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PRODUCI NG FOAM MOLDI NG OF EXPANDED POLYPROP

RESI N BEADS AND FOAM MOLDI NG OBTAI NED BY THE METHBS*
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t he foam ng, and,.e ' 15 th f. AL [ di
ook, 3 A 0 o 8 4102 BIRCH B e

- - j t

R A i R i
f polgpropyldndsresin fsatelted and kmeabed ik an extresag togittiemeith a
between a pair of running belts and serving as a nold
cbipwing agentand thegmelds gruded Heaugh@r@aicied |oues pregsure

m) d_cavi t e §.0N) d :
oGt balhaCR AR BEERRR I AL Ribrpate e
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easiness in handling and its high specific heat. The

r ek ofi nd\ foaammuididg o expandédpolyptopyfeneheesimbeads may be
cavity after it has been cool ed dow to suc

t fem%wsﬂ hydntald melding medierin WRisarbe aRaRdedkeadsare filed
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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
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i ght weight contai ner box because of its excellent
physi cal properties. In these applications, the foam
nolding is also desired to have a good
Frerrerr~eererererrerererrerererrererrrr *000002*
appearance, a smooth surface and a common degree of
air or water perneation resistance. Excellent mater

perneati on resi stance is attained fusi on bondin
of apREAANLE: BENROU\SHABES a&Q&CQIPW%%‘?@F%’L}?” or wate

Cag@%@ﬁﬁéfn re{)&lseﬁri\hﬁ%fat e{ﬂ%ﬁi Waker’ hﬁa@ﬁﬁ%s@%\é% attained by

ses a pro ong ti I's 5 required

cofusiolvonding dftwpam:bé«ﬂ begds withoet gapsioc miertsycesld Excellency in
hence, the productivity is adversely affected.
NaM&t§T permiaatignrasistasce; hgwgwep cauges Aeroblepathas @ long time is

5 ot AU QAR oW HEE SRTBERE B Wi POREAVIY ori hence, the
to BF&UHtl@ft)gsyaé\}é?EeIP%c fdee @éﬁﬁ@&g&grllﬁﬂ@nw qug@iep, as the

necessary to use unt O

St expandétbbeads are sddaridatilyeexpiriticdtarst Rge-bdnded to each other,
necessary to cool the foam nolding for a | ong peri od

of the gaps therebetwegnsargwnartawedusinfarder tcheompleieiy feserbond the

e AR heads mithattdang ft SRRERPiAY R aTde SMount of
109 Psﬁ!aﬁﬁozTﬁﬁ@%, ft@P@r%erﬁoﬁilﬁie ditad n@&?éf’é&?}l e céolftﬁg%am

I ng having a water per ion coefficlent of
c mhseidingtfol @ Isppérod ofitime. cddiid isglitaduantagedussfrérmahe

nmol di ng, which net hod includes preheating expanded
t het oirdof roeduatinity mal | p| eces having a through hole
to ] ease the.inside ssur t hereof to
ib@ , and theﬁOEBPau"H %Pré%‘?%%?%éﬂ?xwg‘égsp atent

Ftﬁhb'TEEt‘?orpNohWtA EQOWﬂQGQBﬁﬁHbo%% é%’&ﬁbdﬂ?@ﬂﬂ%}é}@a foam

e Japanese publication has a problem ause a
15 pr enoldmigrreaving awatecperseatiprt teefiiciontdsf pcrrses whité shortening a
expanded  small pieces nust be carried out before the

rmICéPPh@Q §meponthe i%m% maiding cwhish methedupeiudes yareher?émg

oi ExpaFies bRl TRl RS et br% BT BRARIBSE to ncrease

pr %ﬁé HsideFreddtreSttele o, 3 t@5 T/c!?n§tlr 8R4 tﬁ?r?ﬁidﬂcﬁng'fﬁé’

tank, the expanded snal ces are
st axneltreatddrsnmlmlesesjm aewbldlbathea’uog vethvsteam.hours to
several tens hours and, if necessary, wth heating.

20 sudP08pr et r eathiemethipd af theplanangse publigation as 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
25  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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hereinafter referred to sinply as "inside pressure

increasing pretreatment”. 2 Wthout such an inside

pressure increasing pretreatnent in the nethod of the

Japanese publication, it is not possible to obtain a

foam nol di ng having the desired water perneation

resi stance, unless the expanded beads are filled in
excess a unt _un

| d
t‘&ﬁﬁ{’r@% G} i pRstSlel inHERiT ATt 0T i th@ metngd o the
‘gﬁégé Fgﬁﬁlcéﬂbnt e ‘F\%PBB@SﬁSIep( Ridtsintd %m W?ﬂ@lmﬁ hak}lr@;hthe

ress on ratio is adopted, ovvever
rtmsmkedmatbt pemdatiors remstam@udﬂaésﬁ)ihye é)&iamled beaasse difled in
ratio (i.e, an increased density) and, further, the

dhe soeld savity it ae/ﬁmgxeer@ apeuNhddencomprrased state, ie. ata

ot 2bBbetton i Fditited T B i AaaSRPunlsidy inen a
TigH esipres HeHh %tld)%ré@ﬁ)ttéd)mdv?é\)e?tﬁ@%am moldiSg BB{a‘méHJhas a

|s performed using high tenperature steam In th
cass|ddnablg reducedexparesiommdtiti (Lg. ahtiaireased deosies and further
consi derabl e shrinkage and is not suited for practic

[{Be effegbeleghorianing theseeoling tie iAok Satisfagtan: .Wlthout such

[V%%%fa#ﬂgﬁbHtevgawﬁrﬁs%"éﬂtméﬁ'bﬁ% R PElP8 55 B Rk hding the
:?}QV\E rheaﬂ% P&lé’i@h&g itk Meldhdls :%éﬁdrméoousmg high
|S Con‘prlsea ase resin co ri sin

nemqmramyé steanm.esinnthiqd a3 hoaawvbr, dhe $@ard reldig) distained
a through hole extending therein from one end to the
cﬁafﬁiéﬁséﬁas'd%atf'@@@gpk%% andéupet srtad-igr &’“’#ﬁb@?hﬁﬁ

?ﬂggl e(rjl rec?ﬁ?ﬁ reg‘ﬂ“%‘%@%@ *l:agﬁ *e%n Iéﬂ%@t'ﬁ 0 hlna&oblems

Cof'thd KheivAHxpaindedipedeki on and a maxi methrough hol e
di aneter HD (mrm), [0010] wherein Do, Lcv, LCH and Ho

4060Zs def i nébelpeesentahventionsgprdvides Expamtiest seadstdomprising cell
ratjo Lcv/ LCHis at least 1,05, the ratio HOY Do is
ovalls which defing yplyrality:af selis:andowhiph cemprise a base Fesirpcomprising a

TibbaRAkgD2, Lov Lerl =ae fe L0o32) the i
gUOOE]t er LCHeadlofsaid betBstHavigdthiigh HbleareRdind tRefsi® from
one end to the other end, .

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

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

Definition of Dy, Lcv, Lcn and Hp

[0012] the maximum diameter Do, average cell diameter Lcy,

- average cell diameter Lcy and maximum through hole diameter Hp are
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measured as follows: [0013] (a) ten beads are
arbitrarily sanpled; [0014] (b) each sanpled 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
gi ve an annul ar cross-section having an outer
Cine@difed a8gellang: an i nner circunference; [0015] (c)
the annul ar cross-section is displayed or photographed
uBii@la ni cr ¢arterebedd® 26 afhifravity shmpdedss- secti on

t hus di spl ayed or photographed, a 10 first straight
!fbi’é“ﬁs dramibkaeﬁﬁﬁﬁmpg%ﬁ e istCuihya? piane paependicular to a
[ : C
SYEBEENS doMRoci g B HALSLEINR Ghel ot trouoh noe
Cat hendeiten o sald staightlinezecdiveanPanmiiar arsks-§adtidBaving
di stance between the two intersection points D01 and

Dar? oute meircumfarep68 Brid 4 )nneveciciiahfererc&no( mm

bet\/veé(jn the two intersection 15 points DOl and D02 is
nd8ddled; [ oddsthe@nnuylas erasfdsestion imdispiayed or photographed
per; dj r .the first straight line is drawn

GRS ALfREobE:

suc ond straight line intersects the

OLgOAB] Ci r CUNALHRMGE cRbsd-YBCHiGh BheSaldptydPbPbRofiytaphed, a
and dO2 and the inner circunference at two

i fimsé straightdinepisi drasvrasch thwat thedirdt straight linetinksese @8 the
the twp intersection points dOl and dQ2 is maxinmum
[@¥ies circymigrengeatwg intatsasdion peiatsPoorndriddusand the inner

S5t b BB il D05 60 R b

~ (fhk v BN chiBH inisnbsfﬁget'ooznﬁgﬁ%gfxﬁuﬁetmen the 25

circunference of the circ 1" a wal | s

af@9dddi ng on (&htheddispdrioeeDngnny adtageapghedwo intersection
cro_ss-Eecti on_is, counted; [0021] (i) two circles C2
PNt Dea @ndndes i§gngasui@dis of Dn0/8 are drawn with

t fpiqgycent er ' - | j :
P@%lr espec@%fé%%%%?‘h%?‘%#% dg:gjlrléa}it%ht{ﬁél [ ngs"a'ght
alive ishéramvn suieh Ghat {he0Sor(d $traighvdine infertattertheauten
points between the first straight

circumference at two intersection points dgq and dg; and the inner

circumference at two intersection points and that the distance between

the two intersection points dg4 and dg; 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 Dny/8 are

drawn with their centers at the two intersection points P2 and P3,
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line and cell- walls located on the circle C2 and
between the first straight I|ine and cell walls

| ocated on the circle C3 are counted, and the greater
of 5 the two nunbers Nnv is selected; [0023] (k) an
average cell dianeter Lncv is calculated by the
follow ng formula: [0024] Lncv = 0.405x(Dno/ Nnv);

: . i L. ul d
Pt RS E R A RS R
XSi m N ol : BHRE :
(;'rrr)mv\hi ch i gﬁtn[]de. gr ea(%f[e@%?fg}éicé??'algce Eet meﬁﬁ{fﬁ\;\geﬁrsf@f?alght
plinenaadaell Wwalls iouated ioncihvef eirelac®2 adeti etagenhibe first straight
t hrough hole in the displayed or_ phot ographed
ching ahdecall walls dogatad anetine q'sclﬁdég@]re (Cﬁ}m?% angkthauaseater of

dj,angt er is.an arithnetjc nean of Dno of the ten
SQ\%FVE%W@(%? %%ﬁelffr{fe‘:{'he average cell dianeter
Lppo23 an arigkhagtay Beflfdi

0P Thos0r M E e Rrags el diaingfih Goy IedIefiaterBy e
afdliomimg ifermelan of 20 LncH of the ten sanpl ed beads;

and0§40031] (gq) the_maxi mumthrough hole dianmeter HD is
alPQZ4lt hnet i énoweal- AR5 HRFo6NMMIe ten sanpl ed beads.

[ Q04 Expanded | vpr opyl,ene resin beads of the
R, = o end st v ReB e E R R agd el p bR x e
gfo\ﬂ%wiM\{;thﬁHEna@n i nsi de pressure increasing 25
pretreatment, a foam nol di ng havi ng excel | ent

Wga026]per neatingp ¥ 68 Hl-dbwageksam@r/Mopdl, appear ance.
Further, it is possible to produce the foam nol ding
WAt si ghiminearmuedismeder Bnot(Aempwhies isother gigagest

SRR NS Y e nf G Rfhgo e

coabugb Hold®n thédspRdad bt photddthphegErbfsetfién #Metasured:;
prom nent effects are obtained by the follow ng

nfZ8]i sm  Ndnktheg maixiroem d@rneter deiscarn brithmetc enearcof Dng
in fhe r adi al oghree tion is greater than the average
c8f thejtensampleq-beads:t he circunferential direction

(et 2 ToPe.abao U4 fo 2297 & AftrilStc mean of

_ direc
Lncy of the ten sampled beads;

[0030] (p) the average cell diameter L¢cy is an arithmetic mean of
Lncy 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.
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5 arranged about the through hole. Further, since Hp/
Do is 0.08 to 0.4, the cross-sectional area of the
through hole is not great. It is considered that
because of the specific cell geonetry and
arrangenent, the expanded beads of the present

i nvention exhibit superior secondary expansion

0DBIF ency af iiAERRHYht hd Qbé%ro%mwe@m%&ﬁ@diéy the
in which the Lcv/ LcHis below 1.00. 10 [0034] Mor

sfplknwmg owichgnismh e Nastebasints tHecaletagescaiidiameter by mhhe radial
%nded beadﬁghave been fill ed, the expanded beads

chenpgeaiedhnn tesweagesial dianeeter Lpeindee siraimiarentigidirection

cBE/2 1Rl e BB PEBS il 48 ey

\/&}ﬁahgba%bauﬁﬁétﬁrsu | hdIED ElehrRibe Y sb%)a t%@!fﬁ‘%ed

and I's reduced e at nospheric pres ure
wpws&nﬁob&imﬁa efrtbe fiBougichoie &rmdt great p dhidednsiieredhhat because
am whi ch has rgéanetrated into the cells

(&t srsicrcelOpomety ud asaROame e cuped tsRes R e present

Uit B QBaR 508K ERER AR E R vy e
Q(rfdﬁ\fn dxpandPbeutR in Whichare DA Y. BRaew11Qp. ef f i ci ency,
it is desirable that steam can penetrate uniformy

408834ui ckl y Moreospeaifically, when Btean isifed foua mokkin vitich expanded

R e Sl o Rl TR o
h

e RN Bifous SR IFERRAR] bead BRE SR ol shilf e

Vihéife ofth GRads Baild feddd® U When thebrésyliré Rithih e %ﬁféaXSﬁP

that the heating efficiency by steamis inproved
arete@as@q@ isaeguded to thenatmospberkgaessure, tee erssided|bgatiearte

(HEoRTaBL SR v o HeCHea i s RReBERNa0 e ol

f
SNBSS s SO S BT bl o
htberein anthiocontiboteits thex§edohdanyexpamyich. OfTHefsfore! lhrdrdého
hol es, the volunme in the adjabatic expansion is

greEaverth 9§e‘éQm]@afrf§@aﬂﬁlPh efficiengy, it iredesirsbleithatvetearn campenetrate

h hr h He )
Lgﬁgﬁwé aa\é QHBT Niﬂﬁ?l Iie %éi'%’gns?rgh'swmsac @XB@%@? [?eegds% the
[ Oogé}‘i{"?(Fé’eﬁf*:b“t‘Qﬁ?tn Hab€ aCtH:%'ugH%ol glime can be reduced.

However, mnere presénce of the through holes in
t[0e3%x pandedThis, beedlseidf thesrasdriceicf the thasughltold) 6&@en t4h pass

qht\a/r%th?'oégohaé? ﬂ?eotllrgle% thga%glg%g%)t(e%e Ir\lla(rennetly }c’fv?etaer[aa 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 exéessively 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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perneation resistance w thout an inside pressure

i ncreasing pretreatnent. [0037] In the expanded bead
according to the present invention, elongated cells
are radially arranged about its through hole with
their major axes being oriented radially. It is
inferred that for this reason steam can penetrate into

t ot .
ot G i whithiing Beadd e IR tnicioh ABICS ABRAE thexdRPor
c ebblingeyl axlidbatio egpardidroitisih 6@ beadslis @emeicealss iR thadiding

length in the radial direction is smaller in the case
ofimergandiegedueed. nvent i on than that in the case in

R R AR L MR I —
KRR CARAER (245 Rl Bl ARSIt

| peanéation.refistaacs Rititdut bR ensidiesriebs e Gdréadigppretreatmenn d
arrangenent, the expanded beads of the present

i i i on exHnihe expanded bead secwdidg ty thexpesesit mvention, elongated
ffjciency., Thus, even n the expapded, beads are . .
- Eelar ey attrioef SRPuE HhroLoR ook BRC R ks s Brigy oriented

ﬁ rrgrﬁiélg?‘t W%r\bflerﬂea that fRAiS i onlsteant B4R Panérefté’ D {I‘%loc%i@gx a

avli ng excellent water-perneation resfstance w

2Qargergamdurt émtherexgandddireant of e res@imventiomt iMorebvdrte
expanded beads. [0038] Further, since a greater anount
omugibes af tha selhwala theaughiwhich steam roustipenetratetper eriplengtbdn the

¢ Radfreiarts SERieI e Ghop R el eSS I eRO B hap et case in
mrgc%Hr}gewﬂésare%Pngﬁﬁﬁed H\ﬁerrﬁrﬁi% c@?%c{é%. Cg%ié BRofirft8ied that for

is cooled |1s”“accel erate I ncr eased

helais reefson etednsai pernetraledit®Xhe insidEasf RS b&sizafidre rapigly in the
present invention provides a nethod of producing a

f expandsiddeags Rhthemgesent invaalipn. oBegawse afthespscificaiell geometry
comprising filling th bov anded .beads in .a pold.

AR rdehen e tohbied i P ESS ol SyiyliEiverior

¢ . o ool d o ¢

e e o M Tl VR ] thel SEaRRA R are
strecided as sughawithoaihan nsitle-pheswlire inereasipgpiieitedi@ents it is possibie to
together. The nethqd can _produce a foam nol din

h&bfaiya foam melding b@\{l@ga@@ellgmtmﬁprg)mﬁ@ry[esgﬁﬁncg without a
RS el T S A T Sl o
Soc3Eyt h Wit I @HHYro&ineE agtehiePAmount of steam can penetrate into
| the cells of the expanded beads during the molding step and since thé steam
in the cells is condensed during the codling 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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efficiency in an econom cal manner. [0040] The present
i nvention al so provides a foam nol ding obtained
according to the above nethod. The foam nol di ng has
10 excellent properties as nentioned above and is
suitably used as a cushioning material, a packagi ng

teri recept acl 0 The. pregsent .
PRy s ,8e58R%e R ars tpr daprads rBL i Riigapressure of
e Sk?é‘ﬁ@e& ®eblag, araHBAMY tHe dLSAhdELS bbadmﬁ ¢Re mold with
[0042] FIG 1 is a plan view schematically
Sielamsttm &xipagdaand kymbledd the evgranhdadclveat sntpdgethéhe The
esent invention; [0043]. FIG 2(a) to FIG 2(d) are
&% hod C@l”o%@dé‘@éﬁ frain mpkling having arredyced @on@age a low

GRS ERRERIGR Joudik %Jéﬁ@éﬁﬁ%ﬁgﬁg%ﬁpéﬂSeﬁsﬁgﬂﬁﬁp?ehes'on.

b@ﬁvé&r@%éaﬂs drfb‘/ﬁﬂlglﬁ’%on'?&e[sg%‘litré;ﬁ with & ﬁ@lt\rProlglLJ&tlon

enl arged sectional Vview taken on line I11-111
affeieh@xipl an@conpmitalbmaehbod of deternining the
maxi mum di ameter Do, .average cell dianmeter LCv,

Mge cel IThe Rrasest in\entionalseariovides afeaghmedisg

hTe T Lty Bl RRE e A 386 E°°4n4°'dﬁ'n€ha“s '

e%eﬂ&rﬂwb?eméseﬁs P &eRsifed bgeé}élarﬁx.@fﬂs@ gﬁé}gﬂ

the present invention conprise cel
deshinairg plaleqal, typadkagphd snaterid@rlaGd3 receptabiech

onprise a hase resin npri si.ng a pol ypraopyl ene
f@%ﬂ As sﬁamprqﬁ%t@vqnt'%ml gﬁ explainrgdndiejai below with

R8s i at AR TR T M e beads

I | |
i ourﬁener al Ipj@ quRdy bfhrﬁﬁ%ﬂ\?scﬂ_@ﬁlat{l%éw llgfsgr%rtﬁ\ a‘(l? expanded

sae as used herein is inten

| eadxa@coadingltaibecﬁreshabmwelnnohud| ng, for exanple,

GBI o R A B
§|51Hfbcr%qﬁd’y§ O%ngprl Sn@%scé)ﬂﬁ%ssﬁgdab% of l‘?’r%eg%r%ndédqﬁead

circular cyli'nders cubes ol ds

add ané Ehapkr ofe Brodighdisie tRBEkoft dddtradingtoleasredsnar e
preferably rounded. Exanples of the shape of the

ewpatieed bead 1 are illustrated in FIGS. 2(a) to 2(d)
Wfﬂ are crags 3S|%C:§r|| 8Hﬁlarged sectional view taken on line -1l in
FIG. 1 and explanatory of a method of determining the maximum
diameter Dg, average cell diameter Lcy, average cell diameter L¢y and
maximum through hole diameter Hp of the expanded bead; and

[0045] FIG. 4 is an example of a DSC curve of expanded
polypropylené 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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views taken by a plane perpendicular to the | ength of

the through hole 2. Thus, the 10 expanded bead 1 may

be suitably nearly spherical (FIG 1 and FIG 2(a)),

el lipsoidal (FIG 2(b)), ‘rounded triangular (FIG

2(c)), rounded hexagonal (FIG 2(d)), or any other

rounded shape. In the plan view showmn in FIG 1, the

hissatis1t nasya tireughtale? extenditigehereln fedmpae eha®a td therdtiér end 2b.

2_&3@ to 2(dL. Preferably, the shape of the expanded _

bekeiexpanded beads argtgenneally saund in Bbape. mebhp temm tgimerally round in
erei nafte

di t Do efi d
P e Rerh ittt 16 Feririo a brand Pas &f dhapgs indiging, for

ggwﬁﬂg slwereg%l ésoarcpg?c@nMth ﬁng{]é%%bg% ﬁhB&dQ%%eé
e 1S’ ar al
h
e o) anes g S5 it 0B

thesircdareyindars, pjisms, eubasnediaids, ceres, pyratds, tvacated cones and

REAAERRR L6 Rty S dE"@ma S bhfecsihe O he
(gﬁ'n?gdl_ Eg&g; %ﬁ' Au%@g@e&agﬁﬁsp%g \ﬁ/ﬁﬁh ?eéaeseé lse%gnal

ave I anet

(vms)/s taken by eeplargeparpendiclilartotios Iel:@h df ﬂweﬂhfcﬁt@h&iole 2. Thus, the
direction, an average cell dianmeter LCH in

cerpendedbead | maycbersmtablurmeariyﬂsmemah (ﬁiﬁn‘lta‘nddﬂ@ﬁ(m))l ellipsoidal

ST e 0Pl 205, BB T i g
SRR N4l oo £, bt T e ve

_ Samektemal érﬁb@QﬂhoWh)m EHES. 2th) toléd)s anPlefstabigats shapeofithe

by a pl ane g@gendl cular to a straight line
comaaded hgad h@s teatdhe eatiar{bo {Lineax) ofithe maxmiuadiameten &o

PG REnG B b Wil Teadh LingS BeigRein il ofine

Ch&neef 866 pOiRtsHMhe BuRP s of ti5d hé4d T GhRAGRe ﬁﬁ Ip%ﬁﬂel with a

an i nner circunference B2 which defines the 5

hsttaigi ling 66 Ectitgthe Tine emdrdd and the otter ead 2b @ﬁth@through hole 2;
di splaéled or photographed using a mcroscope. [0052]
(%pe I f his incthgdangasefid.Bie 1. Eésslmﬁestbe sges;lordnterstlces between the

P ARaEA BEds wheiE fepire it pAd B brihadt Sppi andfinge the
| Hi@adeestitife foam r‘%fdﬁfg SHtaifedfremans éxﬂéﬁieétbehéf@ls small.

i ntersection points

[0047] The expanded beads have a maximum diameter Dy (mm), an
average cell diameter Lgy in a radial direction, an average cell diameter Lcy in a
circumferential direction and a maximum through hole diameter Hp (mm).
[0048] The maximum diameter Dy, average cell diameter Ly,
average cell diameter Ly 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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Dol and D02 and the inner circunference B2 at two
intersection points Fol and FO2 and that the distance
bet ween the two intersection points Dol and D02 on

the outer circunference 131 is maximum In this case,
when there are two or nore such straight |ines having

t he maxi mum di st ance 15 between two intersection
puirpesdioularte @straightilineurdreTestiog thalond badldanand whé other
asdnﬁge naxi numg%i st ance bhetween the two intersection

ofdhe throyapgolg? ahthe perier of the straigMdineshayiag a

fi I re such
IERGHLEEL ot E5aLA1 3 oot oy a0 sb b A g buter
tmumifeeémsncuhdaannhﬁeparémﬁfereheé B2 WhicH aéﬁné§tﬁ’e’-
are still 20 present, then any one of such straight

Ithraugbglebe arbitrarily selected as the first line
ThpaiEect ) on) Al pa et Chres-Bociionh s SBIANGH of FhoiRgraphed
S SiI 8l | 0° 55 Erain such that the second
IOSEJ |19 1ot g e
aaerF 1Gci3) cafif efr straighBlinenE 1t modnamressmtmairthpcﬂret straight

eégZ and th t the di st aPce bet ween the t
SUEFRRED 3he cuiteroaircHmiaience B t ﬁtetvmrgrersmtnon points

D4 o7 28,5 bR FEL Ry Cel e & RO Totgrdion Bbifs Fo

g Py asd shatnge distaeebdthrdne twi ﬁfté%@c‘h@ﬂﬁf&?ht'%t o1 and

on the outer circunference B1l, the |Iine which
rRoei arutheddgtes mircubdererae Bhads inma)dmesnt | tm thisicatse, When there
and f02 on the 5 inner clrcum‘ erence B2 is selected as

e WoJHHOre RUCkstraighidingsohayingtbe dnaxighndistagre

GBS T, P AT 5. i
sthith r@fsetﬁ@ﬂhaxirﬁlﬁﬁ distinceBetdeehtblet Hid ﬁ‘it@ﬁ*ec'nbﬁ?%mts Fo1

may be arbitrarily selected as the second 1|ine
[avEbhy2 ¢ thainnardtiecubifenenie B2asrsedéctedads bredfirkt line E1.

KRR Wb <EER T R AR TS R e e
Isdtween 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 Dg¢ and Dg; 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 dgq and dgz and the inner .
circumference B2 at two intersection points fy4 and fy, and that the

distance between the two intersection points dg4 and dg, on the outer

10
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[ 0055] (h) A nunmber NnH of intersection points (shown
by the solid circles in FIG 3) between the
circunference of the circle C1 and cell 15 walls
appearing on the displayed or photographed
cross-section is counted. [0056] (i) Two circles C2
and C3 each having a radius of Dn0O/8 are drawn wth

t hei ent er t the.two intersection points P2 and
P%'?‘EJ’T‘@%'EBE?S%ﬁr%/mWHEbn inibis case, whenithate revtwelor more

ot SRaingsivid (2 Al SuBHPE Barfegn dnp v,
FinGrsaytibetputers émend busdr ctdumh@héntd Be éméi nﬁ@'WhWﬁ'Ha% a
| ocated on the circle C is counted. Simlarly a

nMasEnuEY distanges betwaen bm mtersdxtiorepointd €,fand i, F on the
st rai

line and s located on the circ
'Q”eEgUHPEﬁereﬂ?@ ‘?'%ds ﬁé}g\’%&@ agrtbecgeandeineEZn é/é[ban two or
OrtnB?é sﬁgﬂ sttlt}:ﬁ‘ ﬁ?llr%seﬁé\?lbg%érﬂgxntr@m@mné‘ T kgle\\fv(é[% thggtwo

sel ecte he case o

nntdreestio fpoﬁwtarbh theanther CrRUR{fBFéhcd BS é}beﬁéﬂl re@%ﬁp%en
3 is used as Nnv. L0058] (k) An average cel €

LEI*R‘)(/OPQ of sueh sttaighblinehmaylbe fanblt[amylgefentadllaa thé)second
OOSE Lncv = 0.405x(Dno/ Nnv) (1) [0060] (I) An
av et ge cell dianeter LnCH is calculated by the

Jogsar g L OIRARCR CoA B8 it of Dngi4 is drawn with its
ciemntet at thdnintérsactiohi pdint B1 tHedweepatheirst Qhéts%ggﬁd straight

bet ween two points on the inner circunference
divesrE h@mdne2, t hr ough hole 2 in the displayed or

e oo RS E e, %ﬁntg??é"%r“éfgemié’mocggﬁbmhe solid
dirddeid PIG S8 BLAFLHE mré@rﬂ%ﬂen&g) 1R cﬁlyc?é c
i of 8

di aneter Lcv 1s an ar metic

swalls appéaning on[m&&ﬁ}sp(ay)edmmegmé‘cﬁbbs@@é@kﬁf is

LCH is an arithnetic nean of
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] (i) A number of intersecti.on 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 Lncy is calculated by the

11
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15 LncH of the ten sanpled beads. [0066] (q) The

maxi mum t hrough hol e dianeter HD is an arithnetic
nmean of Hnp of the ten sanpled beads. [0067] The
formula (1) is derived as follows. In general, there
is the followng relationship between the nunber N of
cells located on a line 20 having a length LO and the

FY SRR @@hluléjgap)rzreter Ld: [0068] Ld = 1.62 x (LO/N)
(3) [0069] Therefore, by sinply substituting Lncv,

po0549] and Nnwndpe 0.405x(@n@Ndny of forrmula (3), (1)
respectively, the formula (1) is derived. [0070] The
1800 a (2) (sAnaverege sellidiemeler e peaicHated bypthe

. ﬁgll&fn%%lfﬁ‘g‘-léﬁ?)si ded polygon inscribed in a circle

I
Vi ng~a T adi of Dno/4 is given by: [0071] Lp = 2
64Pn0/ 4) xsji il 2Erd 8No) DhOQLidk Mg wer i met er  of e
mqued pol%%n I nscri bgd Iﬂﬂt h'gH)plz circle Clus)hovvn
i[0062]c. 3 caimpA mapinurdiaeteteoHnpaimm) whieh isthe greatest
NnH si ded pol ygon. Thus, bK si nmply substituting LnCH,
distangeaativesh twopoints andne igRer eirgrmiereape B2 defining the

rrespectivel e I . }.S ' Lt is
HRBRFLAYE L in W aisBlATE ol PhaldusdBhet Kon S8Fibads,
nOBsurelgat the 5 Hp/ Do ratio should be 0.08 to 0.4

and that the HD/Lcv ratio should be 0.1 to 10.

fOp68Hed pol {m)rideymaxenuesdiameted Dynisi arh asitimefig nméas ef Dng
caondi ti ons ca] ive, W thout an inside pressure

n
iaidheden sgmpled f¥ent, a foam nol di ng havi ng

| ) . . _ '
10684} once. "R TSRS GO HERMEIeR TS 3 B netjg mean o
f [ i thdffluci th [ ti f

R S e R cover . the foam ol ding can
l{6065] ai ned {f@)tTheaahedyepcaltldizmeidry canid an ariddnetid mean of
cooling tinme. [0074] Wien the ratio Lcv/ LCH of the
Wa@gﬂl?eﬂeln sARiedheads.t he radial direction to the

1BpaES Ce!! (o BIPRRhDnl IS ofbh ML HaREG ik ool

on
s than e secondary expansiton erticlency

drithhretleandani of Hims bf (e tanbariples beblds. beads are 15
previ ously subjected to an inside pressure increasin

{0867 Eat nent Theifermely (1) cHderiyed@s bliowst erlaggneral, there is
hg%ff&u%w%é rerfgtﬁgn%rig fb%ﬁv‘?/glex tﬁte nluerﬁgctar &l'o]fociell\é\hlgrc]:a{ehae on a line

having a length Ly and the average cell diameter Ld:

[0068] Ld = 1.62 x (Lo/N) -~ (3)

[0069] ‘Therefore, by simply substituting Lncy, 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 Dno/4
'is given by:

[0071] Lp = 2 Nyx(Dng/4)xsin(21/2Ny)

[0072] The perimeter of the Nny-sided polygon inscribed in the

12
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ratio i s excessively high, the foam nol di ng obtai ned
tends to cause buckling, though the heating

efficiency by steamis high. The Lcv/ LCHratio is
preferably 3 or less. [0075] The average cel

di aneter Lcv in the radial direction is preferably at

20 least 30 pm nore preferably at |east 50 pm stil
rwrote (rlesteowabliy FAG. Becast béQkbpraximatesit tonthat of ahd Yegllar

| east 130 pm since a satisfactory penetration speed
dNnissigad polygont hd hiuss ibyesiofply IsebbtidingsL mdy,alimaddayl, for

3—éril-gh C efd cell Zé)ntent IS ensured. The average
Lo @ forpla 3 resredlivg)y thedermmaf2) issderivast e
bly 7QR: [
10181, 0B mBEMR L8155 SR b ol s, vt e

e Dpatinsholiteber0 0839 0.4c4d thelt B Ao\ Lretib ERodidBe 0.1 to 10.
circunferential direction is preferably at |east 28

priPandedPRlvRIpRYlens [esit beasissyhidysalisfy these conditios can give,
BB AP iR huets B BB b2t Siin Ghaing bing el
e RoR T 00 Bor TbeaRht: Pl A pRER

suoduktiee foam sedingiaithout xetiueiigdhe eXpehsivaTais ofthe ekparfded
of the expanded bead | ocated on the first line El of

hisadsr JMaresuer therfoamdnolding ¢anbe gbtaineshwiipa dighgwodinivity and a

iy El .is.preferably 5 to 40, nore preferably 6 to
:§€qu°e§}°ﬁglg1qtﬁﬁe'effects of the present invention are

06741y obt ai : 741 LiO4; .

:E he r]raxi mum \Pﬁ?é %%éﬁé ?gvgc%e%% é\%égaé?%éelpdr'r%ﬁl{etﬁu%n tﬂé radial
diradtiendo thesavezage cdlladiarfe@8in thb eirtumfersgitialdifeetion istiess than1.05,
small in size to obtain the desired cooling effect by

e serandarvsxpansiPnAflisienelefithe headsis insuffisient unless the beads are

SR el o oS biRSlm i Ears e eritge i Lovi Low
PEA PreferaBfat B 09, s &%feﬁtg)'l E}LI %g%. 1.QNherg the Lo/ Ly

wat er - per meat i on resi stance. ratio |
patief ie eacesgivelyhighy tie 2am mollitg obfitined tends tatauseti/cking, though
of the maxi mumthrough hole dianmeter to the average

dhg heafing efficiancy Ry sieam isdigh.  dihedowl lam at0 Isgyeferatiy3 or less.

fodrai he 2Bt don CUAALREF ! UGS ey 80 pravy o
itest 38 dm, Aeé prderably e leddly 5@ Hird bitrherePrOBRIPE léé‘sg 1608m,

desired inprovenent of the heating 15 effici‘ency by
snash prefarably et ipastal 3dumcsingena satisfactary pesstration speed obsteam

e el ptine Bepl s 2htBRes sty atigh dosor 1 cAerES anavres.
T8 By B A AR e b oy

predreess) sincekudteeslls Hava @ cell wall thickness suitable for secondary

expansion. The average cell diameter Ly in the circumferential direction is
preferably at least 28 um, more preferably at least 47 um, still more preferably at
least 95 pm, since a high closed cell content is ensured. The average cell diameter

Lch is preferably 950 um or less, more preferably 600 um or less, since such cells

13
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mm nore preferably at least 0. 2 mm since the

cooling effect by adiabatic 20 expansion and the

i mprovenent of the heating efficiency by steamare
enhanced. The maxi mum t hrough hol e dianmeter Ho is
preferably 1.8 mmor |less, preferably 1.6 mmor |ess,
nmore preferably 1.2 mmor less, still nore preferably

(hage greet wall duckness puiteble faesesopdayeaxppasion. cHie member of cells of

{8 et beed BReled. P8t R h b R bt vahacn Fnavspior
RhoRRpaNEa ks RouhFRY 31k pleerBbF A6 UeroRehreldignig 646 30,

of the through hole 2 be suc
isinuerthe effentndfdhe preseBlindarttion iareeadilg obtaimabdd hole 2 in
t he di splayed or photographed cross-section of the
HOREh]1 i s | owaeadmamnikﬁy Do ef themaadmam threughdolg diameter to

B i bRl ks Yl ShE BT R R e SHRI S5 o
g S e Sl LR iy o o
aNE heapgieMtidry b9 staps.i Weher theskip/. Dy riatio issgreétef #iah e, the
that the arc |length of each of the circles 2 and 3

dhrerphappleds t9p lange to phlaisya isammeidingavingesatistaciest nor e

than 30 % of the,Ci f f th

G BB R S The T S B iohes.
grggyéfddl Ng t ONHaR t R&EMo/LL) YENe rBaximubn thfoughdi dibfele? to

ce a foam nol ding having a high expansion ratio
(the@averegs celydiametee ivtheeadial directiont is fessdlsaa0 1, the féarhimolding

t he expanded beads in a nold cavity at a high _
- higinesiends to-eause butking andyfarheméis drﬁ@lhtpmb?@hthe desired

g R B M S ey R R S
hfficidHel Bl Rehm. FoToo g 8 PR/LR{ rabbiméxiedd of16 eansed difiddty in
havi ng”a”hi gh expansion ratio, it 1is preferred that

tdbdairing arfoard naldidg hbeing tredespd mater-pemeation resisdce.o The

IV e BB i e A0,
o= e S e B PR A e 1

() thore bl@féﬂab%ét leest im0 SinB&HY iRy effetb b Bliabatic
pressure for 10 days. The resulting expanded beads (at

| expansisand thedsiprevesent afthe beatingefiicienayi byt siéam aes gnfmmnced.
(ML g) in the isothermal chanber and then inmedi at elﬁ%

i heenavaumtheaugirinle diameter Rp is srifaiaRlyd!-$ mra opleaspsefeeivly 1.6

¥l SH9&¥s: mict@BReferably 1.2 mm or less, still more preferably 0.9 mm or less,
since the expanded beads can be uniformly 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.  Itis also

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

14
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20 the rise of the nethanol level in the graduation
cylinder, the apparent volune (Vi c¢cnB) of the sanpled
beads are determ ned. The apparent density Dt (g/L) is
calculated as follows: [0082] Dt (g/L) = 1000 x W /

Vi [0083] The base resin fromwhich the expanded beads
of the present 25 invention are made includes a
RREVMIERMCE BIEddPfrigthe tH : o it

as used herein refgers t%u%rﬁ'?é%g%m‘%\%ﬁé%e y dch'df the
bioctes G2 yamarC3. ( Howeeves @xmalinaegred obovepippping issoetmiaaeor Thus,
nore conononers having a proptyl ene content of at

it @a&fﬁf%@dﬁhﬁéﬁ@/@w@wgtg oheaah efdhe Eirclem?2 and guverlampedrny the

KREP LRI isbes s p8imbsud B34St oheeuBbroer pagh fene
girdéock g3 ynmer or a random copol yner. Exanpl es of
t he conononer include ethylene, 1-butene, 1-pentene,

- [0088)ene  arllitiathe exfpandedbédrrts adeardiny torthe presentGnyeMlitn ] it is

be a di bl ock copol yner such as

The .bl ock | /
BP%efﬂ@P gfﬁ@fﬂ@g Oﬁ% mm RO B3YI69 ahigh epapsiopyatio(lownignsiy,

: [ opal yner ch.as :
BeGalse IR RLl I eadl to fluhe SRR RBAS R e GakaR i = o
BOPBasEPN raf, U8, VR ARNRAB BPbarcADECHSIG O Bf tHERkpaHR
as propyl ene-et hyl ene random copol yner or
peaqis/is dss-than 86 g/L; adclmmidding paviggrerhigit exansion ratio can be
t hr ee- copponent random copol yner such as ) _ o
phiapede n Eokieas PRS- abtairing a foarm sreldiog baying @ highexpansion ratio, it

B Y Bl o A B85 bl 2,95 1.

WRiré BieferdBly@3rbakeyabl y 0.1 to 10 % by weight. The
pol ypropyl éne resin may be crosslinked or

[081¢r ossl i riveusedierein dwesappsarerit debsityelDyaflexpandedybeatis és as
e et/ e bR ED bRt MRinaRlhsas aalpned o siaeh n an

'EBfHe%Eﬂg}‘én?dé‘? aﬁggi D 9RdG el Mm@% %ﬂ%é?;ﬂn%&?fy

oam nol di ngs, t ypropylene resin1s prefera

presamedon tOgaysy Mihe hesdting expaRddd beadeqblbast’508bes8tare
165C or less, nore preferably 135C to 160C. 20 [0086]
Famplediandtimmedistely weighgd (We o3 peibifisathersial clipnertany tiserd
?@%ﬁaigf%gzﬁﬂrﬁq%%q k\sggﬁe;%l rﬁte 93 ‘Ié] %(t)ntg;ng %azta S(rjad%glicl)nscy iﬁder. From

U

the rise of the methanol level in the graduation cylinder, the apparent volume (V;
cm®) of the sampled beads are determined. The apparent density Dt (g/L) is
calculated as follows:

[0082] Dt (g/L) = 1000 x W4/ V;

[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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- tenperature pea

the radial directions around the through hol es during
t he expansi on and foam ng of the pol ypropyl ene resin
particles (pellets). To achieve this purpose, the
base resin of the expanded beads preferably has a nelt
flow 25 rate (MFR) of 0.1 to 60 g/10 mn, nore
preferably 0.2 to 50 g/10 mn, still nore preferably
(®)50t 8 rﬁistLgenﬁtrm honpaptylnwi @ lagndnhetepalkymerﬂ).o D
erein i s as measure

/10 m n. rcb a
Bﬁﬁi’é‘?”&& a?réolxsmezgt?y &APleck S%QP'WF‘GQOEB rﬁ omgopolymer.

e A A A e S N R R

aAd deslefirs otierahémprogylemd.t f oam nol di ng, an el astomer
such as ethylene propyl ene rubber may be added to the
Ir esi n iTheabloclasopelymsr rsay bemdlémk oppplymer sich as

as tpe effects and objects of
MHE

Tidestiee BEcR oBpl BIe; G Freniets Sulrrasock capphmer, or
gqm@%apgwég suBflas By leflel iy BREXRHERY IRB RS, "The

F&ﬂoﬁtﬁ@bﬁblyﬁfer&ﬁs)hbé d ey H@mhéﬁéhﬁahﬁﬁhﬂcdﬁolﬂner such as
thernoplastic resin other than the pol ypropyl ene

Fl)gglyd\en%emg'ﬁra mﬁpna?omjy;mes or pmny&ﬂﬁybumﬁgandpm

' 10
Fopbforie ki benPRRsaLIasRon EoRMUEER U a8 | on
EF‘?‘IBE%MF@ E 'R”‘?Qﬁgglﬁ%{’ﬁ‘re Oy Elepreée erﬁH ﬁﬁgéured

bemon@fnértmhmhurﬂ prepylené fin thevpblypiopyfensd r’e9|n415 ptéferably 0.05
more preferably 5 to 40 J/g. It is preferred that the

tcaﬂﬁ%(omuwmblt @nortarwefeéablycﬁ 1 o 18i%byHweight. t h’Ehem gh
BPBEOR NS e R StSShake gbnerCrsinfeshagl orgsons o
'fé&c?éﬁlm? e REbfiSnE c&kﬁsﬂh?@@aﬁ%ﬁ&bﬁfléﬂé fe%frf@t;%r%*erred

nnin OI‘IITEtI‘IC anal ysiI s a Ssa

gooas]of eXpa*‘rdﬁdthebstadcs;)0|h50h@@ﬁadtldrr efficiep@{nand equ1pment
tenperature to 220C at a rate of 10C mn. FIG

shsisfonthecpradprionef papsmaldings, ms\nqlﬁg)ranylﬁne rreﬁane

Breterati franfaiiconbiyriar SAInE 2 hpltpa B E gt o post 165°C or
ey ﬁ?(ﬁ@tfﬁefelﬁﬁolzqgs @ftofg%P@n HH of the high

is determined as follows. As
$0088] i n Fi dlo facilitaté iobsdinisigrtae gipecific el gebaretiyngnd
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 beads 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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between the point | in the curve at 80C and the point
Il in the curve at a nelt conpletion tenperature is
drawn. Next, a second straight line which is 25
parallel with the ordinate and which passes a point
1l between the peaks "a" and "b" is drawn. The
second straight line crosses the first straight line
afegoondiiafy &&ction point 1V. The area of the high

k *b" i haded defined b
¢ BB o R 5 Sra o AT 5 Se ARl e plagtomer
du@xhe Emy@webﬁl‘g@;ﬁfhe: Hﬁjgbee)hratysoé hddéd b tre bé%erersgf @l an

1

heat of fusion expanded beads I1s a tot 0

t amobehof Dio 403 by vedighthe As lphgtasrihe redfiectscama akjectsodf the

and the heat of fusion of the intrinsic peak "a". o

TRESeNt yention ags net adversely a%ﬁﬁ@di e base reshe i@y gentaig, in

| BRaB68 % 184l SR BERY ol 6 SRt
| claBgbrhér - ThB@mBlMast sueh PerfbbREtit F]@siﬁ%?ta Abrrhésiafic

HH of the high tenperature peak Is we nown as

diesin othed than therpayenoplleneiSesinds preféfatidy at fdsb 30 phrtd k8
131, US 6,313,184 B1, US 6,077,875, US 6,034,144 and
Uaetshb 2eo 194 pags Ry weighbel thetpalyprgpyeae resing hat t he

(BRI T, O ' ThE Phendkd eSB! ine PreiRBl panlil? bl show
TARigHeldmperafilie Pebk MehetoRBhsimy tEpSCor ﬁa@rgiglhqem@férature

I norgani c powder such as talc, calcium carbdnate,
bpealk prefénablyitasaa éeat obfusiimidm(taldrifixvaleepofti2 a5 kiég, more

By T o TS BB Bl e &
6 B A BB B a3 BRIt b o

| thel é¥panded Meadsbed.08M0 0f5. t he expanded beads to 30
pmor greater. The base resin may further be

cl989linded wiThke RSCauveheredushassb@inedbethe diffecerdipe
ERNRELE KT 0T

. . . .

BB YA 88 SO B 7P B SR B B0 i

r 4shows rnoexampletefia DECcdurve havipgaueintirsiclefgsthermit peak “a”
efficiency. The naster batch stock diluted with the

‘bare arhigh femeeratire gsldpthermic pgalarb’ex tihedwiea qfdos ppak i’

RS B e W3 s B b Shei Bl b

t Geteftfined s BABRS! Y ABRNLRAT iR 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 |l 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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25 in the range of 1.6 to 2.6, nore preferably 1.6 to
2.1, still nore preferably 1.6 to. 1.9, since such
expanded beads can permt the production of a foam
nol di ng havi ng excel | ent water-perneation resistance,
appearance and nechanical properties while inproving
the production efficiency due to 18 capability of

Sxianding hgtweaes tbedaintg It iand Il.[ 002 otalsheat e fllt&imreagm élfltfm
bul k ity Db of d, beads i .
oo Bl B e BRBEARER SR B TSt o

, H 1 . 1 3 H
P U R orTRY BB o Bl AEDegh 22, IR hengptoffion o
e thinrssic Pbak ra'sislthé ageLdefstEby Beafst Gal ée%@e\% sg)Q@_h;] lines

|

beads) are sanpled and i medi ately wei ghed (
and the RS cupie extandiag batdeen e pomtetiaad &y Fhaoethadto

A0y BB oA bet A Eforchla aE eTmiR sEeetiines psain we) kjown as

R gV e B8R SO0 181

Belt, hBI6 /007, §5e (S 61034 Tt amd B O04/0aFdB08 A1t he
present invention. The ex&gded beads may be suitably

@0hr ed by lbisirefasrad hat thet base resimbe chixpd sviihoaisely
RBEaiEy acBRLiR oBBiofiAG she Gel kR e iGe Rapased Beeds.ac he coll

i her - i, t
LAY BBt A RSAISLN (TN AR S 3 e
dalcpan sadyonate, arakazige dofateor alurinavi Bpd%Rie aHdPmaly be
| ower pressure atnosphere to obtain the expanded

pegd4n an Amaeini of 049 yto ‘cmearés(pgmghu\ig_uUﬁ Pﬂfﬁffraiﬂy 0.01t0 5
PRER BTt BBr JHP 5 HoTEabr i 1 vl i Rrsatkal

| . . ;
CEPPESEI AU oL LB et 16, SR LB o

thenexpndedrbdzasisriy 3 pumustegte dferouGhe dadkeesin rhéefurfher He
of a tubular strand into a |ower pressure atnosphere
sempRandedwith oplarantSuehias 3 BigMEnted adye i@ anitaile amount.

A5 e S B R LB B et e
L i s, TR, SR bR RBge i
guautity of thenbage: rgsis intofa mastep batdmtio impreve thendispérsidre
ShRiehe5 The nisdtlr BSteh Stock diflidd Siththe base Tesia s suitably fed
to an extruder.

[0091] The expanded beads of the present invention preferably have
a ratio Dt/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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[0095] In either of the dispersion nethod and the
extrusion nethod, it 1is desired that the pressure
di fference between the pressurized state (before 19
di scharging from autocl ave or extruder) in which
expansi on and foam ng have not yet started and the

pres eased state (after discharging fromthe
gL"'bo%{%?O g, (ioqlﬁ%‘gv@fﬂ‘%h expansi on and foamn ng

ig@%’%obe at Aggétad‘h% P‘flﬁ)@meeﬁsW 56 SBQQJ gé@ggéc%ols as

kPa. Additiona e nmaxi ' num

aneasaged byethe fdiowing metHoGH BExpahdedibaaes EreaRNddab stand in an
di rection, averaie cell dianeter Lcv in the radial

dsataermabshamberat 3R randta elajive homidityiof 8 /e Lndey ambient
S8 0 SN b o v
;AL 858 oL L A B

empwniwt@ly plaged in i einpty gag@atidacyRRd fo intastrd VARGV, cm®)
The greater the througg hole of the resin

@éthﬁ  sarepied boads. n THRGUK dgpsity; Dbrigh isreaitulated as foows:
h di t f
G501 o o SR 08 W N Lot o e it e on
gg%a dis, thesEidnskillloe tﬁé@% ?ﬁ@(ﬁo&t enrepari %the

sion ratio t he expan S IS

iexpBnded heads eftray pident ifnlvehﬂ@@S Dfﬁe eRpasderf béé‘d%
resin particles defining through holes is, the greafe
|ssut@bly prnﬁa@debsag@hsp@lrwon inelimoddn witich pevwimur@@ared

Th
2eRPTap ARge pIB PR RGBT R g seerreRh e
pﬂé?gm 'rﬂgdlﬁﬂg SHER Hatw Ay %r |ﬁ'é?\ QB’[Q%U@ tGRROLr and impregnated

ansi on tenp érature an unt -

cvetH a phqsrbabﬂ)lbwn@g agentt . TﬁbeesulmagsﬁwermahIlstKs&ha@d from
control | ed b#bt he amount of the 20 blow ng a

dRp aHiackve iBipardawer rresadre: aleneanhiese teeAblagN e ¢ @rm@l@d@eads.

S AT e SRR o S T P o
anckhidiea %ragétréélntlﬁéiuﬂ’lhgsasb'&?ﬁfﬂﬁgi an%‘égw lts)trﬂéltéﬂ $_ﬁ8e &headed

IS the expansion rati0o of eads

i anexénudef tag‘mmrrwmgrbld)wingsagn‘ntttdn fornea |nnblte|tmaé)tparidame
from whi ch. the expanded beads are produced by the
APSIPCOTRASIAR, hor Meitencompasiton beiograxtiuded lﬁfér@@gh@due in the

ALY L el B ARG 0 A b
%%hdd@foarh@@ ahdex hﬁéédﬂ 'Aﬁ@leé‘lt@@n ‘@&@%ﬂ%ﬁ)n the tubular
together with a ce controlling agent he knéaded

strandiis cuh@mtﬁanexpad\deﬁ heagls eactifaving a tleolighmotd. 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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20 tubul ar strands. The strands are cool ed by

imrersion into water and cut into suitable lengths to
obtain the resin particles each having a through hol e.
[0098] The tubul ar strands may be obtained by using a

di e having annular slits each having nearly the sane

di mension as that of the cross-section of the 5
dlsbha@ing;frommmotﬂavproe\ee(trudde)finw\rhinh expasfsiarmand dbawingf have

P YIS AIRLans 4 PEsvSH TS SR ot s Ehaa e pa i
Bﬁﬁ)%ﬁﬂ/e oroéxtrﬁdgh%%crn@ﬁ %?Eé’ﬁﬁo%-gﬂd% W@Egééﬁr%ﬁat Ieast 400

Rﬁﬁt ﬁfor@bré?@ﬁébI)DBO(D e 1 t';fm)@ka?/@I | ﬁd(ﬂﬁtﬁmsﬂlynmet maxiaiunt Hiameter
slits. By communi catlng the air feed ports with the

Bgh aeeraga teatbdipimetar & cpireths wireuroferentiahdieection, sayarage aefl dameter
ressurlze air, the inside pressur f the, holes ca
@v Wéhﬁf%'fﬂé&e@ion and BRPREM ‘gf%ggg?ﬁer‘ga@ﬁte&% '?e soas
9 t.hatn t.ke: .
RLE e et Mol SisBho B thel g mubfis| 18 aguesgpecifed
egore preferably 0.1 to 6 ng, since the resin
particles and the expanded beads obtai ned therefrom
f00%6] et ai n tihgenerahtheuglowing &xtors haaian mlﬂoermeajmm ) dDg and
since the expanded beads obt ai ned therefrom can

bov-fiherargater he £¥pansion P §f thegxpagdgdReadsds, m%@r@éﬁr&ﬁD

i h %{%r L gﬁﬂL&ﬂ@oI# Qfﬁg]ﬂ?ée ltIS Pb&lcg% t%llgecf fn%ﬁ Hfségrs fdhathethod is,

@%@é@\" |s<HD 0 T@\'é dréatBr fé dﬂﬁe’t@%ﬁrﬂhﬁérﬁﬁzﬂdéf nihg@® drdwlar slit
mm still nmore preferably 0.06 to 0.20 nm since

uh@d Mbeamlmamodam éha;glbet@mt H@IThja greateothislexpamrsion ratio of

e S ngcggga%&gggg oS DO e et thiakiees of Wil of the
| er

i el s

ARInfetel GFRS EXpaiitlas beads hzn/etahgreaaﬁmemrm@n Las. tTed a\feﬁége

t he above-descri bed maxi mum t hrough hol e di aneter

pell diameteiof fhel axpandsd beads APy Cof Commalngby therkindanth gt of
S 4ok s e AR e ik 8o ARt 8nk B

' Ebﬁtﬁ?&fr{'& e\\lgé'?nat THJ@({)SKQ@E Fiie cﬁﬁ%@%ohﬂ&feﬁfﬁyqﬂé afbiipt ofthée

e of resin for thé preparation
Ofowmgaagaﬁl @xppasion tdnaperatmre;amd thilajoresneriiened pessatedifterence.

Wi th %ard to the expanded beads. 21 [0102] The
ésqg@fﬁjlad oy the ampralRithabipwiie 39805 ﬂm féslaeréae exRangion

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 disperéion method
has a significant influence upon the Lc\/Lcy 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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particles by the dispersion nethod in which the resin

particles are dispersed in a dispersing nedium such

as water, in an autoclave together with a physica

bl owi ng agent and heated under a pressure to a

tenperature higher than the 5 softening point of the
articles to i te the resin particles with

ttﬁﬁl'ﬂgbf Ry '@%ﬁt(a”dgpr?rég Fodled by H@mer%cpsb'nga wigfer and cut into
détﬁtﬁ&@ﬁ%é oY R é&ﬁ%ﬂk&a’s%c&ﬁgyha ) t%pgﬁ hake

pressure-a mal ntai nrng the
F{}(])QQS]UV e wt mh@ tubufar atrheed mn? bébb@u@m@ueg aum@vlnﬁ annular
an t he vapor pressure of he bl ow ng agent, so
tslits eachinavingmeady the sane dlummxdmasdhqui mmkﬂdss-semn of the

obt ai n t he expanded ads. ause of the surface
tta@%ﬁra@ﬂt pfﬂV@ﬁteq? matlo tf@moé&wah%ﬁrawé before being

R

qsresﬁn@@t aeighangresaurad evo aJm@Jeetﬁ@fpﬁl{pdééean aif iRt may be
beads obtained from such rounded resin particles are

gendided inthe cemigr ofreachioh fie. inMeravalis dlefining thef anrtutar stits.o ugy
hol es of the, resin par |c ener I ncr.eases 15 as
SoraRuneatst o 57 ebsEirsanthine Srbn Al oSTGES Pidgeurs or wih a

SRR HERi BT AL ki o O ) s L ATB RO

| stmivkpheticesdui@br 4 Righei srebsurge of the di spersion from
the autoclave into a | ower atnospheric pressure be

ple09%k med whitlissprefemeddhatitine rashEparmimlsaMeea waightisertpadicle of
a | ave at | eas G, nore preferabl
868% & oo mona rab'g.oh@@(ﬁi ?we %@f&:ﬁhﬁr@s'eeﬁﬁwééaﬁ@mey

ﬁ@@é@?%&qxﬁ&y B geva% Q%rggeq%lh ufhsezr Io%ﬁtn lthe@RAﬁtﬂout closure

dampsm@ the exparded bays lbbtained thér@ﬁromawb@urﬁf@hnlylf fed inc mold
agent such as an aliphatic hydrocarbon, e.g. propane,

b@ﬁvﬁh@rm%mdt@m0f§émfarﬁ@|dln90pent ane or hexane, an
rocar.bon

ai% B e anc 0y S0 prmEa et B tb0a8 Ri8 REne gesin partces have
e Iﬂ?ﬁ@érrkb?@ 05%0 92450 hﬂfr% H%f&%ﬁ@/t@%‘ﬁo 0.23 mm, still more

omet hane, 1,1,1 tetrafl uoroet

1preferabilp0.06 1o 0i20I oy, siaté &leexpﬁindedjbééMawetshbﬁtantmlly no
1-chloro-1, 2, 2, 2- tetrafluoroethane or an inorganic

pbi9@1e@éhroygbhphg aag since 2foamdnoldiag wbtainagkirom the epanded beads

SRR BOBR voer Bl R e, 0 A TR Ere e fimeter of

Rheredif Barstias AP Rkimdh trﬁ@@élﬁhcﬂé‘élaﬁfé{éﬁ ABARMERIN the same
probl em the use of an inorganic bl ow ng agent,

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 -

"fegard to the expanded beads.
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particularly nitrogen, air or carbon dioxide is
preferred. When expanded 5 beads with a | ow apparent
density (high expansion ratio) are desired, a m xed

bl owi ng agent conposed of carbon di oxi de and but ane

may be suitably used. [0105] The anmpbunt of the

bl ow ng agent is suitably determned in consideration
[102he i nt edderxprpdethendsrane prepaied fliemdysprdparet ecsis

and th expansi.on t rature enplayed.  The blowing .
BRERES By AEREHOR reeiuEh Whoh Rt o reridlnonen dgpaded in
HRRp8fsi jurfif ' '
L3pSRATRIeSbu sdorl 8 WAtARIr &n Qitdkfad fogRBfer bt £3h) ical

blowingagent ard heatedeuriled W press@@etota temper@elirehigher than the
anount so that the pressure inside the autoclave is

spftening poind of Heyeesyt padictes taomipgégdrate Ghe fOi0 Phrtidtas with the

b. Wi din V\hiﬁ{%t he .real_n $a.rti_c! es are insoluble my
loWing ageht ag resyltinglispsrgiondaidisaharseahispesa bpttemeportion
. . . . l L

of GCbha o &blef Pty Bibsp i el 8 Rinorhe

piespareswiibinntheidutddiave hEs pradure WdHRIT tRAn Bk SR Pessure of
di spersi ng medi um 0107] An adhesi on preventing

tgchiewing agentsse thalitaaresin particiesatmbicamed ahe expanded to
g?%ﬁﬁﬁ\se% Eﬁ.&dgﬁa@gg #g{}&gsgl %éﬁeg%g&etl .ttgr?sti(?{éoft tﬂg dispersing
PSR B8 T iR B LB AL RGP

herbiowihg agemt, theeesih paricies Bte sebMEY afllirdehdatd alhérefie, the

i norgani ¢ powder, particularly an inorganic powder,

expandgd hrads/ebtaiged fram susheountlesimesiapadicles. 208 generatho@und in
preferably 0.001 to m be used. Exanples

%?'gﬂeheerha R of 8%%@%%9%3"%%%@/ RSN RRItidegonerally dncreases

5 & el y . ™ . .

R s e APRAo And Ky, TR, e ot et oty

have Hgebtar didhtetprthas theyr rawingdterigieesid Partipest s by wei ght

of the resin particles. [0108{ A di spersing aid such
EM03] uni numFytiheratt is niefgrred that thadisehasge efithe disparsion from the

O T G PR S AT I
ks SBRicns bty sl P WD Rp B
PadB); singe thef specificokitigeanetacandiamgndemdrit enayitrssbitdined in a
i nvention conprises filling the above expanded beads
ipRilitatedgnaNnaid heating the 5 expanded beads in the

lfm'OQ] W th Strﬁ@rﬂlé\ﬁins)%%%w qu&' iri fhseeaiggggignhr%eﬁ%( oarrﬁ%()e/ e an
organic physical blowing agent such as. an aliphatic hydrocarbon, e.g.
propane, butane, isobutane, pentane, isopentane or hexane, an alicyclic
hydrocarbon, e.g. cyclobutane, 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

1-chloro-1,2,2,2-tetrafluoroethane, or an inorganic physical bloWing agenf
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beads together. The nolding conditions such as heating
tenperature and tine in the nold are suitably

deternmined with the consideration of the shape of the
expanded beads, expandability of the expanded beads

and tendency to shrink of the foam nolding produced.
Because t he expanded beads have excellent 10 secondary
expenas aitrafdn, eafittydiokidel ardui onaie.eSHigdse Blowingeagestt may

t he expanded beads w th a high pressure ?as to _

i herusad @lenr:of ins¢arebipatiar of ve pr nedbenest.t Heliosbthe standpoint
[0110], The expanded, heads ar referably filled in a

81 toss e PR PR ntalangrielt ThR S & 3Rdolganis B agent,
”Eéﬁicﬂfa‘?&%ﬁ@%é’n,%ilt& &todh dibNge is"‘leé?é'r'ﬂé 0| Wi expanded
having the deSired appearance, mechani cal strengths,

wbkads pethreeloiv apparedt densign@idhy expansion rD) bye desired, a mixed

obtai ned. If the conpression ratio is less than 4 %

i blowying agent eyopesed 9f caybpnetiexide andd wamamiydbasuitably used.
f | JJCr easi the insi ressure thereaof. : .
ety haeresiEfeBe HiSvg e & Sy etermied in
adyRGbaafiIoRWr tl'ié‘H?@ﬁdédfé#ér%i?ﬁ‘ r%idc Spa! b’E?JPQhEQd BRYHEGAnd the
a density greater than the bulk density of the

exRpakion tdrapdsturéerhplibyéd. Tae bdowingswjem ottadrithag aitrogen

be controlled by charging the expanded beads in the
mend aiaigigeperallyiused inancamenst @&gma@@aﬂéémwget per 10 parts

"Bl Siidonit e SRR USSR g dH0 Al e bowing
mapghﬂg JSRUNAR%n drholist 4 gﬁﬂfgﬁéssﬂf@ﬁ% defthButbave js within
fuFl'y close the ma?e and faema nol ds but to nmaintain

t fiee FAHgéSorsI0 @Md KgfasafGunti | full heating is carried
out. Such 25 an opening of the nolds (generally called

ci@t8Ing) i s A liquid in whish the resin; partigles yare insoluble anay be
expanded, beads i.n the.nmol d cavity and to discharge.air

RSB SoR SRt g el oRAe S i B R R Ph inciuae
JyahePetiiénd §9chlublycBRAt BehaMdi hethhRAMMRS miMiGres thereof. The
expanded "‘beadS 't o €xpand and fuse the expanded beads

t digptenging insediamr is gdefetably Mateher ambBdecausedispeising mesiadn.

and, therefore, the expanded beads are conpress

d.
a1l ng t hehaghesiongIrevaniipgiaggnt Wheh i%ﬁgtpswt'_alﬁénsolu%)(e in the

TR OB A sORIRIRE e Ao riryre may e

I 3HHed {Pthe idispeRid mibdigeh B révmt theviingbion befsken(tB res particles

t he expanded beads charged in a nold cavity having a _

v duringthe(Néatikg of the yesimpartities uthi dispessirtgmeéediom( g/Aflne asganic or

t he expanded beads according to the follow ng )

i §195ganic 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] Adispersing aid such as aluminum sulfate and/or an anionic

surfactant, e.g. sodium dodecylbenzenesulfonate or sodium oleate, may be added
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[0113] Conpression ratio (%9 _[ (Weads/Db - Vnold)/
Vnol d} x100 [0114] After the expanded beads in the
nol d have been fuse-bonded 10 together, the resulting
nolding is cooled with water. The cooling nay be al so
carried out by a vacuum nethod in which the nold is
evacuated to cool the nolding by utilization of heat

S SBERSER  a Rl ST
oyl veizigiet df thel reginpartitledadesifedror e than 11 vol unme %

fails to have 15 satisfactory appearance and
H810flni cal Amaiecthel producingsa anpmekivig/accrdirpiyt the paasent

f.usi on- I th b foi fficient fusion
R CABPRS MR oS3t berdiir aradi G meamscihe
Sipiabiacoint o5 0Nk, L1800 R g
\beads tpgetier.c alheunakied donditibas §wdH awherging esrpeérature 8Ad time in

0117], Voi d % = [(B-C)/B]x100 [0118] in which B
15 EOK AT iR elb TR Wi dhe hansaicnoneathe Shapercthe

BRI o8 oo ralaplesy il o
. : . Tevel il o

PR RpfPoRInd f1Bay QAT BRludiinb Sxt TR RE0S Rabe Bl

2BcoriahpbxpEmeioh effitienel,di is Bopraieesay Itcypdéa@aﬂhé@kﬁ%nded beads

perneation rate of 0 cnfsec, since otherw se t
ddlbia igh pEaspriegase ingreasedhe inside pressusmofibe delisghereof.

bt.ai.pable. F h t W
TIRES: Mon + HRECPReE Rpaitarn preaBlymedi Ao eavay wih a
' i r ® ;
(ORmERA 8 45 L T BBt 2020 o blnaong

having die desined appearanse, Mechanied Siengthscwatsk-paimérting and
perneabi lity test according to JI'S Al218 using a foam
QsneityiTgay hagasily obtairedyt i the camprassionaatia igdessdhani @, itwill be

VARG IE ARG Rt
Buesssivelyriigh BBnBicagioRaMtid Wbed ﬁb@gg@%ﬁx %Pv%t&@eaé&géﬁépf@ults

%and a water perneation rate sec
dud foanh groldingihandn) & density gabatercthde e bhule densitpohthe expanded

ccq?rdi ng to the present invention. [0122] The
PEReS

_ wing exanples will further illustrate the present-
[0%™A ' O 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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10 [0123] The pol ypropyl ene resins used in Exanples
and Conparative Exanples are (a) a propyl ene-ethyl ene
random copol yner (MFR 7 g/ 10 min, nelting point:
143C, hereinafter referred to as rPP), (b) a

propyl ene- et hyl ene bl ock copol ymer (MFR: 10 g/ 10 mi n,
nelth? poi nt: 160C, hereinafter referred to as bPP)

alhe melgs %{eﬁwIb(pgnseﬁlean%ﬂﬁfﬁf@re?thy@@aroqlmem aje comprassed.
e iR ook ALt g LAHEAED o8 B rBRES g s

Acpasiesdi@Sialio FReVBE édhtrbdd € 1 was nelted and kneaded
together with zi'nc borate (cell controlling agent),

d0d12]he kneaAsdsedhbereir? thevesnpressior eafiot( %) (uiddteminédby the
the form of t ubul ar strandsqyn the case of

(0104 the @¥pandeghbeads ehaegachis aivaldrhayity baving a volume

@-ﬁ%v@?ﬁ%ﬁ@ Rl 8y S rehibued beah oL o e

%Ilovhﬁ’gﬁﬁrhﬁlaﬂ resin particles having an average
wei ght™ per one particle of 2 ng. The zinc borate was

i[0113fe f or m Gbmpresiomeratie (%o et (WWh.240b U¥aH:) VinRlx1800UNt
ﬂﬁ? at the ntent of the zinc borate in the resin

Hcl es vva @ the expandeqdegs m@bemol%mgye Q%ﬁfgih'ﬁe'lbﬁnded

Th
G e R RTBP R ST IR g  Z0f KOatbirdy e el
tdh?nécﬁcﬁlﬂ‘b? alVaRUGS memed H\ﬁhlcﬁ HRIPRbRYis @f/addéﬁeot tBrc‘éHEtHe ?rﬁ)ldlng
a hole of 'the resin particle were as shown in Tab
[y Rtizativhef heatiof vpporizatibresf steara. t hen foanmed and

ex Fanded Thus, in an autoclave having an inside
88l of 5 [he fpam goldipg Rreferably jasa voidage o&8 i 11 volume %.

oo g el Feddo BRRTRE L POGR iR B8R
(shusfaebw ap“{)earaﬁcem@nédmhﬁ:ﬁpbt(en@ths@mh %@%@mﬂres@%rﬁljeﬁgth
3 and Conparative Exanples 2, 3 and 6, 0.0

aansifu&gmbgadlﬂgsteerqgjh bpemeemj muﬁl;lemiafsused dhondlog @etvgeen the
Af t h t he bl t sho

AN, oS, oS Be FADY ym 28 G EING TR, packing

ar#@ﬁél@‘éﬁd%ﬁt‘ém@ﬁs"?‘t ed with stirring to the exp_an5| on

1

tenperature shown in Table 1 and the resulting
qdos$#6]r si on" was 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) cohtained 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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mai ntai ned at that tenperature for 15 mnutes at the
equi | i brium vapor pressure shown in Table 1.
Thereafter, while introducing the blowi ng agent gas
into the autoclave to apply a back pressure equal to
the equilibriumvapor pressure and to keep the
skhyspersion in the autoclave at 15 the equilibrium
vapor pressure, the dispersion was discharged froma
E@]om of the used befein/beiwater permeation sie isras, measurédhby a

R e e S A R S5E o
b s

dpseitservarcea tedtathull vassel for cohRiMiey thiewpeciaed. measur ed

for their physical properties, i.e. the maxinmm

ﬁoé%l h ( Lma@Jcl@a fears rm;d@ag having Be/oifiagecf Ommmwlameé% and a
t he

\gﬂt&r Begrrqq?golp Fﬁ‘tﬁ l9§ﬁ nC%Bt %ﬁsu?tg@p{g%%ywqﬁuy tbs agpg%—gescrlbed
gfpﬁutaxgcg?%tg E@J&Qsé}ﬂllrﬁ/ W%,Jamjm diameter HD, maxinum

average ce iameter (Lcv) in the

[oadepl 25 diTheddlionihg exefipisewil @lithed illasteite the prekBntiifvention.
the circunferenti al d| rection. The results are

KU2ri zed Themﬂv@ropqummmwsag mr{@(mpmomd beads

OHnat 2l ExEmilPs e TBh f PR ERP-RaUens Tridin|hgiiner
@gpﬁmgn o%mi, HheNb R MG RerDInGHRFSSrehleci S YEP)

epar e di ng conditrons shown

) d\prapysenteetiiydenebdock copelgmerg MFRE e al/ 1@ mhinyaselting
carrled out. Thus, the expanded beads were filled in
ROIRD| *tﬁ(béluhqremﬁtewﬁfﬁré%cgw apypRIY b Angly(Q) IRepiaplytena
the 5 0 o _shown . .in Tab The expanded
beRaBoli2re ER®Redle Dinii B ATEL “GcoersipRer
sheva ngﬂ@ppﬁ 3 and expanded and fuse-bonded
toget er to o aln a foam nol di ng. The maxi mum

Bxample ¢ to(Aanl Cempaestiver Exampies edot® an insi de
surface of the nold cavity by _the expansion of the

l&aﬁéﬂded beéd%a%fﬁﬂﬂ@ sheemisl fiahle twas medtedsanshinpaded

h

ST 2t BoPRE R PRI BSr DS08R kRabiinass
\%sté%t?ruaélddthralﬁ@w aQfkiiRghé ifeBNioT tabultalr Kerah@aYin 8tk t:Qse of
cool down the foam nolding to such a degree that it
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
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| onger expands when taken out of the nold. The foam
nmol di ng was then neasured for its density M, voi dage
and water perneation rate and 15 evaluated for its
appearance and cooling efficiency. Based on the
measurenent results, overall judgnent was al so made.

eff enc | uat d the b f
Tile 88306 esinihactiFls Ui PR TR DR TR he denai ty o
am nol | '
\lefq ﬁggn i ncfggggsﬁf%ﬁer%ens??;H%?fqiﬁsgIggfrir{ ?m i negd.'
Zh 28 in an(&utotlave MawWn® a0 0odime of 6-L CIDLN)fG#aﬂﬂ@ 1 kg of

Cu NILNNOMc- | cr} NO~t NMOM, > a)
\the regin pagicles, 3 gof kaglin (RdRefjoR Nememtlng@g%nt) 0 06 g of

Q9 d%@l%o%d@lb?ﬁozced}e%@gog %ﬁ @5%5 ﬁ]gélg) &‘f@rg q_h}é(r gd‘im
%be?f%rse;rof;fg)r(éfﬁpfé SardcYnifarkfv Bxanfbles!d, 3 ahd's,'0.01 g of
aluminum sulfate (dispersing aid) was additionally charged). After
charging the blowing agent gas shown in Table 1 in the autoclave, the
contents in the autoclave were heated with stirring to the expansion
temperature shown in Table 1 and the resulting dispersion was
maintained at that temperature for 15 minutes at the equilibrium vapor
pressure shown in Table 1. Thereafter, while introducing the blowing
agent gas into the autoclave to apply a back pressure equal to the
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 phyéical properties, i.e. the

maximum length (Lmax) of the beads in the direction paraliel 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 (D), average cell diameter (Lgy) in the radial
direction, average cell diameter (Lcy) 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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fendth o8, gfty o Wi gr Seem RE 3 RickResd or iy weip prepgres
Gy MG ot aie e Bt
indrebsing 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 moid 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 th'at 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 dénsity of the foam molding, since the céoling time increases with an

increase of the density of the foam molding.
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A [0127] Fromthe results shown in Table 3, it is
appreci ated that a foan1n0|ding havi ng a snal

IHETR° oo arragat i kel LRI IETaBEEN, RYs applechRifier o
Ifcswmrrhbmmdg auohg i emalheoicspansiriaheadellshewatdd g&intshtion

to in-nmold 5 nolding wthout an inside pressure
rmsmerqprpbetotﬁamedrmth e expanded\beadshefthenpresent

in-nmoJd nol din the ex ed beads f the resen
IMEIHIGN, S VER Mg@m.ﬂé@eaean&ﬁ@ e@ SFte jeeled n'“r'HP

Ao 78 AhOL T (160 MR B B Fou 8RB,  Further

appearance and an ex

BQ8h SHIEE ehe fnRAd Qﬁélairrgeaf e éx@armf&h begdkidtdhe present
efficiency. 10 Since the conpression ratio can be made

gmntiont isecadsadiaut with aHewf comprassiah mjuaca:&ramngoldmg
eV a8 2574l VoK a0Re St dbbe BdiS AILLEN FEAIED! ke
BKAPRSNEH roelighod bah e, HARUIPHNERHR P EBoly efrcincy.

SiksMAEScompréxsiandato kt,%@obe ey Sﬁialﬂgtﬁ‘éfklbnmi/ lo$ the foam
whi ch define a plurality of cells and which conprise

mdiding aesordingtmpthespregeat potergionpigl rtenuel ihighesabiandhe

bead h hol di th
f)p%qer?g‘ltyso VI n)g(]panéeér 8eggs u%e((e:l eﬁa(\errr}e %he eilrp%lnglon ratio
of the expanded beads can be reflected upon the density of the foam

molding.
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- 0.08

5 one end to the other end, said beads having a

maxi mum di aneter Do (nm), an average cell dianeter

Lcv in a radial direction, an average cell dianeter
LCHin a circunferential direction and a maxi num

t hrough hol e dianmeter Hp (mm, wherein Do, Lcv, LCH

and Hp are as defined hereinafter, and 10 wherein the
ratio ch/ LCH is at |eastCLAIBISthe ratio HD/ Do is

)€ ér) 4adtherat|oHD/L<i is 0.1to

et ni (BRI as, CoRIPARIN ool Ml rawhinbeinarariurality of

d
AT B EoinepisB T hBks r&¥m QHBPESMGT pouvrtbR BB esin
as 15 daehl @W@a:d(b@adtserﬁmhﬁgcéstrﬁbagﬁrrwlé re&féwngqn@#eﬁﬁ from.
(b) each sanpled bead is cut by a plane perpendi cul ar

taneaerd taithgothémend.connecti ng the one end and the

ot her end Bf the through hole at the center of said
strai gif@'q PRrEJE a@/.'%adﬂaéﬂﬁwumﬁlam%géD@émmbramavew@e cell

§m% é} ﬁ'rEBWd‘?rre%ﬂBﬁ‘ Qﬂda\l%'?a{gggi%éﬂéﬁ%fgﬁ ELENT S

ar Cross-section 1s
W@hﬂﬁéﬁ@hﬁl dil%d’ﬂl@naandfhfiﬁﬁﬁmﬁ?ﬁ thtélg H’ﬁo?é‘élameter Hp (mm),
cross-section thus displayed or phot ograp hed, r &
str ai glwherleumé)o; kcdrbmaﬂddﬂptdnatast thefided GErahaﬁeghind
line intersects the outer 25 circunference at

i nt er s¥ETEN Hie FAto boy/ lerdipableast 1:0% theratio 'lll\g/ Do is 0.08
gbrd:hngfn%r %@Cr%t%tHD)’l\%é/ Ftdsﬁﬁcltd on p0| nts and that the
[

stance et ween tersection points Do, and

D02 is maxi num (méf.mh@n@m@rm, Dgp(anﬂ HBetween the

two intersection polnts Do, and |
rt’eamxamumfO)Iamechmdamragegpﬁll dilnneetpet_@endvendg@rcelb
541 r st strgrﬁ line IS%Q(}‘B such that the second

iaeist e ARG TiRdMmWBbrouah Bale.diameten Huatmmeasured as
tiyowst er section points dOl and dO02 and the inner
circunference at two 5 intersection points and that
t(bpteti beads arbéairbitranily sanpled; nt er secti on

(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;

(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 Dgq and Dg» and the inner
circumference at two intersection points and that the distance between
the two intersection points Dg4 and Dg; is maximum:; |

(e) the distance Dng(mm) between the two intersection points Dgq and Dg>
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points d01 and d02 is maximum (g) a circle Cl1 having
a radius of Dn0/4 is drawmn with its center at the '
i ntersection point Pl between the first and second
strai ght lines; (h) a number NnH of intersection

poi nts between the circunference of the 10 circle Cl1
and cell walls appearing on the displayed or
dﬁd?%@$ﬂ§ﬁed cross-section i s counted; (|) t wo

I ch hav Dn0O/ 8 are
ARGt MRl B AP ek RaRed Dl it st s arawn
icht thaPZhé2 86 cbid FRdine
gmr ai gﬁt li necandst{rﬁe C?Edc(:al @ké&sec%fhﬁ?ﬂ‘t&?ﬁog&ﬁf ence at
itwoantersection points <igh eindedyy Ahe the irftersdifcuintrehéd &t two
cated on the circle C2 and bet ween

d 1 s |

TRErestian BOVS gnd thahihdistaers beleers ot cosscion

| T ted dth t the two

?uﬁﬁéf@@@{@fﬁ%c'gﬁﬁegwn(k) angsgr Z(i:;eocell d|2amater
f Lnc,

0P T Sorafhg Mho S CHd 8 Bl Wi B cebleniziahe

intecs clidrapeint By bétevder thewfing aner sdodd staight fines:

0, 810xDnoxsj n(rr/NnH); (m maxi num di aneter “Hnp (nm

R} @ ynabemngaf dniessectian painds ibetween the wircpaifetend@nof the
t hrough hole in

oG BT A PEf WH Gl 4B dhsieked 8 photpraphe

ngmor{@c@meaam mum di aneter DO is an arithnetic
mean of DnO of the ten sanpled beads; (o) the average

Cigtwodiieohes €2 amy Oaseaa:h havtmtradlm@J/BLdTéVdr‘é@vnt Wih
beads; (p) the average cel

| e
EP%E?BIET p@hths ty t\e{ﬁ inters@eHan poirak oand R reSpetrtevetIyen

FRReER e8I s Ehiont Mo, a6 B el b tf‘hﬁzg%“z'f “the ten

gamhﬁférbftﬁdﬁtergect@ﬁ’ﬁaﬁﬁg bR&AdEn e Fir & TRLghDIiIce AT cell

1, wherein the expande

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 Lncy is calculated by the following formula:
Lncy = 0.405x(Dng/ Nny);

() an average cell diameter Lncy is calculated by the followmg formula:
Lnch = 0.810xDngxsin(mr/Nny);

(m) maximum diameter Hnp (mm) which 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) the maximum diameter Do is an arithmetic mean of Dng of the ten

sampled beads;

(o) the average cell diameter Lcy is an arithmetic mean of Lncy of the ten
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beads have an apparent density of less than 36 g/L. 10
3. Expanded beads as clained in claiml1 or 2, wherein
the ratio Lcv/ LCHis at least 1.07. 4. Expanded
beads as clained in any preceding claim wherein the
ratio Lcv/ LCHis 1.1 to 3. 15 5. Expanded beads as
clained in any preceding claim wherein the ratio Ho/
&)amgpe&.‘ie?‘gs’o. 25. 6. Expanded beads as clained in any

[ ' N th ratio HD/ L iis O.
35 AELOL N PMERILLIR, of el Re S bt LBt o on
cdamplediedds; mridhe ratio HD/Lcv 1.2 to 5.5. 25 8.
\%ganded beads as clained in any preceding claim

tee maximum thraughdasle didmeter HeHs ian atithneati¢ nBirpof Hnp

a HD is at least 0.16 mm 9. Expanded beads as
qu}gpﬁganisgnM9S ing claim wherein said 35 i r

expanded beads have an apparent density of Dt g/L and
a bulk density of Db g/L and wherein the ratio Dt/ Db

of 2 he Expramdedt betedts ab \cldimad b Ol 1, dpmsiciy the ekpBndéd
2.6. 5 10. A nethod of producing a foam nol di ng havi ng

Pepsisdaane an appasentdensity of tessntbandcifgtli.si ng filling
expanded beads according to any one of clains 1 to 9
ina nmld wthout a pretreatnent with a pressurized

f ' | |:nSi he. .
O sana SOEREE A T AR ERh20 Wkl e relie Lovi
Nl disvattibast €@n t o expand and fuse-bond the 10

expanded beads together. 11. A nethod as clained in
claim 10, wherein said expanded beads are filled in
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5. Expanded beads as claimed in any preceding claim, wherein the
ratio Hp/ Dg is 0.1 to 0.25.

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

7. Expanded beads as claimed in any preceding claim, wherein the
ratio Hp/Lcy 1.2 to 5.5.

8. Expanded beads as claimed in any preceding claim, wherein Lcy

is at least 30 pym, Lcy is at least 28 ym and Hp is at least 0.16 mm.

9. Expanded beads as claimed in any preceding claim, wherein said
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expanded beads have an apparent density of Dt g/L and a bulk density of
Db g/L and wherein the ratio Dt/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 any one
of claims 1 to 9 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 or 11.
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