DESCRI PTI ON  POLYPROPYLENE RESI N FOAMED BEAD AND

MOLDED ARTI CLE THEREFROM Technical Field [0001] The

present invention relates to pol ypropyl ene resin

foamed beads and a pol ypropyl ene resin foanmed bead

nol ded article obtained_ by nolding the foanmed beads

and particularly to poP?ﬁ?%E?Féﬂ@ resin foamed beads
in lowtenperature fornability and a

cell ent _ y
POLYISURSTEN difs osi HORNEM BEADI AN HAIEREP ART LIk THEREFRON

excellent in external appearance, conpression
physi cal properties and heat resistance obtained from
the foaned beads. Background Art [0002] From novenent
Techaim@t dF it kdtic naterial integration in various
i ndustries in recent years, particularly a
[000Xbl ypropyl ene resin is expanding industrial fields
because of its excellence in the balance anong

medramreaerdt ienghhioheatlaess st anedl yar@sessadidddih foamed
and price and because of its excellent properties in

beadeasy eeriugtidylidne asdinedsymd@epeldabbl ibd.article obtained
Simlarly, polypropylene resin foaned bead nol ded

by moariiing eise dhizaidtede by s il dibagtakbupah R PO ENS F &S ene resin
foaned beads can be endowed with characteri'stics suc

foameéad bbgﬂbmﬁégbéll@ﬁ@pﬁﬁiiQ%w—ﬁ@ﬁﬁ%ré?ﬁ?%biP&rmability and a
characteristics and thermal insulating properties

polypMdhodnd osk 89 exeehl g - Proper i es.qf atl_'l%QClg gxcellent in

pol ypropyl ene resin and are thus w dely use

extemarkagh Qaﬂﬁﬁ@élaﬁ%mﬁ¥§§§¥&¥’%ﬁ§§%$£€|F68%%%%£ggﬂand heat

mat erial s, autonotive nateri al

: . in f nol ded article
residdVRY %ﬂﬁ%&l Idg%] %%agrgeﬁebeacgs

obtai ned by no ne resin foanmed beads
IS superior to a polystyrene

Background Art
[0002]

From movement toward plastic material integration in various
industries in recent years, particularly a polypropylene resin is
expanding industrial fields because of its excellence in the balance
amongmechanicalstrength,heatresistance,processabilityapdprice
and because of its excellent properties in easy combustibility and
easy recyclability. Similarly, polypropylene resin foamed bead
molded articles obtained by molding of polypropylene resin foamed
beads can be endowed with characteristics such as lightweight
properties,shock—absorbimgcharacteristicsexuithermalinsulating
propertieswithout1osingexcellentproperties<xEthepolypropylene
resin and are thus widely used as packaging materials, building
materials, insulator materials, automotive materials etc.
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resin foaned bead nolded article in heat resistance,

chem cal resistance, rigidity, and conpression strain

recovery. On the other hand, when pol ypropyl ene resin

f oamed beads are secondarily foamed and

si mul t aneously fused in nol ding, high-tenperature
[0ooBgating as conpared with nol ding of polystyrene resin

foamed beads, that is, heating by steam at high

sahus&l yefopaPdie He@SFUFBamkd HNELESBAQLd aAtcondi tigtyined by

a nold wth high pressure-proof specifications and a

mo1 ddadigatyed- 3P 18 Ngr SRCAIFBEMEBNLdH i Pl@SS rReSSsE@ AR tyrene
necessary, and energy costs used therefor is also

resifl GhadP0M adonsokue ta'i't%cﬁreobuﬁnﬂle@t mebhedeabce, chemical
coati ng the surfaces of pol ypropy ene resin foaned

re51g%§9§ewfl W’)}mcjaﬁdi Y g'rfe %ﬁtsflec?lr{]z?ecb%e?ggso On the other
i3 the

carried ou for exanple, Patent Docunent 1) ;

handap‘plg%@f_dbﬁﬁf %?323 l'erhe E%lﬁoﬁgélﬁ&i 'b%amgskcgég&d@ﬁgl%yefoamed

ess thereof "1s also conplicated

t ual fESI n of t he rﬁ Jn pq{tlcles
e

and Slmum%ane m t m eratur €%itll’l as
nmprove %ecause (-t) S conogary am ng 0? }} 9
su ient, there remm

d f '
Compﬁﬁﬁﬁe%ﬁ@ﬁﬁwl%] RE BRterhEFoRs Jet dncd SOMEhReRaR ddat 5.
ticle, and for the purpose of inproving the
heat&&&oﬁﬁa?EE?Wnﬁﬁ ﬁ@gﬁkéﬁéPF9t6?Hf8ﬁﬁﬁ et for 15 necessary.

solving this problem there is necessity for a step of
Accogiinfd Yy ng &f widihe @PepFﬁﬁngﬁnPFPegn%P?C+ﬁ%?%%%?%@ and a

the internal pressure of foamed beads, for nolding by
dedicRiggl @OﬂﬁFPgn@aﬁblﬁ?gﬁOEo}W%@ﬁ?ﬁﬁ ngﬁqsd;r%raqq)mecessary,

i ncrease of steam pressure during a nol ding opposite
and epedeyi Fedtebpeers -nerpfogsEsThéFe hsgllkso a met hod of

using a relatively lownelting polypropylene resin as
{00041base resin, and pol ypropyl ene resin foamed beads

using, as a base resin, a polypropyl ene resin

pollpnmeriizedtbys problem, a method of coating the surfaces of
polypropylene resin foamed beads with low-meltingdifferent resins
isalsocarriedout (forexample, Patent Document 1), but the apparatus
used inthis coating is complicated and the productionprocess thereof
is also complicated, and the mutual fusion of the resin particles
in molding is improved, but because the secondary foaming of the
foamed beads 1s not sufficient, there remains rcom for improvement
in the external appearance of themolded article, and for the purpose
of improving the secondary foaming property of foamed beads for
solving this problem, there isnecessity for a stepof giving internal
pressure for significantly increasing the internal pressure of
foamed beads, fcor molding by in-mcld filling at high compression

ratio, or for increase of steam pressure during a molding opposite

to desired objects.



using a netall ocene pol ynerization catal yst are known
(for exanple, Patent Document 2) . The pol ypropyl ene
resin polymerized using the netallocene
pol ymeri zation catalyst gives a [ow nelting resin nore
easily than with a pol ypropyl ene resin polynerized

[(000W]th the conventional Ziegler-Natta catal yst, but
there is still roomfor inprovenent in the effect of
redtdeirag ikhe1satl W atdttiovapor upi 8§sHr eclek ist@amlow-melting
necessary as a heating mediumduring a nolding, or for

polyPRiopyakRkng £XxCeklLphsprepant,i @ﬁd@@q@p%prﬁ@a@nf@@in foamed
strength and heat resistance inherent in'the

bead@ouypﬁgpxhﬁﬁﬁbégé'Fés{@OQ§boN95r%b9§%hbnf§glﬁQ§ﬂﬁgner1zed.by

beads using a nodified pol ypropyl ene resin as a base

u51n5%§h%tgéib%%nb fﬁ§ﬁ%rf§a@1@@é%E€9%%E%Q tior el €8 ?I‘example,

[[content of a po yner conmpose Vlny nononer | at
Pateﬂtrﬁéé ef A7 te,85] f@% f%éé:ka g wel ghg, th
obtallga 2%gra t- ? ?ng a po yp ene res??ﬁnq ©
1Y) [ e
me o478 %ﬁ@%%ﬁé%%ﬂ[%%u%@%et@%ﬁﬁwﬁé £ res.eétt&agerem
casi erf mance f foa bg@d sing_ Lhe th th
ot %?aorbw &8 oo IYRPERAIES Sas ?%Je pACa EG o fentisth the
d_on stateﬁ%ran5|t bon u ue to the
convh R HORaR et AP e Shol gher SRER B8t mobt) nfgh%%.m il dgom for
transition tenperature, and by sel ecting
IMPrEYETERopYt ¢hE FESFRT r?a‘:’vrﬁsusmavmﬁe|51aith1§a§é|0ﬁtVa@% pressure
saturation vapor pressure of steam during a nol ding
of sggampecreddesd, aput bRetd nfemgidism guﬁﬁ@ﬁlémWQidlngr or for
mai nt enance of heat resistance. 3 [0007] Patent
mainpgéniBAt Xce ) PeAt 2000r8DA1iePatwplt Todigmmnixzaljmixength and
6- 240041 Patent Docurent 3: JP-A 10-292064
heatDirssliesanecofinhaventi on the polypropylene resin.
[0006]

Non-crosslinked foamed beads using a medified polypropylene
resin as a base resin having |[content of a polypropylene
resin]/[content of a polymer composed of a vinyl monomer] at a ratio
of 97 to 65% by weight/3 to 35% by weight, obtained by
graft-polymerizing a polypropylene resin impregnated with a vinyl
monomer are known (for example, Patent Document 3). The heat
resistance performance of feoamed beads using the modified
polypropylene resin particles as the base resin tends to depend on
state transitionunigue to the high-molecular peclymer suchasmelting
point or glass transition temperature, and by selecting a
polypropylene resin having a lowmelting point, the saturation vapor
pressure of steam during a molding can be reduced, but there remains

a problem in maintenance of heat resistance.
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Problens to be solved by the invention [0008] The
present invention was made in view of these
ci rcunst ances, and an object of the present invention
is to provide excellent polypropylene resin foaned
beads whi ch can give a pol ypropyl ene resin foaned
[000OBéad nol ded article having equival ent properties in
nol ding at |ow heating tenperature w thout
Patetlet @bcamahiny: egeekl ento-praperti es such as
conpressi on physical properties and heat resistance
PatehRaboanfegbaracterasti-ggooh1a pol ypropyl ene resin
foamed bead nol ded article obtained by nol ding at
Pate%@nE%Ehmgﬂé|3h'gb Reapingyokenperature. Another object
of the present invention is to provide a
pol ypropyl ene resin foaned bead nol ded article having
excel | ent external appearance, conpression physica

- testap resi stance which is obtained
Dlscgégeﬁglhg tﬁeggg?ypropylene resin foaned beads. Means

Probﬁgggokxebghgoﬁgg |§gBFgL2983LnIEgnpresent i nventors

ext ensive s vé the problem described
Oooﬁgove, and as a result, they found that excell ent
Iding 4 of foaned beads is realized at | ow heating
erature, and L mul t aneoysl.y the e
F i S S eaP 4L lo%‘ﬁ&%@é Vbﬁ‘cjﬁ)%cﬁ{ieﬁ?c‘fde‘ﬁ‘%“&tancesf
and heat resistance of the resultlng f oamed bead
and 2oy G0 S5 i FREArPTRS TR ntBY Feb OBy i Feflll RECgdensxcellent
rel ati onship  between specific physical properties_ of .
POlYﬁrpégﬁﬁnﬁdgéﬂﬁhf%@m%@bﬁﬁésV@bﬁﬁ?@%@Q&Ne§h9§EEEFopylenefeSlﬂ
properties of a foaned bead nol ded article, the
foamed| g2 @ASHIGE hetweEh et v Ty stcall vetlieidt prepeftieansy molding
beads and the heat resistance of a foanmed bead nol ded
at &pvwi cheatipg r e A ¢ RSN P without deteriorating excellent

properties such as compression physical properties and heat
resistance that are characteristics of a polypropylene resin foamed
bead molded article obtained by molding at conventicnal high heating
temperature.

Another okject of the present invention is fo provide a
poclypropylene resin foamed bead molded article having excellent
external appearance, compression physical properties and heat
resistancéwhichisobtainedbynwldingthepolypropyleneresinfoamed

beads.

Means to solve the problems
[0C09]

The present inventors made extensive study o solve the problem
described above, and as a result, they found that excellent molding
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between the crystal structure of foaned beads or the
behavi or of the foanmed beads during nol di ng and
nol dability of foaned beads, and el ucidation of
nmut ual bal ance of these relationshi ps and by
regul ating the crystal structure of foaned beads wth
of gddpropykenes resihzad kaseloesihrezhavingtamspestfire, and
nelting point and flexural elastic nodulus, and the
simuptesebtisipveiid oaxwasléher ebyt ool espdeariNOA0] chidiression
Is, the gist of the present invention lies in: [1]
physPebY e ane 4 esimd0aredi beadse GaMphé Hd@i1d ing foamed bead
pol ypropyl ene resin having a nelting point of 115 to

moldédderandiancth sed i e aleodi) Us 5 0fa 500 MR Qeiationship
nore, wherein the amount of ash on the surtfaces of

e T T PR AR P g oo
cone RRG.ERIBLIELELS PESSLTe) Jov] ol ofbonled STl Wi,

the gi%%ior&%tlh%e breecsu}enenb%heaili%os gf 3 rrun(&rueree%%o%ggrrnéndcbeads and
: peaks ? aving a p€ak tenperature 1'n a tenperature

the e PORERERRET Wt R0-MRup i a2l Al ™ o ER e tpronio
h ' 1 3 f [ I in f d d
betugpan et BUSFS bnPF DOT LENer BGRESd ST G e dEd gt or of
erature 5 rise of_10Cmn with a heat fl ux

tenp
the fpemgreherar Jeahnd niCtd e isnd dioldafidl e tlotigamed beads,
calorie of the endothernm c peaks (Pb) is in the range
I

and gfiugidgtionypd mpspathbagenysr 6py er ggilatfioaredps and by
beads according to the above-nentioned [1], wherein
regufl g legpdisst ons kat 6 repiirmimh expandiceadsparth lre vatticpy Llene
by heating/ expansion particle ratio before heating)
resipyaheatbagresih saeany at speat iratiolt vaparoipriessw € lexural
of 0.15 MPa (G is 1.3 to 3.5, [3] The pol ypropyl ene
elastési mofioaned peddhaapcesdnngitvehhéon was thereby completed.
[0010]
That is, the gist of the present invention lies in:

[1] Polypropylene resin foamedbeads comprisingapolypropyleneresin
having a melting point of 115 to 135°C and an Clsen flexural modulus
of 500 MPa or more, wherein the amount of ash on the surfaces of
the foamed beads is 3,000 ppm by weight or less (including 0), the
foamed beads sheow not only one or more endothermic peaks (Pa) having
a peak temperature in a temperature region not higher than themelting
point of the resin but also one or more endothermic peaks (Pb) having
a peak temperature in a temperature region exceeding the melting
point of the resin and not lower than 130°C, in a first DSC curve
cbtained by heating 1 to 3 mg of polypropylene resin foamed beads
when heated from room temperature fo 200°C at a rate of temperature
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above-nmentioned [1] or [2], wherein the average cel
di anmeter of the pol ypropyl ene resin foaned beads is
50 to 350 m [4] The pol ypropyl ene resin foanmed beads
according to any one of the above-nentioned [1] to
[3], wherein the Asen flexural nodulus of the

risepot Ypropyl ene thesinkaant]l thelifedriand iRal staphithedlesiimeter,
satisfies the followng formula (1): (O sen flexura

and tdwdisal ¥BabrteldP@)hd thdathesmicnebik89(MOI As (£)the range
(Asen flexural nodulus [MPa] + 1750)/20 (1) [5] The

of 2pebypropyhene resin foanmed beads according to any one
of the above-nentioned [1] to [4], wherein the

[2] p@hapr&pwa@pyf&@ s i® COPARWEET HehaBr opyL&rgidd to the
et hyl ene "and/or a-olefin having 4 to 20 carbon atons,

abov%ﬁlne?q—lﬁgoﬂ%y[pf °p%h@g@iﬁ%é\?\g&ﬁéﬂ?%ﬁ%ﬁ%@%gﬁ%ﬁﬂ etx%ans:Lon

ove- nmernit'i one ereint ti ng pol nt of

part&ggéplo%%ﬁ% LSQ ?ék aﬁél&&gjgro# oarre a@ggdégfoc‘ré ri‘l%rétlng

e po opy ene re
ordln 0 bove nen |oned 1 erein.t
by hea tmﬁ %E%ln#o?mt e po?aytpl%%p%/ ene Elrdes@reisss (9% p-1> Mpa
135§ ag S ES] P_ pol ypropyl ene resin foaned bead
ed &Pt € which is prepared by nolding the
p propyl ene resin foamed heads accordi ng
) Ofndhe et ondd 11 2oomsr BRrder Y teRdng o the
Inventlon 0011 The_ pol ypropyl ene resin foaned beads
abov@rm{eﬁélﬁf@gerﬁﬁ- |ﬂ%7eh%ion‘"’h%%%“brw ¥ FBarfed bebgmeter of
nol ded article which is excellent in nold
the peprodopybehit yeand dpawadi baafssiabbPi tp wPPhumew
nol di n tenmperature (by heating with steamat |ow
[4] %ﬁupagy@ﬁopafa@ﬁepr@%smréqam%@ob%@@}%léltcémrqim@xttcérm one of

appearance such as surface snoot hness and
the above-mentioned [1] to [3], wherein the Olsen flexural modulus

of thepelypropyleneresinandthemeltingpoint of theresinsatisfies
the following formula (1):

(Olsen fiexural modulus [MPa] + 1400)/15 2 resin melting point (°C)
> (Clsen flexural modulus [MPa] + 1750)/20 (1)

(5] The polypropylene resin foamed beads according to any one of
the above-mentioned [1] to [4], wherein the polypropylene resin is
a copolymer of propylene and ethylene and/or a-clefin having 4 to
20 carbon atoms,

[6] The polypropylene resin fcocamed beads according to the
above-mentioned [1], wherein the melting point of the polypropylene
resin is 115°C or more and less than 130°C,

[7] The polypropylene resin foamed beads according to the

above-mentioned [1], wherein the melting point of the polypropylene

resin is 130°C to 135°C, and



in nmutual fusion of foaned beads, and a foanmed bead
nol ded article obtained by nDIdlng t he foanmed beads
of the present invention, even in respect of the
excel | ent conpression physical property, rigidity and
heat resistance inherent in the pol ypropyl ene resin
181 f pangdr beatendpkded ardrce] cad sotarparalilcd dwhich is prepared
conventional products forned at conventional high

by mB0HELBIthenper abub eyl EHEt hesin t heahoamshbeadscoafitdeo any

invention and its nolded article are al so excellent 1n

one @&S¥heCanBystibhkibyecandigasy regyclability. [0012]
The pol ypropyl ene resin foanmed beads of the present

i nvention enable nolding at | ow nolding tenperature,
thereby enabling significant reduction in energy cost

Effe@@r Qgtggrghg?ngﬁoﬁonpared with the conventiona
|ng of ypropyl ene resin foamed beads and

001 nultaneously enabl i ng use of steam at | ow saturation
vApor pressure durlng ol di ng, and thus t he clanping

pressure of a din i ne gﬁged and, t
B T B e s BEARS 2b Thap o 5% p Moention
in ch|n and th 4 an.be de5| ned at .
car IBF%&%?@”%O&W& FEFLFEY Hatoshs: o dearp=pel 18t 1n mold
easi, bl I%Dn faC|l|t|es nd eX|st|n
rePrPQEFIlPtlreLéHf of 3%@%%0%“5%% FesiH foarkey molding
beads are usabl e for pol ypropylene resin foaned
tempgEadsreprhehepEderiptivAt eI aw iR LT3R EREPT PSS sure)
a di agram showi ng a_second DSC curve of a base resin;
and gx@elbenis ig grhgfan shdaGEparehas @p@ia@@aﬁggpghness and
. met hod for obtaining calorie of each endothermc peak
in mphual DSG owr ve; faadeRl'Gadsi sand di ageramcsheainge bded article
first DSC curve of the foaned beads of the present
chtaimeenty amldlescthpt famed bRefder efdendNpmesahns invention, even
in respect of the excellent compression physical property, rigidity
and heat resisitance inherent in the polypropylene resin foamed bead
molded article, 1s comparsble to conventional products formed at
conventional high molding temperature. Further, the foamed beads
of the invention and its molded article are also excellent in easy
combustibility and easy recyclability.
[0012]

The polypropylene resin foamed beads of the present invention
enable molding at low molding temperature, thereby enabling
significant reduction in energy cost during forming as compared with
the conventional molding of polypropylene resin foamed beads and
simultaneouslyenablinguse of steamat low saturation vapor pressure
during molding, and thus the clamping pressure of a molding machine

can be reduced and the thickness of a meld can be made thin so that
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[0014] Pa: inherent peak Pb: high-tenperature peak
PTma: peak tenperature (i.e. apex tenperature) of
i nherent peak PTnb: peak tenperature (i.e. apex
tenperature) of high-tenperature peak Tm resin
melting point Te: nelting termnation tenperature al,

the ad]ldady endotheraid tpeaks 1BestnMost déof glad ryt Nghvtressure,
the Invention [0015] The pol ypropyl ene resin foaned

and eadst ofe t hgepreseni e idavani D8 fe8sabeepal MpLapyLaneilities,
resin foanmed beads enabling nolding at a | ow nol di ng

and &:EMNPReNa 581 OUad s Fe reRel hh & O APH TR i@tk & B¢l fbAmed beads
nol ding of a polystyrene resin foaned bead nol ded

are @%Eb@befo@n?o§y59@F§@eﬁgagegghdggaméﬁtb@h@sObta'ned
fromthe polypropyléene resin foanmed beads does not

deteriorate excellent properties such as nechanica
strength and thermal resistance that are

Br1e%h?eg%EgE%§thgfoBrgwg §QEd bead nolded article

rom conventionally w dely used pol ypropyl ene
001 §S|n foaned beads. [0016] To realize noldi ng of
8 | ypropyl ene resin foamed beads conparable to energy
uired for,noldin I esi

F obMa hedt BRI T A BrapBd Daphr yFesear BE5F kesin;

stean1 %|OMAng [nto a | d. when foajﬁg'beads ar
foFﬁEd fntd fof i By ot PRt shdid o d”f§1MQ§1R§1§nmethOd
nore preferably 0.15 MPa (G .or less which is
for BPEFé?éBgeCEde?“o%% ﬁ?‘ﬁB %n%@F]?r%F‘W%rﬁee@]éﬁrhaf Bamegrrve; and
bead nolded article. In the present i nvention,
thgﬂgfoﬁelseﬁ|Qﬂ@qﬁﬂq|qﬂ?w1ng first DSC curve of the foamed

beads of the present invention.

Description of Reference Numerals

[0014]

Pa: inherent peak

Pb: highetemperature peak

PTma: peak temperature (i.e. apex temperature) of inherent peak
PTmb: peak temperature (i.e. apex temperature) of high-temperature
peak

Tm: resin melting point

Te: melting termination temperature

al, a2, a3: endothermic peaks

Best Most for Carrying Out the Invention
[0015]
The polypropylene resin foamed beads of the present invention
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pol ypropyl ene resin is used as a base resin. [0017] In
known art, on the other hand, there is a techni que of
produci ng a non-crosslinked pol ypropyl ene resin
foamed bead nol ded article by using foanmed beads
formng crystals fusing in a tenperature range not
are goowgrrddhidreriches sreh foageptisiddymnaisdimemabliing at a Towmolding
crystallization of the polypropyl ene resin during
temppiradueti eguall BeN=6&058! takednpPoby Propyl ene 1eSidlding of a
f oaned beads. The presence of crystals fusing in a

polybefRenatnd L i 8hiike 1Bk ad@RIed Hani ¢ he, BagiantdBhdd Bad molded
point can be confirmed as a high-tenperature peak in

artid1BSG e Ve By odi Eher RNty RloSea Pesif £3QLd BRELY Qbes not
the foanmed beads. The object of formation of

deteQHgQéE%nQQE@%yéﬁtpﬁfgﬁg@ﬁiééggﬁé CANt AU 1951 strength and

prevention of an unhique rapid change I n viscosity of

rop [ Qg LN | di - e

PSSR gl TR Sl AT, hepds b poad moldes

Tt RS g TERbOF Al LB By 4 CBAN AU RETaPRGY LT APy ene esin

£ pre%ention of the shrinkage of a foaned bead nol ded

oamgd PEPESafter forming, and in maintenance of rigidity.

wever, the influence on the heat resistance

[0018dr f or mance of hi gh-tenperature peak is not known.

[0018] The present inventors_found that this '

hi §R- t&iferzt uPelpeak TonPPlboFeRY{ B fmiiftedanceappd beads

heat resistance performance and al so found that when

comppiabéfylst anesfy FEMHERST arhee g vhhed fredisl 49 F egucdnEd yrene
such that a high-tenperature peak having a peak

resipefpenatupeads. dhe apexmuenpetaraiey vappschredsihe of steam
tenperature range at 130C or nore, preferably 135C or

flowipgelnpe @ DS clreyef ofmed e dautaredebizadssd pnagmicdal by molding
heat resistance performance can be naintained simlar

shoufld bdd .18 MPa (G) or less, more preferably 0.15 MPa (G) or less

ther

which is preferable for obtaining a polystyrene resin foamed bead
molded article. In the present invention, therefore, a low-melting
pelypropylene resin is used as a base resin.
[0017]

Inknownart, ontheotherhand, thereisatechniqueof producing
& non-crosslinked polypropylene resin foamed bead molded article
by using foamed beads forming crystals fusing in a temperature range
not lower than the melting point by isothermal crystallization of
the polypropylene resin during production of non-crosslinked
pclypropylene resin foamed beads.

The presence of crystals fusing in a temperature range not
lower than the resin melting point can be confirmed as a
high-temperature peak in a DSC curve by differential scanning

9



conventi onal pol ypropyl ene resin foaned bead nol ded

article. [0019] However, even if a high-tenperature

peak having a peak tenperature (i.e. apex

tenperature) higher than the nelting point of the

base resin and a hi gh-tenperature peak not |ower than
caloidf€triys cdbtahaedobyetieguzatd . ng The obystal «<trdctmieion of

of foamed beads obtained froma pol ypropyl ene resin
highbhaginpgratl:ow gl wag (1Qinilf idfantl3bE tof plessnason dfase unique

resin, the foaned beads do not becone foanmed beads

raplaxgleéﬂl@@tm 1600 sSegondasdop PR G riener hymandi Agsd ®Foamed
of foamed beads by heating with steamat a saturation

beadg%ﬂpheﬁﬁﬁﬁéqh%rpfstgaﬂas ark® cNBar £ 314 By aR0keh g ¢ of }B@%ffect ive
fai'ling to provide an excellent foaned bead nvolded

in ei‘ﬁ&hﬂ@n $002 Hepeeort BSrﬂnEMS”}EQ&ém%'%;@ré@uﬁé‘%y steam

foamed beads used i'n nol di ng when heated can becone

o Rl A B0 ot B e mor oo
art;@?&'”%té@' orﬁi%&erégda{ﬁ d§§%§£ﬂ%%dﬁgdéﬁih9QQéreHowever,

rece oane beads) s
d mh bec
SR TS P G PR OR R H SR G GRp hAe) freRg Tatuze

relg Lter t he foanmed beads having this property

peakaﬁﬁ Fefefr'8d"t o as secondary foami ng precedi ng foaned
beads), and in the techni que descri bed above, the

[0018{si on precedi ng foanmed beads anong both the foaned

beads are nore preferable in nolding, and
coﬁgﬁd%¥%§¢Qﬁ1%ﬁVQQRQﬁﬁxﬁqgﬁdpFBéEdY%bs FHede st yze peak
particularly inportant in exam ning devel opment of

contpabypEEpyP EF itesica cRoafetE Hedds liss aAngsopeafpriance and also
mol di ng of pol ypropyl ene resin foaned beads by
founpedtdtngh o thesteegh at shrsaturatifophe Vapoeddreastut e refgulated
0.18 MPa (G or less, which overthrows the past
suchcohabe Kniakl-edge <ofa toled preg kohapohypa apsd leneemresiature (i.e.
f oaned beads.
apex temperature) is located in a temperature range at 130°C or more,
preferably 135°C ormore in a DSC curve of the foamed beads, practical
heat resistance performance can be maintained similar to the
conventional polypropylene resin foamed bead molded article.
[0019]
However, even i1f a high-temperature peak having a peak

temperature (i.e. apex temperature) higher than the melting point

of the base resin and a high-~temperature peak not lower than 130°C
is obtained by regulating the crystal structure of foamed beads
obtained from a polypropylene resin having a low melting peoint of
135°C or less as a base resin, the foamed beads do not become foamed
beadsexcellentintheSecondéryfoamingpropertyandfusionoffoamed
beads by heating with steam at a saturation vapor pressure of 0.18

10



[0021] That is, when the nolding of polypropyl ene
resin foaned beads necessitating heating with steam
at hi gher saturation vapor pressure than in the
nol di ng of pol ystyrene resin foaned bead nol ded
article is made equal to energy consunption required
MPa f®r ihofdidgn®f thpe! ysiyiegead psoniticaredxbeadenti foaasd bead
necessary that the efficient consunption of steamin
moldbBgakirpgcWet h steam at | ower saturation vapor pressure
than conventional, and therefore, it has been
[coz2pecessary that the foanmed beads be fusion preceding
f oamed beads and have 11 properties by which nutua

fugbQncand, secondary.-f oap NG ACCU Kbt ardgads NRaldNGised in
tenperafure range. The reason that the fusion

moldtahgqsﬁé@%é @aﬁeﬁgéoﬁé%f@é@ly m&fﬁlgtg}nguisédt hat dfen can

case of the secondary foam ng precedi

becoﬁr}%{gdé.%én%ritl fégﬁ&ss(h%%qgla;f%t%ﬁd%}p§§g§mghlﬂf§dda§r gaving this

y secondary oam ng o oanmed bea

easi |y clogged in a heating ste ur i t he Iging,
PoRBRTY FETOIEIAG he It AR peRcane br Sraiiig eafipd? and the

conmSBE G, Vgt et reeuldl ned N oauei 10, ocone

ile_the fusion precedin f oaned be gf ardl.y bause

S.ecovv{aéﬁléytﬁ?aﬁbﬁ?é ThE TrleasoR™ %"EOI?%@‘%’FE@g Y ?H‘lﬁ%‘iio(ﬁl%?dnafterf
secondary foam ng of the foaned beads are preferably

the feemad Readhbaring HRper BRRAEY difde TPSCEREE 5P mpt Fecondary
t he fusion preceding foanmed beads are fused, but when

foamd pg HufiagcdridotPaarberat ol e 2B Lsldevhaaryi doanragriged above,
too significantly higher than the fusion tenperature,

the fheiprarieerdempeieanad beadshemongerothnbhdi eprhddiehds are
be inevitably increased in order to obtain the foaned _

morelyead amidedi n apfliddng, Fend agnandexetli et Appéaranoereceding
etc. [0022] Toobt ai nt he fusionprecedi ng foanedbeads

foamkaViegauititabattiscoharly important in examining development of

polypropylene resin foamed beads is important in molding of

polypropylene resin foamedbeads by heatingwith steamat a saturation

vapor pressure of 0.18 MPa (G) or less, which overthrows the past

common knowledge of molding of polypropylene resin foamed beads.

[0021]

That is, when the molding cf polypropylene resin foamed beads
necessitating heating with steamat higher saturation vapor pressure
than in the molding of polystyrene resin foamed bead molded article
is made egual to energy consumption required for forming of
polystyrene resin foamed beads, it was necessary that the efficient
consumption of steam in heating with steam at lower saturation vapor
pressure than conventional, and therefore, it has been necessary

that the fcamed beads be fusion preceding foamed beads and have

11



of the foanmed beads and secondary foami ng in a near

heating tenperature range, it is inportant that the

hi gh-tenperature peak calorie governing the secondary

foam perform ng of the foaned beads under

predeterm ned heating that is a major factor directly
prop8@vYeeni Bg fhech hehay besimdearappyapiicded, fddeing occur in

adhesi on anount of a dispersant be nade suitable on

a nebBehééﬁﬁﬁ?et@ﬁpéBgtﬁﬁénﬁgngéad for fusion of
i ndi vi dual foaned beads at a specific tenperature, and

thege beasbal engede hd 2| H023]p ALY AN H damd ) YR NG-e more

by heating with steamat a saturation steam pressure

pref@?agléslgm§h£{31n.Q%EVE %Byb§n€héeééébﬁ&5¥§“tdgﬁ¥%b preceding
gl ving foaned bead nol ded article that is superiorin

parté%ﬁ% dﬂﬁ%eségggkﬂﬂmﬂ{ E%%h%d%ﬂ%u%¥%h@ﬂe@f ﬁ&hXi@g%econdary

xcellent eat res St ance external appearance

foamgg g?h gg%tfnglg?(g?/%@%ﬁ@éés% ébe% Jg@(/péluc{ggﬁ%%ylnoa heating step

PoI ne r |n f oaned, beads nf er

durlﬁgl ho 5Pt S2% PESVEL < PEE TRbrrhe T onperass: 8Ty o o
timzing th redoni . nan factor descrlbed abov,

the SRTES RLOGT Eﬁ PO Shed It e = g8 a1 hbibition
roperties such as conpression_stren

of mEHHPécF%FF%?l%g ot ??ﬁﬁ%%nR&ﬁﬁ?@ﬁﬁ}gﬁ?éﬁV1éﬂ%”ﬁ%éﬁﬁecedlng

foaned bead nolded article were sonetinmes not
foamgdi Praih @ r e CpHESetCl AVERLBEs SOTY &GaE pRabl s mutual
of physical properties such as conpression strength
qul@pcan%yﬁvgnﬁgﬂnaf@a@@ngegﬁﬂﬂwaﬁkﬁ@wéhb@pgénarﬁe&mﬁﬁﬁrably in
modul us of 500 MPa or nore, even if the nmelting point _
anea$h@35¢ngﬁ¢mﬁﬁ%a¢®©aspnmﬁaus¢§§u$mmmbyy@wbﬁy$999precedlng
resin foaned beads of the present invention conprise
foamadpdleppisopydcene gl olaviingn atirel thagipbinh dEmperature of
secondary foaming is too significantly higher than the fusiocon
temperature, the heating temperature at the time of meclding should
be inevitably increased in order tc obtain the foamed bead molded
article having an excellent appearance etc.
[0022]

Tcobtainthe fusionpreceding foamed beads havingmutual fusion
of the foamedbeads and secondary foaming inanear heating temperature
range, 1t is important that the high-temperature peak calorie
governing the secondary foam performing of the foamed beads under
predetermined heating that is a major factor directly governing the
molding be made appropriated, the adhesion amount of a dispersant
be made suitable on the surface of the foamed bead for fusion of
individual foamed beads at a specific temperature, and these be

balanced.

12



115 to 135C and an O sen flexural nodulus of 500 MPa

or nore, wherein the anmount of ash on the surfaces of

the foamed beads is 3,000 ppm by weight or |ess

(including 0) , the foaned beads show one or nore

endot herm ¢ peaks (Pa) having a peak tenperature (i.e.
[occ2apex tenperature) in a tenperature region not higher

than the nelting point of the resin and one or nore

engetbesnhgl peaks moPB) nhayy M@ atd rgeak-heipeimatyr & saturation

(i.e. apex tenperature) in a tenperature region 13
steafXpeednget He OEltimes peint i1 i angk NOtEd BRI beads

thgn 130C, in a first ggg g§{€gﬂgﬁ%§?ied by a

giviflyf Fereati akascabnieg eakorireten: afs thedaared bertondary
particularly in a first DSC curve obtai ned by heating

foam%relg?)e%ﬂgf}r alk@ lfﬁ@ﬁga)ﬂ%fﬁgﬂdfe%@qelﬁ%aﬂ? nWeNesistance

mroom tenperature to 200C at a tenperature

| . ¢ . . ¢ . .
and G AL BeERaERce ol BoPaned ARk eiliting pe prurality
calori.e_o he. endother m. ea Pb) is in the range
or pEBuO R E R B T R R R ok Ee) ] Bne st 0 nocd
002in the present invention refers to a propylene
[ 6élyner havi ng a wei ght-average nol ecul ar wei ght of

10000 or nore polynerized fr pr opyl ene_nonomers_as
maf A+ Y BWCPHEEEF divess.l“Thgoifﬁ%‘gn}’géfjﬁ ot %ﬂyﬁaaaﬁ molding
may be a crosslinked polypropylene resin or a . | |

orocgRaeidd§li nked 1pM ypropylend FEG IR UL efer apPyiRizing the
non-crossl i nked propyl ene resin, and nmay be a .

predgpgpypnén C ot PG HRPeda B Eh YR ER S WIGeIe Iibipol gyherippd, but
a propyl ene random copolynmer as long as it has a

the phefgiigeyl povperbied $5Ch@sICTm amds o sOrseathixaaiteristics
nmodul us of 500 MPa or nore. For obtaining a

of tipelopgmremyliemne lr esPny have e eimébtingg poidmogiletiisrtpcle were
135C, a propylene random copolyner is preferable. The

somepriopyl rne meandermedpol Yneprecandi styentoas capotedrehegiroblem
a propyl ene and an ethyl ene and/ or an

of physical properties such as compression strength etc. by using

a base resin having an Clsen flexural modulus of 500 MPa or more,
even if the melting point is 135°C or less.
[0025]

That is, the polypropylene resin foamed beads of the present
invention comprise a polypropylene resin having a melting point of
115 to0 135°C and an Olsen flexural modulus of 500 MPa or more, wherein
the amount of ash on the surfaces of the foamed beads is 3,000 ppm
by weight or less (including 0), the foamed beads show one or more
endothermic peaks (Pa) having a peak temperature (i.e. apex
temperature) in a temperature region not higher than the melting
point of the resin and one or more endothermic peaks (Pb) having
a peak temperature {(i.e. apex temperature) in a temperature region

13



a-olefin having 4 to 20 carbon atons, and the
copol yneri zation conononer with propylene is
exenplified specifically by ethylene, 1-butene,
1- pentene, 1-hexene, 1-octene, and 4-nethyl -I-butene.
The propyl ene random copol ynmer may be a binary
excee@pabyfRE nsdichi ra$ pcd ripr eyt Baer&f hylLene noandewer than 130°C,
copol yrmer, a propyl ene-but ene random copolyner, or a
in a FerBAIYysCepek¥mist Sutd asapofFyeretethysenen bl ere orineter
14 random copol yner. The ratio of conononer conponents
of tRENEsatd@be O ran Ik AIRe i@OROFYHRE HSCN®irve obtained by
particularly limted and is in such a range that the
heatRRLYPrOpYd _o&egbmyazbgyig%yﬂggmafé&_ﬂeaSoeat@@d}}% heated
as a crystalline resin formng substantial crystals.
from[ggg%]tg- ePQ%%P§”&§%&kQE g?tglyéﬁ ﬁ%hfé]elev tion rate of
pol ymeri zi ng e polypropylene resin used in the
lO°CPHruer§e‘.«p{tl nv%neta{tonf]!us r&’ﬁtffeafetr{ Cj_uallarslélannlj_lnraatceaq’orair}?ndetaenr, and
or ganonet al conpl'ex having performance as
' ' t.al yst u . c de
the BBLd e R I S f e BB yPEA PR T Fange o
Ziegler-Natta catalysts that are organonetallic
2 tocggpFZQes modi fied partially or wholly with an alkyl
gﬁoup havi ng a nucl ear el enment such as titanium
(00280 um num  or magnesi um organonetal lic sinple
conpl exes call ed netal | ocene or honpbgeneous, catal ysts
t habe st R IRRY B witef 1& ByefogetanBIFPRGT Havsmglona refers
nucl ear el enment, boron or a transition nmetal such as
Lo a AXYORINT PPLYARTURE VRS WAl I G RERTGYE TahtRahamepight of
iron, or conbinations of the organonetallic conplex
10008n@mmetdise B¢ Lyfdxahze®of ropbiaioniylgngol yprapyl enes main raw
resins having a high Asen flexural nodulus and a | ow
matemebiieng Pot nbasaerabinocehefecanalybesdar mapr deeralilmsslinked
and anong the netall ocene catal ysts, those conposed
polypfropgiphexesshavi my aa rsirlydmres cirdss] | pkédpazuyéayk resin,
ligand are particularly preferable. [0028]
preferably a non-crossiinked propylene resin, and may be a propylene

homopolymer, a propylene block copolymer or a propylene random
copolymer as long as it has a melting peoint of 115 te 135°C and an
Olsen flexural modulus of 500 MPa or more. For obtaining a
polypropyleneresinhavingamelitingpoint cf 115 to 135°C, apropylene
random copolymer 1is preferable. The propylene random copolymer
consists of a copolymer cof a propvlene and an ethylene and/or an
o-clefin having 4 to 20 carbon atems, and the copolymerization
comonomer with propylene is exemplified specifically by ethylene,
l-butene, l-pentene, l-hexene, 1l-cctene, and 4-methyl-l-butene.
The preopylene random copolymer may be a binary copolymer such as
a propylene-ethylene random copolymer, a propyvlene-butene random
copolymer, or aternarycopoiymer suchasapropylene-ethylene-butene

14



The pol ypropyl ene resin which anong the pol ypropyl ene

resins wused in the present invention, is polynerized

with a netall ocene catalyst can al so uses as a base

resin for producing foaned beads, a polypropyl ene

resin in which a nononmer hardly polynerized with the
randeanvepbilgnal . Zi 2géerahabdt afcababystneirs cogpdnients other than

copol yrmeri zation 15 with propyl ene. Exanpl es of such
propfRBOBELS €h8 tOSbUgeerfDf wxaH € icONer Of IMif-ed and is in

conmpounds sel ected fromcyclic ol efins such as

suchCYCOReAtanNs; ther pengerepy1ind, bes8ndi Mt P vhierization is
2,3,4, 4a, 8, 8a, 6-octahydronaphthal ene,

handm@eceeJagak9gtgn§mﬁé sHEhnasoPmiBENYLipkc4nbexadienstals.
and 7-methyl -6-octadi ene, and aromatic unsat urat ed

Oozqqnpounds such as styrene and divinyl benzene. [0029]
The pol ypropyl ene copol yrmer in the present invention

L e T
[ [ h |y Q%
polyé@oh‘g gﬁlgr es;&%gre oF aebﬁgeﬁgliﬁz %&9%%8% {?Eo%g%r%lcularly
ctur unit_deri vqﬁﬁfron1aﬁ | ene and/

tr
llmliegr ef% &l it S5 T 20! caBB Rt oMk Mok TRETIAnCe as 3
1 t, %.of t he siructural nit deglved frometh Iene q .
po ygﬁﬁﬂé? éﬁna OrEF TR havitly £% 0"86%ar bdlf at8ﬁ§ i At HERce ©
copol y is too high, the mechanical physic
POlYE‘%E}éPFF% %%E%lié%tsfqeé%raéilyst:?éﬁﬁfihzja%%l?%n%ﬂ%a catalysts
strength of the _base resin are significantl ﬁw
thatqees eageacrehad Ligi oMl ¢ proviidd o4 vt b hhviofgwhally with
A sen flexural nodulus of 500 MPa or nore, and thus _
an a} bahetr Baade viandaniokerd Pembniobded aptiitanium, aluminum
achi eving the desired object cannot be obtained.
or mpOO8O} uNet chiighencthdhisls papte bynmweigit fl rgbimedallocene
different inmelting
or homocgeneous catalysts that are medified with a cyclopentane ring
having, a nuclear element, boron or a transition metal such as
zirconium, titanium, thorium, ruthenium, lanthanum or iron, or
combinations of the organometallic complex andmethyl alumoxan. For
obtaining polypropylene resins having a high Olsen flexural modulus
and a low melting point, metallocene catalysts are preferable, and
among the metallocene catalysts, those composed of complexes having
a silylene crosslinked azurenyl ligand are particularly preferable.
[0028]

The polypropylene resin which among the polypropylene resins
used in the present Invention, is polymerized with a metallccene
catalyst can also uses as a base resin for producing foamed beads,
a polypropylene resin in which a monomer hardly polymerized with

the conventional Ziegler-Natta catalyst is used in copolymerization
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point or different in nonomer conponents, whether they
are crystal or anorphous, nmay be added to 100 parts
by wei ght not only of a polypropylene resin
pol ynerized with the netal |l ocene catal yst but also of
t he pol ypropyl ene resin used in the present invention.
withthepdienesi axbhat eearf bechddetbrare! vdes ra lprdepyfenexample,
honopol ymer, a random copol yner or a bl ock copol ymer
one hawi ngret hybmneiadd/ @k lacdleef | AscfuUdyclas: bullefiens such as
hexene and octene copol yneri zed with propyl ene, and a

Cyclaggggghgper or a copolyner having a nol ecul ar weir@hthornene,
of 1000 or nore containing one or nore NDNOMErS

1,4,8¢keqtgdihnRBLENG 9T 0UR,CONSESELRGaRaSbYESAGhalene,
ef hylene, acrylic acid, nefhacrylic atid,
- LEril e t adi ene, tene,,, 4- I <
noncBFXRARLL ) Bl tadh e, Y o ] ottt ana

7—me%§g$g?L?gkgﬁi$ﬁgd QH? 5@%&E{E%Eﬂﬁ%ai&%&@%ﬁ/gbég%ﬁqégxgtch as

€ pol'ypfopylene resin used i'n the presen
[ .1.$_a,sjingle product or a conposite
Styrgdhpatit [oRARY RAL”SACHel ting point of 115 to 135C
002 gd an O sen flexural nodulus of 500 MPa or nore.
[ ? 032] In the present invention, the nelting point of

nventi.o S

t he pol ypropylene resin_is 135C or |ess, whereby the .
heStPnEOLERBEPELERE FRPBIERRG Nof "PhEZF5aRed -BkaS1on is @
can be decreased. The fact that the nmelting point is

polyprseyefnrofesit oyt et id W $heYeBRdPt PBrMofc arP @ iembly 80
fl exural nodulus of 500 MPa or nore, etc., _

to 9By iMMuttes Ofod stabi ¢t 3ea} omidt degdrieflg TEBRIPE PONSSNe 1n the
just after nolding of foaned beads and to production

copogtmgrf earetd bdad wdleded be#s clrerdaiatgl B uf ticckBhatby mole, of
nmechani cal physical properties. The nelting point is

a stpreferably il lbG oredriremand ety enthamd ASOEnf weoiéhen having
vi ewpoi nt of nolding of the foaned beads at | ower

4 to penperatnuaeons . préfeer i yob3@nttac A 85€ frmmtttherl unit derived
vi ewpoi nt of obtai ni ng

from ethylene and/or an a-olefin having 4 to 20 carbon atoms in the

copolymer is too high, the mechanical physical properties such as

flexural strength and tensile strength of the base resin are

significantly decreased, thus failing to provide a resin having an

Olsen flexural modulus of 500 MPa or more, and thus foamed beads

and a foamed bead molded article achieving the desired cbject cannot

be obtained.

[CC3C]

Not higher than 50 partsbywelight of resinsdifferent inmelting
point or different in monomer components, whether they are crystal
or amorphous, may be added to 100 parts by weight not only of a
polypropylene resin polymerized with the metallocene catalyst but

also of the polyprepylene resin used in the present invention. The
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t he foaned bead nol ded article having excellent
nmechani cal physical properties. [0033] 17 The nelting
poi nt of the polypropylene resin in the present
invention is a value determ ned by a nmethod descri bed
in JIS K7121-1987. "Method of determ ning nelting
resihetper atdll dcabtieedr gl @dé®mr ofkobl@enst AbRopbl améesta random
speci men" described in the JIS K7121-1987 is used as
copo@ yRetall gdqleo%@@bpém?ﬁegMﬂﬂgogtﬁgieﬁgwﬂdlgatsgefins such
melting point. In the DSC curve obtained by nelting

as bROEAE, NRARHAENEAN Mtdhe acdiedtyiid Mz i ff ared@yiene, and a
scanning cal orinmeter, one or nore endothermc peaks

homogeﬁ Ak rdue ot 80[9(51’%@1’ hfal’!ﬁin%na hen ong. ﬁ@qehlﬂeéfhl@OO_ Oor more
eak appears, ~the peak tenperature of its endothermc

cont%?ﬁrlirg. SogSt | 'b%g ﬁén@mﬁ@é téé’%cﬁg{ '%E’om\zﬁghle.e %@ﬁofcto}@%eisting

e endot hermi ¢ peaks appear, thé calories

o2« 3BFEL LR, STOBLRECTA GRS AL, o1 P DE0. DU R, g

arti dl a aha descri

eak t erature of the endotherm.c peak peay | at
ous BR8N, SR chpbP sb U ST He abng | SPRG SHdbt REPHLERS T1yeol,

aks having an _end erm c _peak of 4. J or nore is
proryi B Rnp i cas rSFRRBFRRAGCPaERR T SahErglelE S aca
test specinmen for the resin nelting point
[0034dasurement, foamed beads or a foamed bead nol ded
article specinen can be used besi des the_ pol ypropyl ene
re§ﬁﬂquR¥9ﬂdﬁ@@y%aFP?QO%ﬁﬁ%?&ﬁ%ﬂ%%#%sh%ﬁﬁ&?%@%he@§esent
. described with reference to FIG 2. The point a
invepgipraspéndi BYY e SO HACE el BEC ORI SAd o btaitfel hon fend has
resin nmelting point nmeasurenent, and the point (3 on
a meflhénBSGocutvef tobrespbhdithgrtd drhe faesi dil eermd natddorius of
tenperature Te of the resin, are connected to forma
500 MPanear kbme. (a - (3). Then, the point yl on the
val l ey on the DSC curve between
[0032]
Tnthepresent inventicn, themeltingpeintof thepeolypropylene
resin is 135°C or less, whereby the heating temperature in molding

of the foamed beads can be decreased. The fact that the melting
polint is115°Cormore, togetherwiththeconditionofanOlsen fiexural
modulus of 50C MPa or more, etc., contributes to stabilization of
curing conditions just aftermolding of foamedbeads and toproduction
of a foamedbeadmolded article having sufficient mechanical physical
properties. The melting point is preferably 115°C cr more and less
than 130°C from the viewpoint of moiding of the foamed beads at lower
temperature or preferably 130 to 135°C fromthe viewpoint of cbtaining
Lhe foamed bead molded article having excellent mechanical physical
properties.

[0033]
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the peak al observed in the | owest tenperature region

on the DSC curve and the peak a2 adjacent to the peak

al is connected to form 18 a linear line parallel to

a longitudinal axis of the graph, to determne Sl as

a point intersecting with the linear line ((x - (3).

Furhbemngeltihe pebkt aF atjsapentyptept/henpeaksad 115 the present

observed, and thus the point 72 on the valley on the
inveRSCoalrvevhehwern e npealky adeadhddidas eidded B3 JIS K7121-1987.

connected to forma linear line parallel to a

“Methendb f W dtadni @ mel tiRg S&mphirat@rdetreldy RBgR2a8%08 of the
point intersecting with the inear line (a - (3) .

statehgreafter, whenReaksiad,r iPRAKS nabnePeRKSKRB21-198 RN used
observed, the sane operation is repeated. By the above

o  BUEEMLAoL 01 S0 2LOEA 08 SRORBAL S0l 23 posre
M s B &t with

!Lﬂﬁhéﬂérggfg%ﬂégiE&%%gﬁ%%g?&2@%2%%?ﬁ3g¥%n?he calorie

f.an en her i c, peak, .peak ;al..i s.an area encl osed .
ne gt AR VBN e Ry Q0T BT P PR B2 e mi
t he Iige segnent

6 - 71).an X - Si t he peak
oeakirne S A0 bg A et e T e HEE Sif B4 e B B2k gopears,
th eak a2, the line s nt (S1 - 71), the line _
the ek PRt 85t ut 957 LIKef i R rrEt CasaintS et [hag ) agpdiel ting
. the peak a3 is determ ned as. an area encl osed by the ,
POL Rt BIFAGEACEVE B SPRO HeAR 435 Kb A DPRTe s bgREIRLorEes
(S2 - y2) and the line segnment (S2 - (3) . Thereafter,
of thh&Rspesk iy, cptAK UG pRER X862 TC deareMinss bhsepyelial area
the peak area can be determined in the sane manner.
analykréscakohprd dfseathepebktes, amdhEm dzddly tmmahaftwge of the
wth a heat flux differential scanning calorineter on
endotherhasi peok &heeareagoft edeh peghe detmmparsd s side among
descri bed above. The reason that the point a on the
the BSCotbheveicspeakpdianicprarespoipdhegntic phekt efipératfgrer more
of 80C in the neasurenent nethod descri bed above to
is esdriawtichiea d ragan neilndg nggpdi3)t a8 (ackhasel.i he. i2ss duestGpecimen
the inventors' finding wherein a baseline initiated at
for the resin melting point measurement, feamed beads or a foamed

bead molded articlie specimen can be used besides the polypropylene
resin.
[0034]

The partial area zanalysis method will be described with
reference to FIG. 2. The point w corresponding to 80°C on the DSC
curve obtained by the resin melting pcint measurement, and the point
f on the DSC curve, corresponding to the fusion termination
temperature Te of the resin, are connected to form a linear line
(o = B). Then, the peint vy, on the valley on the DSC curve between
the peak a; observed in the lowest temperature region on the DSC
curve and the peak a; adjacent to the peak a; is connected to form
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a point corresponding to 80C and term nated at a poi nt
corresponding 19 to the fusion term nation
tenperature is preferable in determning the calorie
of an endotherm c peak stably wi th good
reproduci bility. [0035] In the present invention, the

a lirdasehiid pansal e dd Usn@f t tdiena pakyprdmHegeapesicd dekermine
500 MPa or nore and can thereby exhibit nechanica

8, asStrenghh eguéyvakeningosihe wanvientdanali noliypropy! ene rther,
resin foaned bead nolded article. Fromthe vi ewpoint

the PéaRbiakAkBgenthes froampd ead mlged ratld, chadheNh 8% he point
particul arly excellent nechanical strength, the d sen

f lL.exu d LS I e, r
v oo LEBLYBL B0 o S S M DL B e e

- ap j I .3 ] I t f -

=2 l%e(g(5 rm{[%%cg %Ortl c ehéﬁgiylr[s%%gklngggd%fl&ﬁ% eJ?Jﬁsat qLa tert‘“ldlnal

. _moldi.ng because the inside of cells.constjtuting.the

5[ Godl ERR nEP (o SHEHF 1 ahds PPo Bos dbpr ssehi M agith the

L. after formng wt ste Usual Iy, for the rpose of

1inedry Phat clhioRdat | BReRAT o herT it DorrgRer S B0 Beaks ac
i ncorpor ttd into foangg bead nol ded ar#%c e agd of .

2GR Dt SR RANCERERE (of et 7 TPOF = [ €8ar g ‘¢ RECTS operation,
pressure in cell of the foaned bead nolded article to

the gPRRsPRErt EPricEfie. ©ORere/™ sipAdyrBednbegEEpCHf 1 or more)
heating and curing or post-curing to maintain the )

becomgs ey bR ol LAdnE &°tndel CEBRELEY it gindothermic peak
tenperature at 60C or_nore and the atnospheric .

areaat nppter é "cbhli dTohSE FRFE PIWF iIREAGEPaTd 1derf bpnelts gimlorie
of the foamed bead nolded article occurs not only the

of antERiAEFLTPPREs SRR &b hbladi AgefornobR e hingthReDSC curve
foaned bead nolded article is high but also at the

indisteamehsltkend aat theshing abigorentapdr - pr essul ehef1 hd&egment
MPa (G or |less. Under such circunstances, when the

(a - @ senHd exukah, ieduh uxrdSehgbseealdy itte DOC curve indicative

of the peak a,, the line segment (0; - y1), the line segment (§, -

v2) and the line segment (&; - &;), and the peak a:; is determined as

an area enclosed by the DSC curve indicative of the peak a3, the
line segment (8 - ¥2) and the line segment {8 - B). Thereafter,
when peak ai, peak as, peak ag .. are also observed, the peak area
can be determined in the same manner. The calorie of each peak is
mechanically calculated with a heat flux differential scanning
calorimeter on the basis of the area of each peak determined as
described above. The reason that the point o on the DSC curve is
a point corresponding to the temperature of 80°C in the measurement
method described gbove to draw the linear line (o—-f3) as a baseline
is due to the inventors’ finding wherein a baseline initiated at

a point corresponding to 80°C and terminated at a point corresponding
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20 the steamform ng pressure at the tinme of nolding
havi ng positive correlation with the resin nelting
poi nt of the base resin, the shrinkage deformation of
just after formng due to rigidity of the resin tends
to be small, and thus the effect of reduction of
to tigalrfiuid ort espRl Ak Ul enatehsard hgrd iinepeaicbebaehieved diynining
usi ng the pol ypropylene resin satisfying the
the dflatiopshimPenfiot RerhoePd= 623b1] MAFH gob@eYroducibility.
fl exural nodulus [MPa] + 1400) /15 > resin nelting
[oo3pgint [*A (2) [0038] When the O sen flexural modulus
is extremely high as conpared wth the resin nelting

PO At +hi herd usion frerading theaned-heads« a8l | Nod@CEH o the
and are preferabl’'e, but the expansion ratio in

polygEgg'{}%EhQ” rgg int I]_% f%%”%doe@ﬁsméé? hgﬁgl Xah”%%\f%%y exhibit

€ Steam pressure necessary or second ary

mechaﬁ@@amgs{ggg?tﬁo Slx%(]t_é ?eérg *!H@%%%%ﬁi%%{ eld \M&%ropylene

eam pressure ne essary fusi on of
the ti |n Acc d|n mh
resiRoRSERER B HeTBes b exp%ng.%rnon} 2HE DopoothElas obraining
e, to be b aj ned_or t.he nol dj ert
the (R4t { BAdq TEORC. | 87 EOHLF HaRe i e bl P epby cigkce11ent

f he foll fq
mechpPer el abr o neeh: TE0S=T %%%%rﬁ e%ﬂ?ﬁﬂ&ﬁoﬂﬁl%eﬁﬁ%ﬁly 600

+ 1750) /20 5 resin neltin oint [C] (3) [0040]
MPa %cla?aiengrncg/re RGN € 2 6f Wedfci My heat ivper 1imit
. curing conditions and of |nprOV|ng nol di ng property,
is aprecpélgpréifyLEeA8 MB3in satisfying the relationship

of the formula (1) is preferably used. 21
[0036]

Generally, the fecamed beadmeolded articlemay shrink anddeform
Jjust aftermoldingbecause the insideof cells constituting the foamed
bead molded article tends to be depressurized after forming with
steam. Usually, forthepurposeofdryingcondensationwater derived
from steam incorporated into foamed kead molded article and of
permeation enhancement of ailr for returning the pressure in cell
of the foamed bead molded article tc atmospheric pressure, there
is provided a step ¢of heating and curing or post—-curing to maintain
the foamed bead molded article under condition of temperature at
60°C or more and the atmospheric atmosphere conditions. This
shrinkage and deformation of the foamed bead molded articie occurs
not only the steam forming pressure at molding for obtaining the
foamed bead molded article is high but also at the steam heating
at a saturation vapor pressure of 0.18 MPa (G) or less. Under such
circumstances, when the Clsen flexural modulus is high relative to
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[0041] (O sen flexural nmodulus [MPa] + 1400) /15 ?
resin nelting point [C] (A sen flexural nodulus [MPa]
+ 1750)/20 (1) [0042] The d sen flexural nodul us of
t he pol ypropyl ene resin of the present invention is a
fl exural nodul us determ ned on the basis of JIS
the K7&8f-1868bind gosisspecitreheusedei aftheldboyehaving positive
neasurenent is a plate punched out with di mensions of
corr8Qamivhnwliiengthe 12sAM meltwndt boamd 2.0 UFB idhse resin, the
t hi ckness as described in JI'S K7106-1995 from a plate
shriﬂk@@@cﬁgf@ymﬁﬂlo@r&ﬁ?ufsrtomf@eﬁofcyﬂﬁplﬁ)%kﬁﬁe tesi BiHAWYy of the
material. Wien the foaned beads or the foanmed bead

resifPt 884s ald bel smar e, fodReus PhE arf&st oxPeehlBRiohNeF curing
sanpl e is defoaned sufficiently by hot press severa

tempteirg%?:ire%d é@r;t}ﬁg g!ifn@%arﬁ@eg aEh?@vé@rﬂyegsiﬁé th%lyr?ropylene
e I't1 ons

speci men as describ above. In the test con

1N S : - he _bendin t bs 6
e e AR e Support Sl ane et £ a0 T R0gAT “The
[Oo3ggportant properties of the polypropylene resin that

[ a base resin of foaned beads are the resin nelting

oint. and dsen _flexural L u descri bed above,, o
(01 B3 N E e B0y fPop)T ahd To8h b 158 RS SnHBeH beRFRint [°C
havggg a high nelt flowrate (hereinafter, referred
to! MFR) is used, an effect of reducing the steam
ressure necessary for secondary foam ng of foaned
[003%éads in nolding of foamed beads is recognized, and
thus the MFR value is preferably 5 (g/10 mn) or

noFBEN ot OgBeret bdryrab Magiaorshil A) =0 §fift by hoght dg compared
. _other hand, when the MFR value is too high, the '
withrgwur ¢ hHynedanrid Asdad nordéd s aptirsice diayy bevondbeads casily
brittle, and thus the MFR value is preferably 60
occcufgan® aiapreferedd e, pbef ekablordh (i Gakile) lorptedection of
The nmelt 22 flowrate is a val ue neasured under test
the foomtid beads Ms(hanpey dtpreved, and the steampressure necessary
for secondary feoaming tends to be extremely high as compared with
steam pressure necessary for fusion of the feoamed beads at the time
ofmolding. Accordingly, when foamedbeads havinganexpansionratio
of 15 times cor more are to be obtained or when the molding property
of the focamed beads is considered, the poclypropylene resinsatisfying
the following formula {3) is preferably used.
[0039]
(Olsen flexural modulus [MPa] + 1750) /20 £ resin melting point {°C]
(3)
[0040]
Accordingly, from the viewpoint of reducing heating curing
conditicns andof improvingmolding property, thepolypropylene resin

satisfying the relationship of the formula (1) is preferably used.
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230C, load 2.16 kg) in JIS K7210-1999. [0044] The
anount of ash on the surface of the pol ypropyl ene
resin foamed beads of the present invention should be
3000 ppm by weight or less relative to the weight of
t he foanmed beads. The amount is preferably 2000 ppm

[004by weight or less, still nore preferably 1000 ppm by
wei ght or |l ess. The anmount is theoretically nost

(o1REeferaling1 RoBRMisbyipahen Boepm &S ebsahned « tfiepoint [°C]
surface of the foamed bead should be sufficiently

> (ovashed: .and.1eabhsiLcallpasushiweghipg is diffificult
i n manufacturing. In nanufacturlng, it is dlfflcult to

rcoapfevent foreign substances from adsorbing or adhering
to foamed beads in air or a dlsper3|ng nedlun1 and

usenQf o s i %r 9 fﬁ%gh?eraﬁfy SU%DI b y"i%‘i’let Péﬁm of the

t he anmount o I's pre

presgﬁtpfﬁi?élp{fOH "’5{% t??eQHP Etm&ﬁ%ﬂ?fa esce%ﬁ%g%é]n i—rﬁg basis of

regu € range escrl ove
n present_invention nea conmbust | .
JIS ?ZEP %Bgsubsﬁénce Sdetred eduFﬁ a- con%%gt%%ﬁFrQﬁﬁ%ﬁﬁﬁment -8
described b ti .
a 15! p%ﬂsﬁsﬁh%h RER T FREEEORS SRSV By ety @5 o in
substapnce derived froman in ani, c tter ad
Wldt@oaflﬂeg ‘S g]flcﬂﬂﬁ@stﬂo&ﬁeg %Eﬁ&l?e AR of Wr@hﬁﬁgg}h%% from
is conS|dered as a derivative of the dispersant
aPlQE%HrPﬁuﬁ@é&&ﬁ?%ﬁréﬁsﬁ%%m%@oﬁé§&§pyéﬁ§%%@%%%§?Héﬁ&frlal
as a conbustion derivative of an alumno silica
Whenoblﬁ‘ﬁl@@w Pea@eh cgdstkaofeanest besct mpddrd anficle are formed
phosphate. The amount of the ash on the surfaces of
intof pahedtbepgsifena Vad ueanpbt ai hedk fxanaere ghblintiegftihdy hot
conbusti on residual substance in the 23 conbustion
prespesiviuall tiosts ofut e Heodiheed bend$ hdesityinpedlih bt éesitreecimen

melting pot and is correlated to be positive with the
as demuiriecdbfbdhe. In the test conditions in the above measurement,

the bending moment is 6 kg.cm, and the support distance is 30 mm.
[0043]

The important properties of the polypropylene resin that is
a base resin of foamed beads are the resin melting point and Olsen
flexural modulus as described above, and when the polypropylene resin
using abase resinhavingahighmelt flow rate (hereinafter, referred
to as MFR) is used, aneffect of reducing the steam pressure necessary
for secondary foaming of foamed beads in molding of foamed beads
is recognized, and thus the MFR value is preferably 5 (g/10 min)
or more, more preferably 10 (¢g/10 min) or more. On the cther hand,
when the MFR value is tcoo high, the resulting foamed bead molded
article may become brittle, and thus the MFR value is preferably
60 (g/10 min) or less, preferably 40 {(g/10 min) or less. The melt
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i norganic matter adhering to the surfaces of the

foaned beads. Wien the anount of the ash is 3000 ppm

by wei ght or nore, the anount of the inorganic natter

adhering to the surfaces of the foanmed beads is so

| arge that a [ arge anount of inorganic nmatter prevents
flowf paned beads 1 fieonedbeh ngd furst itesmobdhagtobnthe foamedature

beads by heating wth steamat the objective
230°GAt Usadi PNy aper phessgrerofcOid8MPa (G or |ess,

and thus even if the fusion preceding foaned beads are
[co4uged in nol ding, an excellent foaned bead nol ded

article cannot be obtained. [0046] The net hod wherein

thenampuptinof ot Nesash ither edueadet o1 3090 p&!&?@ﬂ%ﬂﬁ&m resin

oduce

or less is correlated to a dispersant intr

foam%@gﬁéﬁéé o MR bQ%sEﬁ%'Qn?éﬁ%h@h@@hé&ﬁ&’ﬁ% @b%@eﬁﬁhﬂﬁy weight
medi um duri ng production of the foanmed beads

or lggggpéjlé)élxpé %J%'h%gw%tﬂgh[?o&f oane%l@r%eaggsc‘mld% fo@Hgdamount is

a net hod I ni ng S by heating
pref%grgpgg'l ¥86g5;¥ﬂ>r§r'}b§§ ggeﬁ Itﬁ%“i %%lsgs ﬁi?ﬂﬂgﬁ#rﬁ&%‘%bly 1000
ppm&%?df%%%}oﬁ%nﬁatgge %o%?%ﬁﬁét OEF&%£S}2§§%?%EPreferaoly
O pofnoRiE s § KOS P SaEEnat Pl SYELEHE ThI Grorioemed bead

h ggigtalnf % the .resin $art|cles in a plasticized
shoudfabe FPRLEhE ERrbsEd ROREdi e "F) bdlsi iyl BhdFicamarping is
resin particles in al ow pressure atnosphere, and

dlffe;:@é&énﬂlrf@almﬁf-atfuwrfés. om Bennéentiménfesih pardikiesult to
or foamed beads in these states. [0047] 24 For

PreveRaipsliE L athenl aha 1 aof GARMA s Y- nqs8 @ dae rd idoaprif agmed beads

. agent, the foanmed beads of the present invention are

in apirepsr eddasrar s bawi hedlienperatuse of appripdrmind yedium is
120 to 140C, for convenience of

inevitable, and thus the amount of ash is preferably substantially

as low as possible, and the amount of ash is suitably regulated in

the range described above.

[0045]

The ash in the present invention means a combustion residual
sutbstance detected in a combustion residual test of foamed beads
described below on a melting pot. The ash on the surfaces of the
foamed beads is a substance derived froman inorganicmatter adhering
to the surfaces of the foamed beads. Accordingly, the ash is
considered as a derivative of the dispersant used in producticn of
foamed beads, and is considered as a combustion derivative of an
alumino silicacomplexsalt suchas kaolinorastricalciumphosphate.
The amount of the ash on the surfaces of foamed beads is a value

obtained as the amount of the combustion residual substance in the
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production of the foaned beads w th pol ypropyl ene

resin particles having a nelting point of 115 to 135C

as a raw material. On the other hand, the desired

obj ect of the present invention is that when the

f oamed bead nol ded article is obtained from foaned
combbeadsnobtai dedl t&omqDliyer apyesebeadsndpactibt@slater in a

having a nelting point of 115 to 135C by nol ding, the

meltiBLdbHg Ald tRecheatl ged AldTRIpb eIPevatii e tdle amsh88ME the
pressure at approxi mately 130C or less, that is, by

inorggﬁﬁhnﬁatﬁkkhaaheaﬂhgtta sakusatkaRcY¥aper tAEegsHnBdObeads.
.18 MPa (G or less is possible. Accordingly, the

fopped beads,Jisedshoyt d de ifushen pPh %e%ie@%hftgé%re , the

beads. However, the fusion preceding foaned beads

amouf® .f¥h%QﬁﬁﬁxﬂHPQahaéggf%ﬁﬁﬁnﬂﬁﬁ%gso t%ﬁfkgéesQﬁgt?efoamed

undaer Ssuc condi t1 ons, e ano e di sper san

beadgd9§Qx§ﬁa%%%fg%%ge%ggﬁgga%EQJQH?g%uiggﬁé£H§CQEatEﬁr prevents

roductio _ beads sho tw ce
Foun IR ER oL BT, LR YL LD MBbete oy mesing
wien) BELIATLE L Lot onerl 10,0 e et e LU IE o 0,15 wa
B el A L

surfactant together with a dispersant is added to a
useddis G161 médi arret henkateyred hawe! Bgrrget apfLebetdrrnot be
di spersant is regulated, the resin particles are
obtaigpdased in a | ow pressure atnosphere, and the
at nosphere tenperature for obtaining the foamed beads
(0046 regul ated at 100C or |ess and nmade not higher than
the «crystallization tenperature of the resin, whereby
t héhamentodfwidee 25 It spengdanfattiedashni beredduedd;o 3000
and the anount of ash on the surfaces of
ppm porypyiopyk dee srisscor f oaaedd beadsi sper pent égulatiedetic ogether
be 3000 ppm by weight or less. Specifically, the
withatientesah phet O sperisant aadidaterdind heddugpet 8104 production
medi um i n production of the foanmed beads is

of the foamed beads. As the method of producing the polypropylene
resin fcamed beads, a method of obtaining foamed beads by heating
the polypropyvlene resin particles, plasticizing the particles by
impregnating them with a foaming agent, and releasing the resin
particles in a piasticized state from a closed container to a
low-pressure atmosphere to give foamed beads is generally known.
Then, it i1s the dispersant that plays the role of maintaining the
resin particles in a plasticized state in the closed container,
releasingandfoamingtheresinparticlesinalow—pressﬁreatmosphere,
and preventing mutual adhesion between the resin particles or foamed
beads 1n these states.

[0047]
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preferably 20 or nore, nore preferably 300 or nore, in
ternms of the weight ratio determ ned as the wei ght of
the resin particles/weight of the dispersant. The
upper limt of the weight ratio is approximtely
1000. The ratio of the dispersant to the surfactant
I SFpr efamaliley, 4beorar éssrgamrie @giefierabky Baofodreisy agent,
internms of the weight ratio as determ ned as the

the &gl rehdsher dilspersart/iwehgbht 16h 4he psuwpbaeidant.a foaming
The lower |imt of the weight ratio is approximtely

températukQ043 4 gﬁ&m&mtmncl&deﬁm@mm eXhd€nience of
titani um oxi de, al um num hydroxide, tribasic cal ci um

prodﬁ@@§@ﬂaéf3 trr@a%%%ielmbeamgowheﬁp@@i}epr@wpa@éu&esm particles
kaolin, talc, and mca. The surfactant " incl udes

haﬂﬁﬁd%%enz%ﬁ‘é%ﬂﬁ SHate ana Soutuit of 3t s, " BTt e e
oshet S oaed beads o%?Z’f’%eﬁégghéﬂﬁfﬁ“ﬁ%ﬁug}%ﬁ"? e
e S0 S o1 LAl D PEOE 10y 20 10

b 3000 h
seongGandal Beudrar s pPoduexi 5y P4 Wi TinrErin (R or a9

mount of the d|spersant added is increased and
to 1%5’ gv@ﬁﬂﬂ?ﬁgdlrﬂ&u&lhea@ﬁégi%ﬁ 2ofthenBeresP artind é&mhrgature
f oamed beads, and even if the ampunt of ash on the
atfﬂ%H?@&@é@séﬂrﬁﬁﬁi@Eﬁﬁﬁdl%@éﬂéyﬁ§Oh?gﬁé¥e$%aﬁhQGGULp%ﬁﬁeatlng
26 weight, the surfaces of the foaned beads are
Wlthmﬁ%ﬁ@a #h & qa&tuéﬁafsltoéb VapRer eb§SEBRBvPhgl al P iR (G) or less
amount of adhering inorganic matter, whereby foaned
is ppeatklahersiaracHadibunt:eof caghdoRetfie sepd atkau bt ah&usion

foaned beads is 3000 ppm by wei ght or |ess can be
preceptagniethngddbsafs. However, the fusion preceding foamed beads

easily cause nutual acdhesion of the particles, and under such
conditions, the amcount of the dispersant added to the dispersing
medium at the time of production of the foamed beads should be twice
or mcere than usual in order to prevent the mutual adhesion of the
particles. Theamount of the inorganicmatter adheringtothesurface
of the foamed beads obtained with a larger amount of the dispersant
ishigher than 3000 ppmby weight when the amount ¢f the ash ismeasured.
[0048]

However, a surfactant together with a dispersant is added to
a dispersion medium, the ratio of the surfactant to the dispersant
is regulated, the resin particles are released in a low-pressure
atmosphere, and the atmosphere temperature for obtaining the foamed
beads is regulated at 100°C or less and made not higher than the
crystallization temperature of the resin, whereby the amcunt of the
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The anmount of the inorganic matter adhering to the
surfaces of foanmed beads in the present invention can
be determ ned to be high or |ow by quantifying the
amount of ash in a conmbustion residue test of foaned
beads in a crucible. In the conbustion residue test
dispteksaguaniddytag tehee@sded f hacaimuahoahtcolbestdronhe surfaces
resi dues derived frominorganic nmatter adhering to
of pdhgpBdsfases refsithecknanaskheadsn sbotdghibered to be 3000 ppm
di stingui shed fromthe conbustion residues of the

by waMigl€orfioaned keads reeahakni Nge GORRUSE S ORNEH HY€8sant added
derived frominorganic matter kneaded in foaned beads

to tRRd e amunpt pf s oerbyst bQBdﬁ%%'lgHe%f dgfd vggaﬁ‘n@@%eads is

I norga |c matter adhering to the surfaces of

prefE?QHEg azdao% a4, PO & gascrbhed, helaw. lﬁ [8tms of the

UStIOﬂ residue test, a cruci e haV|ng a

welgmﬁnéﬁgﬂgdm%%gﬁhne Qg%gkﬁQ%Xg (%f%ge Qﬁﬁﬁ%r%ﬂ%ﬂ%s/weight

ar e DYECISE Wwel gne ace
ci,bl I heat f d k t
o SIECURLEgaBLPSS] L2 RGBT e nd KERLLS! Bacio o
t | .
ot SR B LT ésa%f;ﬁaez%ag%grtsﬁ@%czﬁb@ﬁ%.Wefactant

. esi due_becom ng a const ant m&jghh IS btal ed, the
is DREFGREDLY Thed® meitingopot PESREAPRILHG SheE cobiistilor ems of

resi due having a constant weig IS preC|se
the weigHegat and SFEOREFRL A ﬁﬁefr%zf@lﬂ%rﬁﬁ ﬁlée\ﬁéS@ﬁrS@mt /weight
the previously constant weighed crucible, the weight
of tgfe t Reréerbastion Thesilewer sl detler mifnethe[ oBSgh27ratio is
Then, the parts per mllion (A) ppm by weight of the
appregiightelyf 1t he conbustion resi due based on the wei ght
of the foaned beads placed in the crucible is
[00464l cul ated. As the conbustion residue, the inorganic
matter remaining in the crucible is the conbustion
r eshdueki sgs ddsm twhoh el ddasred lbeadsmc antiaday ngitanium oxide,
conbustion residues derived frominorganic matter
alumkhneadedyidrdxdaied beadsasingd cosbustmonphosphate, magnesium
pvrophosphate, zinc oxide, kaolin, talc, and mica. The surfactant
includes anionic surfactants such as sodiumdodecylbenzenesulfonate
and sodium cleate.
r0050]

The foamed beads of the present invention are not limited to
the foamed beads obtained by the method cof using a dispersant and
a surfactant at a specificratio, and the amount of ash on the surfaces
of the final foamed beads may be 3000 ppm by weight or less. For
example, foamed beads are produced by a method wherein the amount
of the dispersant added is increased and preventing mutual adhesion
of the resin particles and foamed beads, and even if the amcunt of

ash on the surfaces ¢f the foamed beads is higher than 3000 ppm by
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resi dues derived frominorganic matter adhering to the

surfaces of the foamed beads. To determ ne the anount

of the conbustion residue derived fromthe inorganic

matter adhering to the surfaces of the foanmed beads,

the wei ght of the conbustion residue derived fromthe
weighRQr g g nTaidesyr oknetadetbaned beatigased wedads! shoal tatber step

subtracted fromthe weight of the conbustion residue
therebythenomioles flaagedaadser aAReertignl ok gdoiadmdrbeadsihereby

prepared fromthe sanme foanmed bead group as the

foamBHEYE 2US Ly 4eed {Raned hrads ade opr eparfdsr Ak biethe foamed
surfaces of the foamed beads are scraped off to give

beadgnhx 5eam E?aﬁew mgﬁe o&hﬁeggaaspl E@agéta:@ﬂgdt hen
the precisely weighed foamlayers inside the foaned

[005giads are placed in a crucible and subjected to the
me procedure as in the conbustion residue test

de% rl% QUI%POVF H:O Hq} &%&TFPE&EE%I%&HQElR% {gethe Surfaces

I on re3| ue deri om't i nor gani ¢ nat
neade the foanmed beads. Then, the rts
of ThOTF oﬁefﬁf P 85 ke R G VRl PR B é’ﬂemmd to oe
, on resid ed on the me

h10b] S e’ PHAHE (e FUnDE HEAHLE Bi'aged 11 f ff%@b%?*a%:%reeﬂdue
is_cal cul ated. The anount of ash on the urfaces

testy ik ¥5HReHP Eéﬁésl%a?ncﬁécaggérm%&h&ycgﬁ PFE&PPn@e%%ue test
wei ght (B) ppm fromthe weight (A g pm determ ned

for gpabhi SYhamriete ethe hoe SR oF CdcFapPHgtoPP Feplcdues derived
surfaces of the foamed beads to obtain the foam

from hpergaihsintht teie aldberdacheadeshe i o atfi Bheofoamed beads
cutting all the 28 surfaces of the foaned beads using

shouddchet @i skingel ohed Herdn kédie grobushdorhiekndyssopittiee whole
surface cut shall be approximately 200 m [0053] In

- foarkehieb¢adsethritedds ngf cohkupt ésentedivherr demivekdeframiigiorganic
of expansion before and after heating with steamat a

ma t teat kimad dom iviapoane P bessisr endfc @ 45oMPa (fGrosenyesonsresidues
an i ndi cator show ng whether the requirenent of

der ivecontat ¥ nbeaainng f4oper byihas ioget necessar yacoadid tha foamed

beads by a procedure described below. First, in the combustion
residue test, acrucible havinga constant weight ispreciselyweighed,
foamed beads which are precisely weighed are placed in the crucible,

placed in a heating furnace and kept at a furnace temperature of

950°C for 15 minutes, thereby removing an crganic matter including
apolypropyleneresinbycombustioncr thermolysis, andthe combustion
residue becoming a constant weight is obtained, the weight cf the

meltingpot containingthe combustionresiduehavingaconstant weight

is precisely weighed, and from its difference from the weight of

thepreviouslyconstant weighedcrucible, theweight of the combustion
residue is determined.

[0052]
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to enable formng at | ow nolding tenperature is

satisfied. Specifically, the ratio of expansion is
preferably 1.5 or nore in order that sufficient

secondary foam ng property is exhibited wwth nol ding

by heating with steam at a saturation vapor pressure

of TRed 8 tIMPBHAPs pekh@ivalive oh)exparnsyoreigit @f & weight
val ue obtained by dividing 900 g/L standard density

of t9E tHeoRol VoK G ene rRSidl By the appgrents wensidaned beads
(g/L) of the foaned beads. [0054] The foaned beads of

plackhei Rresetr Jvan QN c.28,9886RI, bets Ithe Rf U i residue,
precedi ng foaned beads and the secondary foani ng

the Pﬁ&gg%{.u{]&‘ ﬂ@@é’?%&ﬁ?ﬁm&ﬁ%'&@%fﬂ%ﬁé 6d e combustion

cont t he secondar oam ng property of the foaned

. I i i . q .
cesi JRASSEIE 00 o0t L0 Uit ol Rt roct e

.foami ng .property of .the f .ngg Lo, %gi e .
. h d bust
derlﬁ%?ﬁ%ﬁglﬁ OFﬁ%n %éﬁ%&*ﬁ%ﬁ%gggggjhea Hﬁg\méals%eaﬁ%% HetLon
l.ow saturation vapor pressure.. Accor,di ngl %Fe ratio
res 1 GHEg sl Gh 10t NEFaRBA BOALS toIore d “af tar= " ~ces Of
heati n with steam at .a saturation v r pressure of :
the G Paage) | L0 FroFerabey "a SBouR ol 61 G05e]SF RO residue
this specification, the ratio of expansion_ of thf
deriyganeaom g b e et st d2dn¢ TaPPELTRES: FRgE WP tH st ¥amy of the
at a saturation.vagor gfessure of 0.15 MPa (G .is
foamgetlet e d sy Wi 9D Hi 4y THReC @Rpansion T94tdus geriKed from the
. foaned beads after heating with steam at a saturation
inorgapor pressurinedded 13 e fopmedphestie expahdilph subtracted
ratio of the foaned beads actually used in
fromnglas wespbrnt ¢ £ aig: thebespansiorsirhtd ofofhe wéolfeoapered beads.
beads after heating can be determned in the foll ow ng
Accomdhngly, fodreasurernenprebatrke Expandiomanat foankdtibead group
foamed beads after heating wth steamat a saturation
as tNaparepressy eseld GodhelPRacd{ @ ar0pgephired, and the surfaces
of the foamed beads are scraped off to give only foam layers inside
the feoamed beads, and then the precisely weighed foam layers inside
the foamed beads are placed in a crucible and subjected to the same
procedure as in the combustion residue test described above, to
determine the weight of the combustion residue derived from the
inorganic matter kneaded in the foamed beads. Then, the parts per
million (B) ppm by weight of the weight of the combustion residue
based on the weight of the fecam layers inside the foamed beads placed
in the crucible is calculated. The amount of ash on the surfaces
of the foamed beads can be determined by subtracting the weight (B)
(ppm) fromthe weight (A) (ppm) determinedin thismanner. Themethod
of scraping off the surfaces of the foamed beads to obtain the foam

layers inside the foamed beads is an operation of cutting all the
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the foanmed beads are placed in a 3 to 5 L closed
cont ai ner such as an autoclave, and steamat a
saturation vapor pressure of 0.15 MPa (Q is
i ntroduced; this test is carried out plural tines
while the tinme of introduction of steamis changed,
surfbheseby teadivamg thedsappanendt densid krdffet be the like, and
obt ai ned foamed beads obtained in each test, to
the @BtakReasCUFvVengr aphrsheweng theirehat b@ﬁ%lﬂk@m@@b\we@oo pm,
the apparent density of foaned beads and the tine of
[005BMt roduction of steam From the obtained curve on the
graph, the mnimum apparent density of the foaned

beadsths fEadcQUbes@R0; P00, &/ dord So it Vi ot PVt N he ratio of

m ni num apparent density (g/L) of the foanmed beads

expaﬁg_dLoBhﬁ%ﬁpﬁ/e %%tdeéﬂggqneaﬁ:slﬁ%‘%l%ﬁ]p@ SLAT eaté Qfa#?@n vapor

foamed beads after heati ng I'n or

presfsg@ge(gf t?)eal%slgﬁgoré’)até ?ﬁéfs: grg %ea n%l%fat%)%pgﬂghgﬂg &}er@er the

or nore e an ting wth steama

requi?tew ﬁanﬂ“_n?%c\f?l?ggrf)rf%%ﬁﬁ %;91! n@e%ﬁ%gp%z{e %eﬁessiary condition

one” or rmec

to g’bfén ter refe efj mtrom% CerLé]%h %8% gla g%gt 5J$%) satisfied.

aV|ng Dpéa g%enpera ure (i

i t han t he t oint and in t ,
speclEdPan he Qli"%v@é‘?tjt%a# I psﬁ?a D%cvr more in
curve obtained by heat flux_differenti al scannlng
Ordeea*f%?‘? Fat C&fe“t 8°FBaARHY bERN I Bh @ ORE L&A OF %X%%b%‘h%d with

gh-tenperature peak be 2 to 12 J/g. Wen two or nore
mOldﬁP@hbif BRpélagur et heaeshppenfatiRataancrikar preskare of 0.18
hi gh-tenperature peaks nmean that the total calorie of

MPa {Dtal Theghttunpéraranseéaksratlo 2stayadng obfieined by dividing

hi gh-tenperature peak is derived from pol ypropyl ene
900 g lsisrt cexdiperaflen aht gl ol eopot yier poy yprepydsimebyesia apparent

crystal s capable of occurring in the foaned beads,
densé¢am be/Lor mEdtby fhemedobhermal crystallization

operation. Wen the calorie of the high-tenperature
[0C>péak is less than 2 J/g, shrinkage generated in the

f oaned bead nol ded

The foamed beads of the present invention, as described in

the fusion preceding foamed beads and the secondary foaming preceding
foamed beads, should be regulated to control the secondary foaming
property of the foamed beads and alsc to adjust the fusion of the
foamed beads to timing for manifestation of the secondary foaming
property of the foamed beads to reaiize molding of the foamed bheads
by heatingwith steamat lowsaturationvaporpressure. Accordingly,
the ratio of expansion of the foamed beads before and after heating
with steamat a saturation vapor pressureof 0.15MPa (G) ispreferably
1.5 or more.
[C0551

In this specification, the ratic of expansion of the foamed
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article is hardly recovered even if curing at high
tenperature is perfornmed after nolding, and the
conpression strength, energy absorption efficiency
etc. of the resulting foanedbeadnol dedarticle are
reduced. On the other hand, when the calorie in a
beadhi ghfbeapendt ureerpeaktiisaghivgher stban 32 3/ gaturation vapor
secondary foam ng property may beconme insufficient
pres8urengt nol 0% ngpby(deatd nge v Akl ifdceay ativa Satgurddd @Xpansion
vapor pressure of 0.18 MPa (G or less. The calorie in
ratid ohitghs reRpeHabUA8s PefKe + hd 8 Y @Semt skBMRNEE QN daSuration
preferably 4 to 11 J/g, nore preferably 5 to 10 J/g,

vapof:r}_:%ﬁéél?ré/ LeWpoi Aty rdeses i bf?}j th%bé’%!}[gané9@157ﬂat-|i®o%0@'f'@¢oamed

beads of the present invention in first DSC curve

beadgaa'&wﬁ hi gh-{ enpaLat Ur&nPeak, . And gl Bubtaneaustytio of the

her e appears one or nore endot herm ¢ pea havi ng a

foam?g%%gc?sng?{g} lﬂ(e%t(l'nﬁo-?arhl ggfé(térﬁtgﬁéqeécﬁHHr qfe fg'lfowin tmamner.

erature tegion her ting po

In meghs%rendm he{ %an Ee:)%lﬁs":%%?;t %rtllnogojf tP% fto ?%@é%ﬁ?a%%gk%{éatlng

not e ing porn
stal s shomnn oi nt of

Withp%?%woapvaeﬁst}%éﬂﬁ%h&?p%'g”@ BoREts i Tanlypagg®) . 10 g of
dot h th t f
the ?ﬁ?@%@t n%%%sk%rrg, %&%%a:éeég %S% algn’ét gﬁggéﬂ?ﬂ%&eﬁ%lner such as

melting point of the base resin  and thus serves as an
an aﬁlF]‘a‘F%%‘t’%r Bt cheaFefti AFPHIRT AR (REBabeeSPESENCT Thet » MFPa
total calorie &‘or exanpl e, the cal orie_correspondi ng
(G) i® intodteadoft NgGakePa +epidser@d Wy PAURALL Elfﬁ%?tw%le the
in FIG 3) of one or nore endotherm c peaks
time( hér énnabtioct tpaf efr depn 45 ichkagest thealedy medsvgiag the
peak tenperature (i.e. apex tenperature) in a
appatrenpeteatifriey pédilon obbtihegheranddibpephle oelaingdpei aach test,
measured in the same manner as in neasuring the
to ol gt & enpereat vaeh peak icgl Ore eelationship between the apparent
density of foamed beads and the time of introduction of steam. From
the obtained curve on the graph, the minimum apparent density of
the foamed beads is read cut, and 900 g/L is divided by the minimum
apparent density (g/L) of the foamed beads and thereby determined
as the expansion ratio of the foamed beads after heating.
[0036]

Inorder that the foamedbeads cansatisfytheratioofexpansicn
tobe 1.5 or more before and after heating with steam at a saturation
vapor pressure of 0.15 MPa (G), it is important that one or more
endothermic peak (hereinafter referred to as high-temperature peak)
having a peak temperature (i.e. apex temperature) higher than the
melting peoint and in a temperature region not lower than 130°C appears

on a first DSC curve cbtained by heat flux differential scanning
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is preferably 30 to 80 J/g, nore preferably 40 to 70
J/g, fromthe viewpoint of nmutual excellent fusion
anong the foamed beads in nolding. [0058] The nethod
of regulating the calorie in a high-tenperature peak
in the range descri bed above in the present invention
calokrSmeptgf enabl yha r égahatii obenEt hodndsi ngel setNemial of the
crystallization during production of foaned beads,
highfrefbkhervirewpet ik afe obt aizni ng2 arf@anmedwhead b desk more
article having stable mechani cal physical properties.
highASeApBRhhadePfls bppBathaHesok hermal of yséalildrzatdr@erature
operation, there is a method of m Xxing a polypropyl ene
peakkedbin haiingheatr BRLL I 001 PO Do ok RLANEE of haBy 355k Wi 5§Jﬂaks is
a polypropylene resin having a nelting point of 135C
2 to 5 1885 2fe 2 iRA-YRIQRUENE J SSL P4 A B EeL 1 1
Ocou/gi, t % ﬁgﬁiing poﬁht ofﬁt elsgﬁipropy eng;?égﬁﬁ@py ene
af &l ngn: AhxeR Shoyld Be 113t Ped39% s :00PL  The 1
resﬁn&éﬁﬁ#ﬁ% neésu??ng theE%%Poyée F% a %lg%?fénpgraturgapab ©
eak .32 of the foaned beads in_the present, invent.i o
of oBERLLiHE) P n I heRR e Panr s FRETE] medifhg Ltnermal
0,3. of the foaned beads . from. room r.ature
s Ry O RRP SRR TIRer o BROG e SHHIAE BT B SR atiTe
a heat flux differentjal scanning_caloripeter, a
peakgIGEREIAS £ Jdbk T HerSf 7t CaPe T hGRar bl daretl bead mo1 ded
.inherent peak) Pa derived from crystals show ng the ,
artipdg ns @ tihy [EHtetd e poly prépyPenle PEER FemReFLure is
base resin and having a peak tenperature (i.e. apex
rerfespplr &fitrte) "EEIIn @Ntefpér TR T ON AGLSRP§Rer energy
than the resin nelting point appears, and when one or
absoppiaé o gddtisaremicy gieake Phhbaiasy liigisercanrmbesfuoldedmrticle
melting point and having a peak tenperature PTnb in a
are neginsercat ube thegi tdre motnd pweenttherd30G appedrigh-tireperature
t he endot herm c
peak is higher than 12 J/g, secondary foaming property may become
insufficient during molding by heating with steam at a saturation
vapor pressure of 0.18 MPa (G) or less. The calorie in a
nigh-temperature peak in the present invention is preferably 4 to
11 J/g, more preferably 5 to 10 J/g, from the viewpoint described
above.
[0057]

The foamed beads cf the present invention in the first DSC
curve have the high-temperature peak, and simultaneocusly there
appears one or more endothermic peak having a peak temperature (i.e.
apex temperature) in a temperature regicn not higher than the melting
point. The endothermic peak appearing in a temperature region not
higher than the melting point is derived from crystals showing the

melting peint of the polypropylene resin that is a base resin, and
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peak Pb is a high-tenperature peak in the present
invention, and the calorie of the high-tenperature
peak of the foanmed beads corresponds to the area of
the endot herm c peak Pb. Accordingly, the calorie of
the high-tenperature peak is cal cul ated nmechanically
amonbyedetehaini agpoddies arnese gkatkhecapdetherm oL pelak RPrgest peak
with a differential scanning calorineter. The area of
areat HereasdoidieronGnpedak, R teathbeneteief mdiett by the base resin
foll ow ng nmethod. [0060] For exanple, as shown in FIG
and 8nukNgepPOkBtad £OI{ESPONED AT thSGe N ANdISGE Wi e base
and the point (3 on the DSC curve corresponding to
resihhe nelting termnation tenperature Te of the foaned
beads, are connected to forma Iinear line ((x - (3).

Th@ﬂe { P@aﬁtﬁrﬁeo'@fgg i<§>/ t [‘:Qﬁlogﬁg EHEVES onding to

bet ween the 1 nherent peak Pa and the tenper ure

the g%@ﬁ E ' pk §i COQN %PQSJ_% Lorima, Iy '}Ele@é Oéé Al ne'ng

|tud|na XIS o t he gra

olnt iL,ntersectin MA t he ear li Jﬁ%
one G B P goa M SEREG SR Dot RErat bR, jtfFondh o o snnerent

rn1ned as _th rea of t he reglon shade .
Peakfﬁ BRGiTS) DnRfote 3eﬁﬂ§?efﬁs%§c GEve it ﬁamP L)) in a
h-te erature eak Pb in the DSC curve t he
temp% rEhE %glo?sﬁ‘ogn]al%%rlﬁﬁ N Sl Jf]t 1“!1’?e"@1s‘“ec1 in
gh-tenperature peak Pb obtai ned by the re ul ation
the ﬁ%@ﬁdﬂama%lr’r?gs t%mieéétlﬁépﬁth%r%@%ﬂ‘?lﬁ%ﬂ% UFR Repk calorle
present invention appears in a first DSC curve of the
is prohfealbeatls tfedduréd, aBoHeseit vtrabovie, topdf dbes from the

not appear in a second DSC curve obtained by
viewgednsasitngutiuse teeifserlandr ef¥s b 200C1¢ otbAcéoabedt beads in
40C at a rate of 10C/ mn and then increasing the
moldtiepperature to 200C again at a rate of 10C/ mn, after
obtaining the first DSC curve, and in the second DSC
{005&Udr ve,

The method of regulating the calorie in a high-temperature
peak in the range described above in the present invention is
preferably a regulation method using isothermal crystallization
during production of foamed beads, from the viewpoint of obtaining
a fecamed bead molded article having stable mechanical physical
properties. As a method other than the isothermal crystallization
operation, there is a method of mixing a polypropylene resin having
amelting point of higher than 135°Cwith a polyprepylene resin having
amelting point of 135°C or less as a polypropylene resin. As amatter
of course, the melting point of the polypropylene resin after being
mixed should be 115 to 135°C.

[0059]

The method of measuring the calorie in a high-temperature peak
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only an endotherm c peak derived fromcrystals show ng
the nelting point of the base resin simlar to the
i nherent peak Pa appears, and thus the inherent peak
Pa and the high-tenperature peak Pb can be easily
di stingui shed form each other. The reason that the
of tpei bamedrbdduls DSC e Yo csend pavahtiear Lespentdbnict®: In a
the tenperature of 80C in the neasurenent nethod
nsc descei etz aheyepd ondiang he 44 neafg ldmaHd fodr@d 8als from
baseline is that a baseline initiated at a point

roomct%rﬁﬁé’f@ﬁg}é‘g(a?%r%%@m%%%lﬁ geamnaLesh ¢ aePPIMte of 10°C/min

corresponding to the fusion termnation tenperature

withk§kﬁﬁﬁg§i§Q|&iffbfgﬂﬁgéﬁ'gdﬁinﬁg%hEQHQ%ﬁﬁeggr?@nlendothermic

I gh-tenperature peak stably w t'h goo

peak{ﬁgé?gyﬁggkéktyre%%@?ﬁé ggeagvfﬁﬁg¥%ﬁ%ﬂﬂe§uf“§gEHéﬁq%?d from

oarne eads o e present invention s usua
0.,500. r r ef er.abl : 3 r h .
crvsat hes Bk B EritEoRaign SRR tanF po TP lpgtene resin
oaned .34_bead having a ver age,  cel |, .di aneter .in_the
22 2 DY R PR O HabL 8 P o LE R LT FERt (i anf R Cehperature)
property during the .secondary foanmn r nol.di ng. of .
PTrnaf}ia o balRE Beatd [Eser bat 1S WPEHOUEe deFoaminy: thE Point
cell of the foaned beads. [0063] The average cell
APPERF Ined et ot RBSFOamed SoeadStRSAMbE RRA Bl REYNIoM ¢iHer than
basi s of _an enl arged phot om crograph havi ng an .
the éﬁﬁﬂBxWﬁéFéP? PPWGLdRRAdE@ Va8l 3s @Kok SBPGargd FImd in a
beads by the follow ng operation. |In the enlarged
tempphotogeaisyich nhe loskelr Seot L6A,C 4pbeasar dligreshpagsiaigiermic
on the surface of the foamed beads to other surface
peakafl iLhraugholheempeemiare peealk of thwe e derdectivemtare, and
drawn in 8 directions from the central parts to the
the swilfcaciee offt heef dandd thegokrathers phekt otfal thaufbemed beads
(N) of cells intersecting with the 4 linear lines is
corrdepentdined.the area of the endothermic peak Pb. Accordingly,
the calcorie of the high~temperature peak is calculated mechanically
by determining the area of the endothermic peak Powitha differential
scanning calorimeter. The area of the endothermic peak Pb can be

determined by the following method.
[006C]

For example, as shown in FIG. 3, the point o corresponding
to 80°C on the DSC curve, and the point B on the DSC curve correspending
to the melting termination temperature Te of the foamed beads, are
connected to form a linear line {(a - PB). Then, the point y on the
valley of the DSC curve, between the inherent peak Pa and the
high-temperature peak Pb, is connected to forma linear lineparallel
to a longitudinal axis of the graph, to determine 8 as a point

intersecting with the linear line (a - [B). The area of the
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Then, the sumtotal length L (m of |line segments from

the surface of foaned beads of each of the 4 |inear

lines to the other surface is divided by the total

nunber (N) of foamed beads, to determne (L/N)

thereby cal cul ati ng the average cell dianeter of the
hightoampdrabeadspef R0B4]1id hd: avenagsd ced [t ameterof the region

i ncreases dependi ng on the high MFR of base resin, an
(shabBareaseion iwanmieg I emperbidd® b WWeCMBASeUrve &howing the

foam ng agent and a reduction in a cell adjusting

hlghaggﬂberéﬂgrehﬂéakt?@ feamed beads,havi nchd he 0b) £dne: (5 -

average cell dianeter can be obt ai ned by suitably
ﬁgggh@thgg tgg factprs pf change in average cel
by a di aneter. gﬁe Yﬁe éﬁerage wei ght of one foaned
[oochead is decreased mol ding 35 can be perforned
advantageously wi t h | ow heating tenperature, but when

t h?hé\ﬁ%rg% Wgeg%ttu(}f d%nga&?Eja 2?9%{8[&6098% Watlﬁn method

f oam ng ency is eri or at cordin
usingxﬁﬁié%Pg%%§HElgr%$€ %%5 ?gﬁ% %%%ma %éQEFEﬁ ethog%ppears

0 he foa i S re ul a
lnaiafaﬁgf?%%%flﬁ ?fe}:éseffm StGhet Tks asaé??%e‘éb?%rabwef
t he foanmed bead t he aver e e
out 3358 B Pepetr thhea.%ﬁce%fid?soq G Do T 1B08e] Hreasing
average wei ght of one resin particle can be regul at ed

the pymparbaventiBhal0yCKrow e btz A AGC it FodasGeht ak0°C/min
a nethod wherein the base resin and other conponents

and theg lqudiqasiey thetaeperrheadéd 20N Cavadnaudentams 10°C/min,
then the kneaded product is extruded into a string

afteyi gbhapping Fhad el fyCacewel, BBPelnt thdesSetrndPY3heurve,

ext ruder,
only an endothermic peak derived from crystals showing the melting

point of the base resin similar to the inherent peak Pa appears,
and thus the inherent peak Pa and the high-temperature peak Pb can
be easily distinguished form each other.

The reason that the point o on the D3C curve is a point
corresponding to the temperature of 80°C in the measurement method
described above to draw the linear line (o - () as a baseline is

that a baseline initiated at a point corresponding to 80°C and

terminated at a point corresponding to the fusion termination
temperature 1s preferable in determining the calorie of an
high~-temperature peak stably with good reproducibility.
[0062]

The average cell diameter of the foamed beads of the present
invention is usually 30 to 500 um, more preferably 50 to 350 um.
From the relationship of the strength of the cell film, the foamed
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and the string is cut into resin particles having a
desired size or weight by a cutting nmachi ne having a
taker. [0067] The foamed beads of the present
i nvention usually have an apparent density of 10 g/L
or nore and 500 g/L or |less. The upper I|imt of the
beadappal ggt adensi: tayofcdiie dfieared rbéadshof rdhee pitesermbed above
invention is preferably 300 g/L, nore preferably 180
show@/ bxcbtlosht h€oami ewpet dbe bt v i dpr Dvd Nghd heedamflaneriaining or
characteristics of the foam such as |ightweight

moldphepert ties Aandrshock-absekbirigecharasterizesut Xrdd€ing the
ot her hand, when the apparent density of the foaned

cellbg@d%hel%ogﬁ@dlg@hdghe foamis easily broken, and thus
the lower limt of the apparent density is preferably

006%? g/L, nore preferably 15 g/L. [0068] 36 The
apparent density of the foaned beads in the present

' mf'ﬁ@tahﬁér}dgse @%Yfldi%n%meq] %Pd.hkéyféérﬁéﬁ Bgahg%grﬁjeg%termined

bead group Wt in wat er - contalnlng

rin
on t\’i‘%%%% o ch%! ?@2298%5}9?%%@%% %@%Egafé'ﬁ fan LeA N imately
of -wat er. and V|d n q# 0
two ¢BEEP p8aa STy’ 83 FHERTR RO (8 Fobhaa Bagpetat ion.
0069 oduct.i on of the foamed.beads
10 e1d O R bt St T RS AL RGP o Mafte . JcS passing
oani net hod can be used mhereln propyl ene resin
on t]b%rstlircﬁg HE et F SIRAEEH PCEGSt hero Wit h Sy 4t EAH AGCageRtugh the
a dispersion nediumsuch as water in a closed
Centé@ﬁt&?ﬁ§ﬁ thEﬁeh%%%%dse?%%W%b%r%cﬁﬁ%ﬁﬁrﬁftaug#%%ﬁﬁions from
particles, sinmultaneously the resin particles are
the GoRpeyhaesdswia hha $eaia ¢ryodger foaneditrad esinen, the total
particles are released fromthe container into a .
numbegwWires sat és dagiegsectisgat 15h the d lamestnbspheiisgletermined.
pressure region) at a tenperature not
Then, the sum total length L (pm) of line segments from the surface
of foamed beads of each of the 4 linear lines to the other surface
is divided by the tctal number (N} of foamed beads, to determine
(L/N) thereby calculating the average cell diameter of the foamed
beads.
[0064]

The average cell diameter increases depending on the high MFR
of base resin, an ingcrease in foaming temperature, a decrease in
a foaming agent and a reduction in a cell adjusting agent, and thus
the foamed beads having the cbjective average cell diameter can be
obtained by suitably regulating these factors of change in average
cell diameter.

[0065]

As the average weight of one foamed bead is decreased, molding
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| ower than the softening tenperature of the resin
particles (see JP-B 49-2183, JP-B 56-1344 and JP-B
62-61227). Preferably, when the content in a cl osed
container is released fromthe closed container to a
| ow- pressure region to obtain foamed beads, the
can 6& oseff ©oM digerantsdeacielpr @sshr edwvhédt ihe fogdngture, but
agent used or an inorganic gas such as nitrogen to
whenPrt@¥eRlyelrBgephRSSite ofl ider o ai mesdf Eembapildky foaming
decreasing, so that the content can be released and

effikthenappad eatcdeRshtyd0f AbeoF@swdty N@nkoareeadeads ght of one
can be unified. [0070] The nethod of regulating the

foam@¥eHag8 £&ld-dianmier ©foit he figanedy, beads ﬁﬁéﬁé%é&ff 0.1 to
out mainly by incorporating 0.01 to 5 parts by weigh

of i o ' u t | upd pum;
B R R N T B e A O S
adjugeﬁgﬁrthgsaﬁef%gé @Qi {108 &Egﬂgesiﬂ“ f%%%l z%&fsgﬁﬁaining
wei ght of the base resin to give resin particles
theéggﬁgggtgas EPtHQ%%%@JJJW%f@#@%fb%ﬂgﬁa t&glEQ) P %%ntended
resin, "but the average “ce di amet er “changes due to
foam ng tenperature, the type of the foam ng agent
foamﬁﬁdg%ﬁg‘annunt used during the production of the
aned beads, and thus prelimnary experinents should
previ ously conducted for establishing conditions
bef ore the objective particle having an average cel
di AR6t BYST3IR Bt Hed O 007 17T He hEFAsPRaF R At ed Py
hi gh-tenperature peak_in the present invention can be .
a coppeal hede biy & fornPhg LRELR6AI MABRe? PuHe afedifpthod wherein
particles when heated with dispersion in a dispersin
the e urmdin andepbked comaisiers anReafidahbdchends Tle —kneaded
not heated above a nelting term nation tenperature of
in an ketresiem padt theheth€ hoeeideaf perduat S6 exefedeedd ity astring
Te) and are kept at an optional tenperature Ta within
via a mouth ring having a small hcole at the end of the extruder,

[006%

and the string is cut into resin particles having a desired size
or weight by a cutting machine having a taker.
(0067}

The foamed beads of the present invention usually have an
apparent density of 10 g/L or more and 500 g/L or less. The upper
limit of the apparent density of the foamed beads of the present
invention is preferably 300 g/L, more preferably 180 g/, from the
viewpoint of improving the fundamental characteristics of the foam
such as lightweight properties and shcck-absorbing characterizes.
On the other hand, when the apparent density of the fcoamed beads
is too low, the foam is easily broken, and thus the lower 1limit of
the apparent density is preferably 12 g/L, more preferably 15 g/L.
[0068]
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a range froma tenperature 15C bel ow the nelting point

of the resin particles (hereinafter, also referred to

as Tm to a tenperature |ower than Te for a

sufficient tinme, preferably for 10 to 60 m nutes and

then regul ated at the optional tenperature Tb in the

range abpafemt- E@Qsittey (d& thbd) fokhed esiadpathi ehes present

are released fromthe container to a | ow pressure
inveh€g@ban ata Yheukesmpes died & vapinkhegelye fespardpdadrofoup with

formng the high-tenperature peak, a tenperature kept
weighetwegn (Am wa%@@)—c@ﬁ@aIﬁlﬁér}n@@s@ﬁi@@'dﬁrlQﬁiéﬂ]u51ng a metal

multistage in the tenperature range, or the

meshh' gheh enpes el yrenPeak e voe 1 f Oﬁﬁeﬁih@yfoﬁﬁ@&'%@tg&up from
sl ow speed over a suff|C|entIy ong tinme in the

rals%ﬁgﬁgf%é{r& 139€. 4 éé%l gin&"c[)ﬂ@%e‘i%h@:f 'f:]ﬁlrée camed bead

tenperature pea f oamed beads, "and egree

grou ‘\}ra't%' Goflimf! %E Eﬁgpt%{%%HBGbBSQkﬁr?ﬁ%?g{Wl”' y on

e'tenperature Ta an e retentio
[OOGEEHperature Ta for the resin particles in producing
e foaned beads and the rate of tenperature rise in

ran C The calorie. o
th “h%‘%g&l %]tg‘e)pégﬁ‘m%fd Pﬁég %ﬁe‘bh%é%\rues %rétndéwe&tlo“'
be hi en the tenperature Ta or, Tb is | [
for gXghPoF- t%g“ioéﬁ’péﬁom m@&h&@scamﬁ e r eel”rﬁjrfbrli”fopylene
time is longer in the range of (Tm- 15C) to Te, and
r651ﬂh8ﬁrFﬁél?§t%r%fd%%ﬂﬁ€?%@uF%g??%%r|%1W%w%rf9%m%4ﬁeagent in &
range of (Tm- 15C) to Te. The rate of tenperature
dispeirgéopsagdiem (Bifdl By ot srtt SCLAPASCTReNEalBfF e 1N heated
the high-tenperature peak tends to be | ow when the
therebiperatanéndatoe T5sis Rieghdclien eadmugiapigeusly the resin
tenperature ranges, when the retention tinme is
partghéeserten inmpragngedfwiTm a eEmitgy dwsnwheanthéhe resin
rate of tenperature rise is higher in the range of (Tm
particlBE)atordeepaand Wenthheardiee refr i enper dbwrpresserescegion
| ower in
{usually into an atmospheric pressure region) at a temperature not

lower than the softening temperature of the resin particles (see
JP-B 49-2183, JP-B 56-1344 and JP-B 62-61227) .

Preferably, when the content in a closed container is released
from the ¢losed container to a low-pressure region to obtain foamed
beads, the c¢losed container is back-pressured with the foaming agent
used or an inorganic gas such as nitrcgen to prevent the pressure
in the container from rapidly decreasing, so that the content can
be released and the apparent density of the resulting foamed beads
can be unified,

[0070]

Themethod of reguiating the averagecell diameter of the foamed

beads is carried cut mainly by incorporating 0.01 to 5 parts by weight
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the range of Te to (Te + 5C) . \Wen prelimnary
experinments are carried out repeatedly in
consi deration of these features, production
condi tions of foanmed beads showi ng the desired
hi gh-tenperature peak calorie can be obtained. The
of inleRer atnbte 4angeh aseernd, ngl unoi rtlbeh foromt donsef ica, zeolite,
hi gh-tenperature peak is a suitable tenperature range
bora¥heanfihenct oK 9anhSwiddy si £al a foam ngiagaitng ssdisad asito 100
a foam ng agent. Accordingly, when the foam ng agent

partkSFRANGEE L0 (2R PEIANL Py Sigale rbean pgragends dri@ulated
suitabl & tenperature range is shifted toward a

to o eI LALUEEahOMBI e Y AROHL L 1R 30t DAN Wil the average cell

tenperature range 39 described above, depending on

i anb P IR aysed; %ggiﬁ?'ggn%d&ggﬂtlﬁs ,t tﬂﬁﬁfe@%gé G ?ﬂ@@oaming

used 1 n producing the eads o t esen

agenl‘ﬁnﬁlrleﬁq:h%n?mgﬁrgél%ls%cpggghggltrﬁeg?%egceggﬂtég tihléof%%ﬂ.é& beads,

hysi cal” Toam hg agen ures thereof can

and G R E TRy OF SCa RO tioh k8 Lo epdre  planeconducted for

arpons s propane,
xape and h ane, alicyclic hydrocarbons such. a .
cstaBy A POBIPARE BN LO0E! BRERARe CORa bGBRadd RydTdcamarying an
such as_. nethyl chloride, ethyl chloride and nethyl ene
averggPoffde, CaRBCarAl kjl OPEERBRS - such as di nethyl et her,
di et hyl ether and nethyl ethyl ether, and these nay
[007Bé used as a mixture of two or nore thereof. [0074] An
i norgani ¢ physical foam ng agent includes nitrogen,
caifb@rfoamecﬁdg@édsaagqu ai%ri,g%wa?teéfrpeéftadzqr%ﬁ@améséhﬁwesent
be used as a m xture of two or nore thereof. Wen the
invehdamadcbaads ebeabbedi peda usyy navarerhesd, o/t ipier diton resin
medi um together with the resin particles in the
partdékdsedwigent aéaieed wWieh résipempardi dnes dayprbesknegagedium in a
with a water-absorbing resin so that water that is a
closdidspensabne npdilumfcamed beads are not heated above a melting
termination temperature of the resin particles (hereinafter, also
referred to as Te) and are kept at an optional temperature Ta within

a range from a temperature 15°C below the melting point of the resin
particles (hereinafter, also referred to as Tm) to a temperature
lower than Te for a sufficient time, preferably for 10 to 60 minutes
and then regulated at the optional temperature Tbhb in the range of
(Tm — 5°C) to (Te + 5°). The resin particles are released from the
container to a low pressure region at the temperature and thereby
expanded. For formingthe high-temperature peak, a temperature kept
between (Tm - 15°C) and Te can be established in multistage in the
femperature range, or the high-temperature peak can be formed by
heatingataslowspeedoverasufficientlylongtime inthe temperature
range.
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be used efficiently as a foam ng agent. Wen an

organi ¢ physical foam ng agent and an i norganic

physi cal foam ng agent are used in conbination, the

or gani ¢ physi cal foam ng agent and the inorganic

physi cal foam ng agent can be arbitrarily selectively
roo7eonbi ned.  When the organi c physical foam ng agent and

t he inorgani c physical foam ng agent are conbi ned,

t heo HRQE Q8RNI &F ANYS IhGah -freaieng tagenbeakSo o hdt@beads, and

preferably in an anmount of at |east 30% by wei ght or
the HE@EeeAan@aicﬁ‘@léQﬁfn}{hgg@Qﬁiﬁp%réﬁlﬁré O3NS inealnly on

foam ng agent is preferable fromthe viewpoint of

the ’& destraeti 9Rqofnd hee2enen é@mé%%e%@ﬂa%Wr%O@B for the
particularly nitrogen, air, carbon dioxide and

reSlWa %rrtqrcg re_Lf e%&cit@&7§ﬂ1eTE%aﬁ§Bu@ea@ t%fgﬁ@ Rdte of

nt use is d mned in consi rati on of the

tempg%ggaﬁggldﬁeeﬂlzﬁ%%eﬁ t$?eﬁe0@man5pé 4 CL +t50’C be Th? calorie

ype 0 e res r the ty e
of t1I1 ySI rgp el%é é)rﬁack sdfuéb”glt %%g% yb&QSso{&gg% Eo be high
t b h f
5@%{"‘{?@ BB Sty o e omgant BINSICRL ULIR oo
ght, er 100 parts by weight of the resin

rangsarwhﬁ%@ e[@@?%l]ltﬂx% tdmspé? siaparedrum ¢ 6ATdiSspér sithg +2°C)
the resin particles in producing foaned beads i s not

to Te; MRRINE Wifer2HBsRT | BEWPAGIVES dide éﬁy SBfYeht Lhe range
t hat undi ssolves the resin particles may be used.

of (Emanplo8€) ofo thee dlsperstag hddinparsttere rhas wageris usually
i nclude ethylene glycol, glycerin, nethanol and

0.5 evhaholmibut usually water is used. When the resin
particles are dispersed in the dispersing nedium a
di $hersantr imy fbehaddeth - femeressarey pee kt hends dpebsi hgv when
medi um  The di spersant includes finely divided

the adnprrmuimoxTde;r Tt amhumhexi te cach of the temperature ranges,

when the retention time is shorter in the range of (Tm - 15°C) to
Te, when the rate of temperature rise is higher in the range of (Tm
- 15°C) to Te, and when the rate of temperature rise is lower in
therangeofTeto (Te+5°C). Whenpreliminaryexperimentsarecarried
out repeatedly in consideration of tThese features, production
conditions of foamed beads showing the desired high-temperature peak
calorie can be obtained.

The temperature range according to the formation of
high-temperature peak is a suitable temperature range when the
inorganic physical foaming agent is used as a foaming agent.
Accordingly, when the foaming agent is changed to an crganic physical
foaming agent, the suitable temperature range is shifted toward a

temperature lower by about 0 to 30°C than the temperature range
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basi ¢ magnesi um car bonate, basic zinc carbonate,

cal cium carbonate, kaolin, mca, clay etc. The

di spersant is used usually in an anount of 0.2 to 2

parts by weight per 100 parts by weight of the resin

particles. [0077] The resin particles are those
desc€eoppOsetood, adpptypi opybeneheesiype asddesedi beduabove,

and as long as the desired effect of the invention is
[007Bpt deteriorated, it is possible to incorporate other

pol ypropyl ene 41 resins (for exanple propyl ene resins

hayingh@ feltimng é&%ﬂﬂ &Hed“iﬂ“ﬂroddﬁﬂh. 350 .fdBled beads of

exanpl e, ethyl ene resins such as high-density

the ?@%y%&@%hﬁﬂgﬁuﬁgge%@@%n@%nﬁh&¥l@th§$£ﬁiﬁﬁmégents, inorganic

ensity polyethylene, |inear |owdensity

physgggxewafﬂnmgﬁ&ém@?foéHﬁ%rt ﬂe%ﬂ@%bgycggly@tﬁ%@nemgamc

yl ene-vi acetate cop ymer ylene-acrylic

phys?g ? %88% éﬂU@”fHBidggrET{ ﬁé§1@ch drSQQQLXHErsuch as
resi e%(

ns"s ch S olystyren I NS suc
olys

propFa@Vs?X She and LY r%?%l §H§ %ﬂ‘y chg? %ggﬁk%m§bons such

RLF ST HET 185 Y escr oVe,
e to_add ene- pro Iene ru
25 cQERSPRhart bl erett fﬂié <P U %Lﬁdernoecarru G such as
st yrene- but adi en bber and ogenat r.oduct s
methg b et LA oBEBNG CURRIIS ABSETEHE Pap T oty fid dialkyl
rubber, or el astoners such as styrene but adi ene bl ock

etheéépﬁwyhéﬁ<§w%§#6ﬁb@§heﬁyd?%ﬁ%ma¥@& BB oe 'S Her BDRY L ether,

and the like. Wen resins or elastoners other than
and thespolypr bpyHene respnsligkere aéoFpPer atelorft shereot.

pol ypropyl ene resins, the total addition anmount of
[007¢he resins or elastoners other than the pol ypropyl ene

resins is preferably 50% by weight or less, nore

pr efhemabigar3@9pbys hea gHioaorind agsnt nore yshaef i abbgeno®arbon

by wei ght or |ess, based on 100 parts by
dioxide, argon, air, water etc., and these may be used as a mixture
of two or more thereof. When the foamed beads are obtained using
water as a dispersion medium together with the resin particles in
the closed container, the resin particles may be kneaded with a
water-absorbing resin so that water that is a dispersion medium can
be used efficiently as a foaming agent. When an organic physical
feaming agent and an inorganic physical foaming agent are used in
combination, the organic physical foaming agent and the inorganic
physical foaming agent can be arbitrarily selectively combined.
When the organic physical focaming agent and the inorganic physical
foaming agent are combined, the inorganic physical foaming agent
is contained preferakly in an amount of at least 30% by weight or
more. Amongthe foamingagents, the inorganicphysical foamingagent

is preferable from the viewpoint of less destruction of the ozone
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wei ght of the pol ypropylene resin. [0079] Various
types of additives may be further added to the resin
particles. Exanples of the additives include an
antioxidant, a UV absorber, an antistatic agent, a
conductive agent, a flane retardant, a netal
layebrnacd ilvat cogtagemd paathigiet],y aidyegea,cayst atarbon dioxide
nucl eating agent, inorganic filling material and the
and Whker 3bhespradditbves 42 are preferably added in
anounts of 25 parts by weight or less per 100 parts
[oo7By weight of the resin particles, nore preferably 20
parts by weight or |ess, even nore preferably 5 parts

byruei gilo Rf | §8S-thd O@@Q&llﬂ_@e PRI 9Py eng r@ét@rmlned in
foamed beads obtained by releasing fromthe close

consggggfgkggﬁ :EOV 4 %ﬁﬁﬁﬁ?&gﬁgggoefbyhé hfoﬁﬂrlﬁ?q)artlcles To

escri a curing step in

be oﬁ%%? &@e&m% t%ﬁgséﬁﬁ%}u%% |!¥eggﬂdq§#qgm9ggge of the foaming

easi ng, t'hén aced in't osed nt ai ner
or_pressuriz essur|ze ress [i
agenéasegﬁchﬁhs alrg% 3: Ofg I 60p , aéeﬂ% is used
ressure | t eads ncre ed at 0.0 .
in B PR TGP, Bt G 2oL “00Lb B 0L T W (-C ARy sieal

‘ hen the foaned ﬁeads are renn(agﬁ% QW%%t e cont ai ner he,
OamAHa FHERCCAR PEShelt 6 ViR St ¢ T P o9

f oaned beads haylng a_| ower apparent density (this
per dPdpPRrEtFePyr FBdIRE0Chstbestagent BART R} S5F 0081] The

f oamed bead nol ded article of the present invention
[007€an be produced if necessary by using a batch nol di ng

met hod wherein foanmed beads are subjected to the sanme

opérat ¢ osoor s ime meabiny decippessdng Fhethesioameg-icles in

beads as in the two-stage foam ng described above so
produhangt feamre bswds ia ndie fioamed beads dsdeegulibeddalapve, and

0.01
any solvent that undissolves the resin particles may be used.
Examples of the dispersing medium cther than water include ethylene
glycol, glycerin, methanol and ethanol, but usually water is used.
When the resin particles are dispersed in the dispersing medium,
a dispersant may be added if necessary to the dispersing medium.
The dispersant includes finelydividedaluminumoxide, titaniumoxide,
basicmagnesium carbonate, basic zinc carbonate, calcium carbonate,
kaeolin, mica, clay etc. The dispersant is used usually in an amount
of 0.2 to 2 parts by weight per 100 parts by weight of the resin
particles.
[0077]

The resinparticles are those composed of a polypropylene resin

as described above, and as 1ong as the desired effect of the invention

isnotdeteriorated, itispossikbletoincorporateotherpolypropylene
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to 0.10 MPa (G, and then charged into a

conventionally known thernoplastic resin foanmed beads

nol di ng cavity capabl e of heating, cooling, opening,

cl osing and sealing, the foamed beads are heated and

expanded in the nold with steam at a saturation vapor
resiRE TS & a1 Dplbpy0efe i MPas L&) ingpred et aby yoQntlof higher

0.16 MPa (G , the foanmed beads are thereby nutually

thanf ysee-1 0 ppe @QQ&B@E and ke tf&J_rr?ssuéﬁél‘f'gasdf%lfgh-density
f oaned bead nmolded articlé is cooled and renoved from

polybPRyCaNLLY (Bl XXMRlBs i@ f O é"@rﬁﬁ@né’escr 1beddensity
In %P B 4- 46217 and JP-B 6-497 5) The nmet hod of

polyggﬁ%igg Wi t?}ﬁé{ﬁml&jcnﬁl vﬁ N erfBN US@Ar super

ent ona ereln one-si de heati ng,

&8%%ﬁfy°@8@%ﬁ§gﬂ?%§'hzgeaﬁ£}ﬂs§%: 04702 ARt e conorymer,
arti culai pr,

bl d .
ethyg%%%Ea%FE ate&l%gamégéﬁﬁ%%ﬁg hggﬁggéﬁeaﬁg€gégég?ﬁc acld
t d ti d m heat
COPOEE%?%Pgmegggggiﬁ%c gﬁf%?§¥? a3 vgpofg%fgégggg'%%F%Hggtyrene

to O. during the | ding of the foamed
and BEXH@“?smgﬁéléa%Pﬂﬂﬂ¥% ?u%OBg?¥ﬂ§rSaturatlon vapor

ressure of steam supplied to a nold during nol di ng
[007§ﬂep [0082] The foanmed bead nol ded artlcle of the
present invention can also be produced b
coRethdeasthel apRyNFetREETWREFePROVRe ﬁFe§§urpé’Ssllll?ltehé?o add
foaned beads is regulated as necessary at 0.01 to 0.10
ethylPae-p@ppahgnehen thedkotmed beddyy ceefleputene rubber,
continuously to the inside of a nold forned by belts
propwhieck-arkutenti nuoubbygrear r sédrahenyuthdiengp aggibber  and
bott om of the passage having a heating region and
hydregehibngd pegdootandharst£am stpresatudtdon neaporene rubber,
pressure of 0.06 to 0.18 MPa (G is fed to the inside
nitréfiet haimeixd wheneflhetbnamed sheadszar et ypassi-bgtehiengh block
the steam heating region, thereby expandi ng and fusing
copol hack-oanesk heads, avengdhencsandrbbeot padset:dhr anghtiae like.

cool i ng region

When resins or elastomers other than the polypropylene resins are
incorporated into polypropylene resins, the total addition amount
of the resins or elastomers cother than the polypropylene resins is
preferably 50% by weight or less, more preferably 30% by weight or
less, more preferably 10% by weight or less, based on 100 parts by
weight of the polypropylene resin.

[0079]

Various types of additives may be further added to the resin
particles. Examples of the additives include an antioxidant, a UV
absorber, anantistaticagent, a conductive agent, a flame retardant,
a metal inactivating agent, a pigment, a dye, a crystal nucleating

agent, incrganic filling material and the like. These additives
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and are cool ed, and the obtai ned foaned bead nol ded
article is renoved fromthe passage and then cut in a
suitable length (for exanple, a form ng nethod
described in JP-A 9-104026, JP-A 9-104027 and JP-A
10-180888). [0083] 44 In nolding with the

are PodyOrOpy entigdesinn shoanmed béads pirthesy preisgnt or less per
i nvention, the surfaces of the foanmed beads are

100 ¢Sl gened gioobecfaised it patt byl beptiadig pirehietbBly 20 parts
steam and then the foaned beads can be secondarily

by Wéﬂ?ﬁ?d}ﬂ atek, t Beeshyo fOrdHd: @ifi0amedabeado poisleght or less.

cle excellent in appear ance and mutual fusion of

roogbhe foamed beads. [0084] Wen the foaned bead nol ded

article having an apparent denS|ty ~of 30 g/L or less

:C)ZT}(P%: opw&ne ﬂzsr?grzl oarregé%é(;ngé&is/ @bggcia\}erléedar}?y releaSing
frome%ﬁgl Eggef 88{1@? %gaggogdﬁgﬁr%ﬁf%lsgu%t Qg#%ogs'b&gthe method

dep &nd ing onin ed shape

descg#agd g}FV\Q‘ré haf oanetg bead ava{ %J}Lrg %Llﬂlr % 2& ies%heric

od © an incr charged
' t with the f d d i NG
pesghSpfen e e ?ﬁo?%ﬁ%hﬁle?%ané’? LR cal BB v

5n3|t i ntended foam nol ded art.i.cl %h t he .

Los 3 SR SIS F 6 TP T DSEE RURUE RO T et | hOBREGHT +21nd
is characterjized in that w thout such met hod, an h

gas gReB| penti¥ cared bead® i Ul artilel @ar e Mt Yy in the
[ 0085] The foamed bead nol ded article of the present

foampdviepifonis huscror drficed hds! drf i & dBitheétled RE@ferably at
rati o of preferably 40% or less, nore preferably 30%

0.100to| @s3) MWhst (pr efdrAbINeRSYoIE Jaosl Hrpsh agie removed from
procedure C i nASTM D2856-70. As the interconnected

the cmltaiofemn ahdanedn dreatennddedd arittilcbsedacredgdsairhec become
foamed bead nolded article is

foamed beads having a lower apparent density {(this step is referred

to as Z2-stage foaming).

[C081]

The foamed bead molded article of the present invention can
be produced if necessary by using a batch molding method wherein
foamed beads are subjected to the same operation of increasing the
pressure in the foamed beads as in the two-stage foaming described
above s¢ that the pressure in the foamed beads is regulated at 0.01
to 0.10 MPa (G}, and then charged intc a conventionally known
thermoplastic resin foamed beads molding cavity capable of heating,
cooling, opening, closing and sealing, the fcamed beads are heated
and expanded in the mold with.steam at a saturation vapor pressure
of 0.06 to 0.18 MPa (G), preferably 0.10 to 0.16 MPa (&), the foamed

beads are therebymutually fused toone another, andthenthe resulting

43



made nore excellent in nechanical strength. The
apparent density of the foaned bead nol ded article of
the present invention is preferably 10 to 300 g/L,
nore preferably 13 to 180 g/L, fromthe viewpoint of
mechani cal strength, shock-absorbing characteristics

foamdd wasd Inghdaeight i qropes tdes.edThacappaent] densi tthe cavity
(g/L) of the foaned bead nol ded article can be

(fordstfm ded by rdiivigdnagnbhecwetghbe{g)n -1 he-faamedind JP-B
bead nol ded article by the volunme (L) determned from

6-49%88) out g de AiRNsiroReat i hhew{ eaned-Agath Mideblding method
article. Exanples [0086] "Hereinafter, the exanples

can Qbcthe-BhesRPtchAYEDt kARW hbrReq desckihednelQ084] heating,
Exanples 1 to 10 and Conparative Exanples 1 to 9 Base

revel B8 BR B 40y L BBk 901 CORBLLLYR,BAATR oo
oncs 37005448 ELERR, DELLA Conmnorer VEB BO5e, SRlaldS Ly orcsr
T T I R W
reverse one-side heating, and main heating in this oxder. The
saturation vapor pressure of 0.06 to 0.18 MPa (G) during the molding
of the foamed beads is the maximum value of the saturation vapor
pressure of steam supplied to a mold during molding step.

[0082]

The foamed bead molded article of the present invention can
also be produced by a continuous melding method wherein the pressure
in the foamed beads is regulated as necessary at 0.01 to 0.10 MPa
(G) and then the foamed beads are fed continuously to the inside
of a mold formed by belts which are continucusly carried along the
top and bottom of the passage having a heating region and cooling
region and a steam at a saturation vapor pressure of 0.06 to (.18
MPa (G) is fed to the inside of the mold when the foamed beads are
passing throughthe steamheatingregion, therebyexpanding and fusing
the fecamed beads among them and then passed through a cooling region
and are cocled, and the obtained foamed beadmolded article is removed
from the passage and then cut in a suitable length (for example,
a forming method described in JP-A 9-104026, JP-A 9-104027 and JP-A
10-180888) .

[0083]
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type copolyner 0.75 Propyl ene-ethyl ene random Resin 2
Ziegler type 145 Ethylene: 2.8 10 800 copol yner
Propyl ene- et hyl ene random Resin 3 Ziegler type 135

Et hyl ene: 3.9 7 490 copolynmer Metall ocene
Propyl ene- et hyl ene random Resin 4 125 Ethylene: 4.3 7

610n dypeircppalimeheMebalbocpRecReopys enef@ddyd efends of the
random Resin 5 134 Ethylene: 2.4 7 780 type copol yner

presdet aldwwaeneBr epyl enerf et byl ene n-andameRast d6 kO considered
Et hyl ene: 7.9 4 460 type copolynmer Metall ocene

to bPEQR¥Lene £t Byl ene: 1andammRest B téaln&tndrente Sodndd beads
520 type copol yner tal |l ocene

can H:ér 99%5@8@r?i9%%&95@@9'§he@% ?B?mml??’a ReghRa8dZPmolded

type random copol ynmer But'ene:

artlgigg&lc%ﬁﬁeﬁttmﬁ %;5‘}%6@951@@@ ail'l E{Jﬂlaﬁn 8103 o@ec%é']fga]l_m%d beads.

Ziegler type 1 ran on1copo yner Butene:
[OOSQEtaIIocene Propyl ene- but ene-1 random Resin 10 124
tene: 8.5 5 670 type copol yner Metall ocene

Pri:(\?lgglll %rlllee_ F(ggr}{ég%eeardarggﬂ%d article having an apparent density
of 30 g/L or less 1is obtained, the molding of conventional
polypropylene resin foamed beads hardly gives an excellent foamed
beadmoldedarticlewithout using, dependingon intended shape, either
a method of molding with foamed beads having high pressure therein
or amethod of molding with an increased charged rate in amold cavity
charged with the foamed beads having an apparent density not higher
than the apparent density of a intended foam molded article, but
the propylene resin fcamed beads of the present invention is
characterized in that without such method, an excellent foamed bead
molded article can be obtained.

[0085]

The foamed bead molded article of the present invention thus
produced has an interconnected cell ratio of preferably 40% or less,
more preferably 30% or less, most preferably 25% or less, based on
procedure C in ASTM-D2856-70. As the interconnectedcell of a foamed
bead molded article decreases, the foamed bead melded article is
made more excellent in mechanical strength. The apparent density
of the foamed bead molded article of the present invention is
preferably 10 to 300 g/L, more preferably 13 toc 180 g/L, from the
viewpoint of mechanical strength, shock-absorbing characteristics
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Resin 11 128 Ethylene: 3.7 25 660 type copol ynmer
[ 0089] A production exanple of the base resin in Table
1 above will be described below [0090] (Production
Met hod of Resin 1) [Synthesis of Transition Metal
Compound] The synt hesi s of
and Ji{gntwdiictosofde At + el meti sphyt @nebibab 2« retdil)- df (heCoamed
hl orophen yl)-4H azulenyl}] zirconiun was carried
beadotbitBdageoi dascea bd didie ridim &X ampl ®isvi di dP-thdNaieight (g)
10-226712. [0091] [Chem cal Treatnent of Silicate]
of tiBe Frdmed BbhEl RSl el eirrand & Benc e 5769@111{69@%2 &Lt &PALned from

sulfuric acid were added slowy to a 10-L gl ass
the %é@@&@@'@lﬁbﬁ%KoﬁQBEpEﬁg whhReganahirl hbNdehl adesc1kg
nmontnorillonite (Benclay SL nanufactured by
M zusawa I ndustrial Chemcals, Ltd.; average particle
size : 25 m particle size distribution : 10 mto 60
s dispersed at 50C and then heated to 90C, and
Examghe?aat the sane tenperature for 6. 5 hours. After
(008 ﬁollng to 50C, a slurry was filtered under reduced
essure, to recover a cake. 7 L of distilled mater

ad ed | s cake |ch then forned agai
r?FB? %eFOIP%ﬁe%X%@p ?l??mfh%wPr@ﬁﬁ%ka&ﬁﬁ on will be
dure was carried out until the pH of the wash
desc?ﬂgﬁ rate) became higher than 3.5. The recovered cake
was dried in a nitrogen atnosphere at 110C overnight.
[008Fhe weight after drying was 707 g. [0092]

Examples 1 to 10 and Comparative Examples 1 to 9

Base resins used in the Examples and Comparative Examples,
and states thereof are shown in Table 1 below.
[0088]

Table 1
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[Drying of Silicate] The previously chemcally treated
silicate was dried with a kiln dryer. Specifications
and drying conditions areas shown below. Rotating
Tube: A cylinder, inner diameter 50 mm heated zone
550 mm (electric furnace), equipped with stirring
bl ade Nunber of Revolutions: 2 rpm degree of
inclination: 20/520 rate of feeding of silicate: 2.5
g/in, gas [fl ow rate: nitrogenme@@L| ReMsnomerC DWHRES F?'Se"l
Basgur|r efstalystdr ly erature. 200C wder er p)rlexura
Resln0Q93Hpedidsr epar :'nFongo e cafa ﬁa%‘? é}ltgrgp gé/lrbtr 1?e‘lodulus
driled silicjate obtained as de;cf¥ ed BBV a§“'”) (MPa)
intlr oduced -into a_gé-ass—i—eacl— ng—a—volume—ot—1L
oo AU MFIRRER | P OPEoETY PTG BT ade ramnpl TTETIL. bf /i kedheo
hept arfe’e and 84 niere®ME0 Mol ) | of trietHyl alumi numin
heptane sol utAr@@enewdiyensaaded and stjrred at|room
Resin 2dtdat Weel The miximee was st 'S ed®h8e1>hour® and 8°

then—washed w-th m xed-hept-ahe—angd-thesitiecate

ResiS$ er,é@ey\@,ce prpé??gfr&?“}y'S”e P .. 13hen EnPerlbad. | of7 490

trili sobutyl| al um Kersvi® hept ahe sol htion (0.71 Mpl/L)

was MdHiednd 0 Frdp@lersidifiyedd rendsiul r g%gr egar ed as|descri bed
d

Resiadbgve, \ .and the Mool WaS I g2 fvoscttor 1 hodt'?

L

Si _1l|eiﬂ'£n_e_g_ué|\l IIIII iLisob |f\1| alum-rugm-in
le m
ResiigRt aTE S ut'l ik r(edeﬂ'?lfn%rr was 19ﬂd=éthyl§r@ 248 mg (0.Ro
mal ) tyife copolymer
lér)ma&bn&hh@r GHrdpy #ne-cthylerd drydos| | yI enebl s ' thyl - 41 (4-8
Resihf ar ophen yI ) - 4I—|-C§F;)%g,nyl 1] zi r%on( & e"e n%l 87 L off
mxed hept ape;—and 1 mixtul e was| F-eacted at—r-oom
Resih enﬂ%e?ag?%?e i ad i"ﬁﬁ%ﬂ‘gne FHHDA | t a2a he empidei £@t e el Y razo
and st¥rer ed for 1 CPR?[XF’EF and m|xed heptane was further
addeaktdiberef eroanshepth@gparnenso | 500 nl Eth18@943
Resin 8 120 4 570
type random copolymer Butene: 3.1
Propylene-ethylene-butene-1 Ethylene: 4.7
Resin 9 | Ziegler type 129 5 600
random copolymer Butene: 1.7
. Metallocene | Propylene-butene-1 random
Resin 10 124 Butene: 8.5 5 670
type copolymer
Metallocene | Propylene-ethylene random
Resin 11 128 Ethylene: 3.7 25 660

type copolymer

[0089]

A production example of the base resin in Table 1 above will
be described below.
[0090]
(Production Method of Resin 1)
[Synthesis of Transition Metal Compound]

The : synthesis of
[ (ry-dichloro{l,1’ -dimethylsilylenebis{2-methyl-4-{4-chlorophen

yvl)-4H-azulenyl}] zirconium] was carried out in accordance with the
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[Prelimnary Polymnerization/Washi ng] Subsequently, the
previously prepared silicate/ netall ocene conplex
slurry was introduced into a stirring autoclave having
an internal volunme of 1.0 L substituted sufficiently
with nitrogen. Wen the tenperature was stabilized at

Exanp0€s propytEnBowasofedécalz.a rate of 10 g/ hour and the
tenperature was mai ntained. After 4 hours, supply of

[ooopropyl ene was termnated and this condition was kept
for 2 hours. After prelimnary polynerization, the

[Cheh©BBI N REa PRBAAELEWBS1 149t purged, and the stirring was
term nated and the systemwas |eft for about 10

m §Ut? §S£| d%@glgﬂgd%ﬂgr the sypernat et ses) decadted.suifuric
n, of triisobutyl alun1nun1(0 71 Mol /L) in

he
a01dh:\%géagﬁd§ LQIr]X %ng 1%6% H&agg é'@ ﬂ@ %kv\@%ﬁlpped with

Xture was-stirre at 40C
a stﬂﬁ%f%}%ﬁ% | e{ tkgf 8% lels J.adlg %@E{c'?ﬂa OéLtHEl%ufactured
super ant was renov |s operatl

further 0 cLe tinmes t he co onent
oy iy e R T ﬂ‘ﬁﬁd mengnls in e . 2
t he organlc alunlnun1conponents |nd|c§éed 1.23 |
; RABFFELS &5 7 (OridenttHtiOh oft Ogimety 2b-Knh/ias ghiphgreed at
material charged in the supernatant was 0.016% Then,
50<3fVKbt@@nobeﬁﬁﬁﬁséﬁu?Qﬁhaﬁ@ﬁfﬁﬁﬁﬁ(6t7ﬁhﬁkﬁ§T§ fgpperatire for
hept ane sol ution was added, and the m xture was dried
6.5 herider- rBbesgoplegsuired 0% r@fS@lUB)IYt‘ffﬁ%fbb’é?éﬁi@ﬁdeé reduced
prelimnary polynerization catalyst  containing 2. (g
presgekgpr bpyFemevpera 1°3fof the 86l A8seht hF§statdhponedded to
was obtained. [0095] [Polynerization] A stirring
thisagege avel Haviay Bhenntfermald vslaume 01t001erwgs followed by
sufficiently substituted with propyl ene, and then 45
filtkgtébn. This washing procedure was carried out until the pH
of the wash (filtrate) became higher than 3.5.

The recovered cake was dried in a nitrogen atmosphere at 110°C
overnight. The weight after drying was 707 g.

[0092]
[Drying cf Silicate]

The previously chemically treated silicate was dried with a
kilndryer. Specificationsanddryingconditionsareasshownbelow.
Rotating Tube: A cylinder, inner diameter 50 mm, heated zone 550
mm (electric furnace), equipped with stirring blade
Number of Revolutions: 2 rpm, degree of inclination: 20/520, rate
of feeding of silicate: 2.5g/min, gas flow rate: nitrogen, 96 L/hour,
counter current, dry temperature: 200°C (powder temperature)
[0093]

[Preparation of the Catalyst]

48



sufficiently dehydrated |iquefied propyl ene was

i ntroduced. 500 nL (0.12 nol) of triisobutyl

al um nuni n- hept ane sol ution, 0.32 kg of ethylene, and

2.5 L (in terns of volune in standard state) of

hydrogen were added, and the internal tenperature was

kept @toB80he dihiesy £h190-a0d igbtainnsl ofs shldcd idatdlaystve was

conmponent) of a netallocene polynerization catalyst
intr¥ascplessed aw1ds angenddit Batinfa wWalimdt € 1 L equipped with

pol yneri zation, and then heated to 70C over 40

a st MHED1AR] hha 11emenat Wi Rehase ol i aiared shionr, 6. 60 Mol)
m nutes. 100 nL et hanol was added 50 thereto to

of tkﬁéﬁhgﬁt §ll.tlrh'§mﬁr§aﬁt1 '}%bta'rri‘@ &R MY Ga% WREIRUGR stirred
a pol ypropyl ene polyner was obt ai ned.

at rg&hsté?&?é@éﬂﬁb wWas J GR&RLSd QaE'f Q‘@:?rf:@%gféfﬁ A W and then

resin 1. This resin had an

wash%%%ﬁ?%&%g ﬁ%ér 5 uét?%ﬁ ﬁét grl%fa‘?tﬁgghh'rg? \99% rﬁré)[;ared to

500 &Ereparatlon of Catalyst) A glass 2-L reactor flushed
W th nitrogen was charged with 0.4 g nol titanium

o FEnd iR Roarad o 98c - TRt Fraiiimne soTtion (0.71

tetrachl aride mxed with the foll ow ng reaction
o1 /L M BROCHTR LTS, 5 Mt tied Sot Y BOHA T Rednast thos above,

mol diethyl alum numchloride (hereinafter, referred
andtﬂEE@éXEEﬁEN“ﬁhHe@CEQdﬁﬁ12aﬁ$§@§ﬁyh0§?herSH@“QE@?@%@Sth3 31
m nute, and then the reaction m xture (I%} di i soany
Hﬁ'O%ﬂﬁéﬁﬁOBEA@ln%i%mlF%mPélhe?&ﬁ@? FRBEEbRr f g—WPﬁut%%§ added
was added dropw se at 35C for 30 mi nutes. The
to reactioRfi xture of MEhe titani UR-Betrachl or P vas of
thereafter kept for 30 mnutes at 35C and then heated
[{r)tdigBCoandlr éactedetbylsilioencbThéZreathvondnm(4tghéorophen
gave solid precipitates. The m xture was cooled to
vl)-ABeaeteapetal urer¢@O0mbndant@ 7, mandfsepaecdtlecbiant®, and the
mixture was reacted at room temperature for 1 hour, added to the
silicate slurry and stirred for 1 hour, and mixed heptane was further
added thereto and prepared to 500 mL.
[0094]
[Preliminary Polymerization/Washing]

Subsequently, the previously prepared silicate/metallocene
complex slurry was introduced into a stirring autoclave having an
internal veclume of 1.0 L substituted sufficiently with nitrogen.
When the temperature was stabilized at 40°C, propylene was fed at
a rate of 10 g/hour and the temperature was maintained. After 4
hours, supply of propylene was terminated and this condition was
kept for 2 hours.

After preliminary pelymerization, the remaining monomer was
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preci pitates and a supernatant, and the supernatant

was renoved by inclination of the reactor. After the

supernat ant was renoved, 400 nlL of n-hexane was added

to the precipitates and stirred and m xed for 10

m nutes, and by decantation and inclination, the
purg@peratd ehe of i Femyivig thensupeedasanttas yearduehed «ft for

times. After the treatnment, the precipitate was

aboufViapgt atiedsi M duyness tupdersurdueedntPwesde@ited. Then,
remove n- hexane thereby giving 19 g of a solid product

0. 95?ﬂl§éf)tﬂ1ﬁgbbﬁﬂ§iV!Eﬂﬁiﬁﬂﬁ“%ﬁ oof Mg 150liind AU solution

was placed "in a 2 L glass reactor, and 300 niL of

and Sed&%aRe ﬂ‘ﬁ?‘e@%‘% tﬂ%e&@E@’adc'i@@ e 'ﬂﬁ% Wes+ §tENFLd stirred

and suspended, g diisoanyl ether and 35 g titani um
r chI rld d t
oe <P e et o R SR S o o

supegggkggt%%sgp 'Vé&ﬁp ur@?errgg?gklggv&ﬁpgﬁégﬁe?conducted

recrprtate erei na t0 as secon

2 tmf’LsﬁFl Ratfore 9«%‘:%%9% DR AR SRR vereRpatyaed,
second pr.eci pi e after n supernat a

the CHAA G S T & efO&g%%ﬁmeugFﬁ@ﬁm&él gn%%%%ted 1.23
renove the supernatant; this step was conducted

mmoL{ Tres 2T CPREEN Wi ts P £ & - p%d& HMas s é@euﬁﬂ%?rlal charged
reduced pressure to give 15 g of titanium

in thet PEBAKBRL AR cBAPOSE PLBR- (hereinafter, referred to
as Ziegler-Natta polynerization catalyst) OOQ?%
[ PBhonerli L4t Memit tad isnbodvavel madeunf (Gt Hra<s) stedieptane
equi pped with a stirrer having an internal volunme of

solub®onivagnsddaflf iaiknbeynistibsts watedr Wd Rndgrpropyreda@ressure
gas at roomtenperature, and 240 L of dehydrated and

at 48Reaxi Biyzell n-drexarte omgs ai ptedducedraso@l pod yiweat zat icatalyst
solvent. Then, 240 g of diethyl alum numchloride,

cont328ihg@.M ¢ ephiypebpydkureper b gsdAndersbstdte)adfst component
hydrogen, and 15 g of the Ziegler-Natta

wag obtained.

[GC9D]
[Polymerization]

A stirring autoclave having an internal volume of 200 L was
sufficiently substituted with propylene, and then 45 kg of
sufficiently dehydrated liguefied propylene was introduced. 500
mL (0.12 mel) of triisobutyl aluminum/n-heptane solution, 0.32 kg
of ethylene, and 2.5 L (in terms of volume in standard state) of
hydrogen were added, and the internal temperature was kept at 30°C.
Then, 1.90 g (in terms of sclid catalyst component) of a metallocene
polymerization catalyst was pressed with argon into it to initiate
polymerization, and then heated tb 70°C over 40 minutes, and the
temperature was maintained for 60 minutes. 100 miL ethanol was added
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pol yneri zation catal yst were added under the condition

of tenperature at 45C. While the internal tenperature

of the autoclave was kept at 60C, propylene was fed

until the pressure becane 1.0 MPa (G , and ethylene

was fed at 0.37 kg/hr, to initiate the polynerization
theréeactd urmifiidie: ethylreaetwas .f edhat remconst@rtaspesdpurged,

propyl ene 52 was fed at a pressure of 1.0 MPa, to

and RRIYREIdZe gheghcgiicgd 61 2A8r WwHNULESindd. a Tebsllbberation
the total amounts of the fed nononers were 110 kg of

was 9@9@3%@&95aagmés5t89%9%eeahygeeereymhl@.the aut ocl ave
was cool ed to 25C e unreacted gas was released and

t hey pol yoeri 2atd on, YWa® ber m §ai §dys Jhey s esllidig content of

slurry was transferred to a next chanber equipped Wi th
and 20 was added, then

i%{é?ur% %%gge??r?eﬁn gg%gfor 30 mnutes, 0.5 L

0098& 20 w % aqueous sodlun1hydrOX|de sol ution was added
d stirred for 30 m nutes, and 200 L of purified

ter ded ang stirred for 1 hour, the aqueous
Proga§gFoﬁg@ ?g?? Og gefﬁ%nﬁgeparated and the catal yst
(p resi due wa xed The slurry was treated with a
(Prepapgfi Phge! §§ s removed, and the mixture was

dried for 3 hours with_a chi ne at GOC
gi ¥e96359 2Ky VIR PF g}%éd&% 38 -ﬁﬂasrged with

operation was repeated tw ce |ve a base resin_2.

0.4 gHiaL rddian v tak TRFR16F 186 é%eeeaﬁlﬁftaﬁ et HypEhereferred to
content of 2.8 nol% and a nelting point of 145C

as mpDDAB}4 tProdeetiednt Met ho'@ -of TRési il Byn NN aid ot @veoride was
made of stainless steel equipped with a stirrer

mixedavipy @me i inleravalny gleged- 2o 500utiwas shati éFem Inyixture of
substituted with

60 mL n~hexane, 0.05 mol diethyl aluminum chloride {(hereinafter,

referred to as DEAC) and 0.12 mol diiscamyl ether at 25°C for 1 minute,
and then the reaction mixture {I) (diisocamyl ether/ DEACmolar ratio;
24/1) reacted for b minutes was added dropwise at 35°C for 30 minutes.
The reaction mixture of the titanium tetrachloride was thereafter
kept for 30 minutes at 35°C and then heated to 75°C and reacted for
1 hour. The reaction mixture gave solid precipitates. The mixture
was cooled to room temperature (20°C} and left, and separated into
precipitates and a supernatant, and the supernatant was remcved by
inclination of the reactor. After the supernatant was removed, 400
ml of n-hexane was added to the precipitates and stirred and mixed
for 10 minutes, and by decantation and inclination, the operation
of removing the supernatant was conducted 4 times. After the
treatment, the precipitate was evaporated into dryness under reduced
pre.ssure to remove n-hexane thereby giving 19 g of a sclid product
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a propylene gas at roomtenperature, and 240 L of
dehydrated and deoxi di zed n- hexane was i ntroduced as
a polynmerization solvent. Then, 240 g of diethyl
alum num chloride, 320 L (in terns of volunme in
standard state) of hydrogen were added, and 15 g of a

(11} Zi etheat - Nalct ahcpel ymenhzat i athecabaliyisb rpdepar edl bywahelaced
net hod described in the 53 production nmethod of the

in ar®si iz wereasadded whadesobhernconditiommd wdenpetat uhereto,
at 45C. Wile the internal tenperature of the

the MM OGARIRE 1 keRY ahd S0&peiopyleNg WassbeflyUnéther and 35
the pressure becane 1.0 MPa (G, and ethylene was fed

gtiﬁghi ﬂ%%é%%ﬁﬁ%%gégig%Eé%B%e@ﬂ?ég@hygﬁyﬁﬁgﬁf§kurewasreacted

reacti on. ene was at a constant speed,

at 6@5 p%h%n%,lﬁﬁ%rafg¥ﬁ{sa nggigﬁenﬁ&t#T% N%gs égole?tFo room

olyneri ze ure t1or m nut es. a resu

e R R
toa%%%?%@?g%ec&ﬁ%%ggé)%Q%ugﬁﬁgﬁégg%ge%ﬁgﬁkgé‘%?%g%gmﬁﬂ%ation.

neri ron was ter
sl y s transferred_t next . chanber .equi pped . w,th
theng 3DPY Pl hhrade, “ARAZB0°E et Ao aS addt T e atter
the m xture was stirred  at 55C for .30 m nutes, 0.5 L
remOgE A9 0P BRI S SR Ay ER e TSGI L o G Hiliy hen
and stirred for, 30 mnutes, and 200 L of purifjed ,
decapapdrl WasMaUBd ARHPSEPAFERF oY 35 REGP, W3 HEC 4 times.
| ayer was_ | eft and separated, and the catalyst .
Theny o5 #8eS Wk REATEH: Whe CSLGFr YRadgisTeFeated WRrEFee to give
centrifuge, hexane was renoved, and the m xture was
15 gorf éd teerdl ug heurschl eRidedeypgs iathi neteisod tean referred
give 60.5 kg of a propyl ene polyner (product) This
to aepéievilen-Wattaepeaywdricaiten totgilveta.-base resin 3.
This resin had an MFR of 7 g/ 10 min, an ethylene
[009@dnt ent of
[Polymerization]

An autoclave made of stainless steel equipped with a stirrer
having an internal volume of 500 L was sufficiently substituted with
a propylene gas at room temperature, and 240 L of dehydrated and
deoxidized n-hexane was introduced as a peolymerization solvent.
Then, 240 g of diethyl aluminum chloride, 320 L {in terms of velume
in standard state) of hydrogen, and 15 g of the 7Ziegler-Natta

polymerizationcatalyst were addedunder theconditionof temperature
at 45°C.

While the internal temperature of the autoclave was kept at
60°C, propylene was fed until the pressure became 1.0 MPa (G), and
ethylene was fed at 0.37 kg/hr, to initiate the polymerization
reaction. While ethylene was fed at a constant speed, propylene
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3.9 mol % and a nelting point of 135C. [0099]
(Production Method of Resin 4) A stirring autoclave
having an internal volunme of 200 L was 54 substituted
sufficiently with propyl ene, and then 45 kg of
sufficiently dehydrated |iquefied propyl ene was
was fad madagetks S0t ofl 1( 0. MRa potd pefl vineidigebuhyglmixture for 240
al um nuni n- hept ane solution, 1.7 kg of ethylene, and
minudeS.L (in ternms of volune in standard state) of
hydrogen were added thereto, and the interna
t enped atdig Masrkepbtaat a88Gnt $hen, t ke & d@ r{dibrifdiere 110
of solid catal yst conponent) of a nmetall ocene
kg oPOb¥8E%lé§é'QHdC§t§|yét oPr PRy EEH DY the nmethod
descri in the productlon met hod of the resin 1 was

Iﬁﬁffg tvfl!et Eu@%ggg hea (ftolt %652%' §$‘% e Be unreacted s was

yneri zati on, over’ m nut es

rele%ggan%HS E%%pg%ﬁ_ 5 5%%@aﬂ?L”&§%”€Qr&?ﬁaggg "‘@H%e§esult1ng

et han ereto to termnate

sluri*?a&%é Tgkee]{reé@itry gneggsc%ﬁ .E%%Lglp{?&[].]fﬂ.\«%_ltl’? ak%tirring

a po Vpropylene poflymer ~was

oper a was r.epeated 5 t a ba e resin 4.
1202587 AR SRR A4 t%e%, 5 IR Srirren
content of 4.3 nol%and a neltlng poi nt of 125C
at SPH0AT (Prodindtsson Over hod ot \R¥Si™n a@)‘leﬁiuét |5r°rd|1r111§1 hydroxide
aut ocl ave havi ng an internal vol unme of
solugpRtiaUeedeEdtF Siteftisy WE R bropyiere, a%&%%érf)@t@urlfled

kg of sufficiently dehydrated |iquefied propyl ene was
waterff3o syl a500stHEred. A9r nplPugT, £FPi 38babyf laver was left
al um nuni n- hept ane solution, 0.9 kg of ethylene, and
and them $eK3 ¥ ted mendfthrorakel VAt seaidaedist aeapvetl- The slurry
hydrogen were added thereto, and the internal _
was terperatintd wasekepifuge, IXarkhers 0e90vgdei and gris mixture
of solid catal yst conponent) of a
was dried for 3 hours with a drying machine at 60°C, to give 61.0
kg of a propylene polymer (product). This operation was repeated
twice, to give a base resin 2.

This resin had an MFR of 10 g/10 min, an ethylene content of
2.8 mol% and a melting point of 145°C.

[0098]
(Production Method of Resin 3)

An autoclave made of stainless steel equipped with a stirrer
having an internal volume of 500 L was sufficiently substituted with
a propylene gas at room temperature, and 240 L of dehydrated and
deoxidized n-hexane was introduced as a polymerization solvent.
Then, 240 g of diethyl aluminum chloride, 320 L (in terms of voclume
in standard state) of hydrogen were added, and 15 g of a Ziegler-Natta

polymerization catalyst prepared by the method described in the
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nmet al | ocene pol yneri zation catal yst prepared by the

nmet hod described in the production nethod of the

resin 1 was pressed with argon into it to initiate

pol yneri zation, and heated to 70C over 40 m nutes 55

and then the tenperature was nmaintained for 120
produthubesmetliN mf tathassinvdsieaddeddehenstiortiohe condition of

term nate the reaction. The renmmi ning gas was purged,

temp@P8t20e 1akgq 9fc @ pol ypropyl ene pol yner was obt ai ned.
This operation was repeated 5 tines to give a base

reghi . tHdiis;feesian ﬁ@%f%&aNEBe05f7tﬁé1Qg@$@la@@ was kept at
et hyl ene content of 2.4 nol% and a nelting point of

60°C,§?}|4&r%|py[l%%1]»1as(?58 J';Pr:[:}l\éetp!}%%s%freRS\él%Eﬂnélé? MEQ (G), and

I'ng aut ocl ave having an’interna

std.tyut.ed o |yt he I , :
R i R R i M el
i nt I (.

e i Ul . hont Bhe Kol BT o 46 kg St e nylrene BRgTYYene

. - (in of - vol,u i .St a
o A A YO g st ate] B o
enperature was kept at 30C. Then, 0.40 g (in terns
FSsolid catal yst conponent) of a metallocene

pol yneri zation catal ys repared hy the t hod
QeAErT FUt (e PbdtcElEH he ROd-OF 96 TUNPTs digge 110
pressed_ with argon_into it to initiate
kg ofoPyrEYILZAEI BRI 4and KeaPEdeEBY4SCCover 30 minutes and
then the tenperature was nmai ntai ned for 60 m nutes.
100hilettHen et owds vadded adrelrad 6ot 85t@r ihgatereheted gas was
reaction. The remaining gas was purged, and 21.0 kg
relepfed pokyghopyehangol iaeomasadbtarnedatFhis The resulting
operation was repeated 5 tinmes to give a base resin 6.
slurThi sas estanhizek zad NERaohedtgfhomhen, eaniepdy|eeh a stirring
content of 7.9 nol%and a nelting point of 109C.
bladpP188f S50 L methanol was added, then the mixture was stirred

minu%

at 55°C for 30 minutes, 0.5 L of 20 wt% agueous sodium hydroxide

solution was added and stirred for 30 minutes, and 200 L of purified
water was added and stirred for 1 hour, the aqueous layer was left
and separated, and the catalyst residue was removed. The slurry
was treated with a centrifuge, hexane was removed, and the mixture
was dried for 3 hours with a drying machine at 60°C, to give 60.5
kg of a propylene pclymer (product). This operation was repeated
twice, to give a base resin 3.

This resin had an MFR of 7 g/10 min, an ethylene content of
3.9 mol% and a melting point of 135°C.
[0099]
{Production Method of Resin 4)

A stirring autoclave having an internal volume of 200 L was
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(Production Method of Resin 7) A stirring autoclave
having an internal volunme of 200 L was 56 substituted
sufficiently with propyl ene, and then 45 kg of
sufficiently dehydrated |iquefied propyl ene was
i ntroduced. 500 nL (0.12 nol) of triisobutyl
subsal uot adm s heptissre: 1501 utiithn, p2oBykgne pf etdyltére, 4abd kg of
6.0 L (in ternms of volune in standard state) of
suffhydengen seredagded 1heietDedamthbdfesnatwdNalntroduced. 500
tenperature was kept at 30C. Then, 0.29 g (in terns
nL (0f180héd) cat al yists carpanettunQfurd nRiAdrRceRf ution, 1.7 kg
pol yneri zati on catal yst prepared by the nethod

of efgSeLhbedsndngther praduction Jethodf itthedesiltd Wase) of
pressed wth argon into it to initiate

hydrtgﬁ!é% ; A Z Al tﬁ@ge%?t&%Ft%e@ﬁt%\éf%%%exﬁ%@k‘é@ére% kept

e tenperature was nal ntal ne 0 nut es.

et hapo was added thereto.to termnate the
at 3G T TBR TR chat i o L0he Cumto bl GEE A S5 S ) of

a_pol ypropyl.ene .pol r s_obtained. .This .
metad)ofe e o R EEE PO NS PO 8 DA Ry ke ragr geporipe
. This resin had f. 8 .9/10 mn, an ethylen .
in tK SR G O CRBR rid A el B hd S0P AE SSre190En a2g0n Lo
) [0103]. (Production Method of Resin 8% A stirring ,
1t tgutrel Ses R4 RY B d Nt ancy §eairedof 0268 ¢ Qe 40 minutes
substituted sufficiently with propyl ene, and then 45
and RBGBfth%uF?mE?E%Fvyed%%?d?%&%%ﬁ%@ e#?%dl%ﬁd%&W%ﬁﬁﬁxmaéoo mL
i ntroduced. 500 nL (0.12 nol) of triisobutyl o
ethagpyidupfAcHdpierrt @ sut R HRiNAt 2 h¢ reRCELAYI enele Fepaining
kg of 1-butene, and 4.5 L (in terns of volune in
gas winpdacadstanel o hydriogarr Mgrorddad Phévees, vahdbtained.
the internal tenperature was kept at 30C. Then, 1.30
Thisgopenatéonswef sepedtedt al ysrescoapoheaty bésa resin 4.
net al | ocene pol yneri zation catal yst prepared by the
meThod destm iHmetl am MERe offir 3dact © ani metdrodce Wy tdhes reegitent of
1 was pressed
4.3 mel% and a melting point of 125°C.

[0100]
{Production Method of Resin 5)

A stirring autoclave having an internal volume of 200 L was
substituted sufficiently with propylene, and then 45 kg of
sufficiently dehydrated liquefied propylene was introduced. 500
mL (0.12 mol) of triiscbutyl aluminum/n-heptane sclution, 0.9 kg
of ethylene, and 3.0 L. (in terms of volume in standard state) of
hydrogen were added thereto, and the internal temperature was kept
at 30°C. Then, 0.90 g {in terms of solid catalyst component) of a
metallocenepolymerizationcatalyst preparedby themethod described
in the producticn method of the resin 1 was pressed with argoen into
it to initiate polymerization, and heated to 70°C over 40 minutes
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with argon into it to initiate polynerization, and
heated to 60C 57 over 30 m nutes and then the
tenperature was mai ntained for 60 mnutes. 100 niL
et hanol was added thereto to term nate the reaction.
The remai ning gas was purged, and 21 kg of a
and PREYPrepyt @nee pot yie rw @ sma bt &d med . £ Jhi 2 perratieon. 100 mL
was repeated 5 tines to give a base resin 8. This
ethaf@sivhaddan WrR &fo 4c0{dnhite aheetBytenencontientreafzining
1.3 mol % a 1-butene content of 3.1 nol% and a
gas W blRrgeROIdHd 0b . 1196 r & BDAlp rdredicbboRmbet o cBft ained.

Resin 9) An autoclave nade of stainless steel equipped

ThismE??r§£55ﬁe&ash@%%@@t@@ tntepbal cyohupe 9fHLH00 Lewas 5.
sufficiently substituted wwth a propylene gas at room

teppes aj e, Ad 210k ot depydhaied and o dgcil 288 cent of

xane was I ntroduced as a polynerization 'sol vent.

Thep, 220 g of diethyl al um hloride, 350 L (in

2-4 F%iﬁBaB% vof't lngnpé%%ﬁdgthggg?E) of hydrogen, and
[010% g of a Ziegler-Natta polynerization catal yst

epared by twi ce repeating the nethod described in

t he, prodyctjo thod,of the resin 2 were added under
(ProgHEtEBHdM?Fhﬁgog?tEﬁﬁé?a? re at 45C. Wile the

internal tenperature of the autocgl ave s kept at
458, 5 BBV AT (s 60 NAIEINS PR LBrBE8AT oV BLERfES, 200 T was
MPa (G , and ethylene was fed at 1.0 kg/hr and
substipytefe Whs ¥Rt B, PG NPLOPYOCT R tiZhe hen 45 kg of
pol ymeri zation reaction. \Wile ethylene and 1-butene
suffpeiented dehgdeahstahtadpbbad PrOPYIePR wids frdregueged. 500
pressure of 0.7 MPa, to polynerize the m xture for
mL (0502mhaut est Wsl asolpaiit atuielnwt/dl-harhans fluthiered- 6 kg
nmononers were 95.0 kg of propylene, 2.5 kg of
of eehhykene and 140 3L k@inmftdzmuteherolume in standard state) of

hydrogen were added thereto, and the internal temperature was kept
at 30°C. Then, 0.40 g {in terms of solid catalyst component) of a
metallocenepolymerizationcatalyst preparedby themethoddescribed
in the production method of the resin 1 was pressed with argon into
it to initiate polymerization, and heated to 45°C over 30 minutes
and thenthetemperaturewasmaintained for 60minutes. 100mLethanol
was added thereto to terminate the reaction. The remaining gas was
purged, and 21.0 kg of a polypropylene polymer was cbtained. This
operation was repcated 5 times to give a base resin 6.

This resin had an MFR of 4 g/10 min, an ethylene content of
7.9 mol% and a melting point of 108°C.
[0102]
(Production Method of Resin 7)

A stirring autoclave having an internal volume of 200 L was
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58 While the autoclave was cooled to 25C, the
unreacted gas was released and the pol ynerizati on was
term nated. The resulting slurry was transferred to a
next chanber equipped with a stirring blade, and 50 L
met hanol was added, then the m xture was stirred at
subsbbCutes 3ufdities;1P. wikhof p26pW émaguenus soéeinumlS kg of
hydr oxi de solution was added and stirred for 30
suf fnehesy asdyd08t&dof i pufiiedor ey Benaasa addedranted. 500
stirred for 1 hour, the aqueous |ayer was left and
L @ep@rﬁéfﬂ,oﬁnﬂrimm@ Vst @S indue- e Sremovadic {0 2.3 kg
slurry was treated with a centrifuge, hexane was

of e{:ﬁfﬂéﬁg; 8R4 &he Sir&'rt?err?{@so@rx}@ldiﬁeorlrs NUH M tdhae) of
dryi ng machine at 6 to give 50.3 kg of a propyl ene

hydrB%EXﬂ@éréQﬁase %he}@%% Qﬁ?QEkQEnW@§na§p€@%EgraEﬁ%éewas kept

grve a esin s resin had

f 1-b
at 3@ mts, 0. S50 NSl .gﬁéléo. ATRLYE bR of
105 P duct. thh d of R
metagg?sg g lQ %ﬁ%f%%%q ? taéﬁ g?hﬁere gﬁﬁﬁ%ﬁwkﬁgddescrlbed

substl uted suffjcien r | ene, and, th
in tf8 RO R ParbPy BoHyi SE8d § QR Fed &owﬁﬁ g into
introduced. 500 nL (0.12 nol) of triisobut ,
it tal e Rkt f-rRprRee ToH R om G feag &P 20 %t%%r Hhaqinutes
4.2 L (in ternms of volune in standard state) of
and tﬁw%%ﬁe%%a%a%aasmqwrﬁ%%%ép mtl@hlﬁ@rsat ut B0 g thanol
kept at 30C. Then, 3.60 in terns of solid catal yst
as adnpdrideeter ta Tr\%ﬁf@ﬂfﬁé?fé%@e b%@?*ﬁé@@zatﬂtﬁw regfabysg J9as was
prepared by the nmethod described in the production .
purgset haod Gf0 théar esi d powas Qindssed pailiear goa ehtaingd. This
to initiate polynerization, and heated to 60C over 30
opermitnutheyaandephenedt hetimapetat gigewasbaaentaisned /f or
60 m nutes. 100 nL ethanol was 59
This resin had an MFR of 8 g/10 min, an ethylene content of

5.6 mol% and a melting point of 120°C.
[0103]
(Production Method of Resin 8)

A stirring autoclave having an internal volume of 200 L was
substituted sufficiently with propylene, and then 45 kg of
sufficiently dehydrated liquefied propylene was introducec. 500
mL (0.12 mol) of triisobutyl aluminum/n-heptane solution, 1.2 kg
of ethylene, 3.6 kg of l-butene, and 4.5 L (in terms of volume in
standard state) of hydrogen were added thereteo, and the internal
temperature was kept at 30°C. Then,1.30g(intermsofsolidcatalyst
component) of a metallocene polymerization catalyst prepared by the
method described in the production method of the resin 1 was pressed
with argon into it to initiate polymerization, and heated to 60°C
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added thereto to term nate the reaction. The remaining
gas was purged, and 21.8 kg of the pol ypropyl ene
pol ymer was obtained. This operation was repeated 5
tinmes to give a base resin 10. This resin had an MFR
of 5 9/10 mn, a 1-butene'content of 8.5 nmol% and a
over B8liimg gpoamdl tobEnT24G: e 06} ur ¢ Peodudiniten ndet hod60fminutes.
Resin 11) A stirring autoclave having an interna
100 ¥D| gorandl 208s Lad@ss Shbsdétd ut@dtstfifncientlty mddtion. The
propyl ene, and then 45 kg of sufficiently dehydrated
remal hOHgf ¢ wropykere, wasdi nt neduced. pS0Por by (Ond dMiner was
of triisobutyl alum nunf n-heptane solution, 1.4 kg of
obtahBYl ene i ARYBa% ilon(¥8st&IgEa10dd %Ofyﬂﬂleﬁb stiaRdarskse resin
state) of hydrogen were added thereto, and the
g. internal tenperature was kept at 30C. Then, 0.49 g
(in terms of solid catalyst conmponent) of a

igof§g$hFﬁ% 6%”4C§p§byﬁ£npr§@aifﬁyféhétB%ntent of

od descr e production nethod of the

1.3 11Elg?yfnerl za ]‘llgérf?gsg tP (%f nJBf%g 0\/eratrl Oarr:%ulieégjtgefo&nt of

t hen the tenperature mas mai nt ai ned for 120 m nutes.
120°900 nL ethanol was added thereto to terninate the
(010 action. The remaining gas was purged, and 51.0 kg
6 t he pol ypropyl ene pol ymer was obtained. This
rati on was .repeated 5 imes to give a base resin
Pro§§0t?ﬁPsM?E§Pﬂ R dRﬁﬁlﬂF% of 25 g/10 min, an ethylene
content of . 3.7 nol % and a nelting paint of 128C ,
[ 0AD7§ULPPIBBECEIOR ¥f Poripromyl REGH ARG e ©h stirrer
Beads] A base resin shown in Table 1 and 0.05 part b _
havipgightneRrRRACTOBErarE 1@ atTa® Stid fmeﬁérlﬂfssws%t@%?d with
of the base resin were fed 60 to a single-screw
a preryiedergaef &5 now arrinet 1atiice k readtet] Udderl Wednidigpted and

deoxidized n-hexane was introduced as a polymerization sclvent.
Then, 220 g of diethyl aluminum chloride, 350 L (in terms of volume
in standard state) of hydrogen, and 20 g of a Ziegler-Natta
polymerization catalyst prepared by twice repeating the method
described in the preduction method of the resin 2 were added under
the condition of temperature at 45°C.

While the internal temperature of the autoclave was kept at
45°C, propylene was fed until the pressure became 0.7 MPa (G), and
ethylene was fed at 1.0 kg/hr and l-butene was fed at 5.7 kg/hr,
to initiate the polymerization reaction. While ethylene and
l-butene were fed at a constant speed, propylene was fed at a pressure
of 0.7 MPa, to polymerize the mixture for 150 minutes.

hs a result, the total amounts of the fed monomers were 95.0
kg of propvlene, 2.5 kg of ethylene and 14.3 kg of l-butene.
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and the kneaded material was extruded in a strand
state through a hole of a nouth ring attached to the
end of the extruder and cooled wth a water bath, and
cut with a pelletizer to give resin particles in a
wei ght of approximately 1 ng. Zinc borate was fed to

t hgn exé raxie b utuell B cawABSERI 1 atkeh 5400 the ohirtheted gas was
resin particles, 220 L of water, 300 g of kaolin as a

reledbspersantthe2 Qb g refr iSO 1R degdecykbanaeneaul f orat @esulting
and 10 g of alum numsulfate were charged into an

slurait Pges aviesredid pped W thnedtSthhhBEr &%LKQQ ©EdGAIHon stirring
di oxi de gas was pressed into it as a foam ng agent,

blad@NdahBes i Xtk € a1 head edidmdert i rﬂﬂéﬂ%ﬂ&@é‘ QaMH NG i rred
f enperat ure shown in Tables 2 ‘and 3 and t hen kept

at Sga;l{je afojﬁjlﬁl S,Sfbovgﬁ 'Q) TaZkH %o%s s%%rl é/drox:Lde

Fegulatihg '@ h tenperature pea orie,

SoluEhSn %& %ﬁheﬁnaﬁg%ta%tr%%i gy e é’@?ﬂl&%ltggsegn&% L of purified

eric pressure t o gi ve polypropyl ene foaned

ads .. 900 and 1500 .9
veefabi el U0RR PeRuce T e and el ol e e 1o

, kaol i n was . _The foa

and GRRACAFAdExapl B8 Wt oL bBt aﬁ%@% R Gl (% e
container, . the artlcles havi ng an apparent it )

was Blfeaitze%/“thFh aEﬁ%ﬂEFé 89S {HEHR BT &@&F?E‘Pﬁégr 'ft% mixture
air for 12 hours at 0. 4 MPa (G , renovin the

was Hehedngot heiaiih wi theadt idny i$0eaaChing. 63 aCr(G)O fpve 50.3
15 seconds in a 2-stage foam ng nmachine, to give

kg of aRiPIBEANE BALYAG lanPApPACENt Behsi R oIt U gyas repeated

~ The internal Eressure of the foaned beads just after

twicpreSsupiiyat fohaaft heain @as 0.3 MPa (G . The various
physi cal properties such as apparent density and
avéhagereelh Hdaret éit'fofof bhe/feswitj ngn faameebeadstent of

are shown in Tables 2 and 3. [0108] 61 [Production of
4 .7 ol y paopy erenReshnehoankd . Beadl MahdedmAntiehedoimthe £ 129°C.

f oaned beads obtai ned by the nethod descri bed above
iclogere
(Producticon Method of Resin 10)

A stirring autocclave having an internal volume of 200 L was
substituted sufficiently with propylene, and then 45 kg of
sufficiently dehvdrated liquefied propylene was introduced. 500
mL (C.12 mol) of triisobutyl aluminum/n-heptane solution, 6.6 kg
of l-butene, and 4.2 L {in terms of volume in standard state) of
hydrogen were added, and the internal temperature was kept at 30°C.
Then, 3.60 g (in terms of solid catalyst component) of a metallocene
polymerization catalyst prepared by the method described in the
production method of the resin 1 was pressed with argon into it to
initiate polymerization, and heated to 60°C over 30 minutes and then

the temperature was maintained for 60 minutes. 100 mL ethancl was
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charged into a nold of 250 mmin length, 200 mMmin
width and 50 mqm in thickness, and subj ected to
nol di ng under steam heating conditions shown in
Tables 2 and 3 to give a nolded article (however, a
nol ded article could not be obtained in Conparative

addeExaapke o@o t ¢ fmihe: e BRatddag tiRichodThbatehmad rdingy yad Wes purged,
of the nold were opened, and in this state, steamas

and 21€d@ s £ BhBIgMILRS doy 1am «QxhBpsd r PEOCRSSi rkal.| OnBds oy ration
one-side heating at a pressure lower by 0.04 MPa (G

was F8pbhecheatingesPrES§IvE, at BeBT e¥ELSE10Ne- Si de
heating at a pressure lower by 0.02 MPa (G in the

he’f‘ltliggreﬁfl‘?'sﬂg&’a@rﬁjfﬁ“%?f'ﬂqgg to npld heatifg Hee@Bntent of
pressure shown in Tables 2 3. Aft'er heating was

8.5 ?e£§1Q§¢eQ mef{fg@Uégb glfggqgged and cool ed until

surface pressur f6am 6f the nol ded article
[Ologicane 0.04 WMPa (G |, and the die was opened to
Iease the nolded article. The resulting nol ded

d for 1 ours in an oven at 80C,
‘Pfoa é89 %ﬁgFﬂé po??b?o%%?ene resin foaned bead
no| ded, article. ar ent denS|%¥ g e aluatéqﬁK]L
re‘%u?t'tl]b]f”f%éaur at" g‘afv&éﬁ‘?e&nbéﬁ hoPded°artf c? was
shown in Tables 2 and 3. [0109 Table 2 62 Exg
SubSEkguEs?g B BE B Ex ¥ 1Eka BXaPEXS GUn.%m?emtél%?mé kg of
mpl nEIe nple nple nple nple nple nple 1 2 345 6 7
suffgcgegg YReghpdrateq h;qu%fgeqopquglqneFw%ﬁn¥ﬁfroduced 5006
tenperature C 138 128 128 123 123 137 127 129 128 128

mL (P ddsmed) | 9 potl et gy Meel nigup/gi-heptamge 3@ ipn, 4.4 kg

2.8 2.8 foamng (G Apparent density of foaned
of ethylene, and 6.5 L (in terms of volume in standard state) of

hydrogen were added thereto, and the internal temperature was kept
at 30°C. Then, 0.49 g (in terms of solid catalyst component) of a
metallocene polymerizationcatalyst preparedby themethoddescribed
in the production method of the regin 1 was pressed with argon into
it te initiate polymerization, and heated to 62°C over 40 minutes
and then the temperature was maintained for 120 minutes. 100 mL
ethanol was added thereto to terminate the reaction. The remaining
gas was purged, and 51.0 kg of the polypropylene polymer was cbhtained.
This operation was repeated 5 times to give a base resin 11.
This resin had an MFR of 25 ¢g/10 min, an ethylene content of
3.7 mol% and a melting point of 128°C.
f0107]
[Production of Polypropylene Resin Feoamed Beads]
A base resin shown in Table 1 and 0.05 part by weight of zinc
borate relative to 100 parts by weight of the base resin were fed
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g/lL 77 72 42 72 72 69 72 85 72 72 Dbeads ppm Anount
of ash by 680 630 660 670 650 800 600 700 1570 2760
wei ght Average cell diameter pm 160 150 180 150 120
160 160 190 150 150 Inherent peak calorie of J/g 66
53 53 45 49 52 44 51 53 53 foaned beads

toa @'r@lé—%&%@%ﬁ;@@@gf%@m HnOmé1b BB L usakOhe@t ing,
f oamed beads Al endotherm c peak total J/g 74 59

and 15’[9e 5 EAH A8 2R H0 H9 w28 egal-aakeSiefa foarmdl haads: Peatough a
tenperature of C 147 136 136 136 135 145 135 137 136

hole]c?’@ ﬁbgﬁhtﬁimgraaettlér&le‘éﬁ%5 Expansd oF £abi Ocetu@ed 2 cocled
9 2.6 52.82.12.32.32.92.8 (G

with Fz):{ %%%%F:eoé)éh n%'n@i' Bgt heaty Qgpé@etglz]@r Q1 Qelfleé)lﬁ[%artlcles
0.12 0.13 0.1 0. 14 steam (Q | ded article

L

u31n8 12 0.14 0,12 0.13 0.1 0.14 0.14 of foanmed pressure

100 kg of the resin particles, 220 L of water, 300 g of kaolin
as a dispersant, 200 g of sodium dodecylbenzenesulfonate, and 10
g of aluminum sulfate were charged into an autoclave equipped with
a stirrer, 8 kg of carbon dioxide gas was pressed into it as a foaming
agent, and the mixture was heated under stirring to a foaming
temperature shown in Tables 2 and 3, and then kept under conditions
shown in Tables 2 and 3, thereby regulating a high-temperature peak
calorie, and then the content in the autoclave was released under
atmospheric pressure to gilve polyprcpylene foamed beads. In
Examples 9 and 10, 900 g and 1500 g of kaclin were used respectively,
and in Comparative Example 6, 1800 g of kaclin was used. The foamed
beads in Example 3 were obtained by introducing, in a container,
the particles having an apparent density of 72 g/L in Example 2,
then pressurizing them with air for 12 hours at 0.4 MPa (G), removing
them, heating them with a heating steam at 0.03 MPa {G) for 15 seconds
in a 2-stage foaming machine, to give foamed beads having an apparent
density of 42 g/L. The internal pressure of the fcocamed beads just
after pressurizationwith air was 0.3 MPa (G). The various physical
properties such as apparent density and average cell diameter of
the resulting foamed beads are shown in Tables 2 and 3.
[0108]

61



bead Fusion MPa noldability completion (G 0.16 0.12
0.12 0.12 0.12 0.12 0.12 0.1 0.13 0.14 pressure
Appearance - 0 0 0 0 00O 0000 Evaluation
Conpression 0 0 0 0 0O 0O OO OO of nolded properties
article Hecat 0 0 0 0 0 0 0 0 0 0 resistance [0110]

[Prodabt os 68 EoDPpLeppl&espréenp Cospe Loppadonpl GenpArticlie]
Conp arative arative arative arative arative arative

ar gt & e Al b dar abt¥ene b theanpthxan®e £xanpe Exaipre were
Exanp Exanp Exanp Exanp Exanp Is 1 1le 2 1s 3 1s 4 le

charée&lslxﬁttl)ea fdi® 81l 858 miesd Nengk? 208 Amdid Bidth and 50 mm
oam ng tenperature C 147 151 150.5 125 130 128 145.5

in th%dcg( %Js% fﬂ@§§ﬂg@ctgdi%@mcg}%g?%ﬁ%@ég%nsg:l%yﬁ%fgag/lﬁg@o%d%tlons

B
art1§¥8r agﬁlgerlllotdf)gnglgggiggﬁjlgg éc%QpéLlﬁQtNQ é}@&l&?@ 62 . In the

heating method, both drain valves of the mold were opened, and in
this state, steamwas fed for Sminutes in an exhaust process, followed
by one-side heating at a pressure lower by 0.04 MPa (G) in the heating
pressure, then reverse one-side heating at a pressure lower by (.02
MPa (G) in the heating pressure, and heating at mold heating steam
pressure shown in Tables 2 and 3. After heating was terminated,
pressure was discharged, and ccoled until the surface pressure by
foam of the molded article became 0.04 MPa (G), and the die was opened
to release the molded article. The resulting molded article was
cured for 12.hours in an oven at 80°C, thereby giving a polypropvylene
resin foamed bead molded article. The apparent density and
evaluation result of the resulting foamed bead molded articles are
shown in Tables 2 and 3.

[0109]

Table 2
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I nherent peak calorie of J/g 79 72 71 47 54 50 55 61
41 foanmed beads Hi gh-tenperature peak J/g 10 13 16 16
1616 6 3 calorie of foaned beads Al endothermc
peak total J/g 89 85 87 63 55 56 71 67 44 calories of
f oamed beads Peak tenperature of C 153 159 158 136 137
135 154 155 126 hlgh tenperature peak Expansion ratio

at- 015 - 1 0 1. ‘ 2 9 1.2 1832 NP3 (O

\D

Pressure of | mol di i ga A E%‘i 0532 skt ‘folao. O%TEFZ‘?}
0.24 0.16 0] 09" hBRE | A5°4t@Em T | T g8Y° aftF g8 | ™°
apparent g/ L 50 50'30 50|56 50 %0 50 50° dehsity  ° | °

Exa

mple

w

SeBwihdary MPa - EyaPuat #on ffodmi’ng 02 3p ©.32'%0./36 Q. %4 | 4

FodinQB8mi@ratld O] 24C 0 1168 (.09 | ©F |f amed3pl eysurier (Gere hetd | 128

PredsbiSh poduMiga | THad @D 1 i[ T etion (Q 0.8 0.32 0.[36
0.:22n9- 09 0]22;,0] 2 0. 3% |02b9 2Priesure® | ° | 20| 28 | 28

Apparent denstty of foamed
gfL 77 72 42 72 72 69 72 85 72 72

beads
ppm
Amount of ash by 680 630 660 670 650 800 600 700 | 1570 | 2760
weight
Average cell diameter pm 160 150 180 150 120 160 160 190 150 150

Inherent peak calorie of
Jig 66 53 53 45 49 52 44 51 53 53

foarmed beads

High-temperature peak
Jig 8 6 6 7 5 6 6 g 6 8
calorie of foamed beads

All endothemnic peak totat
Jig 74 598 59 52 54 58 50 60 59 59

calories of foamed beads

Peak temperature of
°C 147 136 136 136 135 145 135 137 136 136
high-temperature peak

Expansion ratio at 0.15 MPa

(G)
Pressure of molding heating MPa
018 | 0.14 | 014 | 012 | 012 | 012 | 013 0.1 0.14 | 0.14
steam (G)

Molded article apparent
g/t 50 50 30 50 50 48 50 58 50 50

density
Secondary MP
a
Evaluation foaming ©) 018 | 014 | 014 | 012 | 0.14 | 012 | 013 0.1 014 | 0.14
of foamed pressure
bead Fusion MP
|
moldability completion @) 016 | 012 | 012 § 012 | 012 | 0.12 0.12 0.1 0.13 | 0.14
pressure
Appearance - O O O O O O O O O O
Evaluation Compressi
pression 1. ololololo|lo]lol|lo ol o
of molded properties
article Heat
) - O O O O @] O O O O @]
resistance
[0110]
Table 3
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Appearance - 0 0 0 0 x X0 0 O Evaluation Conpressio
of nolded - 0 0 0 0O x x 0O x X n properties article
Heat - r-Oro OO0 AOA X resistance [0111]

[ Eval uati on of Foaned Bead Mol dability] 64 In

eval uati on of foanmed bead noldability in Tables 2 and

3, the nolding steam pressure vvas changed, net al
s—carried out o\lor | s nd tha

; 0 Comp T Comp | " Cornp | Gomp || Gomp omp | Comp
resul ting foanec:bead pgﬁc é artlc?esmm&ere,%bggageé;me arative
and eval uat edwd m “EHE | FBFF oRFHG | A8HRe /™ 0 LT . .
[ Secondary | Foan| f§™P EC8R 2™ h EFP niEih| FEFHi| fggmp | Bxamp | Examp
pressure at whi ¢ch®'he fdamel3beali*npl BEd| &Ftijcld jjs8 | °
obtgn ned wi|th a|snooth sunfate |state with few|foangd 3 6
Foamﬁ@ﬁﬂﬁeratd&bﬂ ffhecsurtace oft {heosiol aad |[ardol ¢l exs [[Ok4dS] 148 112
l ot il Dd Ao al Thaoa 3 i £ o
Pl’eSSI:il'é M‘Bbt‘dur‘ln@"‘“ PMS&" TUTT T IS UIT] e o oy ol II! "y
pressure at gglchZBhe koanedsbeadenol ded| asticl® 2 34
ﬁa a material destructlion fatiojof 7(0% or |nore
Aepipbtinsth¥ ealage of he el ded,antigle is obtained, | 7 |
fopr@eitels [ Eval uatii on of Moljded Articlie] Eval uat/i on of
the Toaied [bgad [nol ded arflicles 1Tnh Tables 2 and 3 [was
aRghfelsed iin W he f@l Ilowng p@nNness [ 036h5] 3200 | ss0 | es0 | so0
weight
Average cell diameter pm 190 180 180 170 160 150 200 220 120
Inherent peak calorie of
Jfg 79 72 71 47 54 50 55 61 41
foamed beads
High-temperature peak
Jig 10 13 16 16 1 6 16 6 3
calorie of foamed beads
Ali endothermic peak total
Jig 89 85 87 63 55 56 71 67 44
calories of foamed beads
Peak temperature of
°C 153 159 158 136 137 135 154 155 126
high-temperature peak
Expansion ratio at 0.15
- 1.0 1.0 1.1 1.2 35 29 12 1.8 3.2
MPa (G)
Pressure of molding MPa
0.32 0.32 0.26 0.24 0.09 0.22 0.24 0.16 0.09
heating steam (G)
Molded article apparent
. g/L 50 50 30 50 50 50 60 50 50
density .
Secondary
MPa
Evaluation foaming ©) 0.32 0.32 0.36 0.24 0.08 0.14 0.24 0.16 0.09
of foamed pressure
bead Fusion MP
a
moldability | completion © 0.3 0.32 0.36 0.22 0.09 0.22 0.22 0.16 0.09
pressure
Appearance - O O O O X X O O O
Evaluation Compressio 5 - - o y ) 5 y y
of molded |, yroperties
article
Heat
) - O O Q O O A O A X
resistance
[0111]

[Evaluation of

Foamed Bead Moldability]

o4




[ Appearance] The surface of the foaned bead nol ded

article was visually observed and eval uat ed under the
following criteria. 0: The surface of the nol ded

article is smooth to reproduce a die shape. A The
surface of the nolded article is slightly bend and

dent egh;a 1t i dreard ¥ os@prodeedsmbheadi eishape. Tak1ldhe and 3,
surface of the nolded article is bend and dented and

the hé&lddng 6 dam pepieduecewkBeclifgsbapteta] GddiGling was carried
[ Conpression Properties] Conpression properties were

out S¥abHAL edi fds | hehdasis fstie n@radandld iReldmAlked articles
conpr essi on stress at 50%strain of the foaned bead

werengbgggv@&téﬁ&eevéfu§ﬁéael$Otﬁ@ef§1ﬁﬁﬂﬁﬁg ROAREESSI on
stress determned by the formula below. The

[Ollg?npre33|on stress at 50% strain of the foaned
eadnol ded article is a value obtained by JIS

Sec%géggy ggg%@gé?9§§§gug% OStandard conpressi on stress

rarn 742 x D2 + 3.874 x D +

3, ded
thﬁ%oafp;fﬁ% 59 R G APl SO g g s
I t t and
ares B SR A AL SRR e LA GOIBUESP S v
straln relative to th at dar conpreSS|on stress is
on t2BoFgrLAbFe and Fele ! th aéE@C The arrival factor

at 50% strain relative to the standard conpr essi on
[011l3ress is less than 70% [0117] [Heat Resistance]

[Fusion Completion Pressure]

The minimum forming pressure at which the fcamed bead molded
article having a material destruction ratioc of 70% or more upon
breakage of the molded article is cbtained.

[0114]
[Evaluation of Molded Article]

Evaluation of the foamed bead molded articles in Tables 2 and
3 was performed in the following manner.

(0115}
[Appearance]

The surface of the foamed bead molded article was visually
observed and evaluated under the following criteria.

O: The surface of the molded article is smocth to reproduce a die
shape.

A: The surface of the molded article is slightly bend and dented,
but nearly reproduces the die shape.

x: The surface of the molded article is bend and dented and fails
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Aheat resistance test at 110C by" D nensiona
Stability Method B at Hi gh-Tenperature” in JIS
K6767-1999 was carried out, and heat resistance was
eval uated under the following criteria: 0: Heating
di mensi onal change ratio is less than 5% A Heating
to rdbpBAstenahe chbngehsipéi o is 5% or nore and | ess than
10% x: Heating dinmensional change ratio is 10% or
[o118pre. [0118] 66 In Conparative Exanples 1, 2 and 3 in
Table 3, the nelting point of the base resinis
[Compt8heLoh haRopber MeEt i ng point specified by the
present invention, and even if steamw th a saturation

VapQhnr PEESSHI Srobe Pr 2o MPa= £ D) cPhohstctihaR the Fasis of the

conpression pressure of the polystyrene resin foaned
 bead N Alus: b3 dntgoduced,od he f10amBd the foamea
arrlgggdgggégfﬁggqgggﬁe (%ecoﬁggry f oam nQ) gﬁﬁ-fused ° soame

] ' I f d
e O BOLET AL T A0 Bl T oo
dete%@%ﬁe?%ﬁ%%&f?&? gfab%%g%anp+ﬁ%c§ﬁ6§§?g%§5%¥%%a Q§tggg%train

mparati ve Exanpl es oam n

of th%iﬂ%%ﬁ%%rﬁg%q%ﬁ ) %1%,chﬁ%gs%%%%tg%%iagﬁghﬁué9$@ 67-1999

endat herm ¢ peak calories at the side of high

(Iso?éﬁ%éﬁbture is too high, and nol ding heating steam
pressure is as high as 0.24 MPa (G , and the foaned
bedtandrdddcarprefeler $hFRFT ofkPah F1 34 DigGudLn and - 0742
i n Conparative Exanple 5,the foam ng tenperature at

D* +theSt4 me bf+ FEnifactandigiacthe fisarde beadsand Wegisidy (g9/L)
that the endotherm c peak calorie at the tinme of high

of thenperacdrbepd moddpdwartifiéeshri nkage of the foaned
bead nol ded article is too high, and the nol ded

O : dhei dreivadndtaatepr ogtucelthetwelid frrlqtiared apytheamsdindard
bead nol ded article cannot be obtai ned.

compression stress is 80% or more.

A: The arrival factor at 50% strain relative to the standard

compression stress is 70% or more and less than 80%.

x: The arrival factor at 50% strain relative to the standard

compression stress is less than 70%.

[0117]

[Heat Resistance]
Aheatresistanqetestat110°be“DimensionalStabilityMethod

B at High-Temperature” in JIS K6767-19%2 was carried out, and heat

resistance was evaluated under the following criteria:

O: Heating dimensional change ratio is less than 5%.

A: Heating dimensional change ratio is 5% or more and less than 10%.

x: Heating dimensional change ratio is 10% or more.

[0118]
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[0120] The sane resin as in Examples 2, 3, 9 and 10
has been used in Conparative Exanple 6, but the
tenperature of the atnosphere at the tinme of foam ng
is not regulated, and the tenperature is 100C or
nore, and given the usual anmount of an dispersant, the
f oanedompbengsi ebt Rikansl by 1) sthatge firormaAn calt,odlhaveelting
is adhered nutually 67 and thus the anount of the

poinfli Spansantk seSrbheheased.ghiss ahkzesdht, melhinamuinit efoecified
ash on the surface of the foaned beads becones 3000

by tIRPP UM €nvandisnheatd Reest eam©fa® 4 tMPa {Ludtion vapor
nore i s necessary, and the shrinkage of the nol ded

pres?EEE%P Pecqprs ¢y glh_%_]rher[ Qﬂgﬁ]tﬂ_@%d@x@s%oﬁpbﬂésgﬁre of the

base resin |n Conparative Exanple 7 is in

polyg%& P:q; Jpé)éﬂ'% fro%%%% EQQ&'%&P&&% ?E)%hart%%eﬂts introduced, the

I'on ere I's concer t the physica

foam%:lokgertl easreOfnotch§ogB%ger? éi%%)z gﬁ tatﬂ% 91§8& with one

exural hodulus 'S opertles

anot et er i g%\éggluasréd ?xr event ndcugot ? hlb%gdprr? dé: a%ﬂgle cannot

enpera ure pea orie
00 h| t he nDIdlng heatlng stean1pressure is as
be o t@ﬁnﬁ O 24 MPa (G , and the desired object of the
present invention cannot be achieved. [0122] The
(03188l ting point of the base resin in Conparative Exanple
8 is in the nelting point range specified in the
pr BsenfamAveAERoRCSIBuRS t e WotBRtParti cfe With 10 has been
satisfies conpression properties and heat resistance
usedi §nnoempbrat hed everkes thand SenPrl ekl af Cafbbid Umrarature
| ow. The peak tenperature (i.e. apex tenperature) of
at thheine gh-nenpératurénpedic ébarke boaded hdadsiniamparative
base resin in Conparative Exanple 9 is not equal to
Exampie hisghkethtiharnd 3@Coahe redmnpeak farimra ambdedhastiicsl ef high
sati sfying physical properties and heat
temperature i1s too high, and molding heating steam pressure is as

high as 0.24 MPa (G}, and the foamed bead molded article is inferior
in flexibility, and in Comparative Example 5, the foaming temperature
at the time of manufacturing the foamed beads is high so that the
endothermic peak calorie at the time of high temperature is too low,
the shrinkage of the foamed bead molded article is too high, and
the molded article cannot reproduce the mold form, and any foamed
bead molded article cannot be obtained.

[0120]

The same resin as in Examples 2, 3, 9 and 10 has been used
in Comparative Example 6, but the temperature of the atmosphere at
the time of foaming is not regulated, and the temperature is 100°C
or more, and given the usual amount of an dispersant, the foamed
beads obtained by discharge from an autoclave is adhered mutually
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resistance. Industrial Applicability [0123] The
pol ypropyl ene resin foanmed beads of the present
invention 68 can give a foamed bead nol ded article
excellent in nold reproduction at |ow nolding
tenperature, nold dinmensional stability, appearance

and e a5 suiduaae osneathaesseandntni sulnatedssd on Zof a result,
foamed beads, and the resulting foamed bead nol ded

the Bdict &hasrexeekhentueespeessioe Fopef Bsadd giedidngs 3000
and heat resistance. Further, the foaned beads of the

ppm ﬂﬁ%?@t dnyantdoni ARd ddat H@'@@M@%ﬂ (6] & rameral 8®necessary,
excellent " in easy conbustibility and easy

and %ﬁ&%’ﬁﬁf_‘?ﬁké%@l of h@h@%&!]?&l@@%?f‘?clée@é@oﬁ@@”ﬁﬁgﬁ’@@ds

e pres I nventi on enabl e nolding at | ow
[012ﬂﬁlding tenperature at the tinme of nolding, thereby
abl i ng significant reduction in energy cost during

1? I & N9 85 r‘%)gllr e@I tﬁle bgﬁsec%\(sq. ! Il?ln%o rqi'trlgr fExample

ypropy ene fesin oaned eads an si mul taneously
f st t |
R T T S
| di hi th t hi ck
but TBPE oo BEARNES A o5 EnBLY oL REL HT G RG. RAGHT nd EngoLded

the nold can be desig conpliant, at | qw pres
artighg Pﬁéﬁé?%r%heiHéﬁﬁ@ngg§§u6§§|@ﬁdu Uedsi Bog i ATe physical

mol ding facilities, and eX|st|n§ facilities for
proprldPAgIEFepEPYEYPBNES BSPHENE8ANEH ShERdS 18 RFsdpIE Lor te-

for pol ypropyl ene resin foaned beads. 69 CLAIMS 1.
HowePelry praspyi enaheed] i f oaieelr Heals regipFRdPR§Sals too nigh, the

pol ypropyl ene resin having a nelting point of 115 to
meldig§Chaadian Olewn flepanrs isnedubigh ofs 506G 4MIE20fG) » and the

more, wherein the amount of ash on the surfaces of
desitrhe bbaped béatbei pr8s600 pprebyiwei ghtinok besechieved.

(i ncluding 0),
(01zz]

The melting point of the base resin in Comparative Example

8 is in the melting point range specified in the present invention,
but the molded article which satisfies compression properties and
heat resistance is not obtained because the Olsen flexural modulus
is low. The peak temperature (i.e. apex temperature) of the

high-temperature peak of the foamed beads in the base resin in

Comparative Example 9 is not equal to and higher than 130°C and cannot
form a meolded article satisfying physical properties and heat

resistance.

Industrial Applicability
[0123]
The polypropylene resin foamed beads of the present invention
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t he foanmed beads show one or nore endotherm c peaks
(Pa) having a peak tenperature in a tenperature
region not higher than the nelting point of the resin
and one or nore endotherm c peaks (Pb) having a peak
tenperature in a tenperature regi on exceeding the

can gielt & f@arpol béadhdled est hcaadxwetl Jawet ntrvand $180€pduction
ina first DSC curve obtained by heating 1 to 3 ng of

at lRohypaopylengdesiurd oared beadssivhed teatiad iy 0appearance
roomtenperature to 200C at a rate of tenperature

such 4 $es9f £ QT RILWdds A heati f ke dilf fresarii alf searBdngeads,
calorineter, and the total calorie of the endothermc

and tR8ak L) St ddhdd e s @88 delfard il elda Jé Qe Pl edP@onpression
pol ypropyl €éne resin foanmed beads according to claim

prop%rai;.wgigjirait{{/eaﬁéy St %srlast*da%démx'FﬁE@h%éPaQﬁé Ohamed beads

rati'o eat'i ng/ expansi on particle ratio

ef.ar at | h i it S '

B e R e

in oy YEGREEH T BoarSgE) BT ZRERLTY OF ik, BoBiBrobylene
. po ropyl ene resi foaned beads is 50 t 50 4.

resi BB NG So “PesPhoT Bahoth bEAL AT g LS gy =* o
one of clains 1 to 3 erein rel.ati onshj p bet ween .

mold{Rg GREERTPIEXEr A1C WBAUITSS °f haCIOI R opyIeRerY eSrbLing

~and the nelting point of the resin satjsfies the ,

51911 b1 FRNF A§IGtmPral f BReTEE Soht AVEXGEdNC ot G FRpagred with
1400) /15 ? resin nelting point (C 70 (d sen

the @@@ygqa”gj_orh@gupq%d:twazjf .pqlmqmqr@ nesithdoamed beads and
pol ypropyl ene resin foamed beads according to any one

simuptapeaiaty Enedlinowrs ef & teke Pollppregdylréne AeseROF Prgssure
copol yner of propylene and ethyl ene and/or a-olefin

durihgvigiglifid,0add canbdmeatdbawpiby Mives poty priopylering machine
resin foaned beads according to claim 1, wherein the

can beelrtddugepoint] ofie titel gologpr ofyheneld esimbiesmdd8Chin so that

the molding machine and the mold can be designed compliant at low
pressure, and therefore, inexpensive design is feasible in melding
facilities, andexisting facilities formolding of poiystyrene resin

foamed beads are usable for polypreopylene resin foamed beads.
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or nore and |l ess than 130C. 7. The pol ypropyl ene resin
f oaned beads according to claim 1, wherein the

nel ting point of the polypropylene resinis 130C to
135C. 8. A polypropyl ene resin foanmed bead nol ded
article which is prepared by nol ding the

pol ypropyl ene resin foanmedaAtemds according to any one
of claims 1 to 7. 71

1. Polypreopylene resin foamed beads comprising apolypropylene
resin having a melting point of 115 to 135°C and an Olsen fiexural
modulus of 500 MPa or more, wherein the amount of ash on the surfaces
of the foamed beads is 3,000 ppm by weight or less (including 0},
the foamed beads show one or more endothermic peaks (Pa) having a
peak temperature in a temperature region not higher than the melting
point of the resin and one or more endothermic peaks (Pb) having
a peak temperature in a temperature region exceeding the melting
point of the resin and not lower than 130°C, in a first DSC curve
obtained by heating 1 te 3 mg of polypropylene resin foamed beads
when heated from room temperature to 200°C at a rate of temperature
rise of 10°C/min with a heat flux differential scanning calorimeter,
and the total calorie of the endothermic peak (Pb) is in the range
of 2 to 12 J/g.

2., The polypropylene resin foamed beads according to claim
1, wherein the expansion ratio (maximum expansion particle ratio
by heating/expansion particle ratio before heating) by heating with
steam at saturation vapor pressure of 0.15 MPa (G} is 1.3 to 3.5.

3. The polypropylene resin feoamed beads according to claim
1 or 2, wherein the average cell diameter of the polypropylene resin
foamed beads is 50 to 350 pm.

4, The polypropylene resin foamed beads according to any one
of claims 1 to 3, wherein a relationship between the Olsen flexural
modulus of the polypropylene resin and the melting point of the resin
satisfies the following formula (1):

(Olsen flexural modulus [MPa] + 1400C)/15 = resin melting point (°C)
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> (Olsen flexural modulus [MPa] + 1750)/20 (1)

5. The polypropylene resin foamed beads according to any one
of claims 1 to 4, wherein the polypropylene resin 1s a copolymer
of propylene and ethylene and/or a-olefinhaving 4 to 20 carbon atoms.

| 6. The polypropylene resin foamed beads according to claim
1, wherein the melting point of the polypropylene resin is 115°C
or more and less than 130°C.

7. The polypropylene resin foamed beads according to claim
1, wherein the melting point of the polypropylene resin is 130°C
To 135°C.

8. A polypropylene resin foamed bead molded article which is
prepared by molding the polypropylene resin foamed beads according

to any one of claims 1 to 7.
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