE RESIN BEADS, METHOD OF
PRODUCING FOAM MOLDING OF EXPANDED POLYPROPYLENE
RESIN BEADS AND FOAM MOLDING OBTAINED BY THE METHOD
[0001] This invention relates to expanded polypropylene resin beads, to a
method of producing a foam molding of expanded polypropylene resin

PERAMRISES PiErPROPACEARAIRELAY B ol 11 G RaRde NG
D G AR B e R e R R
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particles with a blowing agent at a temperature higher than the softening

Tof the resin under pressuri ditions. i ion i
d&géﬁged from the éﬁ\(%c%é?/éj E(éi%gee%gtgméé'(g)%i?gasg%@@%@%@ﬁﬁ beads,
particirstate forped aniex famdetholdiag aftespatiiethptigotopylene resin

polypropylene resin is melted and kneaded in an extryder togeth ith
R 5o G T (O BT E5d UG T UiE hto a lower pressure

ouer htere s?_ tF&bE}?@&tw%&dggmeém@ma@@eﬁb@eytmmd
IS cut into particles before or after the completi f i
e o S A o B O e
bsgds imadiee RERreR Mginnraaldmedting Bedhatheyvhithdhee

expanded beads are filled in a mold cavity defined by male and female

RSP Wdas EeRifmarikeaESaRblautine #9RMNEEA RRPGHHIRMIG S
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e mold cavity to expand 20 (secondary expansion) and fuse-bond
thispepsinddd theaddisohetiged Aerththeheatimgave diuiine steaasphere so that

T A R T e TR B8 o
hasIpeep pealedaidtwis inatat ante Rperdia éntlaat éxirodientperetixpawds a
LRI AR GRS B e ENCIRP UREAHR HCILR & R reostre
inguialing natesidlad FiesBieninateRIgsan&d gt welahtieantalres brixudate is
because of its excellent physical properties. In
cut into particles before or after the completion of the foaming and expansion
thereof. A foam molding of expanded polypropylene resin beads may be
produced by in-mold molding method in which the expanded beads are filled
in a mold cavity defined by male and female molds or fed to a tunnel-like
passage defined between a pair of running belts and serving as a mold cavity.
A heating medium is then introduced into the mold cavity to expand
(secondary expansion) and fuse-bond the expanded beads together. As the
heating medium, steam is preferably used because of its easiness in handling
and its high specific heat. The resulting foam molding is taken out of the
mold cavity after it has been cooled down to such a temperature that it no
longer expands when taken out of the mold cavity.
[0003] Such a foam molding is now utilized in various fields as an
energy absorbing material, a heat insulating material, a cushioning material, a
light weight container box because of its excellent physical properties. In

these applications, the foam molding is also desired to have a good
1
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these applications, the foam molding is also desired to have a good 1
appearance, a smooth surface and a common degree of air or water
permeation resistance. Excellent water permeation resistance is attained
by fusion bonding of expanded beads without gaps or interstices.
Excellency in water p rme%tion resistance, however, cauies a problem

thAR BRI it &1 B FRULREGAE BB b R B AR RIS G T th e Hidid
cpapmeptoharestiivaprogueiitnisvdeeisenhaticoied Miaaaly dufitned by

the molding step, as the expanded beads are secondarily expanded and

fUSSIBBRAIYIBL At R RRRACHREGASSIHBR bR R $isfietred. Iy etRpCcy in
o, compirieheienieatd the. S PaREed Peads W NLERRS 1145 a lonq time is

necessary to use a large amount of 10 steam. Therefore, after the maolding
stegy) ltrizdniecesshdpwondbel fibenfosnalcingldmthéonwld g périaddfitenee, the

This is disadvantageous from the , standpoint of prodyctivity. [0004] To

c SRS BODIE S AR EREES o e & Witert T CkioR i 2 the
J HESNEORasesFaMEBRshabrp dre 102 foantskbtmelindther,
having a water permeation coefficient of 0 cm/sec while shortening a

cdBArPAMEIPRRIGER FBIBHES Whtth e ieIGaBY sialedisgbond the
N EENIPAFHE FESUpEMRIsRIRERT 8aNNE ALBTRYSB%R BNt of

increase the inside pressure thereof to 1.3 to 7 kgf/cm2, and then molding

thelegratredibarefns, giicetip moidiocbsteealing PEtessyi20qodbs]foam
The methaod of th nes blication has a problem becayse a
0L B BeARay BN s A RGAIRE BERYSS 21y

pretrea asing the inside pressuré o ed sma
piseesipuist bepradiediviti before the molding step at the sacrifice of

productivity. The treatment is performed by placing the expanded small

it 3 pressurizhfgCRk ARSHISRIGRIGTY. o APbsise Ha gsaned fatent
aipZBIRGLERIPRIG dipXiAe o hiesemnk. he,B¥Rand s el HIBRESURIRG a foam

allowed to stand under a pressurized state for several hours to several
tem libngshanindfansatasspeyneatcranel Gichad premégamehileghertening a

DA PR35 5, B ARG 8RR S RS g
expanded thermoplastic resin small pieces having a through hole to increase
the inside pressure thereof o 1.3 t0 7 kgf/cmz, and then molding the
pretreated small pieces in a mold by heating with steam.

[0005] The method of the Japanese publication has a problem
because a pretreatment for increasing the inside pressure of the expanded
small pieces must be carried out before the molding step at the sacrifice of
productivity. The treatment is performed by placing the expanded small
pieces in a pressurizing tank. After introducing a pressurized gas such as air
or carbon dioxide into the tank, the expanded small pieces are allowed to
stand under a pressurized state for several hours to several tens hours and, if

necessary, with heating. Such a pretreatment with a pressurized gas is

hereinafter referred to simply as “inside pressure increasing pretreatment”.
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2 Without such an inside pressure increasing pretreatment in the method
of the Japanese publication, it is not possible to obtain a foam molding
having the desired water permeation resistance, unless the expanded
beads are filled in the mold cavity in a very excess amount under a
ressed state, i.e. at a 5 high compression ratio, as described jn the
S A Bl RS R R B B o o e

Jipaeess thebfratiomatdingsiiamnsdbas abesnsidRablyiedisgtaving the
expansion ratio (i.e. an increased density) and, further, the effect of

dERIFRh MBI an P BIBRAY USRS B Fly AR EIB IGXNEIAGE: RerAs gre filled in
RECHRATRENI MUl eI RoFRBIM QAR & lAiRghaviag at 5

the 10 desired water pérmeation resistance, if the molding is performed

higingarigr aesiperativeasis@sibenidnetise, aparees, Rublfoaliv moliifign a
I loauTER FnsILCIaBIG Shrkas an s ol SUIEHIRLIAEIGEL nas o

e presentinve n has been’ made In view of the problems
afrthiel&rabninredpasdeskpandenlR 00 A. Eeipoesest inaentioy) pnovjdesher,

e DR D e P B e b M SR (UL Such
£achfaaidReadsiaying atrpuelibrlasyisasing fherein Hiamg MRiRRdhe

to the other end, 20 [0009] said beads having a maximum diameter Do
qasigcanaies Refenedliadderisdanes.iff hedlaldneddnsrioraesragagdigh

SRR T bR K] R A e

dwregtafensaledafe shfivkegeim tukisatiot ls gt HGht isratlieasdds, the

i0 Hp/ Do is 0,08 to 25 0,4 and.the ratio Ho/Lcv is Q.1 to 10; Definiti
: @@8‘]4 g] %qems

Lovicn ahBSHY TE615HEHARIARMPERAIBRIDE, Wodr e
shanestableye dewiase seligiameter LcH and maximum through hole

[%i&gp/f ter o arWe'hg present invention provides expanded beads comprising cell
walls which define a plurality of cells and which comprise a base resin comprising a
polypropylene resin,

[0008] each of said beads having a through hole extending therein from
one end to the other end,

[0009] said beads having a maximum diameter Dy (mm), an average cell
diameter Ly in a radial direction, an average cell diameter L in a circumferential
direction and a maximum through hole diameter Hp (mm),

[0010] wherein Dy, Loy, Lon and Hp are as defined hereinafter, and
[0011] wherein the ratio Lo/ Lcy is at least 1.05, the ratio Hp/ Dy is 0.08 to
0.4 and the ratio Hp/Lcyis 0.1 to 10;

Definition of Dy, Loy, Ley and Hp

[0012] the maximum diameter Dy, average cell diameter Lgy,

average cell diameter Loy and maximum through hole diameter Hp are
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measured as follows: [0013] (a) ten beads are arbitrarily sampled; [0014]
(b) each sampled bead is cut by a plane perpendicular to a straight line
connecting the one end and the other end of the through hole 5 at the
center of said straight line to give an annular cross-section having an

PHieILirenfergnes,and an inner circumference; [0015] (c) the annular
cross-section is displayed or photographed using a microscope; [0016]

(I(ﬂbodrﬁlhg cross(gdteorberdimysiayetoaihotagnatinid, a 10 first
fB ine is chawn syeh s he st uaialy e ingreccts the quter.

am{)
ircumterence a O Intersection points

sitraigfi¢léreeat taotintetbectior poiats andrbas therdistange hetmesigh hole
the two intersection points D01 and D02 is maximum, [0017] (e) the _
&Efgﬁc%%fﬁf(ﬁ]frﬁ)aﬁit%@ﬁfiltlé”ﬂ\ﬁot%gé\/%éﬂoﬁnﬂB'Bbﬁf@%Oﬁ%ﬁ@'ﬁ)bﬁVﬁ‘g

Ee AR QKRR RceeSARYSI ORI I FRRTRS R cular to the first

straight line is drawn such that the second straight line intersects the
60EkSLircumferendd artaoLilte creson gatin odisplaiod ang tioédgrephed

ILC two, intersection points and that the distance between 20
%%@gog?ﬁ&i%%%é’%oims d01 and d02 is maximum; [0019] (g) a circle C1

baoma] a radius (af) RnOIKascltmssrewithidls thabteisyidhie interseaiion Rhed, a
P1 between the first and second strajght lines; [0020] (h) a number Nni-r

B30 ehtd i RS PR EN A28 JPe L R0 e ese e
eltevadiscaappratng o athg sisplavesk s Ppeipdanhed RIosS:SS RIS inner
counted; [0021] (i) two circles C2 and C3 each having a radius of Dn0/8

SHECWRIRICNG® Bhdwednterseeting thointterssttivat bmdistanee! pgtween
{REPRAE R REBHBR IR B s A e SN cirele

[0017] (e) the distance Dng(mm) between the two intersection
points Dg¢ and Dgs is measured;

[0018] (f) a second straight line perpendicular to the first straight
line is drawn such that the second straight line intersects the outer
circumference at two intersection points dgq and dgo and the inner
circumference at two intersection points and that the distance between

the two intersection points dgq and dgp is maximum;

[0019] (g) a circle C1 having a radius of Dng/4 is drawn with its
center at the intersection point P1 between the first and second straight
lines;

[0020] (h) a number Nny of intersection points between the

circumference of the circle C1 and cell walls appearing on the displayed
or-photographed cross-section is counted;

[0021] (i) two circles C2 and C3 each having a radius of Dng/8 are

drawn with their centers at the two intersection points P2 and P3,
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[0022] (j) numbers of intersection points between the first straight line and
cell walls located on the circle C2 and between the first straight line and
cell walls located on the circle C3 are counted, and the greater of 5 the
two numbers Nnv is selected; [0023] (k) an average cell diameter Lncv is

I y ' s vV =.0,405% Nnv);
R e TP R e R R R R
fobaaing formulp: HOO6E knCHim €84 cDEP pexsity N wE : 1082 Aifgh s traight
maximum diameter Hno (mm) which is theareatest distance between two

BN P HE RS BRAIRAPENOS difriR  the HIBEEN R ig st straight
displayedon Mo wREhed 6hosseserian ismaasuiribe [90RBIHEMiter of

maximum diameter Do is an arithmetic mean of Dno of the ten sampled
Beatio[00pY)€6) MNeairrRjeel diameter Lev is an arithmetic mean of

t(nﬁ/ f the ten I ; erage cell di cHH
S an3grith metic(?ﬁe@a%%?gfﬁ%ﬁ gﬁ) #@%@‘{ﬁ%ﬁ% %ge?égiﬁ%b%&%
{of eengdrimmuria through hole diameter HD is an arithmetic mean of HnD
ten sampled beags, [0032] Expanded polypropylene resin beads of
fdé%%lasent inv%ﬂ%n‘ﬁhﬁ%gaﬁyt 'conditions can give, without an
[0pigs]Pressure iNgieasiBeade BEStIERNSI 9&&%@@0&@/&5\@%
excellent water-permeation resistance and good appearance. Further, it is
oinatiopiddace the foam molding without significant reduction of the

Wion ratiqﬁ%f éﬁg%%%%ﬁ%%ﬁgmﬁven the foam molding can

obtained with a’high pro a redticed cooling time. 5 [0033]
[OB2Wferred thahtheraboreupnonmmeatafidots @rerobtdmeld isythleegreatest

;gg I#‘E‘é’ BRSNS S (i Y A0S Rl iR TaetRi Y g e
through hole in the displayed or photographed cross-section is measured,
[0028] (n) the maximum diameter Dg is an arithmetic mean of Dng
of the ten sampled beads;

[0029] (0) the average cell diameter Lcy is an arithmetic mean of
Lncy of the ten sampled beads;

[0030] (p) the average cell diameter L¢y is an arithmetic mean of
Lngy of the ten sampled beads; and

[0031] (q) the maximum through hole diameter Hp is an arithmetic
mean of Hnp of the ten sampled beads.

[0032] Expanded polypropylene resin beads of the present invention
which satisfy these conditions can give, without an inside pressure increasing
pretreatment, a foam molding having excellent water-permeation resistance and
good appearance. Further, it is possible to produce the foam molding without
significant reduction of the expansion ratio of the expanded beads. Moreover, the

foam molding can be obtained with a high productivity and a reduced cooling time.



direction is greater than the average cell diameter LOH in the
circumferential direction (Lcv! LcH ? 1.05), the cells are elongated in the
radial direction and are radially 5 arranged about the through hole.
Further, since HO/ Dc is 0.08 to 0.4, the cross-sectional area of the

fbeegph hole iSlP@tiﬂf&?éd'métW@é@&?@%#&%ﬁrﬁ&ﬁ%@é@%bﬁB%@ﬂ%ﬁ%ﬂe

geometry and arrangement, the expanded beads of the present invention
okpingsmestisniseronanyedysinesidnestficiageyca damptecwiththeeadial

%no n expan edt eads in which th #cvl LtcH is belqw 1.00. 12(% qu:%l;j :
Traehs et TS AeTReE e AR s SIpARIRE R lgoton
(havelbaentitey tteecekpandedireads iarmd eadesd dirrbtioHtaidrarsteamigan

penetrate through the outer skin layer of each bead into the inside cells so

FHENERE ARSIl thouahbelss afdgheasincevrehlng HE840@4vihan the
FRAELcavibnis deleasab aRd dgrerierdia e AtmaspheAS RIS BB ause

expanded beads are 15 secondarily expanded. In this case, the steam
Wkﬁ@lﬁu Pedifiscintiteaenaitane FelsormaNsite expandedecadsoblb@ipigsent

| ity Anes e o Contribute to
A e e B X AR AR BB
lenqrvemsiqraedic drsysinsadesinglle thal stagivetan peoetrate uniformly
ickly intq the cells. For thi , th ded beads of the 20
e BIPEaRRET PSR (56000 A Felrieparges
s RECHERA HlERL el Rlearried BB BRSAcHISHIRA Wk Akthedilag tan

the molding step. Namely, the area of the bead with which steam is

prbeipieinewahthe ontsealkadayetrheasd headrietheissigemptasenthal the
: e el |
IR SRS SR e DR GIFFERTal

r to secon the be
rediEhalig,isftitbed exirerated it pavssinfiatad axshhdse heets are
uniformly filled in the mold cavity, they . still expand to close the through
SRS BRI 7 HE PR B R R s IR o'
itheoadiighaticesprprsienibiGRa  igRRICORMIRER WIHIhE éh%ﬁgiﬁgliitﬂ;w ;

t
the beads have ng such through holes. Hence, the effect of cooling by

tharabARddR S NG iR RAe Paas SRS d SdeTaloIReie splRGdtime
iRHIAVE EREYEBEndary expansion efficiency, it is desirable that steam can penetrate

uniformly and quickly into the cells.  For this purpose, the expanded beads of the
present invention each have a through hole.

[0035] Thus, because of the presence of the through hole, steam can pass
therethrough at the time of the molding step. Namely, the area of the bead with
which steam is brought into contact increases so that the heating efficiency by
steam is improved. As a consequence, it is not necessary to excessively heat the
expanded beads in order to secondarily expand the beads. Additionally, after the
expanded beads have inflated and have been uniformly filled in the mold cavity, they
still expand to close the through holes.  Thus, because of the presence of the

through holes, the volume in the adiabatic expansion is greater as compared with
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[0036] However, mere presence of the through holes in the expanded 5
beads is insufficient for the beads to give a foam molding having excellent
water permeation resistance without an inside pressure increasing
pretreatment. [0037] In the expanded bead according to the present

invention,. elongated cells are radially arranged about its through hgle with
S RS A WL e Rt Py, RFCLRR WA RGP (HhE R
stealingay peReHRIeREh i eatlsiiniRe KLERIIY ARaHRsINEAPANERIIng
beads of the present invention. Moreover, the number of the cell walls

tHFOB GRWPRAISL4SEFh must penetrate per unit length in the radial direction

[ ler in the gage. I i i i
ﬁm he cells are not9 ée‘f?ﬁé%%%%%%ﬁ%@rgg% i@%ﬁ%@@l@%@ﬁgged
tiveatty igisuliaikom fsrdhebead pergirate fosmthidisigl s \ohdrebels water

idly in the 15 ded beads of th ti tjon. B
TR PE RO EH: 3D e ERRUIT TR PRRIB BT b the

PIBCETTt inventionnekBibilpsiEed Pe4€ cRAgAIM G P asinaRHiGiRGtichébngated
even when the expanded beads are molded as such without an inside

prelsare Agiebshig pretahavidis hrrugbduineu Beiamairfcarmshsiamgriented
havamextelshicaleReINERIA LBRSIRARE W %%g%?gﬁ%o %J]‘fﬂ%?t%ls ina

reduction of the expansion ratio of the expande er,
sigeagiedrd inine axparidad SerdaroptheatratetiovendiaelsMbtbever, the

e uring,the molding step and since the steam in the cells
R S U S S Bl o el e
raadialtdirsictivthie socaitenioltivgascconird jscaertlieraietbhyham 8Bt in the case in
i%%%sed heat of condensation, [0039] In another aspect, the present

[

SiPTeRA s BOhfeRgaIeSr BIbUAHE L KssHoMm oltlis g lavitigreed that for
VRidag8seh G okt c"éh*béM@!Féﬁéqnt&%é":ﬂ%iﬂ@sﬁﬁﬂﬂet%afb%%%H%"r%f%’i}ﬂ?% the

beads in a mold without a 7 pretreatment with a pressurized gas for
igRansiag beadssifithe resenéinfettiipaxpaataddeseidse apddimtabgbemetry

SYRSHEASRER B e e e
hesdogaa e dupansianddgsrayowrhus, even when the expanded beads are
molded as such without an inside pressure increasing pretreatment, it is possible to
obtain a foam molding having excellent water-permeation resistance without a
significant reduction of the expansion ratio of the expanded beads.

[0038] Further, since a greater amount of steam can penetrate into
the cells of the expanded beads during the molding step and since the steam
in the cells is condensed during the cooling of the foam molding thus
produced, the rate at which the foam molding is cooled is accelerated by an
increased heat of condensation.

[0039] In another aspect, the present invention provides a method
of producing a foam molding having a voidage of 0 to 11 % by volume,

comprising filling the above expanded beads in a mold without a
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5 density, an excellent water-permeation resistance, an excellent

adhesion between beads and a high compressive strength with a high
production efficiency in an economical manner, [0040] The present
invention also provides a foam molding obtained according to the above
method. The foam molding has 10 excellent properties as mentioned

SO B0 SHRLR RIS U2 R0 Mg AR A R A RGP s
dhe axpeentac!eciiA 14 iha pagisentiirverpan sl be £xelrined imeetaith
below with reference ta the accompanying drawings in which: [0042] FIG.

PIEAPIEN BRI RS ARSI MGE LG RANSgshRgad s1 Bettehccdritng
tentte presentirv@ntion; 19948hd @i RN A0iREC 2dLareiaasifye, a low

cross-sectional view, similar to FIG. 3, showing examples of the shape of
tAERIbardIR § el HvatRs -Biipeeativthresighanee. theresealestaidfasion

‘ . L ; | ectional vi ‘
e e e e e PR Ehegor
taHiniarioyumadiaeestonDenlaverage cell diameter Lev, average cell

' r LcH and. maximum.through hole diameter HD of the expanded
O Tooa Ha o e T e BB e e i b
pddypiopylenecesigbedts KEAG Expdnded beadtoahihe piéisenhas
invention comprise cell walls 10 which define g plurality of cells 11 (FIG 3)
P IRH CORETAES 08 PASSEb ARG Ko HBTHSH s
shavonifGrikteash effhelcxpandachbeadsd Aassetwaygh hole 2

extending therein from one end 2a to the other end 2b. The expanded

#9944 Lre generdlfy PERRENRISNEHEI oMY IERA eyRiRingy iRl T Relgyewith
aetred ereitis HEERRRLHY IREH IR RRERAR Glangief shapes including,

-for example, spheres, ellipses, circular cylinders, prisms, cubes, cuboids,

488215 pyramidk? trieAedapesvasghrmadieal pytiasitsi mngolaxpanded
Cboé%@@&SjHﬂ%Q% %e present invention;

[0043] FIG. 2(a) to FIG. 2(d) are each a cross-sectional view,
similar to FIG. 3, showing examples of the shape of the expanded bead
and the shape of a through hole thereof according to the present
invention;

[0044] ‘ FIG. 3 is an enlarged sectional view taken on line IlI-l in
FIG. 1 and explanatory of a method of determining the maximum
diameter Dg, average cell diameter Lgy, average cell diameter Lgy and
maximum through hole diameter Hp of the expanded bead; and

[0045] FIG. 4 is an example of a DSC curve of expanded
polypropylene resin beads.

[0046] Expanded beads of the present invention comprise cell walls 10
which define a plurality.of cells 11 (FIG. 3) and which comprise a base resin

comprising a polypropylene resin.  As shown in FIG. 1, each of the expanded
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the circular cylinders, prisms, cubes, cuboids, cones, pyramids, truncated
cones and truncated pyramids are preferably rounded. Examples of the
shape of the expanded bead I are illustrated in FIGS. 2(a) to 2(d) which
are cross-sectional views taken by a plane perpendicular to the length of

Beadbrough halpdgi bk thexdéheirandrdead brray ke suitably 88 ¥nd 2b.
%Igherlcal FIG 1 and FIG 2(a)), ellipsoidal (FIG 2(b)), rounded triangular

Ee)yied eads Rexagopaliyraird))sirmy Diederouiggadrstiamelncin

ap_Vi in.El eb 1 may also have an external,.
R T i e 5 R A O P et
beadplés sprehdhadlibesgter¢Diar/byhacgref phiermidnies) didsigteedied 5
éc\i‘efin,ed hereinaﬁer) to the maximum length Lmax (the greatest distance

TATHAS BURGRIER RROFOANE B SRS HE ce DR EAD eI A IRgES of

indrRiRaate)mitiBra, sHHEDJINR SRMRMING SRR LM BRdE2 ANt ERgIRss and
end 2b of the through hole 2; see FIG 1) is in the range of 0.8 to 1.25,

Biitca Ay Y I6s ARGk ieRTrthe hérishapeniiied in
e O S R YA R doRRa
\eeparidh hyslsiary pepeaginulantditiméErgth of thewhmoghveiadge ctus, the
di ' dial directjon, igmet ina
TR B RS S BN G B G o LS et Bl g
(PeA 8] F)hesmaada unariarmeterddR iy esasece Aeliageiar (FRY. 2R1HVerags

cell diameter LcH and maximum through hole diameter Ho are measured

albspRMIsethBlenga) Hehpeivigw sheiraindanipibe hoedd] mayeinhave

| %ﬂ%%ﬁﬁi%%?ﬁ@@ﬁdﬁﬁ% P)/@ss)ﬁaﬁogzrmpew&%dgt %t@iﬁﬁéo'eﬁ]zeat

onnecting the one end 2a and the'other ‘end 2b o roug
thpareiee beddnkissaihhi éhkastiog(B knpk) aff thes esafkr@urh diaraster &,

B B B B L TR BB i e
betnglan wogsorstorttie diselayethes phviegeaihedhich line is in parallel with a
straight line connecting the one end 2a and the other end 2b of the through hole 2;
see FIG 1) is in the range of 0.8 fo 1.25, since the gaps or interstices between the
expanded beads when filled in a mold cavity can be made small and since the
voidage of the foam molding obtained from the expanded beads is small.

[0047] The expanded beads have a maximum diameter Dg (mm), an
average cell diameter Loy in a radial direction, an average cell diameter Ly in a
circumferential direction and a maximum through hole diameter Hp (mm).

[0048] The maximum diameter Dy, average cell diameter Lgy,
average cell diameter Loy and maximum through hole diameter Hp are
measured as follows:

[0049] (a) Ten beads are arbitrarily sampled.

[0050] (b) Each of the sampled beads is cut by a plane
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using a microscope. [0052] (d) On the cross-section thus displayed or
photographed (see FIG. 3), a first straight line El is drawn such that the
first straight 10 line El intersects the outer circumference 131 at two
intersection points Dot and D02 and the inner circumference B2 at two
reteeseditonepdints B04higindiReeand dotinbertistance heteandngénsther
intersectj ints DO1 and, D02 on the outer circumference Bl is
DA ?Hi@egé%b fieh BdRe GRMRD U s ret Qlghisingghe ving @
|bayiRihe maxiImIm distangec aheimes IedBLERan POl AhtBRiter
outer circumference B1, the line which has the maximum distance
WEMBER TRE B lirRBEL BRI BN BoviES rETespacE0B ivitiehrirfines the
tﬁ}r&qu&@cg_Bz is selected as the first line El. When two or more such
straight lines having the maximum distance between two intersection
[PBHBTtE on the ifapil tiecamfatenceoB2-aexstilh2i@ pispéntethen phytoneagfhed
such straight lines may be arbitrarily selected as the first line El. [0053]
u(%'?@’t?erafgfé’r?é;@ Bro (mm) between the two intersection points DO1 and

[DR2is measure). GhAtreepmskstaialtHing 2nespansticylas e iherfitst ed
straight line El is 25 drawn such that the second straight line E2 intersects

(_a%?@ dfér Bir@ AR ticdadt inewoTirfersauiorp poihts othntirabstsnigitie
(01 GlEMBIRIRNGRBR AL tWRdDRFESSHYR gg}g&% i% gggefgécﬁ%tﬁgﬁ @@g

distance between the two intersection point 1lan on the o
[hircanddbencenB 1lis rimpémeincuim taie naseB R/ e rivhenetarsdwimarpoores Foq

such strai lines haying the maximum distance between the two
R L S PRAATL Br ey M A BB i Qo and
Dpasinis distenesrbeifermeopntesseriignREMS fat@and da3onhed there
inner circumference B2 is selected as the second line E2. When two or

Ao ARHRYEFHFRSIRIGM dRES Raving theisiade vewwiganse wo
BIRSES UL RIS ARBR BRRECErHME SRS Riraim AVLAESEt HENine

which has the maximum distance between the two intersection points Fyq
and Fgo on the inner circumference B2 is seleéted as the first line E1.
When two or more such straight lines having the maximum distance
between two intersection points on the inner circumference B2 are still
present, then any one of such straight lines may be arbitrarily selected as
the first line E1. |
[0053] (e) The distance Dng (mm) between the two intersection
points Dgq and Dgy is measured.

(f) A second straight line E2 perpendicular to the first straight line E1 is
drawn such that the second straight line E2 intersects the outer
circumference B1 at two intersection points dg4 and dg, and the inner
circumference B2 at two intersection points fgq and fgo and that the

distance between the two intersection points dg1 and dgo on the outer
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any one of such straight lines may be arbitrarily selected as the secor_ld _
line E2. 10 [0054] (g) A circle C1 having a radius of Dna/4 is drawn with its
center at the intersection point P1 between the first and second straight
lines El and E2, [0055] (h) A number NnH of intersection points (shown by
the solid circles in FIG. 3) between the circumference of the circle C1 and

cell 15 walls appearing on the displayed or photographed cross-section is
c8Uﬁf€Bf?6%%ng (% TR RS B2 aHy 65 CaaehaIRg Srigie ot Dag8 more

are chasva i thels GRIVRIG AIdNRAWMINIETSRE AR PN B2 and %@%57]

respectively, between the first straight line El and the circle C1, 20
(IMAERSRREEN P PidPsRBLBE PuiteE Hkomiare tee blidthedreistinchigag)

b ' [ | cell walls Jocated on the cirgle C2 i
cﬁ%ﬁp @iﬁ‘ilgar 5 g‘%%%n{ﬂ)}g r8 (r)ﬁ{:yr??e gg%cusoencéglrhgo; %?V\flt%bﬁ’?ﬁfe%%ﬁ&n the
straighciiiselaxigrecito AR ipsaledted the itirckesCand [onaimed. hWMWQwo or
n e red with each other and the 25 greater of the two
R PR e B R sl e ae o

nintebeesbon PaimdsSanthdherefottrdhmiseaterRmBes SisMSRLAS then
ter Lngv is calculated by the 11

Nnv., [0058]. (k) An gverage.cell diam

fcé}]cXNL?r?ge orr%ié?a (%ﬁ@%%@ﬂeﬁc é%%éﬁ)@ﬁ?ﬁmﬂ"mrﬁ%l?ﬁefbéédf‘@)%@ond
aleealg2.cell diameter LncH is calculated by the following formula (2): 5
[QO61], L nCH = 0.810xDnoxsin(rr/NnH) (2) [0062] (m) A maximum .
d?gﬁfé{ér Hnp (M) AVRIEHS NGl atk & rariumes Bonikén drawsoiitdts

theinaer cliteinfRIRRGRIER SoRIPY henbuonIhdnieidhe displavedight

photographed cross-section is
lines E1 and E2,

[0055] (h) A number Nny of intersection points (shown by the solid
circles in FIG. 3) between the circumference of the circle C1 and cell
walls appearing on the displayed or photographed cross-section is
counted. |

[0056] (i) Two circles C2 and C3 each having a radius of Dng/8
are drawn with their centers at the two intersection points P2 and P3,
respectively, between the first straight line E1 and the circle C1,

[0057] () A number of intersection points (shown by the solid
trigonals in FIG. 3) between the first straight line and cell walls located on
the circle C2 is counted. Similarly a number of intersection points
between the first straight line and cell walls located on the circle C3 is
counted. The two numbers are compared with each other and the
greater of the two numbers Nny is selected. In the case of FIG. 3, for
example, the two numbers are 2 and 3 and, therefore, the greater number
3 is used as Nny.

[0058] (k) An average cell diameter Lngy is calculated by the

11
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measured. 10 [0063] (n) The maximum diameter Do is an arithmetic mean
of Dno of the ten sampled beads. [0064] (0) The average cell diameter
Lcv is an arithmetic mean of Lncv of the ten sampled beads. (0065) (p)
The average cell diameter LcH is an arithmetic mean of 15 Lncia of the
f@fbﬁﬁﬁbol‘%mﬁdﬁ)[:0066] (q) The maximum through hole diameter HD is
an arithmetic mean’of HnD of the ten sampled beads. [0067] The formula
[A059Herived dshfpllons.40efieng!l, Mreye is the following relatidrighip
enthen er N of cells located on a line 20 having,a. length Lo
O0E averacl o0 AVARe £ FUBREPIAL Licer SR e0b5re
f&hevetageobysimphy:substituting Lncv, Dno/4 and Nnv for Ld, Lo and N of
formula (3), respecti(;/_flt\allé/, the formula (1) is derived. [0070] The formula

[896d Herived dsen SHEPEmetB NG5 a regular NH-sitfed

feelygpn inscribad ia a.cjiele having & 4adiysof B R(fv@%@H‘%Q e 9L st
Lp = 2 NHX(Dno/4)xsin(2rr/2NH) [0072] The perimeter of the NnH-Sided
Petpgor ibstrbed fwthpoitsirle it ishewsinc MG esacmeds2 defining the

bt R e e e

rrespactadly, the formula (2) is derived. [0073] It is important that the Lcv/

LcH ratio should be at least 1.05, that the 5 Ho/ Do ratio should be 0.08 to
[99631d that th&WsdhevarsunsufiaadiarBas agaRhaetic mean of Dno

Foiverenyleas sesindeeads which satisfy these conditions can give,
without an inside pressure increasing pretreatment, a foam molding

8886 excellete)Warerayeragatienlrdémnaies bad oad aspearatieancan of

Lgi%t\grﬁ%.é%fé %ss'gi%khe%f%g(pg%g e%e the foam molding without reducing the
[0065] (p) The average cell diameter L¢y is an arithmetic mean of
Lncy of the ten sampled beads.

[0066] (q) The maximum through hole diameter Hp is an
arithmetic mean of Hnp of the ten sampled beads.

[0067] The formula (1) is derived as follows. In general, there is

the following relationship between the number N of cells located on a line

having a length Lg and the average cell diameter Ld:

[0068] Ld = 1.62 x (Lg/N) (3)

[0069] Therefore, by simply substituting Lngy, Dng/4 and Nny for
Ld, Lg and N of formula (3), respectively, the formula (1) is derived.
[0070] The formula (2) is derived as follows. The perimeter Lp of
a regular Ny-sided polygon inscribed in a circle having a radius of Dny/4
is given by:

[0071] Lp = 2 Nyx(Dng/4)xsin(211/2Ny)

[0072] The perimeter of the Nny-sided polygon inscribed in the
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10 beads. Moreover, the foam molding can be obtained with a high
productivity and a reduced cooling time. [0074] When the ratio Lcv/ LCH
of the average cell diameter in the radial direction to the average cell
diameter in the circumferential direction is less than 1.05, the secondary
expansion efficiency of the beads is insufficient unless the beads are 15
peadieusly shbiestas ﬁ@@mi@%ﬁ%er@w@(iﬁ%@@@mtmﬁtm%gii he
Lcv/ LCH ratio is preferably at least 1.07, more preferably at least 1.10

Vhiensised @ lyern ratibhs exersimesiy ighstittiogn meldlimy atlairedfor
. . o s hih.
tends Lo FRHREUEKING at%ﬁ}yg 5%?%%@? g&%;gﬁ%? ﬁg}g g\)/ gzj: 7L Iﬁvelg.

The Levi LcH ratio is prefe or less. rage ce

ci@fd8ier Lev in thie ragdrlalitémidhad préterabiyiasiat.le st &0epst, 106y ¢hat the
ref, s ti refera t least 100 st
TR TR, B R0 R0 P B e R AT el o 10
ste@andaconivpiesidens! rindesad ssvatichinatishnitiesbiginditsesiozelgive,

C is.ensured. The average cell diameter Lcy is preferably 1,000 pm
R B e R R R SR R WA sl on
thielergssTasitdiadeisterendal ydidemarsinnel he avesagesgritdingwter
LcH jn th% ciercumfere 1tial direction is preferably at least 28 pm, more
N5 R MR NGHIPH 76 B o YR SB BEp ey Regaced

highgloseibrailepmienbirtmsiiRg cHite ianr ARG rddabtilty and a
preferably 950 pm or less, more preferably 600 pm or less, since such
dafvigesliceoling E1Pwall thickness suitable for secondary expansion. The

r of cells ed head t firstli | of.t ,
Wm Whm@pﬁﬁqgvﬁ_crﬁ ﬁ%ssgﬁ%%@&lﬁé“ﬁg lnI Q ?atﬂxal

cross-section displayed or photograph nin S preferably

Fligdipninieeaas kel daseiesindsalsiafelereofahdpetisn it enssthbon. 05,

e\ﬁ‘e%@é&{ f%mq'!;lg?l‘es. Qﬁl ratio H .0f the maximum
through hole dia eteﬁt‘o tgé-:-!g Jr]n(yggfn{h%gglag}r%é é%‘s‘%@'sgs”{ﬁé‘heﬁ?g%‘? éeeads are
threvghshosebietteddmali insglzetesabtainctbagitessedreaptiog effess by / Loy
adiabatic expansion or desired improvement of the heating efficiency by
SRS MR RBIABEd Ui B RN DAL T Thro P HTE fowbor
lasge itcenbiaivaljdagn mieldiaenhayviabigabeireaterds WAHaIREFNEAHE though
resistance. The HD/ Do ratio is Rreferably 0.1to 0.25.
the heating efficiency by steam is high.  The L/ Loy ratio is preferably 3 or less.
[0075] The average cell diameter Loy in the radial direction is preferably at
least 30 um, more preferably at least 50 pm, still more preferably at least 100 pm,
most preferably at least 130 um, since a satisfactory penetration speed of steam
into the inside of the bead is obtained and a high closed cell content is ensured.
The average cell diameter Lcy is preferably 1,000 um or less, more preferably 700
pm or less, since such cells have a cell wall thickness suitable for secondary
expansion. The average cell diameter Lcy in the circumferential direction is
preferably at least 28 um, more preferably at least 47 um, still more preferably at
least 95 um, since a high closed cell content is ensured.  The average cell diameter

Lcw is preferably 950 um or less, more preferably 600 pum or less, since such cells
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[0077] When the ratio HolLcv of the maximum through hole diameter to
the average cell diameter in the radial direction is less than 0.1, the foam
molding obtained tends to cause buckling and, further, it is difficult to
obtain the desired cooling effect by adiabatic expansion and the desired

HenRy avem el ehithe depdingbie Rifisiarp Al SiR3RsibA0 Bk AUrEEBFlis of

in excess of 10 causes a difficulty in obtaining a foam molding having the

thesrpanistpsraivsatishartisiistdng ke oiihe ¢RitosReHraiismRY 89570
shansramistesabcha ﬁ?ﬁé-i@%ﬁé@&%m&%@g%&&%ﬁ@@g&%r

Hp is preferably at least 0.16 mm, more preferably at least 0. 2 fnm, since
sinectslintpstteet by atasatio @ZDiExXparsrrsinatianpnlerovement of the

ing efficie by steam a hanced. The maximum through hole
@:ajrﬁgter Ho is%%riﬁ)ﬂ'% Br?e wgpmr %Iﬂoﬁq’ aé@,e terto
theoneagieleradimictmsiaysigss SBMpectaigrabie0sdo el gssize to
since the expanded beads can be uniformly filled in a mold cavity and

QIR e dRelkemh GNRSCTISF RSP RIS SYRANSIN A dRREacm B vement of
{RBhRRERY -%Wﬁ%mfemW%Wﬁg ARd Shpps Qe Gryed

hole 2 be such that the inner circumference B2 canning the through hole
thrpugiehglepipsdapepienbiaiapHeartroysydegivyiog srtigea® is located
within the circle C1. 1t is also-preferred that the size and the

e s e R R A TR e
[p0@Wph hole 2 Winart theeridiptid by efitie ofdirencircles@h &tk GEmeter to

owever, a small degree of overlapping..i issive. Thus, ifi .
B AR A B B RC I PUALRSH i 1 758 BARG 3 Gt aspaaniing
Hﬁ%iﬁ@a%ﬁ%%[@@%@éﬁﬂﬁ B@&,Wﬁéh%ﬂ&@f%&f AR YRR BrayieR) of
each of the 5 circles C2 and C3. [0080] With the expanded beads

ealteiRie e M eprbatintnefion andkthesistirdibprovansat ffdhe heating

. g o b A ) o |
e Lo A e g SRR o A AL Rty i
comipressitoanatiooldings)aventivheadhedappiarertdersion Bisaitdénes. The

SR HCR (a0 ML A PO FESEBIE RSB eiting  foam molding
foavigp a high expansidhiatithiough hole diameter Hp is preferably at least 0.16
mm, more preferably at least 0. 2 mm, since the cooling effect by adiabatic
expansion and the improvement of the heating efficiency by steam are enhanced.
The maximum through hole diameter Hp, is preferably 1.8 mm or less, preferably 1.6
mm or less, more preferably 1.2 mm or less, still more preferably 0.9 mm or less,
since the expanded beads can be uniformiy filled in a mold cavity and since the
heating efficiency and shortening of cooling time can be enhanced.

[0079] It is preferred that the size and shape of the through hole 2 be such
that the inner circumference B2 defining the through hole 2 in the displayed or
photographed cross-section of the bead 1 is located within the circle C1.  ltis also

preferred that the size and shape of the through hole 2 be such that the inner

14



10

15

20

25

is preferred that the expanded beads have an apparent density of 20 to 35
g/L, more preferably 23 to 34 glL. [0031] As used herein the apparent
density Dt of expanded beads is as 15 measured by the following
method. Expanded beads are allowed to stand in an isothermal chamber
at 23'C and a relative humidity of 50 % under ambient pressure for 10

| deg bea t least 500 beads) are sa d
R DR SR R G sanh e
inirtiesl @iy ih@iBerdeoliavethasolait @3y@eontaiadibiing grpduaiiene. Thus,
cylindeg. Fr Q.the rise of the methanol level in the graduation cylinder,

I BERrE Do cER B SR LRl DR P RMERRAEA PTHF
appereriieRaiCBED L hist rislewiRIed@s. el oyl RRRIEN(@ra kg
W1 /Vi[0083] The base resin from which the expanded beads of the

pCr‘é‘g%?] $i/EARtion are made includes a polypropylene resin. The term
"Riseropylene Wﬁﬁﬁ@é%ﬁ%@%@%%@&%@r%)tcﬁ’@l&ﬂfr%@wﬁrﬁvenﬁon, itis

homopolymer, (2) a copolymer of propylene and one or more

CARIABIRECHEG 'RBTIpPIEine vriterht biohrasprBTRsie daw(dpestty).
BiiE0f E"f‘fb?ﬁé@@é%é?{xEB%IF?B%@%&#%@&WF D ESOH (s hig

hornopolymer (1) and the copolyme The propylene copolymer m {/]
reRMRSSIOBIpy méhus, &vanddendheapparenBlansilyl & of theexpanded

0 incl yl 1-butene, 1-pentene, 1-hexene and
R R S e R I o e el e
djbtaiobd:oﬂymsasb@tﬂ@@%ﬂh}@ﬁi@%@@h?@ﬂbﬂ@(bhéhsion ratio, it
propylene-hutene block copolymer, or a triblock copolymer such as
iR e e i Gl i SV
twiereprepnapRtIansigmggopolymer such as propylene-ethylene random
co o%mer or propylene-butene random 10 copolymer or a
t L

omponeM4RBOAFEID SIFARPIER, danSihopy Rirxrangrsiesdtdnas
[RHRAQIREEORPINE BIohR FHRaH. OfEQFaﬁ@éBM%@B%\%@Q&é%% &n
in the polypropylene resin is preferably 0.05
isothermal chamber at 23°C and a relative humidity of 50 % under ambient
pressure for 10 days. The resulting expanded beads (at least 500 beads) are
sampled and immediately weighed (W, g) in the isothermal chamber and then
immediately immersed in ethanol at 23 °C contained in a graduation cylinder. From
the rise of the methanol level in the graduation cylinder, the apparent volume (V4
cm®) of the sampled beads are determined. The apparent density Dt (g/L) is
calculated as follows:
[0082] Dt (g/L) = 1000 x W4/ V4
[0083] The base resin from which the expanded beads of the present
invention are made includes a polypropylene resin.  The term "polypropylene
resin" as used herein refers to (1) polypropylene homopolymer, (2) a

copolymer of propylene and one or more comonomers having a propylene

content of at least 60 mole %, (3) a mixture of two or more of the copolymers
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to 15 % by weight, more preferably 0.1 to 10 % by weight. The
polypropylene resin may be crosslinked or non-crosslinked. For reasons
of 1.5 recyclability, the use of a non-crosslinked polypropylene resin is
preferred. [0085] From the standpoint of production efficiency and

(B opmenttuests foe therpopditien 6f)feach tivoldingdy ther t8)ypropglene

resin is_preferably a random copolymer having a melting point of at most
PSSEF TR HOFe PIBTeraEh R ThbLe 50 gLy o e brE?
EQbiainag dhespegificreathgepiatiy ats/lanangdnmmie|tispdesurd, thatexene

elongated cells be formed and maintained in the radial directions around
afbarRisits RIS AHEERYSansion and foaming of the polypropylene

(688l particlesfpeligis)i 10 86IueNs ISy BUrBQHBIdER BaSEIVARN o theas
expanded beads preferably has a melt flow 25 rate (MFR) of 0.1 to 60

popby enia;etivie peditraklgapolyons0 gr Toaniie BeHbEHEFE frisfei sy @yser, or

5.0/10 min, particularly preferably 2 to 25 /10 min. T erein-|
R B B ey S T W TR g e
raegendanpe itz thealapanesedndirasisl Starsadd il Sog 6RA0t BUsh 16
Test Condition 14. [0087] When it is desired to obtajn a soft foam molding,

PEPPYISERNFIEY I8 0EH ARAQIY RARLNIEY IRHRTRIMBBP FAAY BRSPS the
cBRsR FRsibinamramesnfe iR ARy WeiElhmAsdond as the effects

and objects of the 5 present invention are not adversely affected, the base

W@waﬁﬁéyeébw@\%hﬂf_aﬁQiﬁ@'ﬂ%@%’@l‘yﬁ?@ﬁyleﬁ@er@é\'}ﬂ%thgr%%plasftic
SRBRR %Pm%%t!ﬁrfé ﬂ@ﬁ%tﬁ}@%@%@%@%ﬁsﬁﬁgﬁgm 0.05

resin or a thermoplastic In other

tprefeyably weigiost30rpartefeyaieight fmed Q00 pgrvesighiveightef the
polypropylene resin. 10 [0088] The expanded beads, of the present
qﬁ\y@ﬁ%ﬂw@féﬁmm&ﬁ &rr%e,ﬂ'mﬁﬂé’@xaﬂﬂ%ﬁ@aﬁé meaRuraassys of

DSCiabligyNAR IRBRITAHER-BRAK AREY ibgatretfisioprteired.
r(caloﬂficﬁlyéllue) of 2 to 45 J/g, more pref?r%bgﬁ/ﬁ?g) 40 J/g. It%ogreferred
[HFhe ratio (HFYMThefateadeainsfo! production efficiency and equipment

costs for the production of foam moldings, the polypropylene resin is
preferably a random copolymer having a melting point of at most 165°C or
less, more preferably 135°C to 160°C.

[0086] To facilitate obtaining the specific cell geometry and
arrangement, it is desired that elongated cells be formed and maintained in
the radial directions around the through holes during the expansion and
foaming of the polypropylene resin particles (pellets). To achieve this
purpose, the base resin of the expanded baads preferably has a melt flow
rate (MFR) of 0.1 to 60 g/10 min, more preferably 0.2 to 50 g/10 min, still
more preferably 0.5 to 35 g/10 min, particularly preferably 2 to 25 g/10 min.
The MFR herein is as measured at a temperature of 230°C and a load of
2.16 kgf in accordance with the Japanese Industrial Standard JIS K7210-1976,
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fusion HF{ of the high temperature peak to a total of the heat of fusion HT
of 15 the expanded beads be 0.05 to 0.5. [0080] The DSC curve herein is
as obtained by the differential scanning calorimetric analysis wherein a
sample (1 to 8 mg of expanded beads) is heated from room temperature
te220anditmnatet of 10C/min. FIG. 4 shows an example of a DSC curve

ing an intrinsic endothermic peak "g" .20 an high temperature
E@(;éot ermic pea " ”rf%egaﬁ'se’gegﬁfﬁ@ %’%‘ 'P(abso?}e%%%em@ xégh@gt%?stomer
tusipmblEtiofighe heboigamerativerpeak beanthisd dsteraed assialiaveh
As shown in Fiﬁ@ a first straight line extending between the point | in the

4
BRI EAAAT thehoiianh rRlHe as dhrafiedmphstighiects of the
Eﬁmﬁw@ﬁa{%nuﬁéa@&%wryf%@ahm'@%a\s'ai'q@éﬁq%ﬁ@a@m@gﬁ}i@

the ordinate and which passes a point Il between the peaks "a” and

aeslifiormidive ponrsarittiainestno sstseeofiassgartin vfesahanmoplastic

er, ion paint 1V. a of ' erature peak,"b" is the ..
L S A L R PR BE8 ot
esirectieextending belwsenikmpomimlibandrdibie tateldieB8mp ARy
HT of the expanded beads is a total of the heat of fusion of the high
Yé%graﬁfré(ﬁ)eaﬂ”%béﬁf?@@ RELR S PRYBIPBY IBRSAFHBIC peak "a".

gdm]the heat o kigioR-pliddesdsE Beakrésdn i armpASIBRI BIG ow

irst and second straight lines 5 and the DSC curve extending between the
pditel femparaturepaathvdes merpstreAithy RSHE of flktohighHeNpRr Aigre

] . o it
B R 8 A B R R B Wi ggrore
pregtAsld anad 45290410 74r208Add[GR&GhE apoefielipit fhuittHreHeadeof
esjn be mixed with a cell 10 controlling agent for controlling the cell size
B518 Sp 2O BSAIETPRELLIF BSaFoRry BUarRi ee! inpid Of
BB BQFRMIEPRMAIRS BHAHN @ f&lg,5 calcium carbonate, borax, zinc borate

or aluminum hydroxide and may be used in an amount of 0.001 to 10

ROBby weight] hofeIreserap @SN 16 8S sartaibgavaidhe péferentisarts
EXA’H%%QB%%%%%%S éﬂ%@s@%ﬁ@?&ﬂsaoéample (1 to 8 mg of expanded
beads) is heated from room temperature to 220°C at a rate of 10°C/min. FIG.
4 shows an example of a DSC curve having an intrinsic endothermic peak “a”
and a high temperature endothermic peak “b”. The area of the peak “b”
represents the heat of fusion Hy of the high temperature peak “b” and is
determined as follows. As shown in Fig. 4, a first straight line extending
between the point | in the curve at 80°C and the point Il in the curve at a melt
completion temperature is drawn. Next, a second straight line which is
parallel with the ordinate and which passes a point lll between the peaks “a”
and “b” is drawn. The second straight line crosses the first straight line at an
intersection point IV. The area of the high temperature peak “b" is the

shaded area defined by the first and second straight lines and the DSC curve
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15 easiness in controlling the average cell diameter Lcv in the radial
direction of the expanded beads to 30 pm or greater. The base resin may
further be compounded with a colorant such as a pigment or a dye in a
suitable amount. The cell controlling agent and/or colorant may be fed
directly to an extruder together with the base resin, but may be preferably

pesioidshy; ieerder Withair auapiivof thedrss esin B?tﬂjéiéﬂﬁeéf the
batch to improve the dispersion efficiency. The master batch stock diluted
v pdSedsiivia iirhplyihedea el Exsioaar thodig!T rmperahdedeak
bepdmafiheiassnt KRN RGRRNAKe A rada RURE e

apparent density Dt thereof to the density Db thereof 5 té)frg%sd%n of

PRI

of"E. B Ei6, hake Bréddhebhy daaiafiney biilteofiespeafe radty ddGtai®, lines
S e s can permit the production of a foam moldin
h%]\ﬁtg?%(?ce e%rmﬁtﬂv%t%)ﬁ%@gﬁq a?fl%r\?/ Fedls a%é)g,”ﬁﬁgeaé}gﬂ&e ahf method t
nacipietiniodhprioper té Susioitetimpfdtiagidte teragsetioneficiRne walkidwn as

1 ahility, of shorteni oling time, [0092] As used herein the
BRI BB e S S g BB g 154
niEtho8. G 8parsyed beaels adetakdoyyrd ts stand/mman 7is@hermal chamber
2@@@ and a relative humidity of 50 % under ambient 5 pressure for 10

he resulfi§ BXisRGEiadhe Rrsedssinboatsey arih eaeafied
aftﬂﬂmmﬁgi@g@mwi%ﬁﬁ&% Q%@d&?é&%ﬂbﬁ*fmé"e@{b%m&@& B@Qc{%‘?”The cel
mp the

immediately placed in an empty graduation cylinder to measure
ventrlliRgagant sradsafaprxap®Rigs aThecsasniepsiwg Bs(ghlsdalc,

coleypieeAodollRnBollRock B Gl SLURNG I

] ) r1 Oi@eo gﬁlﬂ may be
Description will be next made of a met gotﬁe expanoaé'd

béersslafneprEdmiifviition 10ragspandei beadsmaydieratijtaiy to 5
R M RS REE s o
dissersasgmuetiiolirsy theasverige, depdianiortave jaaaeras direction of
B ERRAGE Reads R or Greald T ha base Sesin may Toriher be.
compounded with a colorant such as a pigment or a dye in a suitable amount.
The cell controlling agent and/or colorant may be fed directly to an extruder
together with the base resin, but may be preferably previously kneaded with a
quantity of the base resin into a master batch to improve the dispersion
efficiency. The master batch stock diluted with the base resin is suitably fed
to an extruder.

[0091] The expanded beads of the present invention preferably have
a ratio D¥/Db of the apparent density Dt thereof to the bulk density Db thereof
in the range of 1.6 to 2.6, more preferably 1.6 to 2.1, still more preferably 1.6
to 1.9, since such expanded beads can permit the production of a foam
molding having excellent water-permeation resistance, appearance and

mechanical properties while improving the production efficiency due to
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the autoclave into a lower pressure atmosphere to obtain the expanded
beads. Alternatively, the expanded beads may be prepared by an
extrusion method in which a base resin including a polypropylene resin is
melted and kneaded in an extruder together with a blowing agent to form
caprinidty e{sdmdteingGhesindmmdosiion, the molten composition being

d th die,in the farm of a fubular strand into a lower
lgfriés%sfjere at;r?ggg a([elrseélz“‘e(sjtl)ﬂ r§[i Qh%%tﬁﬂij‘faq[g@# n Qaf%mgﬂgv%ﬁ@éd.
ngﬁegmedwmgamwp?wmemﬂnle tajgaﬁm@mm Mﬁ%@i@%@m%
beads each haying a throu ole. The extrusion method described in
BRI PR SEds S0P KRIaBTION AL Sas Wt for
shespurpese of PrWFéeMﬁHa%@léﬁ@&%%%&?m‘%%%?édﬁﬁ%ﬁ%&%)fg@

a tubular strand. [0095] In either of the dispersion meth
Bosioandethvediatalydssiobe dH¥Yig iprbssanthdiffenbovantisinaettion

: ' (hefor discharging from autoclave or,extruder) in
AR gl e B TP S R, o
prissseepidddsed statéHabetkdisoliyddhy dromsthelcalirel avs@logstruder)

' ich expansion and foaming occur be at least 400 kPa, more
@Pﬁﬂably 500 @3297&30 BY A t‘lé(ﬁally, the maximum diameter 5 Do,
[aoege cell digastenkoimthe pEsymisIantich firsgiion f@ﬁ/ﬁf@@&rﬁﬁ'me
diameter Lcv in the radial direction and maximum through hole diameter

Fpawrrbheadn adhe Reaest thwention H TheewBhted faadsnualde

ithi Ve ifled . [0096] In general, the following
L S e e B R DR bl e
Exdyprspoteraticesiithmeikpas ded ihgatsosgthe@esaies igikinrsEieigreater
C%he through ha_l‘e of the éesin articles used in the dispersion method is,

FPGRERMELHNTRE 8 MAIRE SuRATet iR araiRartar atinmgganated
\/&iﬂﬁl@@h?ﬂicﬂi;ﬁﬂamiH@a@@msimﬁmiﬁgtﬁ%%@ﬁ i BRcHAG ed from

t%reater the expansion ratio of the expanded beads is, the greater’is Do.

RdyteaiRanaenfclanas IERBNES A IO IHTES P SRRt actmagded beads.
ANt Rl tie e aaait i B R B1a08 G 0 8T BdhSnetnod
expanded beads have a great influente upon'Lcv. The average
in which a base resin including a polypropylene resin is melted and kneaded
in an extruder together with a blowing agent to form a molten expandable
resin composition, the molten composition being extruded through a die in the
form of a tubular strand into a lower pressure atmosphere so that the tubular
strand is foamed and expanded. After or during the expansion, the tubular
strand is cut to obtain expanded beads each having a through hole. The
extrusion method described in European patent No. 588321 or No. 968077
may be suitable used for the purpose of the present invention, if the die used
is configured to form a tubular strand.

[0095] In either of the dispersion method and the extrusion method, it

is desired that the pressure difference between the pressurized state (before
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cell diameter of the expanded beads may be controlled by the kind and
amount of the blowing agent, expansion temperature and the kind and
amount of the cell controlling agent. The expansion ratio can be
controlled by the amount of the 20 blowing agent, expansion temperature

drrd dhgirfarermantisadepsessureddifisrencechGanenadivrike efgeming have
amount of the blowing agent, the higher the expansion temperature and

Nty gteiadpthasidesrecaRtdRrriE AR gt R radiand schangion frafblbe
alﬂ%&é@@%@%@tﬁ%&@ﬁ ﬁﬁ %%ﬁr%ﬁbgér%fi55\%%%%#&%6&&@%%%33; 400

particles from which'the expanded beads are produced by the dispersion

khesthoo@BreéeratdighitdatliblliéhsBaipoAdadipoalis Hheatifongrndiieeter
esin particles having through holes may be prepared as_follows. In an
e bak e e e el R R T i g et

L epmirpilingdagentdibe kneagedmuasshistgrhekirddatktibroliotoatditethdbas
form of 20 tubular strands. The strands are cooled bﬁ/ immersion into

(Quaaelipdu it stliRilelbayRbecobiam in ReyiinintierBwadgpeciied

ré]*?g}é@g a through hole. [0098] The tubular strands may be obtained by
using a die having annular slits each having nearly the same dimension

[eB9f]at of the dnagnsadtithe dblibwinaianitas bauad@rofpenaeniiatdimaticind

Lof thed O}SSFSF t‘ik‘?e %f)%%d?orqeré%eo? '@%x‘é%%'&é’d e insideor arealer Qe
fi¥les ispreferably Triaintained at atmospheric pressure or a Hgher

Theegsasater e dulvieye itbis piipmssiapaticies dsedtimtby Siepprevidestinod is,

the center of each of the inner walls defining the annular slits. B )
SRR ki TG TR T T e AR LU o gy it
LSEWIYR EMAIGEARIACR RSINEI ZRebir.ishe  NpideEaRsUFR @b biBlefatio of

can be maintained at atmospheric pressure or a higher pressure. [0099] It

the prorired tradns idwrpatrsiedhavd krasrpiepeesairigiessobialisobbe
SRR RS SR el A o
didasetee dSranekemedethbeaxfsanedagadsiovhiamedubherefrom Tae besrage
ORTIC R SOE AT i e TGHG D! e G AL HAL &
the blowing agent, expansion temperature and the kind and amount of the cell
controlling agent. The expansion ratio can be controlled by the amount of the
blowing agent, expansion temperature and the afore-mentioned pressure difference.
Generally, the larger the amount of the blowing agent, the higher the expansion
temperature and the greater the pressure difference, the greater is the expansion
ratio of the expanded beads. The diameter of the through holes of the resin
particles from which the expanded beads are produced by the dispersion method
has a significant influence upon the Lgy/Lgy ratio.
[0097] The resin particles having through holes may be prepared as
follows. In an extruder, the base resin is heated and kneaded together with a cell

controlling agent. The kneaded mass is then extruded through a die in the form of
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a diameter of 0.05 to 0.24 mm, more preferably 0.05 to 0.23 mm, still
more preferably 0.06 to 0.20 mm, since the expanded beads have
substantially no 20 blocked through holes and since a foam molding
obtained from the expanded beads shows satisfactory water-penetration
rdzisinatcands udde htseeids the chiafadtby ofinteesiesiintpavtttesiis aut into

maximum through,hole diameter measured jn.the sa manner as that
R S e O e S et TRl SR b h P A 501) The
foedgjow rate (WidLbt Mieshasgsresiy Boehpdicignficanily ddrehangannular

during the course of the preparation of the resin particles and the

e cactibR g eIl hisRaMsteesrrs-hat il §iareosrererdanratder
SURASE RPN fOrIRR SERSANR S, BeHEFInRALY %%%{%ﬁﬂgﬁﬁﬁ%sbeing

specified above with regard to the expanded beads. 21 [0102] The
espladdee beitisrapsprepdibe hoastisuy Piaphietharsaingdeictsdsphiesic

' (o] : ' ich the resj rticles are dispersed in a
ST TR D SRS AR A Rt may e
ploysieal irblosvoegiagehtaciddi¢atednenderlia pediasiyy thtoamitampsiaiur8y

higher than.the 5 i int of th i) ticlesto i ate the
O HANIEG R A oL TR GV A RIS SL AR PhSHEIBIBRRTS of With 2
Shspbatg e iB ARAMMORIGHe Pile AHIGCIRY S IS IPNERRIREHNER at

atmosphere while maintaining the pressure within the autoclave at a
pirasspherighessHenahe Negberpessslite of the blowing agent, so that the

in-particles f n 10,10 obtain the expanded ..
R e R e R SRR S Bt
the2gofttned resirepadictalsid0ring mgnpiregnatordsineradtiednthehe
blowin ent, the resin particles are smoothed and rounded. Therefore,
AHEead A AU B SR APoUBIR D dhelbteish Ralm gt olosure

geashaly Frusthihehphead hiinae e Rifbm LiR BRSOk 18Mnold

particles generally increases 15 as a result of the expansion and foaming.
TR, e 2Adetirpi ddepnargiginBave a greater diameter than their

P e A LV A D i o
pdisswiehs PdifdmiEwinite muamnpafergithe).05 to 0.23 mm, still more
preferably 0.06 to 0.20 mm, since the expanded beads have substantially no
blocked through holes and since a foam molding obtained from the expanded beads
shows satisfactory water-penetration resistance. As used herein, the diameter of
the resin particles is a maximum through hole diameter measured in the same
manner as that for the above-described maximum through hole diameter Hp.

[0101] The melt flow rate (MFR) of the base resin does not significantly
change during the course of the preparation of the resin particles and the
preparation of the expanded beads therefrom. Thus, the melt flow rate of the base

resin for the preparation of the resin particles is suitably as specified above with

regard to the expanded beads.
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pressure inside the autoclave at least 0.5 MPa(G), more preferably at
least 1.5 20 MPa(G), since the specific cell geometry and arrangement
may be obtained in a facilitated manner. [0104] The blowing agent used
in the dispersion method may be an organic physical blowing agent such
as an aliphatic hydrocarbon, e.g. propane, butane, isobutane, pentane,

iIsopentane or hexane, an alicyclic 25 hydrocarbon, e.g. cyciobutane,
cI188kntane or E?@i@ﬁé@(&?ﬁ?y&eédﬁﬂﬁg@ﬁ&ﬁe@%%%%ﬁf%&r@@@d resin

chlomafliarometiaps SHHREaBahARRIch thd A8l RVREREIBRB s persed in a

1-chloro-1,1-difluoroethane, 1,1-difluoroethane or

1déspersingppeaivmafiuohiorshaats oinaanmoigaliy pYerarbIiting Rsieal
20 SHARAANCaRR Eaiagn diexide,ALaen 818k (haRe BIOWIRG A4S the

may ne or In combina WO OF more |

starftpoint poficoststancksinviraniviestss prprematedhsesefrapaniuganidth the

blowing agent, particularly nitrogen, air or carbon dioxide is preferred. ,
IR IR 5' DEAES Wit ma%&?&&ﬁ&&%ﬂg’ﬁ’@@gﬁ%ﬁ‘ portion

rafiohars desied iR dronerg agenthresprese d afic arRan sliaxsiene

and butane may be suitably used. [0105] The amount of the blowing
aBERsHeUNEBID thaavinravm atanRigsritiBhishactireibeyarprRERssure of

'3tia pldhmeRanded PeatsRNALNR AR ISEMREAILIRISRPIANES to

The blowing agent other than nitrogen 10 and air is generally used in an
anidaint bie2expsoqedibaadueighegaistad iharssiriazalenendiieerdispersing

particles. In.the case of nitrogen or air..the blowing agentis used.inan . .
Rt R G R R P T G T

tah&0okek/emageri) 1R5lcanyplintitkéard vphodtage sindnaticled arghessfbrblehe
may be 15 used as the dispersing medium. Examples of the dispersing

nRARAASAAREES RRIRIRedpIBRYgl OO GRIIERH) PREIRER G 98aRBH RUNd In
MiKBYEes teEahnldier SIaRetaBadReIEdEREGENRARIN WK BhARly increases

aqueous dispersing medium. 01%@] An adhesion preventing agent which
isasubEtaultiafiihmewhanian ane farpaging hvsdibmexnantarthgadsogenerally

n'}%(fédaaé SRRSO MBRIAIMIE A% RE resin particles.

[0103] Further, it is preferred that the discharge of the dispersion from the
autoclave into a Jower atmospheric pressure be performed while maintaining the
pressure inside the autoclave at least 0.5 MPa(G), more preferably at least 1.5
MPa(G), since the specific cell geometry and arrangement may be obtained in a
facilitated manner.

[0104] The blowing agent used in the dispersion method may be an
organic physical blowing agent such as an aliphatic hydrocarbon, e.g.
propane, butane, isobutane, pentane, isopentane or hexane, an alicyclic
hydrocarbon, e.g. cyciobutane, cyclopentane or cyclohexane or a
halogenated hydrocarbon, e.g. chlorofluoromethane, trifluoromethane,

1.1 1,2-tetrafluoroethane, 1-chloro-1,1-difluoroethane, 1,1-difluoroethane or

H ) H

1-chloro-1,2,2,2-tetrafluoroethane, or an inorganic physical blowing agent
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20 added to the dispersion medium to prevent the adhesion between the
resin particles during the heating of the resin particles in the dispersing
medium. Afine organic or inorganic powder, particularly an inorganic
powder, having an average particle diameter of 0.001 to 100 pm,

RIRIR"20lP-081 A8 HiHimayRe 3ed: mwp'%e%feﬂ%@ﬂﬁg%gems may

preventing agent include kaolin, talc, mica, aluminum oxide, titanium 25
brdsethdlangrnimchythmddenTfe wenountastttieesdbiesidrigretensgiagdpoint

agent js .0.01 to.10 parts by weight per 100 parts by weight of the.resin
B e b oo A e e A RN R e
paidiiclasyrfactanedr sodiarbatodesytieeRzersdsultahaté\tesoditpanded
oleate, may be added 23 to the dispersion medium in an amount of 0.001

Readeniihg [ARIRIETOSPAHY DYIRRIREDRIAR Felip) piridRsired, a mixed
ensiifl ILOPkARRILAY of BiosbirinR AJBUR AN 3RS NGRS e

present invention comprises filling the above expanded beads in a mo
8010%ating thel BeegpanuddobEzal & iovting mokhiisrsstitabty tdedkpaimdanil
fuse-h t a together. Th din nditions sych a
R e B S P L T B R RS e

expsidsitatitengfdle shoge piohed exardsdierdsgerpatitabilibnafitheyen
expanded beads and tendency to shrink of th [di duced,
B B HEA UL AR LA B0 e P parts
eiciana df ihaoEBRCESRRILE PIRtiRatdhsexPARKRLReads: WHE BItVgRg

pressure gas to increase the inside pressure of the cells thereof. [0110]
PIeRINpANESdbEAReE Hre B m ddsAwrAdRBistR fyamtieclave is within

mpressio 0 tQ,25 &6, more preferably 5 to 20 %, since a foam
ﬁ&dﬁanngqehg?/i\sgttﬁwgéd%g?{gw a%pearance, mechanical strengths,

\iGtespermeatidmpndui dengityhntby beseasdytolidained.itisidiable may be

compression ratio is less than 4 %_ it will be necessary to pretreat the .
B S RcPRENG o eTHE BRoaCTe Heess e atiR polude

kvi@alfb@,%vtt@r%?fécw@ﬁip@9@&1}%@@@@%,a@lmiaggrwmm%smﬁé}%m aThe

foam molding having a density greater than the bulk density of the

SipRIGIY REslius prefa) WaHRpRIATHATHEB U AIBRI s MGIMEd iy
G069 the expandetlsion preventing agent which is substantially insoluble in the
dispersing medium and which is not melted at the expansion temperature may be
added to the dispersion medium to prevent the adhesion between the resin particles
during the heating of the resin particles in the dispersing medium. Afine organic or
inorganic powder, particularly an inorganic powder, having an average particle
diameter of 0.001 to 100 um, preferably 0.001 to 30 um, may be used. Examples
of the adhesion preventing agent include kaolin, talc, mica, aluminum oxide, titanium
oxide and aluminum hydroxide. The amount of the adhesion preventing agent is
0.01 to 10 parts by weight per 100 parts by weight of the resin particles.

[0108] A dispersing aid such as aluminum sulfate and/or an anionic

surfactant, e.g. sodium dodecylbenzenesulfonate or sodium oleate, may be added
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beads in the mold cavity, within which the expanded beads are to be
molded, in a controlled amount greater than the inside volume of the mold
cavity. In the in-mold molding method, it is the general practice not to fully
close the male and female molds but to maintain the molds slightly open
until full heating is carried out. Such 25 an opening of the molds (generally
called cracking) is suitably used to efficiently fill the expanded beads in

e BRoREPSUHY HMEdy M de RargEcliPtPTRORold S aaity hiereitirauet 69 parts
PHyGiRe FteRMe JustHSIRIG & fullheating with steam of the expanded

beads fo expand and fuse the expanded beads together is carried out, 24
tH819RIds are fuflyrerized cimiodheingeréqatnerexidimydacttreadsi@tiee present
CRORMNESSEG HuST] f cracking (opening) of the molds,
T o L0 b (aa e

hexeandgrhantd e dsiomoltisiitysidard dtezrpmed dydthe Shueigiic(¥pgsded

( n s charged in a mold cavity having a volume =
e I G S Retaie S ime
aibeardilate thitafifideteminetuie: (04 t8hS@mriessind aHadder tle
(W'adJ(f?g- “'mold)/ Vmou]x100 [0114] After the expanded beads in the
PRORPHOR 25 (EXRaRE AR of fogrABFEMh BIadt Ry teneRNcY e siublea

With fo@ierdiip S RRIMGCERY BRRIS: FRUSH-PIURML BRI D &ﬁéﬂé’rﬂ in

which the mold Is evacuated to cool the molding by utilization ot heat of

VERRSRR R ersRian oDy e fehnesastaing pretdediip e axpandiddmgeads
af/fhta didivaesee g AlRammading hRng A vqidage,of %ﬁéaiﬁggf%f.“

volume % fails to have 15 satisfactory appearance and me

SKPdiABths such adespradsilbesde migprafealyitiet indimpistoaniiwith a

s gbinsuflisient f%i@ p‘l». ' t eads, and, therefore,
?gﬁﬁgt be sﬂ%t)ly use%l as @Usqﬁr%gr%?}\%fgrﬁéw&fr%g?&ac iﬁ’&% AL
dumtiag s ofesirts] dp esreddee reatibeivaidagaghsaleitatediveshen and
f@!gl}g\é\f'&%gor%lula: .?(?q‘g,{ll? Voﬁ]c@%e (%) = [(B-C)/BIx100 [0118] in which

i A VO e &Y I HNE TS5 m | ESSiR Pfio i less than 4 %, it will be
necessary to pretreat the expanded beads for increasing the inside pressure thereof.
Excessively high compression ratio does not give any advantage but rather results
in a foam molding having a density greater than the bulk density of the expanded
beads.

[0111] The compression ratio can be controlled by charging the expanded
beads in the mold cavity, within which the expanded beads are to be molded, in a
controlled amount greater than the inside volume of the mold cavity. In the in-mold
molding method, it is the general practice not to fully close the male and female
molds but to maintain the molds slightly open until full heating is carried out.  Such
an opening of the molds (generally called cracking) is suitably used to efficiently fill
the expanded beads in the mold cavity and to discharge air in the mold cavity
therethrough by purging steam.  Just before the full heating with steam of the

expanded beads to expand and fuse the expanded beads together is carried out,
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the dimensions thereof and C is a volume (cm) measured from a rise of
the liquid level when a sample specimen of the foam molding is immersed
in the liquid (such as alcohol) contained in a graduation cylinder. 25
[0119] The foam molding preferably has a water permeation rate of O

trfsetissitedMheloyigedne testRficanepErpsiveatrRg8Eompressed.
fusion-bonding strength are not obtainable. Further, the water permeation

R8s aeiae degres S AtRaknELRRBIRSA P! theiamasiss theesfars. 4he

SERFRRIGVEaHRAIBE EangReHing 25 box. [0120] As used herein the
water permeation rate is as measured by a constant head permeability

i@t 3ccording vsediEIgudhrcemipiessioiaip fayingetdongtaciby e

jdth d a thickness of 50 mm as specimen and a
D e Ll e e B T P R R % vBuume
(vialdithg) rmdigecbuik dageigf D /Ly olutne Spandeal Msakes aeroeatan the

{agte of Ofcm/s c can be suitably obtained by the above-described method
RURBHING' T8 present invention. [0122] The following examples will

fortgr illustrateihepease e o @Q&Qﬁ@ IQ(% @9'%2%95’*953 resins

used in Examples and Comparative Examples are (a) a

I¥bldliene-ethy iRy thegspardgsbipags IMPRME/ Daviaheendissgbonided
é@é&h%@@&ﬁﬁ@ﬂ[ﬂaﬁ@sﬁé@&? d wii\aeRIPP eé&&ﬁ%éef{?é%)??ééls

copolymer (MFR: I0 g/10 min, melting point: 160C, herein rred to
cayTisRR) tande( vpeupiropytdingd 15 wbicio fudymeld ($ERCtal 16 coil, theettioiging

o] ]i: %?SC P reinagfter referred go s hPP). Example 1 to 7 and
%o‘#\g ﬁﬂ/g I‘:gf?g I\é%pﬁ?r%a9%f #% Base resin shown in Table 1 was
joeigyd and knepigthdeaatishyBRerrsdipFrie dSRllderatEpting ROGHnRNG,

the kneaded mass 20 was extruded through a die in the form of tubular

Afeamsneiding bavabh vefsss atinosdapiEs ol s tedsied@isd mass
%%&&HHF’%S’;;@EP&{% Fhd1 g A ARSAIY SRS oS RU AR Y rength

were immediately
and fusion-bonding strength because of insufficient fusion bonding between the

beads, and, therefore, cannot be suitably used as cushioning materials, packing

materials and containers.

[0116] As used herein the voidage is calculated by the following formula:
[0117] Voidage (%) = [(B-C)/B]x100
[0118] in which B is a volume (cm®) of the foam molding measured from

the dimensions thereof and C is a volume (cm®) measured from a rise of the liquid
level when a sample specimen of the foam molding is immersed in the liquid (such
as alcohol) contained in a graduation cylinder.

[0119] The foam molding preferably has a water permeation rate of 0
cm/sec, since otherwise the desired compressive strength and fusion-bonding
strength are not obtainable. Further, the water permeation rate of 0 cm/sec is

essential when the foam molding is used as a container such as a fish transporting
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guenched in water and cut to obtain resin particles having an average
weight per one particle of 2 mg. The zinc borate was in the form of a 25
master batch and used in an amount so that the content of the zinc borate
in the resin particles was 0.05 % by weight (0.01 % by weight in the case
fog(:omparative Examples 2, 3 and 6). The ratio of the outer diameter of
the'resin particle to the length thereof and the diameter of the through 26

oty the resimpagigiehwrelietas aacwymhéinahlenlal8 1253 M8l by a
articles were then foamed and expanded. Thus, in an autoclave having

EH'?HEBE“@&% RFIBPRPIIVAGSIAGRAIING Ry S rhe! Fidhing AriRass moldipg
kaiiy @ERH0sr PreMaRing/ARBN 20088 P SOk ss of 50 mm as a

dodecylbenzenesulfonic acid (dispersing aid) were charged (in the case
SPEXHIRPIRY aractEhayRIryeRae HRBRMHIENINIIRMEPECHON- g of aluminum

Mg (dispersigg aidyyuas Adaiianain 2Rt ABES 5P 08NS, and a
blowing agent gas shown in Table 1 in the autoclave, the contents in the

a@iscIaeenwatioriedesd Wir/saaiay toerlsuieRpyarRinetioietip shanaelescribed
%Q&ngir% (;Ié%pé% é@qﬁl Stléfeggﬁrlﬁggnggﬁersion was maintained at that
or e |

temperature minutes at the equilibrium vapor pressure shown in
Ted2e]l. Thereaffeg follulengtesdogiteg thid hidwingustgastigagradertiavention.

t back | to the equilibri
Ao ant to RSB ISP B o SRR BTSSR eAB i
\CoRIppIiesd & xthmpispeiromyapiissharged fionie batesPEE M lymer

autoclave into the atmosphere, so that the resin particles were foamed

AN Bxpaddtd 1o dotaf Eighantidd edds &iriie RaliRG €TFSGGl FaITR).
15 e S a2 s oot
eAperafitameraadipeasta it praseBRIopties 3 eremyleneximum
USRI SRHNGINGRUE R s e
defesitgDtny appgdfént density Dt, through hole maximum diameter HD,
Example 1 to 7 and Comparative Examples 110 7

[0124] A base resin shown in Table 1 was melted and kneaded
together with zinc borate (cell controlling agent), and the kneaded mass
was extruded through a die in the form of tubular strands (in the case of
Comparative Examples 1 and 2, the kneaded mass was extruded through
a die in the form of solid strands). The strands were immediately
quenched in water and cut to obtain resin particles having an average
weight per one particle of 2 mg. The zinc borate was in the form of a
master batch and used in an amount so that the content of the zinc borate
in the resin particles was 0.05 % by weight (0.01 % by weight in the case
of Comparative Examples 2, 3 and 6). The ratio of the outer diameter of

the resin particle to the length thereof and the diameter of the through

26



10

15

20

25

maximum diameter (DO), average cell diameter (Lcv) in the radial 25
direction, average cell diameter (LOH) in the circumferential direction.
The results are summarized in Table 2. [0126] Using the expanded beads
thus obtained, an in-mold foam molding in the form of a rectangular
patellelébipeesbodp tioinyar@ateagtivof 26 lcabla idth of 20 cm and a

[ ss of 5 was prepared under the molding conditions shown jn
BFEE No st Rt e e R PR E AR L AO rB AR
Thus, theagxgandesveendsirvwes filetie oneltkcaviy angl comprgssed kg of
by closing the mold at the 5 compression ratio shown in Table 3. The

B SREEINGELBS et SRE i and Rt @ IS QB aRE PHcREERE $hBWA @ of
dablem apdsepeded And, fesecoonted o9etas Jonpiale AfeRB ged (in

molding. The maximum pressure (surface pressure) applied to an inside

Hirraes @ 0fheXaog eavig ey @esn prpalisior A thelespandedBeads 01 g of
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the foam molding to such a degree that it no longer expands when taken
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and cooling efficiency. Based on the measurement results, overall
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equilibrium vapor pressure and to keep the dispersion in the autoclave at
the equilibrium vapor pressure, the dispersion was discharged from a
bottom of the autoclave into the atmosphere, so that the resin particles
were foamed and expanded to obtain expanded beads each having a
through hole (in the case of Comparative Examples 1 and 2, expanded
beads had no through holes). The obtained expanded beads were dried
at room temperature and measured for their physical properties, i.e. the
maximum length (Lmax) of the beads in the direction parallel with the line
connecting the one end and the other end of the through hole, bulk
density Db, apparent density Dt, through hole maximum diameter Hp,
maximum diameter (Dg), average cell diameter (Lcy) in the radial
direction, average cell diameter (L¢p) in the circumferential direction.
The results are summarized in Table 2.

[0126] Using the expanded beads thus obtained, an in-mold

foam molding in the form of a rectangular parallelepiped body having a
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under the molding conditions shown in Table 3. No inside pressure
increasing pretreatment was carried out. Thus, the expanded beads
were filled in a mold cavity and compressed by closing the mold at the
compression ratio shown in Table 3. The expanded beads were then
heated with steam at the pressure shown in Table 3 and expanded and
fuse-bonded together to obtain a foam molding. The maximum pressure
(surface pressure) applied to an inside surface of the mold cavity by the
expansion of the expanded beads during the molding step was as shown
in Table 3. The mold was cooled for the cooling time shown in Table 3
and the foam molding was taken out of the mold. The cooling time is a
time required to cool down the foam molding to such a degree that it no
longer expands when taken out of the mold. The foam molding was then
measured for its density Md, voidage and water permeation rate and
evaluated for its appearance and cooling efficiency. Based on the
measurement results, overall judgment was also made. The cooling
efficiency is evaluated on the basis of the cooling time in consideration of
the density of the foam molding, since the cooling time increases with an

increase of the density of the foam molding.
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can be made small, the density of the foam molding according to the
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beads can be reflected upon the density of the foam molding. 32
ueslithe compression ratio can be made small, the density of the foam
molding according to the present invention is not much higher than the
bulk density of the expanded beads used. Namely, the expansion ratio
of the expanded beads can be reflected upon the density of the foam

molding.
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CLAIMS 1. Expanded beads comprising cell walls which define a plurality

of cells and which comprise a base resin comprising a polypropylene

resin, each of said beads having a through hole extending therein from 5

one end to the other end, said beads having a maximum diameter Do mm, MCSLLP
an average cell diameter Lcv in a radial direction, an average cell

diameter LCH in a circumferential direction and a maximum through hole

diameter Hp mm, wherein Do, Lcv, LcH and Ho are as defined hereinafter

and 10 measured as described here'@e%wnd wherein the ratio Lcv/

LCH is at least 1.05, the ratio HD/ Do1s'0.08™ to 0.4 and the ratio HD/LCV

is 0.1to 1&pehdbdreeade  davipkicin goe | H alle meRsUtRdiascdeiinality of

as follows: 15 (a) ten beads are arbitrarily sampled; (b) each sampled .
belf!fs Q¢ W'é%]a?@b‘é?ﬁ@n%l%é‘%? {&%ﬂéﬁéﬁﬁmﬁﬁﬁ‘é‘%érﬁ@é@ﬁa%@sﬁé esin,

end and theseier @afiob &N FRHERAEendb tih PRINCE Rictrithel@iBRiin from

line to give an annular cross-section having an outer circumference and
5 ardna@ngréaititereiter 204c) the annular cross-section is displayed or

photograp ' ' ope. tfgl -SECHJ tl-%;‘.?
displayed gfgp L%S%(%?}gpiﬁge@??g %rﬁt%%{@%%% |§aeﬁ|{58§§gv§rq iﬁ@h t ata %%rﬁ%? cell
strdiigimndiee Lerieatsadeaddiee ctiocyraferareragetaal lintiensedgor ppimsa
Do, and ?02 ai]déae inner 25 %'trcumfer.ence zbtwo [ tﬁﬂect'on otintézand
th & PRELERE BHEC Rt Aot TR Bl b Rl sPme o o™
the maximuiegiamelsr Lofthe anaHiHE esesesitinst Meihdfteleh e
distance Dnp mm between the two intersection points Doi and D02
10 measured as described hereinafter, and
wherein the ratio Lgy/ Lcnq is at least 1.05, the ratio Hp/ Dg is 0.08
to 0.4 and the ratio Hp/L¢cy is 0.1 to 10; and
wherein Dg, Lgy, Lcy and Hp are measured and defined as
follows:
15 (a) ten beads are arbitrarily sampled;
(b) each sampled bead is cut by a plane perpendicular to a straight line
connecting the one end and the other end of the through hole at the
center of said straight line to give an annular cross-section having an
outer circumference and an inner circumference;
20  (c) the annular cross-section is displayed or photographed using a
microscope;
(d) on the cross-section thus displayed or photographed, a first straight
line is drawn such that the first straight line intersects the outer
circumference at two intersection points Dg1 and Dgz and the inner
256  circumference at two intersection points and that the distance Dng
between the two intersection points Dgq and Dg3 is the maximum diameter

of the annular cross-section;
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is measured; (f) a second straight line perpendicular to the first straight

line is drawn such that the second straight line intersects the outer

circumference at 5 two intersection points dO1 and d02 and the inner
circumference at two intersection points and that the distance between the

two intersection points dog and d02 is maximum; (g) a circle C1 havinga MCSLLP
radius of Dno/4 is drawn with its center at the intersection point P1

between the first and second straight lines; 10 (h) a number NnH of

zfj ction points bgz;t]ween t e cwcumtfﬁre V(V:S ?rl;tthr%e%{cle Cl a sdIS and D
f i?) ﬂ?g? Od@rqay%(yvgr DB PR B E Pl RAGN 701 02

coigntedadi)itad; circles C2 and C3 each havmg a radius of Dno/8 are
drawn with thf%lr cent rs at the two tersection
SUEY

ts P2 P3, .
redPR R R IR ANg SIS L arah Gre is drawn
NUGRREr $rRftifeY SRRy Retnrem B as Biatsstrri gl tinecaad el réradls at

located on the circle C2 and between the first straight line and cell walls
Iodmdrﬁﬁrﬁfecéi%ldoe@ﬁr@@oaﬁfédoar@%&Qréa‘ﬂ@rf@&ﬁefﬂﬁ@faﬂﬁﬁtﬁrMO

Ht@r§8 e 891 K) AbavegR AL AR IR RN 31 G REEPYdBEon

owmg ormu a Lncv = 0.405x(Dno/Nnv); (1) an average cell diameter
Lrnﬁ‘drhrtscc&jc;dakéaﬂ@ynmm&)ﬂmwng formula: LnCH =

10ano /NnH (m) maxim etef HnD m eates
AR B Reh QR s A P R I fotne
thigtgrs 8ol ﬁmnﬂemlbw@srpméogrepbad Wgtw‘lgﬁtrﬁaesured
(n) Do is a maximum diameter calculated as an arithmetic mean of Dno

34(McsnEphRe Nirsahiplessssiias &salrutﬁ/k?e%%msece’ava?é%fae of the
cajgripted p2AA BEINMSIS ¥EhPhg on the displayed or photographed

cross-section is counted;

(i) two circles C2 and C3 each having a radius of Dng/8 are drawn with

their centers at the two intersection points P2 and P3, respectively,

between the first straight line and the circle C1;

(j) numbers of intersection points between the first straight line and cell

walls located on the circle C2 and between the first straight line and cell

walls located on the circle C3 are counted, and the greater of the two

numbers Nny is selected;

(k) an average cell diameter Lngy is calculated by the following formula:
Lncy = 0.405x(Dng/Nny);

() an average cell diameter Lngy is calculated by the following formula:
Lngy = 0.810xDngxsin(mr/Nng);

(m) maximum diameter Hnp mm is the greatest distance between two

points on the inner circumference defining the through hole in the

displayed or photographed cross-section is measured;

(n) Dg is @ maximum diameter calculated as an arithmetic mean of Dng of
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Lncv of the ten sampled beads; (p) LcH is an average cell diameter

calculated as an arithmetic mean of 5 LncH of the ten sampled beads;

and (g) HD is a maximum through hole diameter calculated as an

arithmetic mean of HnD of the ten sampled beads. 2. Expanded beads asy¢SLLF
claimed in claim 1, wherein the expanded 10 beads have an apparent

density of less than 36 g/L. 3. Expanded beads as claimed in claim 1,

wherein the ratio Lcv/LcH is at least 1.07. 15 4. Expanded beads as

cl%nefj in céalml(% r%erggn the ratio Lcv/LcH is 1.1 to 3. 5. Expanded

beatls &8 claimed m eaim 1, wherein the ratio HD/Do is -0.1 to 0.25. 20 6.

EX@f)H_d@@l isemtlnasrelganesllidielristds vdlereitéaeasém Hollkevelsddhdan of
Expanded beads as claimed in claim 1, wherein the ratio Ho/Lcv 25

1. i&% 8f #1¢ {88 fABRIed e iaimed in claim 1, wherein Lov is at
leaph 30, 3xMeakkra Cé@bﬁé?ffﬂt@%h%%é%@ igrthieesiOmEan of

mm. 9. Expanded bea as claimed in claim 1, wherein said expanded
5 bebasmwéfw]t@@paamm@énbﬂﬁwmm and a bulk density of Db gIL 5

O B Ao e A et
0 tnelin% iyl velofrie ectem ésimplidibg adpanded beads according to

claim 1 10 in a mold without a pretreatment with a pressurized gas for
increasing the inside pressure of the expanded beads, and heating the

expapded Bgpasided beads as claimed in claim 1, wherein the expanded

10 beads have an apparent density of less than 36 g/L.

3. Expanded beads as claimed in claim 1, wherein the ratio Lcy/Lcr

is at least 1.07.

15 4. Expanded beads as claimed in claim 1, wherein the ratio L¢y/Lch
is 1.1 to 3.

5. Expanded beads as claimed in claim 1, wherein the ratio Hp/Dg is
0.1 to 0.25.
20

6. Expanded beads as claimed in claim 1, wherein the ratio Hp/Lcy
is 0.5 to 8.

7. Expanded beads as claimed in claim 1, wherein the ratio Hp/Lcy
25 1.2t05.5.

8. Expanded beads as claimed in claim 1, wherein L¢y is at least 30
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in the mold with steam to expand and fuse-bond the expanded beads

together. 15 11. A method as claimed in claim 10, wherein said expanded

beads are filled in said mold with a compression ratio of 4 to 25 %. 12. A MCSLLP
foam molding obtained according to a method of claim 10. 36

pum, Loy is at least 28 um and Hp is at least 0.16 mm.

9. Expanded beads as claimed in claim 1, wherein said expanded
beads have an apparent density of Dt g/L. and a bulk density of Db g/L
and wherein the ratio Di/Db of the apparent density to the bulk density is
1.6 to 2.6.

10. A method of producing a foam molding having a voidage of 0 to
11 % by volume, comprising filling expanded beads according to claim 1
in a mold without a pretreatment with a pressurized gas for increasing the
inside pressure of the expanded beads, and heating the expanded beads
in the mold with steam to expand and fuse-bond the expanded beads

together.

11. A method as claimed in claim 10, wherein said expanded beads

are filled in said mold with a compression ratio of 4 to 25 %.

12. A foam molding obtained according to a method of claim 10.
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