10

15

20

25

30

1 DESCRIPTION PRE-EXPANDED PARTICULATE
POLYPROPYLENE-BASED RESIN AND IN-MOLD EXPANSION
MOLDED ARTICLE 5 Technical Field [0001] The present invention relates
to a pre-expanded particulate polypropylene-based resin and an in-mold
expansion molded article. More specifically, the present invention relates
to a pre-expanded particulate 10 polypropylene-based resin that make it
possible easily to obtain a satisfactory surface appearance and filling
property in an in-mold expansi@ﬁﬁd@é&’ﬁl@lﬁ having a thin wall, which
has hitherto been assumed difficult to be actualized, and relates to an
in-mold expansion molded article formed from the pre-expanded

PRTceX PIONBHCKgFAREIAU0ADE] RQDEPIOpHENd-INAs 8IS inlfde AND

rediatance, Shock AMATIERa A e AU e RS
compared to a polystyrene-based resin in-mold expansion molded article,

and is also_superior in heat resistance and 20 compressive strength as
%@olyethylene-based resin in-mold expansion molded

RIS TRy BlRiG UG BRYPRARYIRRE -RASGAID-Mplt, gXBISARMAIded

articles are used widely as shock absorbing packaging materials,

pelsnrabld avkasedsranthandmotivepalsejasospamelitud astide.  More
olypropylene-based resin in-mold expansion 25 maolded articles can,b

TSRS Bhton Sl R e p ey Tl s fothete
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be packaged without requiring cutting work, the polypropylene-based
%»g%qﬁ.wmasaﬁ%ﬂq hlp oongry é?eaﬂ’sEH%FgéTﬁBF‘%%%&HR}ded

Meenesvingdustiiah el idBiaRdhthenikBerto been assumed difficult to be
actualized, and relates to an in-mold expansion molded article formed from
the pre-expanded particles.

Background Art

[0002] A polypropylene-based resin in-mold expansion molded article is
superior in chemical resistance, heat resistance, shock absorption and
compressive strain rebound as compared to a polystyrene-based resin in-mold
expansion molded article, and 1s also superior in heat resistance and
compressive strength as compared to a polyethylene-based resin in-mold
expansion molded article. Therefore, such polypropylene-based in-mold
expansion molded articles are used widely as shock absorbing packaging
materials, returnable containers and automotive parts.

[0003] Particularly, since polypropylene-based resin in-mold expansion
molded articles can be molded flexibly as various shapes of shock absorbing
packaging materials in conformity with the shapes of commercial goods and
parts to be packaged without requiring cutting work, the polypropylene-based
resin in-mold expansion molded articles are used widely for electronic
machines, industrial materials and the hike.

{0004] Polypropylene-based resin molded articles can be molded in various
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30 [0004] Polypropylene-based resin molded articles can be molded in
various 2 shapes. However, because the temperature range for molding
to obtain satisfactory products is narrow as compared to a case of
polystyrene or the like, engineers must be skilled in molding techniques
including regulation of the heating steam pressure, regulation of the
heating time and regulation of 5 the cooling time in molding. When a

malded pagfigle.of cqnplicated, shans, Sheuid be obtamed, i dhetq sSishh

a thin and narrow shaped portion that is a so-called thin-wall portion to
astzfariodaterodycssfennpreexpandediparidibs aalosg thpdhiskness or the
?ﬂ{??c%%n igelgr%@l%sl% & %E){tﬁligc? isal%sgﬁﬁ'grytggﬁ%%ggg iﬁ?&%séacmrrggulation of
surface appearance. Consequently, in such a portion; failures 10" su€h as
itlsutiicheni shocknapeespiion, anghinstifficientixrapgtingndrihepoebre fudiion of
of the pre-expanded particles may occur easily, thus impaosing severe

h ARy shape
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USingI ROy BrRxpRnded tﬂi%ﬁtkc_ E&aéﬁd?{_’l;y %@n@ﬂ%@%&%@%’ éﬁéﬂb OgpadWthat is a
due to the use of raw materials having low resin melting points, the
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abtidadesgripedapeciniern tHMowevef thecspntacdy of thechaldedtanticfasiures

t to h ty of wrink th d.of th Ided articl

TR CRE GIHEEGR SRBP 9D HORIRE HUTAHEH ARy EREER S goor
et prbeass:fokpakiasing baxishaped soeldechailiciasa aisopealied severe
"fall-inward" phenomenon occurs easily. The "fall-inward" means
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: . . A sh o the
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article. The absolute value of this difference varies 25 depending on the
sizesbrmdividietidbshian plogurtsiwhelfthe Halkinwire sstargmthe

molded a{)ti I{es are defective and not us
expandabili

Y (Secondary expansion ra%fo%l th sr%glfﬁgsfease when steam
heating is carried out. As a result, for shaping a thin-wall, the use of a resin
having a low melting point can be a measure for solving the above-described
problem. However, the surfaces of the molded articles tend to have plenty of
wrinkles and the rebound of the molded articles from the shrinkage after
molding is insufficient in many cases. Also in a molding process for
obtaining box-shaped molded articles, a so-called "fall-inward" phenomenon
occurs easily. The "fall-inward" means a phenomenon that a difference is
raised between the edge portion dimension and the central portion dimension
in a box-shaped molded article. The absolute value of this difference varies
depending on the sizes of individual designed products. When the
fall-inward is large, the molded articles are defective and not useful as
products.

[0005] In view of the above-described problems, for example, a method of
modifying a resin surface has been proposed (Patent Document 1).

According to this method, for obtaining pre-expanded particles having
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[0005] In view of the above-described problems, for example, a method of
modifying a resin surface has been proposed (Patent Document 1). 30
According to this method, for obtaining gre-expanded particles having 3
preferable secondary expandability and fusion property from
pre-expanded polyolefin-based particles for in-mold expansion molding, a
polypropylene-based resin is dispersed in a dispersion medium containing

an grganic peroxide. However, in.this method, equipment to deal with the
N R R T A R e
mediviariendsdd baRtediierm-A0H theRrasiset suddifvgtends to be

varied. [0006] For the purpose of improving secondary workability, there is
tiebivseny ks nechRoptor i alipatredohdh SBRISIENEwHIE fegfrining an

and a4 0 propyiene-aralelinbased (e NN ASRARIIE WL AAIRNRY.

point (Patent Document 2). However, this method shows no effects of
imptal/ing iths osdro danr gxpanpletsititd aid fesionqdsopadty and

pressing the fall-inward. Ogo %In Patent.Document,3, it has been .
T D i S GE e e e

epralesinbavingd specific melt 15 index obtained by mixing resins each
aving a specific melt index.is satisfactory with respect to surface ., .
EBBQéraﬁ@é SRRIRUSHAT O WB&%%‘&%H%W@‘%?&E%%&&S disclosed

WhhehauAipkeexnaneed par %%%ﬁ%ﬁ@@ﬁ%@%@h@@d@olded
i

article having a thin-wall shape requiring a higher secondary

expRNRmYy dnfinghdrrphproperyezeiPaisaberiinming gopt (Patent
%9(9&9:16&1‘% g ES‘&%{}(}QQ&H@%&% %Wéﬁ&é%z& B%q{ﬁ?ei}%vtxg% the

Document 3] JP 2000-327825 A Disclosure of Invention Prob e
Sobvedlhyytesaudatioit? 5 {0008}i4n phijpet tf thedpreppntinventiba falioinward.

%%‘69? GRS ERE B%%glment 3, it has been found that a pre-expanded
particulate polypropylene-based resin based on a resin having a specific melt
index obtained by mixing resins each having a specific melt index is
satisfactory with respect to surface appearance and fusion, but no specific
description is presented as to whether such a pre-expanded particle can be
applied or not to a molded article having a thin-wall shape requiring a higher
secondary expandability and a higher fusion property.

[Patent Document 11 JP 2002-167460 A

[Patent Document 2] JP H10-251437 A

[Patent Document 3] JP 2000-327825 A

Disclosure of Invention

Problem to be Solved by the Invention

[0008] An ohject of the present invention is to provide a pre-expanded
particulate polypropylene-based resin for in-mold expansion molding, which
can provide a polypropylene-based resin in-mold expansion molded article
having a preferable secondary expandability, surface appearance and
dimensional stability, in production of various shapes of articles including

those of complicated shapes.



particulate polypropylene-based resin for in-mold expansion molding,
which can provide a polypropylene-based resin in-mold expansion
molded article having a preferable s&condary expandability, surface
appearance and dimensional stability, in production of various shapes of
articles including 30 those of complicated shapes. 4 Means for Solving
MeanPholiflemif@Oo@planview of the above-described circumstances, the present

10009 nventor('j"a have mg% dlltg)ent nvestilgt?tlons re eatedl and have.

btaine I}he?“flowmg fin ﬁas IS, IN an atgfemp’t 8%8?%1% rlrrfg%]et%rs have

made diligtathaving gadompheaiedishapé mordérdmsdive fhécahn‘géimtbﬁgslbﬁmht is, in
roblem aresin ure co prlsmg at le st a e bas sm

an s RR SOHOS TR GRS BB PO G AN OR SrOy e b dagbove-

descmb@&'@t’@ﬁl@ﬂﬁ a 1@51R MR cpeiRtighd4be0F highiehisnisetk-baRdesin having a
mixture is modified to have a predetermined melt index value with the aid

resin (3¢ l4RG REAMEDEIEXGdBY KITErtriR, AR RERPHBRERAMEN TSI Bgderodgmelting
point GIONSLAUENY lﬁgh@qﬁié’&f terRRetaiyreside;tesindnatedient isampelied-dushed melt

to the steam heating at the time of the molding process, but the higher

index teatyseratii@siie pbsin dngraidientosisiivdtitytolise SHaperers o igito a base

not melted, and the fluidity of the molten resin due to the steam heating

can be enhanced. Thus, the present invention has been achieved. [0010]

Consecyionatisp&uificatty, ﬁmaaﬁmuasp?elctIWermgqﬂiwidedmlm@@cp@n@edwm heating

at the"‘%‘{&cu'g etBO'XRo?(?}{'e;‘pemb%?se" LeSiRComREsIng ¢ hibod R OEﬁ'e”E%s?z?%%%redlem

Hs ahase Tesi ere the resin X“Comprises a resin mixtu

contnbam@rm rtgeai}iep\s&a@miw r@p}demhasedldrelsérmlhaymg taaneliing paint due to
of 140C, or Iow a palypropylene-based resin B havi elting

the S GH RS Or EAI e e (SET FAA 12 B RGBSR SR anic

OOIOPEVONdE‘l\@QeaSsIB@&ﬁMQ@ melt indax0he,eHONHBer MopeRntkdess hatkxpanded
20 g/IOmin. [0011] A preferred embodiment relates to the pre-expanded

particHlig RRAYRT BOIlHOBYIER SIS Hs SHPEEIH M A PALTREPRE! ePE AR &fiiithe’ as a base
resin, RAIMRIORY 208 BaSEM tRSM &%M%@&a&%mlmews@%zwlene based

resin X, the polypropylene-based resin A in a content of 6
resin A havmg, a melting point of 140°C or lower and a po}ypropyiene-based resin B having a

resin.

melting point of 145°C or higher, and the resin mixture is modified with an organic peroxide
s0 as to have a melt index of 5 ¢/l0min or more and less than 20 ¢/I0min.

[0011] A preferred embodiment relates to the pre-expanded particulate
polypropylene-based resin comprising as a base resin the poiypropyl-ene-based resin X in
which:

(1) in the polypropyiene-based resin X, the polypropylenec-based resin A in a content of 60
wt% or more and 95 wt% or less and the polypropyiene-based resin B in a content of 5 wit%
or more and 40 wt% or less;

(2) two melting points in the melting point measurement of the pre-expanded particles by

differential scanning calorimetry, and the difference between the



wt% or more and 95 wt% or less and the polypropylene-based resin B in a
content of 5 wt% or more and 40 A t% or less; (2) two melting points in
the melting point measurement of the pre-expanded particles by
differential scanning calorimetry, and the difference between the 5 two

elting paints .bei 0C or more; and (3) a peak with the largest
two m@ﬁ%ﬁgﬁﬁ%ﬁg’ﬁ gﬁocéﬁépgﬁ’hgf@d on the higher temperature side of the
(3) a peakiiidifferantial sedoningcalarinetiyder themaltinaRointereMlperature side
[0012] There is also disclosed a polyprop‘ij/lene-based resin in-mold

of the gep IR FFRIIELS ARIS RYRTEHY ABDHE et Breiure of 0.1
[0012kg/cm2-GarmosR e ALY %ﬁﬁ%ﬂ?%@ﬁ%&%ﬁ%ﬁqqgmﬁﬁﬂﬂcéﬂgﬁﬁsion molded
. polypropylene-based resin, filling into a mold that canzbe closed but
alTlClecMé&@ﬁé&}%éﬁw@ﬁﬁﬂ@%ﬁ?%ﬁnﬂf[@m bafm d setomgasisedhe above-
thare is . ) | resin in-molgh expansio |
e B AR AR 5 can
Close%u@mr@y bfr Mngt@rthbq@tm@mp&nmwrpart?culate polypropylene-based
[001 2£§S!n COMPHSING 84 pa%:é/é%rto é?g elébals ‘e\f(%dre%sm Xo?? ?ob 2habase h?étsll?”i Tn-mold
résin mixture Comprising dt least a polypropyleneased Tesin A having 4
expansheiting dointinfcl4 Qe dudedvey anshby elyeropydene-haseack resin. 8 avinge (0.1
a melting point of 145C or higher, and said. resin mixture is modified by |
ke R P o BB R FHEH RALPE BURGSRR G S Sapeprising

polyptepsiaarn2R40fdamix; dillingsaidsasinHmaaameldthabean ReBIASEADME least a
cannot be sealed; and heating said resin with steam for molding. [0012b]

Poly iRy ffifcPaRsbER theér8 s proviaeld e mea offfddgeiy ar and a polypropylene-
basedQeisﬂp@m@ﬂg-a%é%g}eﬁém%mg@eﬁﬁﬁgﬂ@rm@%@&%@iﬁqmﬁﬁpeemqodiﬁed
comprising the steps of."applying an internal pressure of 9.8 kPa-gage

by an(e.rgﬂkwcmm@%ﬂ@n@?éq&avsré-@%m?éa pértigtifein or more and less than 20
g/ 1Orr?ffg3{fﬁ'iﬂ§:y L%ﬁ?i%?iﬁeﬁ{oeﬁ'%m%sb% ad 8'3?&9 %@Qgﬁg&s@g sreea%rgi;xagé ﬁeating
base resin that is a resin mixture comprising at least a

said rgzatypropstieme baseddiegin A having a melting point of 140C or lower and

.polypropylene-based resin B. having.a meltin int of 145C or higher,

O e RSt RSt d By S ofGH e U AN dp e
based maihindexclafbxgiiinin anrale:aint|ass thathaD@pmimcfiingisaicresiplving

. into a mold that.can be )
an internal pressure 0% 9.§| EPa—gage (0.1 kg/ecm*-G) or more to a pre-expanded particulate

polypropylene-based resin comprising a polypropylene-based resin X as a base resin that is a
resin mixture comprising at least a polypropylene-based resin A having a melting point of
140°C or lower and a polypropylene-based resin B having a melting point of 145°C or
higher, and sald resin mixture is modified by an organic peroxide so as to have a melt index
of 5 g/10min or more and less than 20 ¢/10min; filling said resin into a mold that can be
closed but cannot be sealed; and heating said resin with steam for molding.

Effects of the Invention

[0013] The present invention can provide a pre-expanded particulate polypropylene-
based resin that easily can yield variously shaped molded articles involving complicated
shapes without impairing the heat resistance, solvent resistance, heat insulation property and
shock absorption that are possessed inherently by the polypropylene-based resin itself,

because the pre-expanded particulate polypropylene-based resin has satisfactory secondary



closed but cannot be sealed; and heating said resin with steam for
molding. Effects of the Invention [00513] The present invention can provide
a pre-expanded particulate polypropflene- based resin that easily can
yield variously shaped molded articles involving complicated shapes

ithout impairing the heat resistance, solvent resistapce, heat insulatio
expa R o HAE AL BEAa eyt G, e
can bpolypropdepe-basesieasipaitsaliatbesdvusmiiigcatebaxpnnead pastiontatebe used
olypropylene-based resin has satisfactory secondary 5a expandability

suitablyn ifeYdRe it face a PRRISAINS dd hknaRSAHNSEBIRF Ak oba giysulating
materimgé%d%gg)g{@gggg pre?expar_ldeo_l partic_ule_lte polypro_pylt_ane-based
__resin that may be used suitably in wide varieties of applications as shock
Brief Rpxsipiiog Alatsrpisgheat insulating materials and automotive parts. Brief
joo14fescripi;oh Araiags [AIAL B W FIAUI R PSBBECHUBA bl ded aricle
lllustrating a box-shaped molded article used for molding evaluation in an
used fexawidis o theipiesenainventiple. &xpiamasion ofvestiers and Numerals
Explallldg%nsla?ﬂ-e @invva%llhiNltgm?erAalgortlon _for measuring a_centr_al portion
Imension ¢ A portion for measuring an edge portion dimension Best
[0015Mode for Carrying Out the Invention 6 [00161 There is no particular
limitation for the oﬁlggropylene-based resin according to the present
invention W@gp & to the composition and the synthesis method

b thereof, ag jeRgasii:GARARIISES PreRYIe NS @S MARRMEsIN a content of 80
wt% or more, more preferably 85 wt% or more, and furthermore

¢ preferablaO R BF ﬁ‘?S?éWSnE%rﬁ%é’@f%‘ﬂ’bﬁi@%Wopylene-based

Best N@OOtuds propyiens iamapglymer, ethylene-propylene random
copolymer, propylene-butene random copolymer, ethylene-propylene

block copolymer and ethylene-propylene-butene ternary

a
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copolymer. Examples may also include polymers treated with an organic
peroxide for the purpose of regulating the molecular weight distribution

and the melt index as 10 required. [001&1 A polypropylene-based resin X

to be the base resin of the polypropylene-based pre-expanded particles

of the present invention comprises at least a polypropylene-based resin A
having a resin melting point of 140C or lower and a polypropylene-based
"esE hauing A tesin MEHRAROINL RS 4R JUIDET, R 0B8N HaGn according
polypropylene-based resin A of the present invention, in the

palybeapylens ioasetaesitt Xrto ferrtaiberensgriticie dndattic issithes samethod
resin melti oint of 140C or lower and preferably 138C or lower, and,is
Rt R By o POkl o e P more
thepagticies-at s Woe of theresaaaidal:expansiefcbyobicrmytioatingore.
Therefore, for the purpose of obtaining a 20 molded article having a
irfsanamesteisachne U PEBIBRR S eaYESTRCAO RIGRT TN gl mopolymer,
POIYRIORYIERGRARELIRRIR Aol RAGTRr R SR N Ko I AIR AR BBV OF

less, and'more preferably 70 wt% or more and 95 wt% or less. When the
cebietiis fespy ranb e hvon o the seveh derylexpaneaBig heretr pary
insufficient, and the moldability of the,thinywall paorti efi -

O T e R the A R pice
difmetisionapstabifity diettogstirinkaieumovitighikdisind tivedalkihthardielt index as
phenomenon may occur easily. [00191 The polypropylene-based resin B
ofrﬁ?é“ﬁ?gsent invention has a resin melting point of 145C or higher and
prekerablysldblé iphighen Siice:-the Xpelyprarylese kasest tasin B has a
melting point at the higher temperature side, itis 30 7 expected to

sigalfBERCOsTARAS TS S sdRiieand trakssoh Anvepinmy G pgises at
cayrse of stsan) peating o dhe-poly RErpyieneskasrdiasin £:i0 ofann-ther lower

pre-expanded particles. It is expected accordingly in an attempt to obtain

a proldepbhinmicipybiiz horeshape B hexirap e erivenecttiagaitiniparbis’C or higher.
PIYERoETAR TUARDF hReryech I PRYPIRRYISAS:RARGEESIN & Rntent

polypropylene-based resin X to form the pre-expanded particles, has a resin melting
point of 140°C or lower and preferably 138°C or lower, and is expected to contribute
significantly to the melting and the mutual fusion of the particles at the time of the
secondary expansion by steam heating. Therefore, for the purpose of obtaining a
molded article having a thin-wall shape, the polypropylene-based resin A content in
the polypropylene-based resin X is preferably 60 wt% or more and 95 wt% or less,
and more preferably 70 wt% or more and 95 wt% or less. When the content is less
than 70 wt%, the secondary expandability tends to be insufficient, and the
moldability of the thin-wall portions sometimes tends to be degraded. When the
content exceeds 95 wt%, degradation in the dimensional stability due to shrinkage
and the like and the fall-inward phenomenon may occur eastly.

[0019] The polypropylene-based resin B of the present invention has a resin
melting point of 145°C or higher and preferably 147°C or higher. Since the

polypropylene-based resin B has a melting point at the higher temperature side, it is
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the polypropylene-based resin X is preferably 5 wt% or more and 40 wt%
or less, and more preferably 5 wt% or more and 30 wt% or less. When
the content is less than 5 wt%, the fall-inward phenomenon will occur
easily, and when the content exceeds 40 wt%, the moldability of the
thin-wall portions 10 tends to be degraded. [00201 Here, the resin melting
points of the polypropylene-based resins A and B indicate the crystal

meltin ks where_thg endothermic yal of .these.resins,r '
B RS AR A8 W B AR SO
raisihgliheitethperaiuse frbonc40C o2 h0Ciattheaieloh i iBGkrhndeyl resin X to

differential scanning galorimetry (DSC). [00211 The resin mixture
AT 0 e Lo RSN ool A W TR E Basaermpt to
resitzAnanchifla ReMRIeRYIEREBRsath RS R ity Mpaifith cvdtihih exgtidral ar

organic peroxide so as to have a melt index of 5 z&?min or moreand 20
gPiRneMIe s Tamdgiveler abResvg o thin Belrerersieneshganthispotagatent 1n
W, ndex falls withi = ribedoy: ha4bighe,
S e S e (e or
relakizedniheceqorderyldxfand&biitymmey dedldgradBdowbes.thélrhelt the

index is less. than,5 g/I0Omin, and n the melt index exceeds;20 g/l0min
RIS AT ALy DUl RO S BICTRD SAILARY: Canty, and
efigtsployideddy he-esganio peroxitlesniniighitisant twenvow athdeions

not only the modification of the melt index but the molecular chain
scﬁ%%@fliﬁéi?%ﬁq'ﬁgiecular weight polypropylenes. It is regarded that

dugdedhersiessease ibstaencanants ahtae, high HOIeEMRL MEIgM sed resins A

components, the fluidity of the resin itself is improved, and 30 8

sasfbBronglisacerbargrarptnaabiing aralseatine shersodeisaatimpelues of

T B R OREE PORE SRAD s

in eesdidinge melted by raising the temperature from 40°C to 210°C at a rate of
10°C/min by differential scanning calorimetry (DSC).
[0021] The resin mixture according to the present invention comprising the
po_lypropylene“based resin A and the polypropylene-based resin B is modified
with the aid of an organic peroxide so as to have a melt index of 5 g/10min or
more and 20 g/min or less, and preferably 5 g/10min or more and 15 g/min or
less. When the melt index falls within the above-described ranges, both a
high secondary expandability and a satisfactory dimensional stability can be
realized. The secondary expandability may be degraded when the melt
index is less than 5 g/10min, and when the melt index exceeds 20 g/10min,
the dimensional stability may be degraded.
[0022] The potential effects provided by the organic peroxides in the present
invention include not only the modification of the melt index but the
molecular chain secission of the high molecular weight polypropylenes. Itis

regarded that due to the decrease in the contents of the high molecular

welght components, the fluidity of the resin itself is improved, and
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without addition of an organic peroxide, the addition of the organic
peroxide 5 makes it easy to obtain advantageous effects in solving the
above-described problems. There is no particular limitation for the organic
peroxide to be used, and exampled of the organic peroxides may include:
ketone peroxides such as methyl ethyl ketone peroxide and methyl
acetoacetate peroxide; peroxyketals suchas 1,1
-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane, 10 1,

sithif{ehuly pemdieyciabaxaiabilithutid 4 é his{fdutyifereapyalerateandn be
E 2-bis(t-b Ipero@b tanei;#éydr peroxides such as permethane

R RRBroAtE © 1 ARAYA HEIIDEN RUURO RGOS CRSPrENbLrt he case

WHEFORBEOXER BNdbRUAIEN R NYFFPREEQide: diRbPEAEASE SUCH 8ixing
dicumyl peroxide, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 15

va s kit e ph AR At ERHIOBONPEHLe Hhe sl iomef heroxgnnic peroxide

5 0SS NP
patifBlemeshy| Brrretirorglpayiicatexyidic tatiomaferaie organic peroxide to be

di-2-methoxybutylper, dicarbonate: €eroxy. ester. ch as .
B e o R B e Ty Eh o K o pagides
subhitykperemyyB &ibyirieethyl fhexandaten d-hidhgéravatiseptapyleroxide;

carbonate, 2,5-dimethyl-2,5- ibeni;())ylperﬁg )hexane, t-butylperoxy

DEXBHEC A SHGBraRy. Do At SIehH P AEO Bt iipR P B e BRIRkeb et
16%5@@"%@%@@3’%%@&3@,’1@9%%"@’]@%‘(tsﬁﬁmy@f&%}ﬁ‘vzﬂérate. and

other than polypropylene-based resin may be added within a range not

2wl aeverigeons chsdwopripe frsserthirvenaom ohenthe

RIS S G O SISO 90 Mo
Iprépytenesids ad desimneHxpdnples atided thed syhtretsidsinothens shlioumyl
B o eI et A S B S Tehe, tow donsty
cneleikitbneykisaight shatodevn ¢bnsiiyaolyatyiefleumyl peroxide, di-t-hutyl
peroxide and 2,5-dimethyl-2,5-di(t-butylperoxy)hexine-3; diacyl peroxides
such as benzoyl peroxide; peroxy dicarbonates such as
di(3-methyl-3-methoxybutyDperoxy dicarbonate and di-2-methoxybutylperoxy
dicarbonate; and peroxy esters such as t-butylperoxy octate, t-butylperoxy
isobutylate, t-butylperoxy laurate, t-butylperoxy-3,5,5-trimethyl hexanoate,
t-butylperoxy isopropyl carbonate, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane,
t-butylperoxy acetate, t-butylperoxy benzoate and di-t-butylperoxy
isophthalate.

[0023] Another polypropylene-based resin and/or another synthetic resin
other than polypropylene-based resin may be added within a range not
impairing the advantageous effects of the present invention when the
polypropylene-based resin A and the polypropylene-based resin B are mixed
together to prepare the resin mixture, and/or to the propylene-based resin X.
Examples of another synthetic resin other than polypropylene-based resin

include: ethylenie resins such as high density polyethylene; medium density
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straight chain ultralow density polyethylene, ethylene-vinyl acetate
copolymer, ethylene- acrylic acid copolymer and ethylene-methacrylic
acid copolymer; and styrenic resins su¢h as polystyrene, styrene-maleic
anhydride copolymer and 5 styrene-ethylene copolymer. [00241 Also as
required, for example, additives may be added to the base resin within
ranges not impairing the advantageous effects of the present invention.

Thseramplesiocide: & pupealon Agent ARAR|GLRIRRHZRSHEH BSlene,

an antioxidant, a metal deactivator, a phosphorus-based processing
stabiibéchain olttelaviclenabsarbbiethy laheavidhet stabilinel agetabr espekitmer,

Eﬁgﬂ%ﬁi‘e‘?& aﬁz maaH‘cFE%i' 320 2 Slassiinking a %ﬂ&c%g‘i{‘ca%ﬁ%e Blmer; and
agent, a lubricant, a plasticizer, a filler,”a reinforcing agent, a pi mgnt, a
dyecaftamanetardant polysitistaticsagentanc ithe likby [0025doBalyther and
purpose of obtaining the pre-expanded particulate 15

OO PRESHEHE RSB FEURAL the base resin is processed into resin

pavtialesARY a8 Xampledindhe-Resant dvenien he pelypiepiemRlnasRtesin
resin A, the polypropylene-based resin B, an orgfanic peroxide and the

k&M SGERER T tH 2BEVebR SeTBRIASaEIIYES 6 belddaen ¢S Pé dulee on-
%‘ﬁe@ﬁﬁiﬂﬂi%%%’&iﬁﬁk@&%%a%ﬁf‘goig%ﬂt%ﬁwg&t%ﬁt%%@?éﬂ%%@?g{%h as an

mixer, a roller or the like, to be processed 20 into particulate
poltiprogytene-rasebdesitiheving aldesitedwahicledghmsessunh stabdizer, an
cylindrical, elliptic cylindrical, spherical,.cubic or.rectangular parallelepiped
e e e R S B S R g e
prefalally) 5 do6sHigking26:1 AN £xaniplerahaferethoct oh éxpendingihe
above-described 25 polypropylene-based resin particles ino
@@ﬁé%aa%@oﬁﬂ}srne@%%ar%ﬁg@ﬁa%p%ﬁ% digperding feretardant, an

RRIYRIAPY/ gRerRaseO RSk Particles in water together with a volatile
foaming agent in a pressure vessel so as to prepare a

AeRETb Y » aserossHi eispirsisrsaamemprndrpamior et
ﬁg@gg@;g%@-b%@@ggsﬂt AN Rt A0S LR R RPN Res.  For

<M<30+5Cso
example, in the present invention, the polypropylene-based resin A, the

polypropylene-based resin B, an organic peroxide and the like, together with the
above-described additives to be added as required, are melt-mixed in advance by
use of an extruder, kneader, Banbury mixer, a roller or the like, to be processed
into particulate polypropylene-based resin having a desired particle shape such
as a cylindrical, elliptic cylindrical, spherical, cubic or rectangular parallelepiped
shape, and having a particle weight of preferably 0.2 to 10 mg, and more
preferably 0.5 to 6 mg.

[0026] An example of a methed of expanding the above-described
polypropylene-based resin particles into pre-expanded particles, for example has
steps of* dispersing the polypropylene-based resin particles in water together
with a volatile foaming agent in a pressure vessel o as to prepare a
polypropylene-based resin dispersion; heating the dispersion to a temperature in
a range of —25°C <M < +10°C, and more preferably in a range of -20°C <M <
+5°C so
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10 as to impregnate the volatile foaming agent in the
polypropylene-based resin particles where M denotes the melting point of
the polypropylene-based resin particle$%and discharging the dispersion of
the polypropylene resin particles and the water under an atmosphere of a
pressure lower than inside the vessel, while 5 retaining the temperature
and pressure to be constant in the vessel under application of pressure

higherihaadthevaperpressurschihe yalalle.foaming pesite Haerabydthesin

pre-expanded particulate polypropylene-based resin can be obtained.

vtherhdrbmesicdinarlsipspmmtad themelmasderoozredresin
the-prenaration el the AisParsian, LIS Prefe I J8 Hesy A8 HiseersiBg dfes and

agents, inorganic dispersing agents such as tribasic calcium phosphate,

bhsie atragnesiumcanponpte anof capoiessucarboratthand adsdedixiiagzel, while
dispersing ,agents such as sodium dodecylbenzenesulfonate, sodium
AR AR GO S BIGH A G ATy Mol e

calslumt phosphaiesardisgdiinhdadaeyhpozenestiliendtehmostatile foaming
preferably are used in combinatjon. The used 15 amounts of the

ARG A B AP R ENRIH RIS ER SREXRIRPE LTSNS G S iecan be

Mpesibereai apd e dype.anchHeH AMAUNOR B MSEM to this method.
polypropylene-based resin. Preferably, the dlspersm% agent is added in a

deneaht dnoletorssaatieyy sihndisprr s athiniame Esifglag e Wepersing
ad in ntent. of 0. i ! i
o S B D AU 08 B R i

tm aigectiaparidulatee polyprdpyieneabbsedtresintinl socom dimuyf d6ppasiag

by weight gr more,and 10 ts by weight or less per 100 parts.b
TN 5 S Yo 8 BURSCRP P AARATHE G omRAhery e ity omate and
therrahin w0828 xamplas ohibe aaphcablevalatiieHearing and sodium

g%%nts include hydrocarbons 25 or halogenated hydrocarbons havin
ﬁ@f&ﬁﬁ@%ﬁfssﬁ%ai%}@r@gé%ﬁﬁ@*émﬁ%@%g’réﬁ@frfheﬁ@a%foﬂgwe}lsed

té‘fﬁ%@l?ft@%?%%ﬁ@ﬁ%g ﬁgﬁpﬁﬁwfgﬁ%ﬁwt@éﬁersmg agent vary depending

dichlorotetrafluoroethane, trichlorotrifluoroethane, methyl chloride,
e tthyddmechibace bmdethy ity hloadd Fhd surarenisdd leanhed

polypropylene-based resin. Preferably, the dispersing agent is added in a
content of 0.2 to 3 parts by weight, and the auxiliary dispersing agent is added in
a content of 0.001 parts by weight or more and 0.1 parts by weight or less per 100
parts by weight of water. It is usually preferable to use the particulate
polypropylene-based resin in a content of 20 parts by weight or more and 100
parts by weight or less per 100 parts by weight of water for the purpose of
attaining satisfactory dispersibility thereof in water.

[0028] Examples of the applicable volatile foaming agents include hydrocarbons
or halogenated hydrocarbons having boiling points of -50 to 120°C. Specific
examples thereof include propane, butane, pentane, hexane,
dichlorodifluoromethane, dichlorotetrafluoroethane, trichlorotrifluoroethane,
methyl chloride, methylene chloride and ethyl chloride. These are used each

alone or in combinations of two or more thereof. There is no particular
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alone or in combinations of two or more thereof. There is no particular 30
11 limitation on the amounts of these volatile foaming agents, and the
used amounts can be set in considerafidn of the types of the foaming
agents and the ratio between the resin amount inside the vessel and the
internal space volume of the vessel. Preferably, the used amount thereof
is 5 parts by 5 weight or more and 50 parts by weight or less with respect

i1 0RtRate, Py waiabBLek s PeEicuWals PRl YBrRMIeNe-PREC IRPIhe used

[00291 In addition to the method using the above-described volatile

mmg%ag@rhg & @k&%ﬁé@ﬁ%ﬁﬂ%l%éﬂﬂ%@féﬂ’é@f@ﬁmﬁﬁems and
PRGN 16 L BHPRNIE RAVIEN BIS ROYRIORACICAAL SRR sprce

exam rophilic compound is contained
thﬂtpnkypfaﬁnydemedaaseﬁreé&abmdtluleem@aiea:nmbamémjrasf tlsed parts by

e RS SR R g

therpRbisinRe pﬁ@t@%@@%@l@@&@ﬁﬁiﬁeﬂﬁi%@wﬁﬂe based resin is
Erefer bly 10 times or more and 50 times or less, 15 and more preferabl

sBraddreamipdbemeshadatang Ham shewidsritie rhrpladife foaming
within dhe,aboye ARsGrReS TRPReS R g THeIght ARt SAHPAMIARIng the

compressive strength as the advantages of the expanded article

@mb]eam&ﬁmm@t@uk@@rméypmﬂmgéﬁr@@@égwnnbé attafidadinedaich, for
%@met e]yasbhedP I%Ti%ac%%?d rHqylate polyRioRYIRRg @@%%pﬁ'%ésb%%ed

pre Pmore and m Of 1ess, more pre
e anckd/S0: watdess b@nﬁhﬁﬂtﬁ@ tiseienpblyib@0me diumarewand 58G:m

PRS LA e BN Tt ot dReR g pont
loemelreTind 6 AheipferaxRatied RRUKCIAR Mihbiffesgiisd seanitiulate
calorimetry (DSC), the pre- expanded gmretlculate polypropylene-based

ReTPepmagredaTehventol Basiwahelhiptiaerimore and 50 times or less,

and more preferably 15 times or more and 40 times or less. When the
expansion ratio falls within the above-described ranges, the lightweight and
satisfactory compressive strength as the advantages of the expanded article
subjected to in-mold expansion-molding process will be attained. The cell
diameter of the pre-expanded particulate polypropylene-based resin 1s
preferably 50 um or more and 1000 um or less, more preferably 50 pm or
more and 750 um or less, and further preferably 100 pm or more and 500 ym
or less. When the cell diameters are within these ranges, the moldability
and dimensional stability tend to be improved.

[0031] In the melting point measurement of the pre-expanded particles by
differential scanning calorimetry (DSC), the pre-expanded particulate
polypropylene-based resin of the present invention has two melting points in
the DSC curve obtained with 4 to 10 mg of an expanded particulate sample
by increasing the temperature from 40°C to 210°C at a rate of 10 °C/min, one
being the melting point (hereinafter, referred to as the lower temperature

side melting point TL) obtained from the melting peak based on the
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the DSC curve obtained with 4 to 10 mg of an expanded particulate
sample by increasing the temperature from 40C to 210C at a rate of 10
C/min, one being the melting point (hereinafter, referred to as the lower
temperature 30 side melting pointll'ib obtained from the melting peak
based on the 12 crystalline state originally possessed by the base resin
and the other being the melting point (hereinafter, referred to as the

higher temperature side melting point TH) obtained from a melting peak

c9bsaiad siathehighedliepupscated Isydtheflined resntemp ¢hatorb sideing

lting point; the, diff 5b th ti ints, ly, .
sl SR S i R e T R
nePefifz Potnererprishtanie Prebdaiab in 2R op Bt ebblerpadtiouledpidier

limit is set for this difference but practically a_value of 35.0C is the upper

tampesatvasidnrbihR lsatéanr s e dp Srelsmanatfrelite digrence
bBRRAP Alks 1 EIAGL EQCIHAM B OPRISHID kU R GSAURANY as the

temperature ranges Of the heating steam tend to be narrowed, and/or
D&lisfestodifSecondans pxpferabbiliB0iCsatisiaryndimensiprefesalyis2°C
will not be pbtained easily. [0032] With the meltin k heat.quanti
TRt s s M TR el St i Sl Bt ey o
vERak)Das et Ondhh coisialtihenitstaie abiginhltypgisseseed tigithe Bésen the
resin of the pre-expanded p rticuIaBtglaJ&? resin of the

lypropylene-based.
S e QLRI P AR D it RIAG SO PorheIER et 2o
tﬂ@%‘fé%@é‘“&fi&rﬁéﬁfﬁé&%@@e%ﬁ%gigﬂtﬂ@%@%ﬁﬁiﬁ%ﬂé@ﬁkk@&é&%@ on

the higher temperature side of the low temperature peak, the ratio of the

navareng beakdensaiisfanipraseernd s oonngHabitsardeairasionng
in ] jties of all the melting

dglglgéé %@%&@%%%&?g%ﬁ%ﬁ?&ﬁ%%ﬁg %gﬂt%e DSC peak ratio as the

[easel maiithedlis prettinag yenbob entusrerdiy 5004/} tddbe anel ingoeak

R AT R A R Bl
state originally possessed by the base resin of the pre-expanded particulate
polypropylene-based resin of the present invention and the melting peak heaf
quantity B (J/g) of the melting peak (hereinafter, referred to as the high
temperature peak) observed on the higher temperature side of the low
temperature peak, the ratio of the melting peak heat quantity based on the
high temperature side melting point to the sum of the melting peak heat
quantities of all the melting peaks (B/o +8)) (hereinafter, referred to as the
DSC peak ratio as the case may be) is preferably 10% or more and 50% or less,
and more preferably 15% or more and 45% or less. When the DSC peak
ratio falls within the above-described range, the balance between high
secondary expandability and shape retention can be attained easily, and the
sufficient molding processing width can be ohtained easily.

[0033] In the resin melting point measurement by differential scanning
calorimetry (DSC), the resin melting point is defined as follows: after the
thermal history of heating 4 to 10 mg of expanded particulate sample from
40°C to 210°C at-a rate of 10°C/min to be once melted and then cooling from
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25 secondary expandability and shape retention can be attained easily,
and the sufficient molding processing width can be obtained easily. [0033]
In the resin melting point measurement by differential scanning
calorimetry (DSC), the resin meltingoint is defined as follows: after the
thermal history of heating 4 to 10 mg of expanded particulate sample from
30 40C to 2 10C at-a rate of 10C/min to be once melted and then cooling
from 13 210C to 40 C at a rate of 10C/min, the sample is again heated

210nCARCIID° R EAG ahterefld OTQRGHN th ardmpltel give e RRE Bie10°C to
The crystal meltj k observed as a peak of the maximum

e G G B 36 R (BH to s on B (Rbogstal

HHing PO oPIOPRA AS {91dhR polw opvsRfhRseds et Xie ki Rie in this

]fresent invention, the resin properties thereof are preferably such that the

SSrEHSIANG tiARiso ﬁﬁé*@fﬁ P0G oPasghar el o 8 GOM b lower, and
R T O BRI 558 o, e

melting point falls ‘wi ranges, a sufficient IN-Mo
rexpapsiperteis doearid exeaprbfeobibinadhothyudieg ashoneltiiopaloint is

mald structure.and a moldin ine, and an in-mold expansion molded
G R L NGRS LTt PR AP e B GO BRBIC or
Hipthe eesih 1nstihgrloiktmeaFtiemanrt afdhe mieaey jpiantians RASBHOh e
differential sganning calorimetry, it is preferable that a peak or a 15

TaRGRIH e migHd empeenaides b dr sea Rrefigined
alifoy WRIEh IhRisRYPIREIANENAE:S ARUMALI AR AL NRELS JR

present invention, it is preferable that there are a crystal structure to melt

1ptplevremaspsperansidenh aidthbacipstal sutistartony e presdiighetrength

C%m%g{% @{Id the crystal melting peak preferably has a shoulder on
the 20 higher temperature side thereof. [0036] The molded article of the

[posdniinvbatiesiis olefdinethiom theaprecaxpande dhpapiiestaieinven tion
lpa%lgg ‘o %@eer-ebr?ﬁaefsrcea%gﬁlfg! 231853%%%';”\{? :E]st iggéfer able that a peak or a
shoulder is observed on the higher temperature side of the crystal melting
peak for which the endothermic value is maximal. In other words, in the
present invention, it is preferable that there are a crystal structure to melt at
a lower temperature and another crystal structure to melt at a higher
temperature, and the crystal melting peak preferably has a shoulder on the
higher temperature side thereof. _

[0036] The molded article of the present invention is obtained from the
pre-expanded particulate polypropylene-based resin of the present invention,
using the in-mold expansion molding method.

[0037] Examples of available methods for processing the pre-expanded
particulate polypropylene-hased resin of the present invention into the
molded article include: (a) the expanded particles are subjected to a
pressurizing treatment with an inorganic gas so as to impregnate the
particles with the inorganic gas to impart a predetermined internal pressure
to the particles, then the particles are filled into a mold, and then the
particles are fused by heating with steam or the like (for example, a method
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using the in-mold expansion molding method. [0037] Examples of
available methods for processing the pre-expanded 25 particulate
polypropylene-based resin of the presélit invention into the molded article
include: (a) the expanded particles are subjected to a pressurizing
treatment with an inorganic gas so as to impregnate the particles with the
inorganic gas to impart a predetermined internal pressure to the particles,

Hb%@&%%m&t@é%ﬁé%@H?Hﬁ@ﬁpgd@@l%%%&t@&&%@%gmqt%ﬂwﬁ@@

by heating with steam or the (for example, a method 14 described in
gapandsé paititc Modes I@mbﬁ&mﬁw@lﬂ!@%@ rsgsyae bipemddlpd into a

e T

soas y et ing WI steam or t
rebound force of the pautitths: (ffrrexamplés, Jéqqmmmiﬂzﬁytmbﬁeieﬂ

t 3-33996). A th f th ticles
SR Bl o Sl et LB A L e B s
ammt%ﬁr RHasRIE PARR KR2qaae b HaleIRaGIFdares filldgkirtiiato an

a

mold t can be closed but cannot be sealed, O&r}nd molded W|th heat of

sréarma lnuEsing @ Msihasean B oxkeaprd Mottt flaskingg g mold
thingwall %?eétgﬁga ¢ bemoldedeasily tohaye baautihapRea ansen It

is prefera t the density of the thus obtained molded article of the
dresediingentiols fatithwithirbaxahgedomddipayBle7sgioa3. thin-wall

:%g%tp\%dg%% Ie haﬂng gag%es?%lt%fa”mg lg\élthm %his :.I)%)r;l S?rgggeth It 1s r ferabie

|s c aracteristic to an in- mo on molded a
&Bdﬂ’t&f@"&e@ﬂﬂ@esfﬁl{mﬂa@@(ﬂﬂdﬂl@cﬂﬁiolmﬁilenta:ﬂéh@f&hremfeﬂmidmgfmmon

decrease the defective product ratio, and hen ep t|V|t

dalleradibip roras el A dbtiaten) fEGurtny the}&e’?ﬂi‘?ﬁ ﬁ%g%&mg a
hen3eerndan: KRANSIANdala s hastnevbin-weldixnansiorimeldingistic to
of the pre-expanded particulate polypropylene-based resin, an in-mold

exprshdesREsicRddadkuitisle ot dnadlvsngises Bhropkagednd

deformation at the time of molding to decrease the defective product ratio,
and hence the productivity may be satisfactory.
[0038] By appropriately regulating the expansion ratio and the secondary
expansion ratio at the time of in-mold expansion molding of the pre-expanded
particulate polypropylene-based resin, an in-mold expansion molded article
having a desired density can be obtained.
Examples
[0039] In the following, the present invention will be described in detail with
reference to examples, but the present invention is not limited only to these
examples,
<Resin melting point measurement of the base resin>

In the differential scanning calorimetry (DSC), the resin melting
point is defined as follows. After the thermal history of heating 4 to 10 mg of
expanded particulate sample from 40°C to 210°C at a rate of 10°C/min to be
once melted and then cooling from 210°C to 40 °C at a rate of 10°C/min, the
sample is again heated from 40°C to 210°C at a rate of 10°C/min and melted
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Examples [00391 In the following, the present invention will be described
in detail with reference to examples, but the present invention is not
limited only to these examples. 25 <Resin melting point measurement of
the base resin> In the differential s&énning calorimetry (DSC), the resin
melting point is defined as follows. After the thermal history of heating 4
to 10 mg of expanded particulate sample from 40C to 210C at a rate of
10C/min to be once melted and then cooling from 210C to 40 C at a rate
t ol OCaiis Ghe B sarfhle disyagaimim eyl fremk 4Dt € apasiatel dhe

10C/min and melted 15 tq give a,DS rve. The crystal melting pea
SRR EESPTRSAREF AR S GRS A i et e
rissiakeRligdieenated at the resin melting point. <Melting point

measurement of pre-expanded particles> 5 In_the differential scanning

<Mpltinerrimesamusapsicot prrsespraided IRdess 10 mg of
expanded partesale, spmple i, Melted Qydrisiparine femRga s iaive

40C to 210C at a rate of 10C/min, a melting point obtained from the
ohvteltingfpebriod thd (bwar e mamratied sdicdake samhe isonelted by raising

emperature side.-melti in inafter, refegr. as TL,asthe10 .
I B e S R BfOR ¢ Do
obbapreddrain the mighen gepopkratuthsiderof thedpeweritampataisreadide as the

melting point is taken as the higher temperature side melting poin
R HARBF AT U TAEL R ROTHG (e Bof ARG BT 25 the
castnaan b apsldiihiseleie soma b byadted FroRe sHe MRIINESPHINK observed

measurement for other cases> In the differential scanning calorimetry

apte)highes IO WRIE LB m et pRyairEr sifRisrelting point is
tg?‘glfﬁﬁl@% i /I’T%IIJ’] ?%ﬁ??}%%ﬁ%ﬁ%@&@%ﬁ?%@%%ﬁ%ﬂgg jeeHq to
as TH, as the case may be). The difference between TL and TH is
represented by At.
<Resin melting point measurement for other cases>

In the differential scanning calorimetry (DSC), in the DSC curve
obtained when 4 to 10 mg of expanded particulate sample is melted by raising
the temperature from 40°C to 216°C at a rate of 10°C/min, the crystal melting
peak for which the endothermic value is maximal 1s taken as the resin
melting point.
<Melt index measurement>

For the melt index measurement, an MFR measurement apparatus
described in JIS-'K7210 is used. The melt index value is a value measured
under the conditions of an orifice of 2.0959 +0.005 mmg, the length of the
orifice of 8.000 +£0.025 mm, a load of 2160 g, and 230 £0.2°C.

<Expansion ratio measurement>

From the weight of the pre-expanded particles to constitute a sample

" and the volume measured by submerging the sample in the ethanolin a

measuring flask, the density of the pre-expanded particles is derived, and the

base resin density is divided by the thus obtained density te provide the
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peak for which the endothermic value is maximal is taken as the resin 20
melting point. <Melt index measurement> For the melt index
measurement, an MFR measurement a$paratus described in JIS-K7210
is used. The melt index value is a value measured under the conditions of
an orifice of 2.0959 0.005 mm4, the length of the 25 orifice of 8.000 0.025
mm, a load of 2160 g, and 230 0.2C. <Expansion ratio measurement>
Erpanthenweight of the pre-expanded particles to constitute a sample and
the volume measured by submerging the sample in the ethanol in a
TeRESTHAG sl THE IR It SR tHE Br&Ekpanded particles is derived, an d

the 30 basg [esinARRSIN isgivided B hedis.eRtained dopsity Mhysical

provide the 16 expansion ratio. <Secondary expansion ratio

wieasuve rentoMhamsddondar{oBspansivnasaticiretie presbrenvention is
sical,,property value obtained by,the following measurement “
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vachwizismin dasuiethy (enorgamniticispefairg dgenttis-applied stiffieiently

on the surface of the pre-expanded patrticles, as a treatment for

BrEVETRITY e PrEEin AR deld AP SCHOTILING SaeRTSifigh il farticies

sieamheatingH 3} HEharprarexrandrchpadicles treated in (2) are placed in
a container havin%ra 10 structure such as a wire net to allow a sufficient

sBtiSheopseathig Sidmer Brice Kb i pat iR 8IBjP SR T IR E et NP
Riaged.in amelding,maching, (an£xamels. BldQ:imarHiaciiiesd by, Toyo

Kinzoku Co., Ltd.)), heated for 5 seconds at a steam pressure of 294
kPergrage {8dopkgicmdb G e, tercecooied mishp Wwetdrifor 501decondshits (for

TR A e e 0 NS WS E AR
dtiethipeessure of 294 kPa-gage (3.0 keflem?-G), and then cooled with water for 50
seconds.

(4) The inorganic dispersing agent adhering to the surface of the taken-out
pre-expanded particles is washed out, and the pre-expanded particles are driedin a
thermostatic chamber at 75°C for 12 hours.

(5) The bulk density pz of the pre-expanded particles under vacuum after the drying
is measured, and the secondary expansion ratio Xz = pi/pz (times) is derived from pi
that indicates the bulk density of the pre-expanded particles under vacuum in (1)
and pa.

The above-described operations are carried out twice on each of the
specimens, and the average value is taken as the secondary expansion ratio.
<Molding evaluation>

In the molding evaluation, molding is carried out by use of a mold having a
shape shown in Figure 1 {(the outside design dimension of the molded article: 327
mm x 353 mm x 256 mm; the dimension of the thin-wall portion: 103 mm x 153 mm
% 5 mm) and under the heating steam pressures of 196 kPa-gage (2.0 kgfiem?-G) and
294 kPa-gage (3.0 kgfiem?-G).  Then, the surface a of the thin-wall portion and the

dimension ¢ {(the central portion along the longitudinal direction) are
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thermostatic chamber at 75C for 12 hours. (5) The bulk density p2 of the
pre-expanded particles under vacuum after the drying is measured, and
the secondary expansion ratio X2 = PI/P2 (times) is derived from pi 20
that indicates the bulk density of the pre-expanded particles under
vacuum in (1) and P2. The above-described operations are carried out
twice on each of the specimens, and the average value is taken as the

seqendaryrexpansieRia. rrMalding syaliatiopsa 4 thasmaktingn ral portion
evaluation, molding is carried out by use of a mold having a shape shown

iR Dihdenits iR desigheRtE RS ahcas e RO IBE Plic| e 3Preif fvention,
%@nﬁc%g;?éa%%%ﬂl};@ W& JImensionsefifs hifavalhpadign:. 103 mm x 153
X

mm) and under the heating steam pressures of 196 kPa-gage
(2)GkGierpRe@nand 294 kPa-gage (3.0 kgf/lcm2-G). Then, the surface a

of the thip-wall.portion and the 30 di¥nensi n c (the central portion alon .
! ; 7 sy Ay
the longit RGNS ERTSMY a5y a0 SRR S L penoloeg s phined s Wiows i
walleSit@edathenbies.a pastiendorumensuiing acapiatPoriiontcimprsian of 9.8
and c denotes a portion for measuring an edge portion dimension. In the

résast ifvestish, Cremesmibit tisd SIADEe HeR S et tBhegsachResfitgrind heated
IR 5l Genh R RXAPARIG (U BUfRCE APPERKBNGE 5T S Udage APREAIAREE

evaluation of the surface of a molded article obtained as follows is made

as describégetsstopcarhd pratisip atesd partorevare’ W{é@d@gﬁ!es appearing
INteA0 Al PIESSHR HaBs KR 8:9R98(Q & 9/eM 2P0 M00TE: ISR, & found on

mold that can be closed but cannot be sealed, and heated with steam
tinderfacpréssurpaol AP kPa-gaged 810HegiidmeBhd¢mpidadigacthe molded
article. ‘Gé;,%enotes a case olft.aln arﬁicle, herefall Atgje contglurs of 3h$ el
expanded paricies ApPeatig® 10" 0R the Ciace™s BTHRe Mo iRy Grdg e es:
avgrfusadetpRihe.adiacenkparielesand pensknklgsarenfouadmr dhie molded
surface of the expanded particles exposed on the surface of the molded
aftithe. "P' denotes a case of an article, where voids are found between

the sxRandedspafticles, or wrinkles are found on the surface of the

expanded particles exposed on the surface of the molded article.
After molding by heating with steam under a pressure of 294 kPa-gage (3.0 kgffem’-G), the

molded article is allowed to stand at 25°C for 2 hours, then allowed to stand in a thermostatic chamber
with a temperature regulated at 65°C for 5 hours, then taken out therefrom, and then allowed to stand
to cool at 25°C.  On each of three molded article specimens thus obtained, the dimension (b} is
measured; the difference between the average value of the (b) values thus obtained and the required
quality dimension 345 mm is derived; the case where the difference from the required quality
dimension falls within a range from —2.0 to +2.0 mm 1s taken as acceptable.
<Overall evaluation>

‘G’ denotes that both the surface appearance and dimensional stability are acceptable, and
‘P’ denotes any other results in the evaluations.
[00407  (Example 1)

With respect to a resin prepared by mixing 90 parts by weight of an ethylene-propylene
random copolymer (resin density: 0.90 g/cm?; resin melting point: 138.0°C) and 10 parts by weight of
another ethylene-propylene random copolymer (resin density: 0.90 g/em’; resin melting point;

147.0°C), 0.1 part by weight of powdery talc and 0.3 part by weight of an organic
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15 (2) Dimensional stability After molding by heating with steam under a
pressure of 294 kPa-gage (3.0 kgf/fem2-G), the molded article is allowed
to stand at 25C for 2 hours, then allowedto stand in a thermostatic
chamber with a temperature regulated at 65C for 5 hours, then taken out
therefrom, and then allowed to stand to cool at 25C. On each of three
molded article specimens thus obtained, the dimension (b) is 20

g}ﬁ%&@ﬂ%@?ﬁ%ﬁ%@@@?}%&ﬁ%ﬁ%@ﬁ? ¥aiie oh e b Malueshlended
u

s obtained and the required quality dimension 345 mm is derived; the

vazel (W orathduimeishtofide the vequratiopeiteditmensionthans elitained

s . e oncoral o
WA IR BRI e R fapionn,
arsiacpeptabis, dnth 2613Pe denotgsydmyeatherdres ity idvthne e Galsatidassity:

0] (Exampl With respect t d ixing 9
Il R S S e R R
HemBpresie IpeinD W ink/H38i 0. anth 0 Ialtsphy weightafdnafigiped with
ethylene-propylene random copolymer %resin density: 0.90 g/em3; resin
kiR pot .ﬁérfaﬁw)%l@htgé@/@w @%B‘F%ﬁ%‘@&%é%& D psles were
%\1&@@&9 higf é{‘s,ﬁé(i!@élici&%@%%%@%?@E?@W%%éﬁiﬂ%%%&%% By 2.0

OF Corp.) were dry-blended per 100 parts by weight of the

avove nentishsd fésihaTiscmeisobriinephplendnpas darusedfomahei

-mm single;screw extruger;se intQ _resin pasticl fan
O A O R B 9y e
flopvanaliin 4 80 gl mifprasint medtitg poied d446E)ohdidogla Weightoby
1.3.mg/particle. Ina 10-L pressyre vessel equipped with a stirrer, 100
By B0 % B RS R e e B e the
Ashdisnersad BRAPRESEY veight sfavaterdnihetpiesencR Al 2ifoPafime
by Weiaht of tribasic calcium phosphate (manufactured by Taihei 10

Csmicdphirsesalels. thepyaspeonpdad By wrasss wouiehto be 1.73
o b e e
vessel was being maintained with gaseous 1sobutane, pellets and the aqueous
dispersion liguid were discharged into the air through a circular orifice of 4
mm in diameter fixed at the rear end of a discharge valve of 25 mm in inner
diameter to obtain pre-expanded particles having an expansion ratio of 25.6
times, a DSC peak ratio of 31%, and a At value of 21.7°C. The secondary
expansion ratio of the pre-expanded particles was 2.75 times. A molding
was made with the thus obtained pre-expanded particles to obtain a molded
article having satisfactory surface appearance and satisfactory dimensional
stability.

[0041] [Table 1]



dispersion liquid was heated to 141.5C. At this time, gaseous isobutane
was added to regulate the pressure inside the pressure vessel to be 1.73
15 MPa-gage (17.7 kgf/cm2). Next, while the pressure inside the pressure
vessel was being maintained with §&seous isobutane, pellets and the
aqueous dispersion liquid were discharged into the air through a circular
orifice of 4 mm in diameter fixed at the rear end of a discharge valve of 25
mm in inner diameter to obtain pre-expanded particles having an

expansion ratio of 25.6 20 times, a DSC peak ratio of 31%, and a At value
of 21.7C, The setordary expansion ratiq of the pre-expanded particles
. +3 . . .
vas 2.7§t|£es. molding Wastndlie Withrtherthés dbtained
1o . - . . .
bre-exp&hd&d partictes o obtain a molded article havirig satisfactory
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Pre-expanded particles having an expansion ratio of 26.5 times and a
DSC peak ratio of 29% were obtained in the same manner as in Example 1
except that kneading with the extruder was carried out without adding the
organic peroxide which was added at the time of blending in Example 1, and an
ethylene-propylene random copolymer (resin density: 0.90 g/cm?; melt flow index:
9.8 g/10min; resin melting point: 141.2°C) was thereby obtained, the dispersion
liquid was heated to 138.5°C, and the pressure inside the pressure vessel was
regulated to be 1.74 MPa-gage (17.8 kgf/cm?2). The secondary expansion ratio of
the pre-expanded particles was 2.10 times. A molding was made with the thus
obtained pre-expanded particles so as to obtain a molded article in which the
fusion of the surface particles of the molded article was somewhat unsatisfactory.
[0043] (Example 2)

Pre-expanded particles having an expansion ratio of 24.4 times, a DSC
peak ratio of 25% and a At value of 26.3°C were obtained in the same manner as
in Example 1 except that a resin prepared by mixing together 80 parts by weight
of an ethylene-propylene random copolymer (resin density: 0.90 g/em?; resin
melting point: 131.0°C) and 20 parts by weight of another ethylene-propylene
random copolymer (resin density: 0.90 g/cm3; resin melting point: 147.0°C) were
used in place of using the resin used in Example 1. 0.1 part by weight of the
powdery talc and 0.4 part by weight of the organic peroxide were dry-blended
with the resin thus prepared, the thus obtained blend was kneaded with the
extruder to obtain resin particles of an ethylene-propylene random copolymer
(resin density: 0.90 g/cm3; melt flow index! 15.8 g/10min; resin melting point:
136.9°C), the dispersion liquid was heated to 139.0°C, and the pressure inside
the pressure vessel was regulated to be 1.72 MPa-gage (17.6 kgf/fem?). The
secondary expansion ratio of the pre-expanded particles was 3.02 times. A
molding was made with the thus obtained pre-expanded particles to obtain a

molded article having satisfactory surface
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20 [00421 (Comparative Example 1) Pre-expanded particles having an
expansion ratio of 26.5 times and a DSC peak ratio of 29% were obtained
in the same manner as in Example 1 eXktept that kneading with the
extruder was carried out without adding the 5 organic peroxide which was
added at the time of blending in Example 1, and an ethylene-propylene
random copolymer (resin density: 0.90 g/cm3; melt flow index: 9.8

afiQmin;tesinmeling meinty 1dh2G1was!tbershy; pbtained, the dispersion

liquid was heated to 138.5C, and the pressure inside the pressure vessel

W%bg@at@ﬁ%%é@.ﬁﬁwmd@g&be (17.8 kgflem2). The secondary
expansug%‘aggg { ﬁ%dﬁ)et P{F%%)é aa%ﬁﬁ% §§rg§|&§n\’gﬁ)§12f%8§lo B times and a

molding was e with the thus obtal pre-expanded particles so as to
ditaimaakotaad aftisiesin aleich thnddsiontof HersuniacsmpariciesKxdheple 1

molded article was somewnhat unsatisfactory. [0043) (Example ,
BRG  AEE CRAUE i DBl L SP S A ety mer
12 prddatioef(R880and 2 At Malwe 0fgbpitniers phtanethimibedsamace of

manner as in Example 1 except that a resin prepared by mixing together

sbeprrtibywdightsrapéinyelklprapyion s pisbb AT EBpagIesYeals was
A0S 290 MG IeR B MEIPDE RNt AALACHARD A0 DALY BYWEIANE

of another ethylene-propylene “random copolymer (resin density: 0.90
doeadtedsiitnditingxpointe 1 47 ) ivere ethydeeip paséeobusingthe

resin,used in Example 1. 0 rt, by weight gf the powdery 1alg and 0.4.
T AR AP L MK Il A e RSP ARG Retin
thusthienasact; tROBAS ohtaintisgiencnlagdideadedudtedhe E34:08€r tmd the

obtain resin particles of an ethylene-propylene random, copg (resin
BERERYTD 156" Fcﬁ“& PRERHDH YhoEs ‘f%?arﬁ%}ﬁlﬁgré%i'ﬁe eﬁ!é%%fﬁé%ml

136:186)) therdispessionaliguidyuasnectetdb i 8RO reaneh thedeepakit les was

inside the pressure vessel was regulated to be 1.72 MPa-gage (17.6

Kgfitriizmeshe AsasdAingasmasievidic e i rebéxinadetemarded
Sﬁ?t‘?’c%q @%eﬁ*ng%P&W@%&?@&‘%ﬁ%ﬁﬂ%%éﬁﬁf@i@ﬁ% the surface

re-expanded particles to obtain a
particles of the molded article and large dimensional shrinkage.

[0045] (Comparative Example 3)

A pre-expanded particle having an expansion ratio of 25.4 times and a
DSC peak ratio of 25% was obtained in the same manner as in Example 1
except that 100 parts by weight of an ethylene-propylene random copolymer
(resin density: 0.90 g/cm?; resin melting point: 131.0°C) was used in place of
the resin used in Example 2. 0.1 part by weight of the powdery talc and 0.4
part by weight of the organic peroxide were added to and blended with the
copolymer, the thus obtained blend was kneaded with the extruder to obtain
an ethylene-propylene random copolymer (resin density: 0.90 g/em?; melt flow
index: 17.4 g/10min; resin melting point: 130.3°C), the dispersion liquid was
heated to 124.0°C, and the pressure inside the pressure vessel was regulated
to be 17.5 kgflem2. The secondary expansion ratio of the pre-expanded
particles was 0.94 times. A molding was made with the thus obtained

pre-expanded particles to obtain a molded article exhibiting poor fusion of the
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molded article having satisfactory surface 30 21 appearance and
satisfactory dimensional stability. [00441 (Comparative Example 2)
Pre-expanded particles having an expa¥sion ratio of 26.2 times and a
DSC peak ratio of 25% were obtained in the same manner as in Example
1 5 except that 100 parts by weight of an ethylene-propylene random
copolymer (resin density: 0.90 g/cm3; resin melting point: 131.0C) was

ysee e placeRfs therresindiaed in-txanple 2nGktparidy weightiohiesional

powdery talc was dry-blended alone with the copolymer, and the thus
sbiteEdlend was kneaded with the extruder to obtain an

?ﬁ@”@%ﬁﬂpﬂg polymer (resin density: 0.90 g/cm3; melt
i

5
ﬁ%@%ﬂﬁ;&g@g%@/g/ min; resin’ melting point: 130.5C), the dispersion liquid

was healad txp 2404, pdittles pressure insidetiiaoprassinel@8set s, 2

ated to be 1. a- 17.1 kaf/lcm?2).-The secondary,expansion
T S S bande e e b L P e
withhthe thusoltaines precsxppodaat TR particlds torelyhirné anolded
article exhibiting poor fusion of the surface particles of the molded article
SHHYI%@%WHW&%%&?%H%&@%?]FG@% TEESER Ve BRARIES) K
REetEXRApged: pasticlecdhayio R RARANSIQRBNR of FRARINRI A R-DREylene

peak ratio of 25% was obtained in the same manner as in Example 1 20
exodoriheephomperts by wargHILBr dh A BIanE- propy ek iaademnt: 138.0°C)
copolymer .(resin density: 0. ; i ing p 'qt' 131; %\é’i%,%t £th
L%%& ?%SS acl:% %iatgeo?zcg% %s%%%gg%ﬁn%%%ﬁ gi.%r%ar?l by %/)veigh of the oLHe

powdery telbcamalsad dpdrt hynw eiginh dfttlea degamicpehexid eopelenaeide dhe thus
T N S T s e faded
Eesindgrrsityy AIE%wamBs elifiowmind@ssid deadiomingesimielingt flow
Eg::{gxl’?% ?é? Ortx?lezlfj;ifagfxgsrlggl‘lcl&ug%gﬁ% 133.2°C), the dispersion liquid was
heated to 126.9°C, and the pressure inside the pressure vessel was regulated
to be 1.70 MPa-gage (17.3 kgf/fcm?). The secondary expansion ratio of the
pre-expanded particles was 1.21 times. A molding was made with the thus
obtained pre-expanded particles to obtain a molded article exhibiting poor
fusion of the surface particles of the molded article and an extremely large
dimensional shrinkage.
[0047] (Example 3)

Pre-expanded particles having an expansion ratio of 25.5 times, a
DSC peak ratio of 25% and a At value of 20.5°C were obtained in the same
manner as in Example 1 except that a resin prepared by mixing 50 parts by
weight of an ethylene-propylene random copolymer (resin density: 0.90 g/cm3;
resin melting point: 138.0°C) and 50 parts by weight of another
ethylene-propylene random copolymer (resin density: 0.90 g/cm3; resin
melting point: 147.0°C) was used in place of the resin used in Example 1.
0.1 part by weight of the powdery tale and 0.3 part by weight of the organic
peroxide similarly were added to and dry-blended with 100 parts by weight of
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heated to 124.0C, and the pressure inside the pressure vessel was
regulated to be 17.5 kgf/cm2. The secondary expansion ratio of the
pre-expanded particles was 0.94 time<:9A molding was made with the
thus obtained 30 pre-expanded particles to obtain a molded article
exhibiting poor fusion of the 22 surface particles of the molded article and
an extremely large dimensional shrinkage. [00461 (Comparative Example

i Preexpanded-particles havingsaih xprasiedatio-ef Reeh dedesith bhe
DSC peak ratio of 25% and a At value of 20.1C were obtained gn the same

mdEnde ntoiRERERec lokeast R Y pard MoRergRebrgAT (resin density:

thyl -Pr . (resj i I . : rOS]
TS PR P s,

dikplendoprbpylehe asahdaradopdl/Aei({resid dbagitgse19C genis; esinressure
melti oint: 138.0¢) 10 wer, in place, of the resinwused,in Example
R i den i g i B T
with-these eapelwieis jihe éhysndoidipect olendwaa kitetideckwith thelding
extruder to obtain an_ethylene-propylene random copolymer (resin
detisIRALPIBLEICHHS R AR AT ?%%@ﬂ@%ﬁg%&ﬁ#ﬁm@g&m@ molded
1384C h:th disnetsigorioridyvasiba beatedsiorieR. 9eriand ke fesaulded
inside the pressure vessel was reg&llated to be 1.70 MPa-gage (17.3

Ratichen N dssntaRcayahsioni ragBsip e shiardgfitnded particles
W‘%]ZJ@(?&E‘%Q r;ﬂolding was made with the thus obtained
e

pre-expan articles to obtain a molded article exhibiting poor fusion of
the surfalecpastialeded phetmbiddoharticle medpaneitrensely #g6. 20imes, a

S S, OO Ecpe D e BRI

M yaiug ak30. Bk wmeptobtaingst ithine Saeetn mapaeeabindkdmpdiparts by
%s)r(gggpﬂttg;? ta(ral g%ﬁ?lgﬁgpgggy?gnrgié?l (?I?l gggglgx%ler {resin density: 0.90 glem?;
resin melting point: 138.0°C) and 20 parts by weight of another
ethylene-propylene random copolymer (resin density: 0.90 g/cm?; resin
melting point: 157.0°C) was used in place of the resin used in Example 1.

0.1 part by weight of the powdery tale and 0.2 part by weight of the organic
peroxide were similarly added to and dry-blended with 100 parts by weight of
the resin thus prepared, the thus obtained blend was kneaded with the
extruder to obtain an ethylene-propylene random copolymer (resin density:
0.90 g/cm3; melt flow index: 16.1 g/10min; resin melting point: 145.3°C), the
dispersion liquid was heated to 159.6°C, and the pressure inside the pressure
vessel was regulated to be 2.50 MPa-gage (25.5 kgflem?). The secondary
expansion ratio of the pre-expanded particles was 2.65 times. A molding
was made with the thus obtained pre-expanded particles to obtain a molded
article exhibiting satisfactory fusion of the surface particles of the molded
article and an acceptable level of dimensional shrinkage.

[0049] (Example 5)

Pre-expanded particles having an expansion ratio of 25.7 times, a
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25 weight of an ethylene-propylene random copolymer (resin density: 0.90
g/cm3; resin melting point: 138.0C) and 50 parts by weight of another
ethylene-propylene random copolymer 4fesin density: 0.90 g/cm3; resin
melting point: 147.0C) was used in place of the resin used in Example 1.
0.1 part by weight of the powdery talc and 0.3 part by weight of the
organic 30 peroxide similarly were added to and dry-blended with 100

PAstS byaneighbQff2Rohedesinihus Reeprigdh desbs ghitaned Hlend same

was kneaded with the extruder to obtain an ethylene-propylene random
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the pressure inside the pressure 5 vessel was regulated to be 1.7

MREgagh il 1okyf/drdg)) Theset 8Adaryt cipansightrafiersftive:

pre-expanded particles was 2.45 times. A molding was e with the .
e E e il e liogs Cpm S R i
satRfacigyi itsiDepai e wuface pantislasobihbdeldad: erddle Brdanle 1.
acceptable level of dimensional shrinkage. 109[3%0481@ %Exam_ple 4)

@8f

Priddapiinkied purhbithaving dr exisanaBH WMighelt gf Higorganic
peakatioaf 2696and R Alvale Ll 2 -2 Weks RRfained 10the:-280 weight of

manner as in Example 1 except that a resin prepared bi/émixing 80 parts

shewesghttbramemyieb-Bropyienebaraat elsmslyfirer readabmsity: the
- ' ' ' int; ight-of 1 ...
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kneaded with the extruder to obtain an ethylene-propylene random

EFPONFIRR (R YdhsiHrerrsn B PHICIoW ARG ek 261G A o pdding
Reing-RRIN A3 Endb8btained pre-expanded particles to obtain a molded

article exhibiting satisfactory fusion of the surface particles of the molded

article and an acceptable level of dimensional shrinkage.
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dispersion liquid was heated to 159.6C, and the pressure inside the

pressure vessel was regulated to be 2.50 MPa-gage (25.5 kgf/cm2). The
secondary 25 expansion ratio of the pré&expanded particles was 2.65

times. A molding was made with the thus obtained pre-expanded

particles to obtain a molded article exhibiting satisfactory fusion of the
surface particles of the molded article and an acceptable level of
dimensional shrinkage. [00491 (Examplg®)<$0 Pre-expanded particles
having an expansion ratio of 25.7 times, a 24 DSC peak ratio of 30% and
AlAt valub pfesaspaverbrshtainsatin by sanmy lpnenbrereakips BExapmpia 1sing a
exeept that a resin. prepar mixing. 8! rt j . .
B e T FR S A 8 %) Bbicen g esim
melinggpcintpl38:QC) tded 20 partghy pyeight-bhandthenb A having a melting

ethylene- lene random. copolymer (resin density: 0.90.g/cm3; resin . .
BG83 B B et FIAE Bgh oGR8t T e ting
8 Partidyweighk Riitbe PAWdLIY talkamsh Qt2RATE Byoddightisf tieorganic

organic peroxide were similarly added to and dry-blended with 100 parts
By Wit ahsorBavetUus Plepaies ot ahiduBtama bietirwgss than 20

@g@ﬁqg‘with the 10 extruder to obtain an ethylene-propylene random
ngolymer (resin density: 0.90 g/cm3; melt flow index: 9.9 g/lOmin; resin
lting Pdietp1aeaCnded pigpensiatelioplipneryhesrdeited 684C agerrding to

the .pressure inside the pressure ,vessel was regul to be 2.
B o e R P S R R P e
presexpaydenpbitiolt savas L in3atitnese it mdkiingt Ybowasarmdadvith thes or

us obtained pre-expanded particles to gbtain a molded .article exhibiting

G RO SUHOPB B RGrE B L o e IR e AR Bre and
ageentahle level of dimensional shrinkage. 25 CLAIMS [1] A
pre-expanded particulate polypropylene-based resin comprising a

e
[3] The pre-expanded particulate polypropylene-based resin according to

claim 1, wherein said resin has two melting points in a melting point
measurement of the pre-expanded particles of the polypropylene-based resin
X as the base resin, and the difference between said melting points is 20°C or
more.

(4] The pre-expanded particulate polypropylene-based resin according to
claim 1, wherein the resin has a peak with the largest endotherm and a
shoulder situated on the higher temperature side of said peak in differential
scanning calorimetry for the melting point of the polypropylene-based resin
X.

(5] The pre-expanded particulate polypropylene-based resin according to

claim 1, wherein the polypropylene-based resin X is a resin of a propylene
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polypropylene-based resin X as a base resin, said resin X comprises a
resin mixture comprising at least a polypropylene-based resin A having a
melting 5 point of 140C or lower and a polypropylene-based resin B
having a melting point of 145C or higher, and said resin mixture is
modified by an organic peroxide so as to have a melt index of 5 g/10min
or more and less than 20 g/10min. [2] The pre-expanded particulate

HBB&BW%@?'@@E%ﬁﬁﬁiﬁq@ﬁ%&%‘ﬁéﬁlﬁ:&%mﬁe‘ﬁ@%{%ﬁéiﬁer in a content

polypropylene-based resin X comprises the polypropylene-based resin
Al edbent BH86 wit% or more and 95 wt% or less and the

lypropyene-hased resin B.in,. en % Qr | .40 wit9
B o T R R R AL B DGR R B o
acdardingvioe boncthiecipwiherenrsaid cosip hasitythmplting lroiatin aontent of
elting point measurement of the pre-ex angx]i d parficles of the . . ¢
SOl P s TaRETE st PERR S HHR bR TEG Ul HeE R SRsisting o
bERWRSR: SRIGPTRIING NOIBES iS30G @leiNeFepidb dbewienexpantad copolymer,
particulate polypropylene-based resin according to 20 claim 1, wherein
HOTEEIE MASRY ik R RINRsE srbeiBIF BRI RRG IR RS e dom

ggf}tgﬁ,llgligper temperature side of said peak in differential scanning
calorimetry for the melting point of the polypropylene-based resin X. [5]

THe pre-Ehpanteckpanitedape patyhascpylelin tesda redin sctoedingrsopding to
Cﬁb%'{ﬁnjr V%'}Ff{ Féﬁ‘ntQﬁe,P&'lg%E?BFVH'EQ&P&S%"JF%%@% 5,8 [ QR ARIPHIENG oup
5 oniopolymer orac pofy €r comprising propylene as a monomer in
acoiteicalf8Qvuie prroside [pk¥deyhresdxbandedapartidulatenlkyl peroxide,
olypropylene-based resin according to claim 5, wherein the copolymer

S LSS BREBRO M RERBIRU CERLACEPS 86K or more is at
Igast onerigsii-seleptatifaPatiecaiaup $ORIsipElOhe -based resin according to

claim 1, wherein the pre-expanded particulate polypropylene-based resin has
an expansion ratio of 10 times or more and 50 times or less.

[9] The pre-expanded particulate polypropylene-based resin according to
claim 1, wherein the polypropylene-based resin X has a melting point of
130°C or higher and 160°C or lower.

[101 A polypropylene-based resin in*mold expansion molded article
produced by: applying an internal pressure of 9.8 kPa-gage (0.1 kg/cm2-G) or
more to the pre-expanded particulate polypropylene-based resin comprising a
polypropylene-based resin X as a base resin that is a resin mixture
comprising at least a polypropylene-based resin A having a melting point of
140°C or lower and a polypropylene-based resin B having a melting point of
145°C or higher, and said resin mixture is modified by an organic peroxide so
as to have a melt index of 5 g/10min or more and less than 20 g/10min; filling
said resin into a mold that can be closed but cannot be sealed; and heating
said resin with steam for molding.

[11] The polypropylene-based resin in-mold expansion molded article

according to claim 10, wherein the molded article has a density in a range of
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ethylene-propylene random copolymer, propylene-butene random
copolymer, ethylene-propylene block copolymer and
ethylene-propylene-butene random copélymer. [7] The pre-expanded
particulate polypropylene-based resin according to 10 claim 1, wherein
the organic peroxide is at least one selected from the group consisting of
ketone peroxide, peroxyketal, hydroperoxide, dialkyl peroxide, di.acyl

.q;@glg%rgefgw@mggqﬁate and peroxy ester. [8] The pre-expanded
partlc ate polypropylene-based resin accordlna to claim 1, wherein the

expéﬁ%ﬁeﬁcﬁﬁm@@m&wﬁﬁpwﬁ@m@éﬂ SR Idedhandpn
5%%81%‘ 491 4 mﬁélﬂ{ &%&Os%nae d ék #1%%%85% & %”ﬁec%r%pmseq

partlcu olypropy ene ased reS| claim 1, w erein t
pb@pod)pyi@pglbasddaemi mogimas aaraeimmgepmmf o6 W?&ﬁ@mmknghemdr@b wt% or

oS B Gl By SRR e RS R B more and
kBaxgeger(hdskg/cm2-G) or more to the pre-expanded particulate

Zlgiprop lene-based resin comprising a . polypropylene-based resin X as
se rédif BUAY RS apEsRerhRea T eOmpidi hefaaspsion molded article

RAHARY €N 1RasEHT e Qé@ﬁl%‘%ﬁ%ﬂ%ﬁ%l%%%@fd@é’\ﬁ%r Angkiting

a polypropylene-based resin B having a melting point of 45C or
ﬂﬂ@wérnwwm@gimﬁtﬂxwmwmﬁéd by elickrgab @QM@mI@m@aSGd
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saloll resin into a mo At Can be closed but cannot be sea
@atingr aaidaresin with steam for molding. [ii] The polypropylene based

R e e oo s sam et
Hemid2kd bR RalVropUenRerbase deresih i M plebixRasion nelded
gt Andn Shoalder Situatod o the' Mighor temporabure s1do of said
peak in differential scanning calorimetry for the melting point of the
polypropylene-based resin X.

[15] The polypropylene-based resin in-mold expansion molded article
according to claim 10, wherein the polypropylene-based resin Xis a resin of a
propylene homopolymer or a copolymer comprising propylene as a monomer
in a content of 80 wt% or more.

[16] The polypropylene-based resin in-mold expansion molded article
according to claim 10, wherein the organic peroxide is at least one selected
from the group consisting of ketone peroxide, peroxyketal, hydroperoxide,
dialkyl peroxide, diacyl peroxide, peroxy dicarbonate and peroxy ester.

[17] The polypropylene-based resin in-mold expansion molded article
according to claim 10, wherein the pre-expanded particulate
polypropylene-based resin has an expansion ratio of 10 times or more and 50
times or less.

[18]  The polypropylene-based resin in-mold expansion molded article

according to claim 10, wherein the polypropylene-based resin X has a melting
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the polypropylene-based resin A in a content of 60 wt% or more and 95
wt% or 5 less and the polypropylene-based resin B in a content of 5 wt%
or more and 40 wt% or less. [13] The pdypropylene-based resin in-mold
expansion molded article according to claim 10, wherein said resin has
two melting points in a melting point measurement of the pre-expanded
particles of the polypropylene-based 10 resin X as the base resin, and the

differenceReween 24l MliNGRANLS 15wWOC or more. [14] The

poI propylene-based resin in-mold expansion molded article according to

10Avvhéﬂe£ml w%ﬂmdnmag a pehbiowiryinsdzigeet widothemykhex@ansion

oHllgg Hated on th her temperatyre si Si g offsald 15 peak in

differential scahnlnegnclg élr?meﬁ?%rl hnegme?tl oint of the
polyprom@mﬁﬂbg.%ﬂdﬁﬂﬂm)ﬂ [kekdihe: p@l&ﬁkd@i&g&gﬁd@eﬁ kegimiémoldmore
expanS|on molded article ccordl gto claim 1§ Igﬁreln the

BORBSpyTEE 8 éﬁaif&‘iH% Fs%o SRR 115 BB Rh SR UM SEBR AR B e

SRPEIIRFICABBHSHIDBERRYEAS A5 A QRN R L0 A 2LLARNLHREO Wi%
or more. [16] The polypraopylene-based resin in-mold expansion molded

SRR ISEUD AdiRPRS AaiphvIoonHersibans Srsamicbrowiae fsaelbag ppt of
selgeted, IB%J%E@%B&H%&??M@%%@P?&%%‘ e REEOXYEEI g point of

hydroperoxide, dialkyl peroxide, diacyl peroxide, peroxy dicarbonate and
dé@)%@ @steging;, [&ﬁ]ideomypmpyXéneemw@de%ﬂd|hynam1d>mnsmnomde 0

% d artch%{Il al(%cordciengog% gg 10, th%re]}g g}]& RIe; eég)angﬁig%g{nm} filling

par icurate polypropyléne- baSed resin has an expansion Fato
caidaresanthb atimelsl ahlessafilB} Thedqibhptepylanewmsedsdsimith-mold

expansiqgn molded aétlcle 30 acgssrdlng clal 0, wherein the
polypropYféritREadad resm X' BeFH@I ﬁt of 130C or higher

400]160@1 jawBlod of producing a poiyplopyiene based resin in-mold
expansion molded article according to claim 19, wherein the pre-expanded
particulate polypropylene-based resin has an expansion ratio of 10 times or

more and 50 times or less.
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[19] A method of producing a polypropylene-based resin in-mold
expansion molded article, the method comprising the steps of. applying
an internal pressure of 9.8 kPa-gage (2% kg/cm2-G) or more 5to a
pre-expanded particulate polypropylene-based resin comprising a
polypropylene-based resin X as a base resin that is a resin mixture
comprising at least a polypropylene-based resin A having a melting point
of 140C or lower and a polyprop@@g*ﬁﬂ?@@rpsin B having a melting
point of 145C or higher, and said resin mixture is modified by an organic
peroxide¥e: 10@s 18 haverdimeltindele oh gt oxpiarsteth orer tindlkess than
20ga0min: fling, said resin. o, mold that can be slosed Bt cannot.be
deale ; and heating Said s with Ste mtfor mglﬁing. [ 6? AE method of
prachuciad & po lypisyteaeybasddcresp nraglce expdrsigpfneoldediadaleional

according to claim 19, wherein the pre-expanded 15 particulate.
ﬁ&ﬂ%ﬁ%ﬁé’ﬁa}s’%&%@iMs&%ﬁléﬁzﬁ%m%ﬂam fivansiomarelded
e AL Hnas ra'%ﬁ?ﬂ@aﬁ@l’@awci‘h'@‘ﬁr%%%ﬁﬁh@@&@ﬂﬁﬁ?}%@i’éfé@%ﬂ

pre-expanded particulate polyolefin-based resin capable of easily

FRAIAFRPIARSEROAF SESrRp TeRyARRIBHIE SEtS R IR iRtage
FRRGABRCR- AL Alisfaciry diensional s SRhICEN MO Rl udes a

obtain an in-mold expansion molded article having a thin-wa
skapeniikeupeestnt invehtiopofrpvidedencpbesdaedadpanticumtemelting point
palyprapylene-based resin including a polyprppylene;hased resin Xasa . .
S de e Ierd o ads Raradele b reE AR DR g aamg e poine of
poigpeopy lengrbased rasinréshavingta melting fdiet 10, of i 406 viclpweixide so
and a polypropylene-based resin B having a melting point of 145C or .
righelarfaHaTEsRdasaie #iHBtniey BPss %?&af%ﬁ,sa&%%%% gd dmainy

have a melt index of 5 g/lOmin or more and less than 20 g/10min.



