DESCRI PTI ON EXPANDED POLYPROPYLENE RESI N BEADS AND EXPANDED BEAD MOLDI NG

TECHNI CAL FI ELD [ 0001] The present invention relates to expanded
pol ypropyl ene resin beads, and a foaned nolded article fornmed fromthe sane
expanded beads. BACKGROUND ART [ 0002] In recent years, the fields of

applications of polypropylene resins are grow ng wi dely because the

pol ypropyl ene resins achi eve an ex§$%¢§#5 ance anong nechani cal

strength, heat resistance, processa y and price, and al so have

excel | ent properties such as easy |nC|nerab|I|ty and easy recyclability

[ 0003] beads-nol ded articles formed f
uncrossl|ﬁ§8ﬁNB§PyBPBHéPQ FgglﬁEﬁéydgEépé EXPe ASFHRFD SEAL yoﬁggﬁgglng
materials, construction naterials, heat insulating materials and the |iKke,
since the expanded beads- nol ded articles are inparted with characteristics
such as SHSGRNEBSorbiEIP properti es and heat insulation properties, wthout
inpairing(hnﬁjexcellent property of polypropyl ene resins. [0004] I n
recent ye% t he expanded beads-nol ded articles formed from uncrosslinked
pol ypr opyl ene resd prerds adrsrddenmideddinthes [d@ghiuweigid ansl Whgbeyliaidi ty,
particularly in the field of autonobiles. Thus,_ investigations have been
conduct ed it leade Mt YHEQITHF YIS Gl yIF bbyl @nECFBRT nErem the $aE2
resin of heags. Hgh rigidity polypropylene resins tend to have

hi gher nelting points as rigidity increases. Therefore, in order to in-nold
nol di ng expanded beads fornmed of a high-rigidity pol ypropylene resin as a
base remé}qﬂg eag%pressure is required. Particularly, when the nelting
poi nt of fggPﬁiy% e resin is 145C or higher, the steam pressure

requi red fagodn-nol d nol di ng exceeds the pressure-resistant performnce of

conventional nolding machi nes. Accordingly, when conventional nolding
machi nes are uséd reaents wfads .c fihe tio alghi i app¥i@einnst@am pressure,

boads. | & BTG al® PEBia B JErar Rad SFch Brora i p T der L QP pareor m

i n-nol d rndsmﬁq;aﬁhﬂuqﬁraﬁ gkﬂbﬂye@tpbadadcpoampngpmeehenmeaﬂnsbeadgthaving
a neltin 0|nt of 145C or her speci al no| di ng_app which is
capabl e aetncﬁﬁqlncgtaﬁ’r% SQJE% %?aelsjfsajtﬂ | FLh RS PR h%i Uéav‘?n the case
of expandsg-deads: fordmo-ofed L@h-44 wbgidyiRolyPropyl eng s€8i Basihere has
been a problemthat an enornous anmount of” steamis required for the use
duri ng nuofetiyrfalioioos]. Ext ensi ve investigations have been conducted
in relatigﬂakﬁ expanded pol ypropyl ene resin beads so as to address such
probl ens o0 obtain an expanded beads-nol ded article capable of being
mol ded wi t hi n tdigninangs, ofexdgis qude IstHds Mmesi Gddrd v tpisr Y nBwase df from
conventional nol ding apparatuses. For exanple, first, Patent Literature 1

has suggé&%@%’%@ﬁé&iﬁ@jP;S’&IYP&P&Wieé’r?erFésPnb%%‘aﬂs"‘%le&?e@rsévfe&TYnﬁﬁe rom a

particul ﬁﬁ&:ﬁé&rﬂ@fm&éﬂaﬁs POl %PE OPYE €160 MRSt & NaVE NOh &8s Frel hERTa PP Rt Of
140C or higher, and a foam of a second pol ypropylene resin closely adhering

to the surdftzoelfs ahd phaetlidid ate nceabile igxpaniddd bl&edﬁemlld@dp@rmeeSt he

second poI ne, resi.n i.s Io r_by 2C to 10C th n_ the nelting point of
the first® V@/ e%ﬁ%neltr}es‘f}haraanaelf%yet%%%OS%CJ%O ypr py e S?E%l%ghas a

specific mﬁea_&ele?g ead ieyeveisulaltiReughobbet expandethdeadmpedr-ibe tleded
at a | ow steam pressure, the coating |layer portion which corresponds to the
second pPHISHrEH ORBSE R K RIS EPRY Rt S AT ng i n-nol d nol di ng, the
rigidity as conpressive strength of the resulting expanded

beads-nol ded article is | ow. [0006] Furthernore, Patent Literature 2
has suggest ed éXpaadedtbﬁaﬂBsMmﬂmheapenéadHxﬁﬂhp0$EUﬁﬂiaatd@ﬂeslégemedhat

is forne fron1a C talli thernD l.astic resi dis | e ﬁ%
St at o, ar I CRRPIRE 1A BRD O IO SO B Bngh EnBBOrgHer Chavi ng a
| ower rrelltlgf}g:mgﬁt t4a High 1hef iDDEASthLrd BShTaBDg 18 the field of
automobiles. Thus, investigations have been conducted on the use
of high rigidity polypropylene resins as the base resin of

expanded beads. High rigidity polypropylene resins tend to have



substantially in an unexpanded state. However, a nolded article obtained by
usi ng the expanded beads has a problemthat heat resistance is |ow as
proved by |ow fl exural properties under heating conditions. [0007]

The Applicant of the present application intended to provide expanded
pol ypr opyl ene resin beads, with which an expanded beads -nol ded article
having rigidity and heat resistance can be obtai ned, as described in Patent
Li t er at ureigheramdl deny med ntisea s pped diityl inofeadest hilansfons, theusisat i ng

| ayer in . the resin beads. However .t ho the expanded heads. .c be

ol ded a5 FHTS AR e e f SR S TR Tl T Val e
of the higi-harmmparainy egak 6f d hesxpanded bgads dredie dravegaird nsorder to
i ncrease ringi&¥ such as congressive strength of the resulting expanded
beads- molfeiigiad c| 82rAdcHlpEdy t Whepngbet REL5&BENARE P eRpaRdi ng power at
the tinme _of heat | di ng. .S i.nsuffi.cient, . -calle ressur |.di ng

et hod by AYESR R oSy te Eabti BB WhPre sBRf Rt P Re PRa

pressur e regnaRRld ebrt o d-he 1K pRNdEtPeadsedRMIR RARRSSAY ddbigfdelt t 0 make
up for the 1 nsufficient expandi ng _power, or the appearance of the resulting
expanded HeedPsnipslcfed! sonverd iy lao A ragynagbilges .  Accor@inghe, otheey

hand, the ARl o] r i.catlqn

absor bi nS" mat éirtﬁgya&a&f)%ggggcﬁ%%ﬁ%E%!djledlﬂt%aéugtﬁ%észHggﬁg%gggﬁée%gﬁigngt h,
whi ch i s o aufed digntnstekd prekdung , expdndety beadse havl deyd s muoidi fasedin
surface capahl e of | ow tenperature nol ding, as.described ,in Patent

't erat urGhER e S -PRORE g PPEVRE prOshase herde Ftan

| mpr ovenmendy,1 SHE RS itk ef Fhiueat otk ealiBRle Ot oot £n RAL A% B8 1usied; at
the tine of surface nodification, and there is also a demand for a

substi t utef TAIhHATION AItT PEENE A IFTERATIRE 0G0 8le sPat deads thervama & 1.
Japanese Pat ent | ication Laid-Qpen JP- A) No. 58-145739 Patent .
L Porat a3 e eb Rkt AER SE §isbeEn > BPEEi B diod S SOATREUS IO 63016

is capable of enduring high steam pressure is needed. Furthermore,

,

in the case of expanded beads formed of a high-rigidity
polypropylene resin, there has been a problem that an enormous
amount of steam is required for the use during molding.

[o005]

Extensive investigations have been conducted in relation
to expanded poiypropylene resin beads so as to address such
problems and to obtain an expanded beads-molded article capable
of being molded within the range of the pressure-resistant
performance of conventional molding apparatuses. For example,
first, Patent Literature 1 has suggested expanded polypropylene
resgsin beads which are formed from a particulate foam of a first
polypropylene resin having a melting point of 140°C or higher,
and a foam of a second polypropylene resin closely adhering to
the surface of the particulate foam, in which the melting point
of the second polypropylene resin is lower by 2°C to 10°C than
the melting point of the first polypropylene resin, and the second
polypropylene resin has a specific surface area. However,
although the expanded beads can be molded at a low steam pressure,

the coating layer portion which corresponds to the second



Patent Literature 4: JP-A No. 2004-27196 DI SCLOSURE OF THE | NVENTI ON
PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0009] It is an object of the
present invention to provide expanded pol ypropyl ene resin beads which can
be heat nolded at a steam pressure that is |lower than the steam pressure
required for the heat nolding of conventional expanded pol ypropyl ene resin

beads, even w.thqut any surfag i Licati f eads I . grganic
per oxi de Pand r\/ﬁﬁ%ﬁhe%ea#epsrl&vi%ééag%% e?;%%n%‘é‘ggggag{sl?r%folgdg% %#??(?ﬁ%%%’ng

suf fi ci endhd irgigliditandhaxcad | enipesdi vesiistangsh eberhavtdouitsefting the
calorific value of the high-tenperature peak of the expanded beads to be

| arge, orcX¥RaANR Rasstoviagies 5 ® ]rﬁgljd:?"ﬁg met hod. MEANS FOR SOLVI NG
THE PROBLEEY J£010] The inventors of the present invention conducted
t horough investigations in order to solve the probl ens described above. As
a result, the iFnveiteomerfequithtichdt Litamdanmt t2 hexgandrak et Sxpgvnctedr e

each conmposed of .a.core |layer fornmed of a polypropyl.ene resin_an coating
| ayer fo Sof”fh&cao?f/%r gﬁ’g‘p&??%nogi f%rr%?ayrg%n%etﬁ% 5ol yprspyT ene
resin foranidig dtha 1661e thaeiopsheriel krdgirsueld aB expandedpherads shete,

pol ypropyl ene resin form ng the coating_|layer is substantially covered with
an unexpaited ¢Rlting LpxgEr Lk tisohoTRed fdigRyahiRE oI h gL aTer, RaRieH i s
obt ai ned i-ng 4. resi ' | -adhesi yengss such as
havi ng a %Ctﬁfénlgq%éolln%tﬁq dﬁeir&f %Ar?%calsé(g?{étﬁﬁeg%%%%{r%pﬁl ene érlfé(gi ﬁéf orm ng

t he cor e dunsrant igirlegiat anguexgaowiat sagept. | ivwevett id apédedesTni bkads
with the i ght tio of t coating,layer in the resi eads, bein

adj ust ed %ag”ﬁéﬁ?}f iV ueE W%ﬂdﬁﬁqﬁg{ HEnd (7T ?mrt:l%"i”f'l %%%%s t hat
contai n a-:aW-agent: snd 24 gﬂfcﬁr@j heat Bsly afte50F 4 ENGLosd ot Bes angasher ei n
the expanded beads can be fused with each other at a | ow steam pressure,
when t he hestcknesyorstitdmngoating | ayer portion of the expanded beads is in
a certain ific range, the properties inherent to the pol ypropyl ene
resin of [[:ﬁeE @ore | ayer, such as rigidity, are sufficiently exhibited.

Thus, the invermte Sdlnaldnt cohmitet ed-ddmntpraagentcd miventirorendeD 1t

That is, the present invention relates to the follow ng nmultjlayer expanded

pol ypr opREHE F GHPINARA RYRECRRLIRE IR RE i Y e Yikhe! eXpanded

beads. | n,the,ddE£880hsSREEHERGAH ¥ e hBO: nFWild il BYeF a gy PRIAGEH: POLYRROPY| ene
resin beads" maybe described sinply as "nultilayer "expanded beads" or

"expanded-dieldsobt004Q@] as descripefl iméaspeasehi tengenrfch paladesined
expanded ol vBropy] epe, estn Naada hi ehare milLidayst expanded beads that

are forme g an xpandi h il ayer resi each conposed of
a core | ayesad or meehe@erg pokypugpytBseegshdednstad€erin g hayeedf atned of

a polypropylene resin that is different fromthe polypropylene resin
formng thY &ean RFESSWHITE ddn LFeNERERSPEYNEPIEATat e 78R PHEsEt eS| ower

than the 't@{enaiaheg%gg%%% e ggagqykvah@@xﬁaﬂwé@ﬂe%@ cexpangefybeads

formed by foam ng~an andi ng single-layer resin beads fornmed fromthe
pol ypr opylrepedeest o itgmeasg rhgidocy swusers ahwpeeasive steigigth atfi bhef t he

resins of the coating | r ang t he. core layer formng the multilayer resin
beads (wdiGHt 014 REVEOAF ST a9 FEST AR HE” of -t R O 1 &y8F o1 €87 n) i s
from 0. OQle dchdh B4 Qe 4he B0 ighdler e the hdbeknessind ide coating
| ayer portion of the expanded beads is from0.1 gmto 3.0 pm [0013]

insufficient, a so-called pressure melding method by which

in-mold molding is carried out while a high internal pressure is

applied to the expanded beads, may be necessary in order to make

up for the insufficient expanding power, or the appearance of the

resulting expanded beads-molded article may have many voids.

On the other hand, the Applicant of the present application
has suggested a shock absorbing material having excellent

rigidity such as compressive strength, which is formed by in-mold



[2] It is preferable that the tensile nodul us of the pol ypropyl ene resin
formng the core layer in the multilayer resin beads, be 1000 MPa or

greater. [0014] [3] It is preferable that the tensile nodul us of
t he pol ypropylene resin formng the core layer in the nultilayer resin
beads, be 1200 MPa or greater. [0015] [4] It is preferable that the

melting point of the polypropylene resin formng the coating |ayer of the
mul ti | ayspldasignespaddedebeaterhatiamg thaogdlfiedgspofaceofapdel 9atiygroopyl ene
resin fo.rce n%r%.@%r%ogn%lld% f - a[soglle%]crib d in [ elntt ILS_Lt%rr%;t%rr%mf. that the
mel ting i Eratioon t enperatdr e of thé pglypropy ene résin formng the

coati ng Hayefeaf thereultiilldyerer @sioblleaadshed aRireskad tthe Brl ti ng
initiation tenperature of the polggropylene resin formng the core ] ayer.

[0017] improvepgntySpshGiefbrapf el ihat Tea At fhAMIIY. QPFPLNRE of
the pol YB%%HYAl@EEerﬁ%@ﬁE%ﬂf&éﬁ@df?{/@%{%ﬁr ol HlerdLtd QY 8lachsid)

beads be snmaller than the heat quanti f mel ting of the polypropyl ene
resin fofpirng thestotatleayer. [0018] [7] It is preferable that the
tensile yi of the polypropylene resin form ng the core |ayer of
t he nult%hié&F%bggﬁgﬁgeads be at |least 31 MPa. [0019] [8] It is

pr ef er abbaTERat 1irtherpatuwpr opyl ene resin formng the core |ayer of the
mul tilayer resin beads be one or a mxture of two or nore selected froma

propyl end °R8&dpol yner, and a copol ymer of propyl ene and anot her co- mononer

| endoR@dpol yrer d a
(9] Tt "1 pr ot EPEDIS Thar 1R DA ChBTRey ere ghr beP Dhrar Hed oy S RER 11 ux

differential scanning cal orinetri dJaral)ysics &fs-tlas7eégpanded pol ypropyl ene
resin beads, exhibit an _endotherm c_curve peak intrinsic to the

pol ypr opyl ene FE5FRAtakdtahaEHAGt her HEcAcPve 864K 387 a hi gher tenperature
side than the tgregei ngrepdethaer Ai.c JpURVRsPeakpsanrdotBe cal orific val ue of
the endotherm c curve peak on the higher tenperature side be from5 J/g to
40 J/g. [0021] Patent Lifg@pture| ¢:prd&f-ar 8bl-e2CR4at 2/AE6DSC endot herm ¢ curve
obtained by a heat flux differential scanning calorinetric analysis of the
expanded pol ypropyl ene resin beads, exhibit an endotherm c curve peak

i ntrinsi pIseLOBeRECLFPTEEY TeWENTEsNN and an endot hermi ¢ curve peak on a

hi gher tenperature side than the foregoi ng endotherm c curve peak, and the
cal ori fi EREBLGY &P PﬁeSQﬁH@Fh§#hﬁ@ECJ%W@ ¢&k on the higher tenperature
side is fiha@e}d%to 70% of the sumof the calorific values of all the

endot herm ¢ curve peaks. [0022] [11] It is preferable that in a DSC
endot her mi ¢ cufvelmbnabeec by fatlne ptreflent thvért Eom ital pseaide rgpranded
calorinetric analysis of the.polypropylene resin form the core | ayer and
Lhe pol yBPOSYT SR FE8I R oFdPnRg Tha et CRY. By Bt "8 IHEEL Ftager torESi n
bead, thereastiral tBatofsfiswealdiEehelbgkatf ptoesareardidered or the
tenperature range of fromthe nmelting point (Ti) of the polypropylene resin
form ng tREtcBP IR &L FONKHERREPRELMITANAREROLARGOPHE SParitaln &5RESIf i C
val ue Es (1i0):0holie 126,2.adk (3R, FGRRenbuLe tH0-Ak S Lamihe el ting
poi nt (TF) of the polyp opylene resin formng the coating | ayer tonhlgher

t enper at orgendat petyxide, faold ohind expressiiges &fh)expahd®) beal@s<molded

article having sufficient rigidity and excellent heat resistance,
even without setting the calorific value of the high-temperature
peak of the expanded beads to be large, or without employing a

pressure molding method.

MEANS FCR SOLVING THE PROBLEM
[0010]
The inventors of the present invention conducted thorough

investigations in order to solve the problems described above.



Es 60 (1) O < Es/Ec 0.7 (2) [0023] [12] Furthernore, the present
invention relates to an expanded pol ypropyl ene resin beads-nol ded article
formed by filling the expanded pol ypropyl ene resin beads described in any
one of the itens [1] to [11] in a nolding nold and heat nolding the
expanded beads.

As a result, the inventors found that in regard to expanded beads
which are each composed of a core layer formed of a polypropylene
resin and a coating layer formed of a polypropylene resin
different from the polypropylene resin forming the core layer,
wherein in such an expanded bead, the polypropylene resin forming
the coating layer is substantially covered with an unexpanded
coating layer portion including the coating layer, which is
obtained by selecting a resin having excellent thermal
adhesiveness such as having a melting point lower than that of
the polypropylene resin forming the core layer, impregnating a
blowing agent into multilayer resin beads with the weight ratio
of the coating layer in the resin beads being adjusted to a specific
value, and expanding the multilayer resin beads that contain a
blowing agent and are in a heated and softened state, and wherein
the expanded beads can be fused with each other at a low steam
pressure, when the thickness of the coating layer portion of the
expanded beads is in a certain specific range, the properties
inherent to the polypropylene resin of the core layer, such as
rigidity, are sufficiently exhibited. Thus, the inventors
finally completed the present invention.

[0011]

That is, the present invention relates to the following
multilayer expanded polypropylene resin beads and an in-mold
molded article of the expanded beads. In the present
specification, the "multilayer expanded polypropylene resin
beads" may be described simply as "multilayer expanded beads" or
"expanded beads."

[0012]

[1] The present invention relates to expanded polypropylene
resin beads which are multilayer expanded beads that are formed
by foaming and expanding multilayer resin beads each composed of
a core layer formed of a polypropylene resin and a coating layer

formed of a polypropylene resin that is different from the



EFFECT OF THE | NVENTI ON [ 0024] In regard to the nultil ayer expanded
beads according to the present invention, upon filling expanded beads in a
mol d and perform ng nol ding, despite a polypropyl ene resin having a high
melting point is used, the expanded beads can be sufficiently fuse-bonded
with each other at a | ow steam pressure, and the nultilayer expanded beads
are covered with a coating layer portion having a specific thickness, the
properti eelmrrepeﬂtenteorﬁﬁenpépymregytbﬁecweeihaxﬁrr h@ctc;rael lkgy e -eleh as
rigidity n.b suffr ien xhibited. . Therefor n
beads-nnwaggegr ﬁEV| E ﬁ ?c?%% PﬂﬁéFthe %ﬁ%d g¥%§%65§5ﬁe

wi t hout eeté&;ﬁgvameneaémgie Cla[*_aderleeﬁaﬂdﬁﬁ huegjmf,t Eﬁﬁﬁé&thy&cﬂ&r&lﬁlg)faﬂdhe
expanded beads to be hig or without enploying a pressure_nolding nmethod

of perfoﬁﬁpﬁadﬂﬁgn%r%e%%rhrxﬁ@r BESappPyrdy Eomath IrrPerbaPodversRyd s t he
expanded peads foEHﬁhBertE%r Sor@n 1%’9&@“0'%&}%%5 iRl ded st helg hav Rge
particul arly excell ent mechani cal propertres can be provided by setting,
as desiredginheofaltbri ftoatvalueaykrt kadhitdgk- t@mpeﬂav@mefpmmbeglahge and

enpl oyin essure nol din t hod, Al sinc sin _caonstituting the
cont 1 ng Ty sR BSRE £reTs Bt THPSapEere Sret FREE s ST e e 1 G oo
article Baving exeell8air heatin)eskSstahe e G ke provbieshnd [(HR3verage
Furthernore, the expanded beads of the present invention can provide an

ex pandedVBéb}GSforﬁhééﬁ”ﬂd?}m%‘-’r%Ofvﬁﬁcpﬁélﬂﬁllﬁiﬁwpéﬁwﬁé@ﬁ Bhe @P(@iarﬁl@ieﬂhe
core Iayg 89@5 .a %%ecrfr valge for the tensile nodulus, which is suitable
as an enBFgyabSo t 8 5P SulhMBs a bunper, and exhibits excell ent
ener gy algerphi on and excellent conpressive strength. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0026] FIG 1 shows an exenplary chart of a first tine
DSC endot her m ¢2¢ufeisf perpandbdepshspr §b9| tABsiési moduads. of the FIG 2
shows an I t r C panded
ol ypr opfanBErbutsPEdidatt eB:REAG hS LiFe SR ATERLMENR  CHNE, Begttl

curve obbakded by aowocMPat ber eratkani cal anal ysis of the coating |ayer

portion of the expanded beads. FIG 4 shows an exenplary chart of a
curve obt!8PA&d by a micro thernomechanical analysis of the core |ayer
portion of the gxpapded ?ee@érable thafl BheS8ehs B eeseheﬂeterytﬁreagram for
the parti al calorrfrc va Ec. This represents the Ec of the core |ayer
resin AJp@ieprpnyﬂheeaxamphéormlngth6¢6reamyerathQMM&nﬁkﬂyenmagnmmfcw
t he part caI%rrébéQv ue Es. _This represents the Es of the coating |ayer
resin B ?88 i'n°th Pe OTFPES3EE s an expl anatory diagram for the
partial qabasific value Es. This represents the Es of the coating |ayer
resin C used in the Exanple FIG 5d is_an explanatory diagramfor
the partial callli EFcigaPueiesab¥ni shpspkheenedting EoiBE PhetBBating | ayer
resin D P iz for
the part PORVREPBYEETE TaPue OTmY i osrasangs PRy S B P AH I TaRAT | aver
resin E usedn beifie kEe<é.rrprIee" tBEST: MODES tEOR CARRY| NG tOET pOHEpNYENENEN

[ 0027] he expanded poly opyl ene resin beads according to the
present FATEAt FOATAP t CFPaye ggﬁended beads obtai ned by inpregnating a
bl owi ng ggenk]i nto nultilayer resin beads which are each conposed of a core
| ayer forned of a ypropyl ene resin and a coating |ayer formed of a

pol ypropyl ene ﬂéérEtthﬁtprgférﬁbé?eﬁhaﬁrEHﬁtﬁeléeﬂﬁ FayeiatéPRi ng

oL OPL 08 S0 B 857\ HBR0N PRI G LA DIt g 10yec
ofthenmltllayerresxnbeadsbelowerthanthen@ltinginitiation
temperature of the polypropyvlene resin forming the core layer.

[0017]
[6] Tt is preferable that the heat quantity of melting of
the polypropylene resin forming the core layer of the multilayer
regin beads be smaller than the heat guantity of melting of the

polypropylene resin forming the core layer.



Here, the term "pol ypropylene resin that is different” neans that at |east
any one of the nelting point, nelting initiation tenperature, heat quantity
of nelting, tenperature dependency of the heat quantity of nelting, nelt
flowrate and Vicat softening tenperature of such a resin is different. The
values of the nmelting point, nelting initiation tenperature, heat quantity
of neltiggoq%q Vi cat softening tenperature descri bed above are such that
the valu of ‘the coating layer are smaller than the values of the core

| ayer. Furthermonert tikepirefpenat urehaepenrdeanyidé el deatremgant oF ytof
melting is such that the partial heat quantity of nmelting of the coating

| ayer at POLYRBORY l&nechpRtAloreiogui varese 1dveheltels i“Hgth)?‘}{Frorfestlﬁé
resin ofb%?%scgkgakaﬁ%%ggs§ynyﬁdgr than the partial heat quantity of
melting of the core |layer at or above the sane tenperature. Furthernore,

t he val udooflalhe nelt flow rate is such that the value of the coating |ayer

is larger than the_val ue of_the core |ayer. 029 The | yvpr opyl ene
resin form ng ﬂhé EBr%ﬁlQﬁﬁﬁeﬁé%%qu§aﬁﬁl¥£Fd9%$y?£épxl%83 se%%ngﬁﬁgﬁ¥5£ent

i nvent i orHERYoRE, 1596 XA muaRy 16 ro0tediAriodpydens keropel ¥ ikt gl a
copol ynmer of propyl ene and anot her co-nononer containin%_60 mai . % or nore
of a propfl &We EBnPEFentSUMAtehid P f NKL BT RANBRGL e Ah 2

propyl en i Lxt Lr e I i | ect ed
fromt he?g%%egi n?gf%%%qypénﬁhigg%%g %{? Ehtl eoﬁ%%g?{ilﬁe%?ngfn@pr@ggg?%ne and
anot her o mor@Terf contrapylrnetCompdteort noriec .of a propyl ene conponent unit
as descrg?ed bove include a propyl ene-ethyl ene random copol yner, a

propyl en 9%%V1 ene bl ock copol ymer, a propyl ene-but ene random copol yner,
and a propyl engogthiykene-oed 06 & pden KoOpelys®iot HH88ld curve obtddEndtel ting
poi nt of the polypropylene resin formng the core layer is preferably 135C
to 170C, band hante fprefdt bt yenubd searroay cadarinetvieigsiitsishaf e

ener gy absorpty t.L ng: ed - Lcl st
compr se e el pe vhh ek R He 8 T HRARES PR H HRNoRREERAE AL
articl e maskhaver exe et ltent hapolgproaly leheengs in apdld? pndothermiardurerarr e,
t he pol ypropyl ene resin fornin% the core layer is_such that Rgg tensjle
yiel d st P63t AN R Hokied: 56Mpes#tips Bt dg e fPeahar RBPengrt i Y42 MPa
or great eh,fd BAhkNE, Vi @WROLDT o] £ MBKI NG Be CRERARE N Sl egvB iai he
expanded beads-nol ded article large, and fromthe viewpoint that in the
case of wsi ridnet e ghauartdetbeeddsrars idial ke tixdre s Anh enet@yI Absor bi ng

mat eri al ﬁﬂﬁﬂ-as a bunper for autonobiles, the energy absorption is

excel I ent"” d upper limt value of the tensile yield strength is usually
no |arger than [491M3&. i[0@33ferable tHag poley waupHreheHeas it afudtdee core

| ayer is such that the tensile eloq%%;ion at_ break js preferably 20% or

gr eat er, SR%EE NSRRI doiipatodobbr Yridd et h KA RF S ErEbTYF 200% t o
1000% fr Vi i.n \ ' g bt | 1 s whahn the
nultilayé?ﬁgégﬁﬁ Egﬁggea%éﬁé?ggﬁdgg?y@%ﬁggggﬁgtﬁ%gg?egg%?ﬁf %%g%é%venting
br eakage eofdcttreeeld cwalve phek iherexpandes theageolapecpydens desingid- nol d
nol di ng. 003%% ., Here, the tensile yiel str%ngtg_and ggg ggngﬁée

el ongat | G ROGFESE MAFe CHIT SVBFAE s ea T EEBPEERG S ERESHEASr Ehent

met hod desftddefthd BndbShkrf85c(398 Pealf 083Z] the calodhl: palaypicopy!| e
resin of the core |ayer according to the present invention is such that the

> Q.

tensil e wOEAtREIN QFELEERATK o0 FRa TV LRERCSA LYFEaf 6RS I dTRBr £5%5

pr ef er abl Q0 r Vl%?%?g i Loy dity
such as é%ﬁé#ésggtghgf?%%gﬁiﬁﬁF %%gg%§§§%62 eagg’%%%FSE%Q%?%?Q?%#ﬁﬁgher
t han t hatcwofvecqmaeiti onal nol ded articles. When such a constitution is
adopted, the resulting expanded beads-nol ded article can be inparted with
excel | entl%fe&rlgy absorption. Particularly, in the case of using the
expanded beads-ialidad aid ifles A% AR eNRION ARSI Nl susias a
bunper, the tensile nodulls is preferably 1200 MPa or greater, nore

pr ef er abloptE3eEAMVRyY & hgatatfeiux ahidf fpirenteia hrecap E1eredl 9r 18P MPa t o
2500 MPa. 036] £ pr I .ho : exhi.hi h_ bk gh
g iy ST e e b SR OB o T e LoF MU e AR Shat
CO- NDNONBIhe fUlhpaopoPehyneis hafiorgidgvehy rmlinec bayentof atmol of laher

co- nononer conponent tends to exhibit such high rigidity
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as descri bed above. [0037] The tensile nodulus is a value that can
be determ ned by neasuring a resin based on JIS K 7161 (1994) under the

foll ow ng conditions. Speci men: speci nen type 1A described in JIS K’
7162 (1994) (directly nolded with an injection nolding machine), tensile
rate: 1 nmmimn [0038] The pol ypropyl ene resin of the core layer is

such that the nelt flowrate (test condition 14 of JIS K 7210 (1976), which
i s abbr eveaiadoead MERe parpt @t erdisint Fioowalug/Bo (47 g) tof the ayddunider from
the vie iLn f | Lin h eamte ratyre_at the ti of dn-nold

o1 di ng, CaRd CPRERAHGL o] SABS e T REPTS MECe ey BEARS: foided articl o has
excel | enpol gpgbpeienchrom i feseaivicerpoicatre, 14 her Vo ighdprenpeehenaklsy from
10 g/10 min to 70 g/10.mn, . The ponFroperne resin having both the
tensile ABHuFBS BAETHER FAleReiiangasuacher et ovidle @rapairdsite theom

pol ypropyLgpe Lesi-as rhhgk ake rRLadyeed Y Y3l QU nRtRagys gndpare sold in
the market. [ 0039] I'n the pol ypropyl ene“resin of the core |ayer, one
ki nd or pwbvpropylenk mesiof farsymghéhiec coesiimgotiheert ltan hagbelrypr opyl ene

resin, a_synthetic rubber .and el.ast omer._can be appropriately. ed to
he oxt CHEPRARCHREE: nABid8] Ye  PEcE LOPVERg. BrEeere PRoar s o™l d oot

i npaired. The potaLgamogpt of agdjtion of the synthetic resin other than a
pol ypropyl ene resin, a synthetic rubber and an el astoner is preferably 35
parts by wei ght errkess, <nore preherably 20 parts by weight or |ess, even
nore preferably 10 parts by weight or |less, and nost preferably 5 parts by
wei ght ol0P&3$, for 100 parts by weight of the pol ypropyl ene resin. [0040]

Exanpl es of th n ' n e a. )L Ry sin Lpcl ude
ol yet hyl ene rodiher SachexhBEtn; Shabrt Rl Ryt RS PR s e G Brans  y
pol yet hykependad pwlgemnsipty cpel yeshyl eredsambldedr akowcdensiotryned by

pol yethylene, a linear ultra | ow density pol yet hyl ene, _an et hyl ene-vinyl
acet at e CopolPHerle ArRANE SRR AERARYL St &feé‘&ﬁ‘o%?ﬁ@?,d%ﬁ’%%w eried&8erylic
aci d est gheCQPOLNOBIre@d BlNHENG1TRLRALIHb1 41 AGT L LORAlY ML ARARg

et hyl ene-nmethacrylic acid ester copolyner; and polystyrene resins suCh as
pol yst yr ehe, ezpdndegdt peeds-nal ei ¢ anhydri de copol ynmer. [0041]

Exanpl es of the synthetic rubber include an ethyl ene-propyl ene rubber, an
et hyl ene-| -but ene rubber, a propyl ene-I|-butene rubber, a styrene-butadi ene
rubber orrarbhydoggenat Tewsanttosl e t hereof, an isoprene rubber, a neoprene
rubber, and a_ nitrile rubber or the |ike. Exanples of the elastoner include
a styrend9Batadi ene-styrene bl ock copol ymer, a styrene-isoprene-styrene

bl ack_ copol yimeey, a0 iy db0geDALRN 1856:CL L5 h 884 $Rxad 088kaing to chE
addition, various additives can be incorporated into the polypropylene
resi n of preeevdr envapenonf, deshnr édl1lExgnpikesndkdt besdsaddi ti meddi ackHude an

oxi dati on _inhibitaor g@.ultmgvioLgt i nhiibi tor, —an antistg%ic.a enbFr a flame
ret ar danPSTECHYRP PRI at GroP HidgReNY PLEPYYE o Rt TV HEF &9&rifP and a
cel | conheokiagepbinExapplesdof thbeegpbhdeanbeaksagant benghigge ciieatggni c
powders such as zinc borate, talc, calciumcarbonate, boric acid, and

al um numfB§8regnged with eatheotbgiet 8f lPHestecandPtpgeyres pref 8hgbly 20
parts by i :gigj i.cu raf er ah| r Lght or

| ess, foPW?BgE%X§%§£ y ﬁ%%ﬁ ?Qg%g%%%éggéﬁegggfﬁl%gﬁénggﬁg%%?p¥ﬁg%&gﬁ

pol ypr opitbetiegr esepetaficnght hknesse ktageproBartiedl dnhgrehbetamabet of the
cel | contr&l agen is greferqgl 0.005 to 1 part q%ﬁmej ht, to adjust the
aver age EEIYPErRMefEf OF°the° %%Eé?c'feb 48Tt 0598t 3@(53!%1:3’['06:@3}] be

Next, thaupehypeapyleBeniestBa0f +hereostd Nah ay8hac@Osthdihd Ngotheq

mul tilayer resin beads used in the nethod for produci ng expanded beads
accor di ngrtécirehpyisemuli amitbrismdily che bambsindd ey piopyplsne
resin form h ore layer, except .t th ol ypropyl ene resi

sel ect edsg}ig%n%h%gt%agl?lgg g gr?é%egofge %%elﬁl gt%%ﬁ%rpé?%%rﬁ é)neeaei{r grs%i lrriﬁgf t he
coati ng kapehdatddddds poliyphogll enewtesbotaimg e aor & poyesusahnbstitag t he

condition that nmultil ayer expanded beads which can be nolded at a steam
pressur e"PEher Ph&ae i HAD L RgTet dare P Es five aBp LEdupvalldah dnkgraalayer
expandedpbeads borgednRy kpaAkng E@gdg?.(paﬁﬁifﬂge%rtﬂ@r%! NGl € Byede €SI N beads
f or med o? t he pol ypropyl ene resin formng the core layer that wll be
descri bebdebdeowolfe644rticle havmnghpaptliyplepylerngceésentomethencoati ng

| ayer, various additives can be incorporated if necessary, simlarly to the
case of the polypropylene resin of the core |ayer. Exanples of these

addi tives include an oxidation inhibit8r, an ultraviolet



inhibitor, an antistatic agent, a flame retardant, a netal inactivator, a
pi gnent, a dye, and a crystal nucleating agent. Anong them additives that
impart functionality, such as an antistatic agent, a flanme retardant, a
metal inactivator, a pignent and a dye are preferred fromthe vi ewpoi nt
that the effects are obtained by adding the additives only to the coating
| ayer. he content of t.hese additives is pref.erabl pproxiately 30
parts by BR&R ;El(?rs F%lélgk?e ﬁorroéfl;tgifeecf]é)ya%?glé%gpﬁst gegﬁrﬁgi’g%}?gocgjlae&ls{sﬁ%nd
parti cul afllyieplcsf erabiv o Ranicedaturel gl 1y 1056, f01d kb lparisy by wei ght
of the base resin conposed of the polypropylene resin of the coating |ayer
or the | PRESSTRE MERBINFiNE QR - t BlSDoALBRE TR &55 o FRREELYUB1DY ts by
wei ght . : I I i
pr esent %éﬁ%gyhgbgagfg;Fgg%ﬁsﬁgﬁgﬁgffﬁgggg{#§e§§§§3$%%lﬁu%??%%?g%uggganded
beads f obmeaisbynahded leayrere Iree iarv ibepdsc@lcle oo tpese d af i st aore daaydre f or ned
of a polggr%p%%g?e resin and a coating |layer formed of a pol ypropyl ene
resin that-9's ‘ferent fromthe pol ypropylene resin formng the core
|l ayer. Inoo@gimultilayer expanded beads, the ratio (S/C) of the weight (S)
of the coating layer resin and the weight (C) of the core |ayer resin,
whi ch const i t uFardhgymoreay Eher espangeddrefdst pHnt o (OSSN, JAEL G t he
aver age | u the i f coat § Vi f expanded beads,
whi ch i s\é(%éjl ?t]:%féjtle ﬁg{s]éag@gin %Ihée) be%(%ng@%nd%}gta!%lo le%)'he&%%anded beads, the
wei ght r aldlgpofogiierzoatisig Fayeingftlae mite llayerr hesi a deadi foc tdiead i ke,
is fromQ.1 %g1to 3. | Accorgang to the present invention,
PBEREYRRT

when two T&F ?é%%f&f%%ﬁ%%%i%aﬁf §robpsLRaAT g gXtaﬁ?ﬁb wping

di fferentiatiies @ & 4 MmpRightadPleafighe @atd MddyaieFpsin and the
wei ght (C) of the core layer resin of the nultilayer resin beads are m xed,
the rati @NESMDtion tansl WwHaghtlgs) asfmares o isigrangtdt- resin and t he wei ght
(C of the core layer resin of the m xed expanded bead group is determ ned
as the total sumof the values which are each obtained by nultiplying the
m xed weirRIEF alFisrrIfPTEaeh oFf THRE meawamtes bead groups constituting the

m xed expanded bead group, by the ratio (S/C) of that expanded bead group.
[0047] [0026]The nuitil ayer expanded beads of the present invention as
descri bed aboverds € 1Suphthal Ehen@iRandediheady canhesulidLim |y
fuse-bonded with each other at a | ow steam pressure during the process of
nol di ng, eederthelrmigh durereexqfarrdadrivkat] palseo il ered trerRfipdberds .

pol ypropyl ene resins in a major _portiaon, FEurtheriore, since .the ting

| ayer portion gﬁ st%tﬁgpﬁg ee§%WFﬁfgyéFh€%§aﬁ e@'ﬁ%ﬁzgufgnﬁ%?ne froma
thin fil edwtHgnd speahid off H:gdietksd ddemfaperdnesredhernesddd o the high
nmelting point polypropylene resin of the core layer, such as rigidity, can
be sufficientIﬁgﬁanﬁfégpﬁﬁ.aPOGKSPplarY ChaTHeOﬁu?t?P%V%rOQR%éﬁﬁgdbEé%ds of
the presenlc,IdiY@alhofcRenTlah! LAXELs2XPaRASH Reads iabyanobe: fBhdsd at a
steam pressure [ower than the noldi hg steam pressure~of the %qU|vaIent

si ngl e | ayer coxppanided Heeads. obt ai ned by foam ng and expandi ng single |ayer
resin beads that _are forned of the polypr ene resin formng t core
aver of the miE | dyERoVESPR BEAUEIARYoRABICIBE DovArFFRGPERERHI BT Byer
expanded nheads th&babmk&hahi cEONRAE 1 $8Ds ¥ ke dbhé Sit @VPLAIERS S BI Ehat

whi ch a satisfactory single | ayer expanded beads-nol ded article can be

obt ai ned asFamdashs®dsonal singl e | ayer expanded beads having a base resin
which is the s resi. t r a LLay £ n., beads
for obtaining ?ﬁ%*nu?€?1%@é%ag¥ﬁgﬁﬁ%§?€§§ ge%%y?%éﬁ%%gggﬁ%ggﬁgéﬁéfﬁﬁfband
havi ng araaxpaBsi. onThht irepraasexpantedeEbea tthieateter] ayer averiagalcetdd

di aneter,, and a _hi gh tenperature peak calorific value of the expanded
beads, whHitchig & €-or approximately equal to those of the multilayer
expanded beads ga{; t bg iRf ggeit 1N PRI GSHeH SEAAHR baYer agxpanseds feads
are referred to as "single | ayer expanded beads equivalent to the

mul ti | ayemlexpdsdedThéadseprrasenesprbeehs epechti cortong)laver eresib) Bt ed
to in-nold lfﬂ'ghe,gﬂg rnﬂéi | ayer expanded beads of the present invention
are nultﬂV%%gr expan 8d "beads having a | ower m ni mum st eam pressure at

whi ch a sati sf @gicar yo expandeth haadserplded rant fot elegpevaliedtcd ot i®isi ngl e
| ayer expanded beads-nol ded article obtained when the nmultilayer expanded
beads are in-nmold nolded in the same manner as in the case of the in-nold
mol di ng of the single |ayer expanded beads. [0049] The mul til ayer
expanded beads of the present invention are nultilayer expanded beads in
which a coating |layer portion that can be nolded at a | ow steam pressure
and has excellent fusibility at the time of in-nold nolding, is
continuously or non-continuously fornmed around the core | ayer portion.



(Expression 1) 0 < Ec60 (Expression 2) OEs/EcO.7 [ 0052] In the
partial calorific value (Ec) of the area under the tenperature range of
fromthe nelting point of the polypropylene resin formng the core |layer to
hi gher tenperatures, substantially O (zero) Jig does not exist as shown in
Fig. 5a. As a characteristic of the polypropylene resin, since the upper
limt of the nelting end tenperature is approximately 175C or | ower, when

t he partivalueaFer.i f TeivaleereseBs Jtige ofs gpkails  cadising ffasraancwe et ieen
the nelting pQin nd._the-nelting end tenperature increases. That is, a

br oad fuélisc%r(?l gélaich%h%f){gm slef'or med on the higher tenperature side, and the
secondary expardabiidtiy &h <48 dresidty Agagxpantied theagsrt $al @saroad.£i[0053]
For the coating |layer resin, when the partial calorific value Es satisfies
the rel af"“la&h@h'r%ﬁ-of Thhe BRPFesenbh by, Eeveh §He SGpindil Redds w&€ it ai ned
under an,expansi @mceAdif1@n which a high-tenperature peak is likely to be
formed during the expansion process of the resin beads that will be

descri bed bel oWIGt hee ampamtexgflagratsigt d1agasmi houtcéeapdr ghal experdtiire peak
of the coating_| aye ortion on the_surface f the expanded beads, i

decr oased oSt or Eo bR 1 eRPe gt ot RA SRGEE ke R TR AR ¢ ha
i nduce aykiegh-itemper @i}@h@u@eak and the crystals nelting at higher
tenperature that do not induce a high-tenperature peak, present in the
coating layer resin, are smaller than the ampbunt of such crystals present

inthe c ' %"ﬁ;ﬁ) thE %@%ﬁ%1%§ exhibit nore
satisfac%f)Er%;] %gEbSI I%I%tR;dvpﬁt Ité\rgch other at the tinme of in-nold nolding.

[ 0054] THewef/dre, according to the present invention, the nultilayer
expanded beads Bbt ai ned by foarri nt% and exgandi ng nultilayer_ .resin beads
that satisfy tReSr EFHPPERENPSIEPTPRE EXFr E8S1ONSSATF ARFOEHNGr £9s &R t hat
when t he jexpanded nkRads &I @ ritedhu 1 E84 rale @ A S HRAMPBISURG the
expanded beads acquire excellent fusibility with each other, even i'f the
mel ti ng pooredoBting pobypropyl @aent esivho giul el el i vRE Imyemadss wigich

necessar i_| I r.t t (] oint-of the pol opyl e resi n.of the
Core T ayare $RUE el dd 8 e 01 BOLD e Olne A S AR R PR SRfetERAL B

- that at lkedst ideetdee lagyer feetddd b hay @l yiirghbhtlenee ralsire theak .is
Furthernore, it is also acceptable for the coating |layer to have a

hi gh- t enféfdedEatpéaRr™ FBRevere 13Y§%- SPEBinAtRRY YERP B 158 dkpridski on
(2) is sgijgfil al tRoual hhy £5e dbfdd G t deh Bt e Jva a6 Wihloh 1R g
rreasurerrentas,1 I%ﬂgfle mag belo%t ai%ed a %(&)%ﬁgﬁlg | ayer epgkoﬁr/ati on havi ngg%)é%' smal |
hi gh- t enpesdtnubeageak, as conpared with the high tenperature peak of the
core Iaye[r g%rti on, or a coating layer portion having no high-tenperature
peak, whi &R As a difference showi ng the effect of inproving the

f usi on- bondi ngubetyweeRet Ia@rmxmgm@grb@?déne (e85%5] that is Bk fehRenf®l ting
point (Ti) of the polypropylene rein of the core |ayer, the value obtained
by a heafefngx tiigftt @ledER@At SE&N AT Calté s Metltiladaksallydi s MeettHed (DSC

nmet hod) I 98 .S I . ; at__|i t he
mul til aylei?ﬁ?ggi%rqo ei" glp%%%ﬁ%duce&t ﬁ{é@t}%‘% ogf ki lglﬁlg{jygﬁg%ﬁr\gr%gﬂreesi n
used as tlepenaenngt eifi ahef beathguant ttiayErme bt tod | ewtled; £ dve neempearat ur e
is increased by heat flux differential scanning, calori er fromroom

t emper at (REA16ELE6 408 EUPI0ESE BT BPEHOR IO B W TERTTHE | THe

t enper at Y8 42361 @$200G; 1 A @ diePenal ¥ g 1% idaertadsetedp ora 220L 1 A40C at
a rate of 100 mn, and then the tenperature is increased for the second
tinme froWiug@City 2I0@edi-ingr and M criChrlterng ttemperatre gescaphsd t he
DSC endot_herm u p. | f . 1he n rature i-ncrease
as obt ai r?%%@ygggclél&gh ﬁ%%gﬁérheéng%ﬁ%e? gsf:}glﬁa?é%ggrslgt%%@n%lat|enga’m&%“|r1r?t. When
two or mamaretHetheEluB< cfuthie @eskdadkee .preaetherinbee maxtiantrmipempenateur e of
t he endot herm c curve Feak having the largest calorific value is enployed

as the n&lEESRGSHGTRT & t quantity gk Wgﬁ-ﬁﬁpg,i%@%éﬁcﬂé‘ﬁ&@trﬁé% c

curve fomeLal cilakiiRg Lie Ranting! akek e ialgua :Qfe:t e R WRIRRYIeNe
resin of the core |ayer, and thé DSC endot herm™c curve for calculating the
parti al caperbitereakbquivblehe pol yipe opdtemy pedivt of the wemin myf [Cdper,
the DSC endotherm.c. cury bt ai.ned .at the_ ti of ., the second te r.ature

| nor ease ARV ST ob a ok Th i 42 CRERABE BE~F rEIHE. HEX i TEOE L0
measuring the nelting point of the polypropylene resin of the core |ayer,

is used. [0057] 0



Furthernore, it is preferable that the relationship between the nelting
point (Ts) of the polypropylene resin of the coating |layer and the nelting
point (Ti) of the polypropylene resin of the core |ayer satisfy the

foll ow ng expression (3). The nelting point (Ts) of the polypropylene resin
of the coating |ayer can be determned in the sane manner as in the case of

the nelti 0i nt i) of the | ypr | ene resin_of the r except
that the O%E@ﬁr%%%ga&g R\ rcireggf%g b ﬁe’ga e Taw nateri a&olff(;trﬂ%ng&&eo’ati ng
|l ayer. [ Q@RS¥a(kxprresss ae18)f Mkratelis sudB(EHat the valdd of $heetda tdroyn
that nultilayer expanded beads satisfying the above expression (3) are

nul ti | ay dRy&tpdfdddsedd Shaghtt ke v el i dd atcAr s ov@¥d%eam pressure.

[ 0059] 0029]For t he expanded beads of the present invention, the weight
rati o of [the coating layer resin and the core layer resin (weight (S) of
the coating | ayée pediymrepyilene @esdim thverndore ey eroneediayer iaf tthe

mul tilayer resin beads s . fro (F)%,E?OJIBELO 0'040*d and the averagﬁt)a va#cgje of the
t hi cknes S Ry TodtSHY* | S 5O titn RIFCTHE NpEHTeh%Hs 7% 119m 0. 1 km
to 3.0 kmxample, ahly bfiePbel &S Tdhd GidMdgea /e, bayies E65ODyRERAUSE SO as
to satisfy the specific weight ratio (S/C, fromthe vi ewEm nt of obtaining
expanded Hys@is srifa NG RTIPE ye3] §6d M@noRSroROEtadmpPe§SuPel S VRENPFR ki ght

rati o of ilLa ' S 1S4l Fol Vv,

Cxcel | ont® FESERIETEy CoRebRERE, BEREL ARa Brt AR PRaR SRRy B nelR S o

t he ti me pafogyiem dotpbaeng wlit herexpaised headsr®ktfatwedbposel ketdsg t he
coating | ayer resin described above. [0060] According to the present
i nvent i orf €S5S e BRESfe WIS HHE t hi ckness of the coating | ayer portion
of the expandgd beads is from0.1 kmto 3.0 Rm If the average val ue of the
t hi ckness of the coating layer portion of the expanded beads is |ess than
0.1 km there Esampliesk afhathe worusmgn iafy msfombens partiendd®s with each

other at the tine of in-nol.d di ng .of _t xpande

i nsuf fi ciEht"Onemer” CORTRIETG £ h%g‘rfd?ri pgfﬁeggv%r’gﬁgﬁggigﬁga%?‘ﬁﬁ aent
t hi cknessugft tde Goeaidingd ayesveoirid niofa thwopxpandest bebese | sagiant er
than 3.0 km there will be no problemwth the nutual fusibility of the

expanded BRI | GhPEPH RN ERPAFETIRRICPortRM Y8 hot2 i n an expanded
state. , I i i t ; regajdsto the conpression
characteri st clser%%q{%eérgenga%\%%g“ bég%%%%'ed ar?ailcl e obtained by in-nold
mol di ng gfrdrhe engraidad deadsitdne mandwen diddolymerto al | ow t he

char acterﬂ'rstBi (ﬁs such as rigidity inherent to the pol ypropyl ene resin of the
core | aye Yot be suffici ently exhibited. If the average value of the

t hi ckness of theecCartlitnagg ayenhtpeirt the ps1gxeepgilvabyrbaigefotfieng the
conpression characteristics of the expanded beads-nol ded article should be
secur ed prentryasi g pred egaldni 186°V &louz761C t hadhnghe tterpfaraulne 188K of
the core |layer portion of the expanded beads to about the upper limt.
Thus, in % dei0°fo £ESHI GRe| KEEVPPENEnEhRkphRSi BRCFSELRPFRAEPE heRePt onke
pressure i Y. | { N- | o £l J.S: ried | a high
it ornal. Rasurs fetiid e il el o1 CR Ao C2rPEeEhlY S

out . de f damam itdre cdreipoi infcdkesord bethdbove, extendodebreddsitobiied he

aver age val ue of the thickness of the coatjng | ayer rtion of the expanded
beads i s Preferamidy 4y i*Hregrdst é‘?e,ccl'r‘ﬁﬂjec esf%?%l'b‘f 0.2 kmor greater,
and partig=ayly preferably 0.3 kmor greater. On the other hand, the upper
limt of the average value of the thickness of the coating |ayer portion is
3.0 gm or | ess Furshermcaicer abe pol. yPranydreriesss inf@pariticc tihaoys bR eeabl v
1.5 kmor. | ess 061 . AcC i r i nt iL,on h
coating Ilasyesru c('l)jf [C?l ﬁg %Ft??%‘?’/:éﬁgr)g%?in@%e%rosﬁ% ﬁsse?%{éf)fetf%\éﬁel 03? i 1\rlllgftil gf/er
portion afrddtexxpaddes-dpadserhboydn apaexpatrebtrrpr bces $hebut ewloesnnot
enter an expanded state. It is speculated that the coat.i ngbl ager &g_)rti on
does not Vni@K1xy ERBaRHEATSE a8 RIERRE It thReexpanded beads-molded

article large, and from the viewpoint that in the case of using
the expanded beads-molded article as an energy absorbing material

such as a bumper for automobiles, the energy absorption is
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mul tilayer resin beads are foamed and expanded, cells that can maintain an
expanded state cannot be forned due to the relationship between the
expanding force of the coating | ayer resin caused by the bl ow ng agent
contained in the coating |ayer, and the viscoelasticity of the resin
formng the coating |ayer, and al so because the resin weight ratio of the
coating layer of the nultilayer resin beads is small, and the thickness of
t he coat iexgeldyert .i sTbenspderetindt bealusoft har taesihe ckivkd gtemigtdd f or
expansi on,, t@,%tafls nIoe St h&n th%ent ' ess of the cell wall. On the other
hand, whéi t1ieresi i wei g ratig of { éa‘coating | ayer of the nultilayer
resin begdezizg | arge, and the thickness of the coating layer is
sufficiently thick, the coating |layer portion of the expanded beads
frequently ent &P§ BALERpARHEHNSt EBR 2L &fd tiReFRY P sl Sy di6 FHER Eht rltaual
fusibili f a - sspodded arti may
be i nsuf %%ggé%%h%l%l%%%ﬁ%% 2 Q§S§§éo%§?%gé?%£?ﬁgyg€g€e%ﬂ nven%’or@fen
regard t prelieradragelyarugrefitehe arid ekaes®ref prateraal v iy d%ayerl opdrit,i on

of the expand beads, sipce_the base resins for the core |ayer portion and
The coat EhgM BEr T SOPPPEHEarE BH VAR VI AT 8 FES Crkl Btnar
portions thet waeR it Aeee0r8st AYSEadOdrco R xpRthdelie aaat £ Asm | ayer iRQJion are
uncl ear, and the thickness of the coating |ayer portion is snall, while

act ual medsprewentinRePEBRkpge Pt fikailael lTWaldf when bhe fxpandsd deadsd
based on e i f. 1 eads, the apparent density, L

(I ength) (5?§ﬁ%¥§§§gq%ﬁgJﬁkﬁgﬁgfggggﬁg%g the core layer resin in the

mul til aydgoozadi n beads that serve as the base of the expanded beads, the
density of the_coatin er..resin, _.and the like, .is engloyed. Furt hernore,

| ayer,
when the aver af8Fal te® GENERS < Fi tkA ST B RN G4t hghPp Ay e o9t i t he
expanded gheads s 4@ GUl1atRdudd r¥aG8IrdP HdMding e 10Rl adaalir@hent
calculation is made under an assunption that the multilayer resin beads
becone emgdided dssads Headyilmg JASSiEmMETHS sH@®d)as a result of expansion. Mre
accur at el )6’03;556 expanded beads obtained by foam ng and expandi ng the
mul til aye[r r'ésin beads do not have a simlar shape as that of the
mul tilayer resirThebpalgpribvweyss, reditefi thearohe 133ied hhabrihagaverage

val ue of the thickness of fhe coati ng | ayer portion _according to the
present PHRFSFICoANYERELPRL LY SHTHeFhahch e GomeddfpiPreHlng s paaferably

representing -a ROSiddov ¢e20' el Bt Iwn thd i¢kn f e ating
| ayer portti on of the expan edg?gggs. There?%rrg%ﬁlﬁge?ﬁgiﬁﬁgroﬁsﬁ%s Ogt? t he
expanded greads rof firtoe [hes eritewpmiertt icdn medririge thepresemtiey ypdhhes
constitution requirenents of t cal cul at ed aver age_val ue of the thickness
of "t he. oGRSy SEOFERDh O BBEgP PR Iaed bRECE BEAHER ST PP SR e
case of obia riHag eareettaass 1f YN irdiicaals Nnulkhbhayaenr gsi n beads,
the cal cul ati on of the average value of the thickness (Tt) of the coating

| ayer p&OEIStH tedn e iGamGopd esut tisi FgsiHé NGl [camiangiesk preassi-awd ded) , (5)
and (6). [ (Bxpressi ) Z 4 :1/3) (4)

wher ei n taﬁgqgﬁ]aenet er b(;%f S'Ltrr%e%l r%ﬁfﬁ“&ﬁhc%%ar%&?ﬁ{ei ta>(/eglrSE é@%&?&%&?&s is

desi gnat edrad dod ardly),, ithehseioglte aff tuwd noulthid axpandesi bdaeadmcdded (g),
t he apparent. density of the rrultilg%/,er expande bea?s as DE’H /cnB), and
the rati GFEHSI6F 3thETe SPETEYd BpELIE T MRE S Fhé Aray '€
expanded t%%@qgeafﬁ@d@mm%\;&é&@amﬁb@b MBRBE grahtldd:, hOPE Bh-(FEXRIASSI ON
5 Cd = {Pd2 - (4 x R x /I (n x dedxp)%(l/Z)(S) erein thé

di amet er 13f00o¥Pg atherester| agred paartilicod agfl vt hte EgrahdlyilcH0 NERt td RpE0
expanded . heads is designated as Cd (cm, the weight ratio of the coating

| ayer resin of the multilayer resin beads (weight (S) of the coating |ayer
resin! (weiogs] (S) of the coating layer resin + weight (C of the core

| ayer resin) as R (dinensiqgnless), and the density of the coating |ayer
resin as p (g/ ¥RSF.of oo6RY leBepheBesPBhY BT Fie KL =spepdr 19l 9L B v
10000( 6) ; 0 r if a in ot f

obt ai ni ng[r%g%?ﬁéle&nbgggé%fa%%mhggﬁe i gg)lmelrrrﬁl ?Ji?fl ?}%Jg?yyrlgglleng%gg zlf%tt eg

cal cul at iconmehcies  averciige vapaéyoert having ckmessy (Si3l lofedritergoataitrig | ayer
portion qQ

f ded bead b i ed ' I, :
i chi's At oGl TOBET aqUisai T o GRS K FOM BhErD e EasFaR LY
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[0068] (Expression 7) S/p =it/6{X x d3 - X(d - 2 x Tt x 10000)3}(7)
(Expression 8) Tt (m = [-{(6 xS)/(px n x X) + d3}(1/3) -d]/(-20000)(8)
wherein the dianeter of the spherical nultilayer resin beads is designated
as d (cm, the weight of the coating layer of the nmultilayer resin beads as
S (g), the expansion ratio of the multilayer expanded beads (resin density
(g/cnB) of the multilayer expanded beads/apparent density Db (g/cnB) of the
ml til ay&® ST é%ﬁ?ﬁ'as X (di mensionl ess), and the density of the
coating l@yer7iresin as p (g/cn8). [0069] According to the present
invention, the average value of the thickness (Tt) of the_coating |ayer
portion of theThl teNgjdr BREHAYE]IBead¥addn bhahdfaRted ¢ arminredded

val ue by j . el t j I r i-n il ayer
asin Do, L T e e B A Ve
beads, t lerajipdreer. density of the multilayer expanded beads, the ratio L/D
of the multilayer resin beads, the diapeter of, the .s ri | 1] er
resin beads, an&@SfAESTy:kEPEFaBTH) type 14 Cbl?Jd?‘?rfg H@Gﬁﬁeﬁﬁ%@n{ﬂ%

i nvent i on,githeravemraeeakpe ofart higfduckdie st 0fiddhanLaatddg, |ayesi portion
of a m xed expanded bead group obtained by m xing two or nore kinds of
expanded 1sd&d dgr GUpiMavi ng different average values for the thickness of

t he coatiﬁﬂll yer portion, is determ ned as the sum of val ues each obtai ned
by multip ylﬁﬁ the m xing weight ratio of each expanded bead group

constituting tmaenbsegpespahdad beath gsoupe byrehbapweriageuchl tbadftide
t hi ckness of the coatin? | ayer portion _of that expandeg beag groug {0071]
e * ed"Baghst

The reasd hthy 1OHeT 8bfpFeR3t P thdriatt & Sfi 2554t e &tpdfded”Bealistfol ded
article Qided dd LA P&@.%P@ée?&ﬁﬂ? fixonl ASYS 16 %ii%nEoVng/hL_@ Rer age
val ue of the thickness of the "“coating Tayer portion of the nmultilayer
expanded fheadshesvesepssival§ lomegdmna hha $hean i@y atalige asf thaecime

hi ck f. th ' I ' f ol til. d
Speci 11 ot iR deontrd it oot b R Vi e E

reason i eSRRCUAIRA taa-dielas Ha ldowsellent toudtehdssi N FeeRsttHads ng t he
coating layer portion of the nultilayer expanded bead js a,resin which
i npr oves FARMRSINGS, BheiER depBrBe Pisdsdaly trem 1 g /30 PO d Ol Y ng.
Fbmever,nﬁgﬁ resinis inferior in ternms of nmechani cal properties, anong
pol ypropyl ene resins. Furthernore, when the nultilayer resin beads covered
wi th the coati el pytyproeybepantedn hhvlingdatigthaymamssle apiddiyscood ed
from an gﬁg{gho s state at hi t& erature i Hgtglﬁ beffre expgnsion
and 1 her JFOY 08 i SBaEFnER Ty EP e (RS 4 hE G4 oot GEPTG | ISP PETE o
with an exddieethatmakre arBEite8f bEryst 2bss mdthatEn akayeb180ihi O i S
therefore inferior in terns of properties, as described above, and the
coating Marethorti on of the expanded beads has further deteriorated
nechanica%xgﬁﬂperties. Accordingly, it is speculated that the expanded

e

beads- nol rticle obtained by in-nold noldi ng expanded beads having a
| ar ge t hi cknesgnothehpotgptropgleagerepintodrthe tdors gaykeircanthkykind or

deteriorated nmechanical_ properties, will have deteriorated conpression
char act eri"& PES‘VOT%GF??]dSpO% as i‘er?dﬁ F?ﬁﬂ;@ro%ﬁﬁ&@d" Béé%]gy'ig’cp%%ﬁf]csﬁlﬁeg to
the pr es%siirﬂvﬁng'{(ﬁﬂh@!i%csﬁ%béf‘aén& he, secardaey expandabididpr frdhe

expanded beads at e time of in-nold nolding is poor due to the

rel ati ongtfdedrittch thife axda@ithghadnpdratinttended el iseks o3 f i theav e 9@ i ng,
as conpar.ed tq .con t] I exd ed a re single.l r ﬂgggded
beads V\hiléjhved’gclr?o g%%v}éggalnr%ﬁ%&ﬁaéa@'er Tlé%t%r g%{ﬁ %?L Z%m(%ﬁlgt réefg% alﬁg%glxggn ed

beads- nolgdett attiicc e diends Her ademn oo bbby oarsd erexdoint j ty doynwieche t he

nol ded article acguires t he sane shape as the nold. From the viewpoi nt of
i mpr ovi ng RS HABA| ¥ kavd oFrdy é@@%%#?%#%ﬁ&%?#@ﬂ%ﬂ@ﬂ&gwtyor fRted to

20 Ji m or,d.ar 9oL £eiRke vP5 61 RLAR Y1 2Rek AL Obr I QET ovRRANE¥8 LD Erably
preferably 30"jimor larger. On the other hand, the upper |imt is

pref er abllyp pe@tpupy orellgdys orf tesst nd/ imewpobnefehably e Peedd biride Exlpanded
beads-npl ded article da not. under go. struct,i on of the l1ls t he
conpr essi‘°5nqte’(:5'3§/(1hiECCHf gﬁjgos r&ﬁrdtesd%é? tVFecJﬁg%T soyus i I%&%f%%ifcjg%ﬁe tlg%sm'

conpressi@p4a3gt i s al nost absent, and the nolded article can be repeatedly
used. The upper limt
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is nore preferably 250 pmor |ess, and even nore preferably 200 In
regard to the nmethod of neasuring the average cell dianeter, an expanded
bead is bisected, the cross-section is magnified as |arge as possible so
that the entire cross-section is displayed in a m croscopic photograph, and
an image of the cross-section is taken. Based on the photograph, a straight
line is drawn on the photograph so that the cross-section is approxi mately
bi sected, and Ekempakgeobittw ﬁ&fdtbsztdbvrwiﬂg atten shgtie e lyperoprlainght

i ne by t he tota \L;lrrber of %I 1 |nter§ﬂect| the s ralhggil | i.ne, is

desi gnat EF5AL RS &S By Ye&HY (? ametSr 6T Sél &Xpan G5 te sane

val ue i 3pd>aty@rcmﬂyr1©@hef Oz tmaeTitiyn @e@mctqﬂ gegads hyarche,he ardut eidieyaver age
of the values is _enployed as the average cell di anet’er. [0073

order t oPERNEHEYIERE sBCOHARRY £5p AIeai Ty P?lb’?tflﬁée€?paﬁd%“dl%‘éd%1tdﬁta t he

time of i refer t

form ng tﬁgﬂggggngggggggg%g?%ng s%gfﬁggﬁgﬁg? d%ﬂle%%%%%?? SEQ i nt
conponentn @h@}dl@wenfelctciyﬂgcp@ldud comudysTEr ,C am t@&hyri@mrm@m&t}édcbyamd

i ntroducing a | ow Iecular ht co nent _by sting.the nol ecul ar

wei gt of SH6y BPBRIVERE: A SEIeiens G A SEEnEoBr 1 REs: dth g,
into theephiyenRamepAlyRRARW %J&@_c'[ %’%‘t’érf@ BANgnihe e JAayatyree or nore
pol ypropyl ene resins having a melting p0|nt | ower than that of the

pri nci paFegéngpseyl @fFe POdYiStY EOG74jpnd a styrenghalrleiicoRnmdtiles poi nt
polyprop%l esin is incorporated, the melting point of the low nelting
poi nt poly B@\ene resinis preferably Iower by 5C to 3000, and nore

preferablipokawer by 8C to 25C, than the nelting point of the principal

pol ypropyl ene resin, The anmpunt of incorporation of the | ow nelting point

pol ypropyl ene EZ&R1ES BlefB8FaBIPtEETh4r £SPRFTWENGRUdSr aess, and nore
pref erably 30 cpar &;%o%‘é%‘eg%bﬂe@ 10 e‘&@{ytl%n@i 1"3@&%&frﬁﬂiferpr iznci pal
pol ypropyl ene resin the other ‘hand, the lower limt of the anount of
i ncor por @mom'llesleaﬁplb@btlam edu;ok@rparat §tbfyrew@-gmtadﬂ$@aamirterofor a

i ncor poration of polypr |l ene_resin is_a riately
oot dod BYEERBRATeTs BRI g A e B, HRSTREF o 78 e rdBE e

mel ting pebbergf ahlde apmikeiipal rmibmr enyltere 1rigsd.n ardmphesmekt trg poi nt of
the I ow nelting point_pol ypropyl ene resin, and desired secondary
expandablellla{S%Offﬁé\Aé%ﬂUdﬁh%rﬁiﬂﬁlée%ﬁT@lé‘%%%%n%eﬁeé‘é%ﬁ% E GORP LBt s as

descri be an fo i ;Qﬁg

enployedg %ﬁg-sggon% ?§%€%g§# b(ﬁl|'tj.:{7l'(z:)((§:r ?ﬁg%hgm]ndegﬁﬁg S céﬁgbe égianced
whi | e naianttaiciiesg thrernsictthout significantly inpairing the rigidity of the
resultin ex ?nded beads-nol ded article. [0075] In the case of
incorpor 0 % a low nmel ting point polypropylene resin having a relatively
| arge di fferenqg ddua i theorekbiri@uRoh ddi M $&é kalnlise HaR@s pdestiddedrahanwe, it
is preferable to incorporate a polypropyl ene resin having a higher elastic
nmodul us @@éﬁprppwﬂ@nﬁeﬁﬁﬁﬁ@ péi kbel sorfeladns, lﬁn@e%kéﬁ%le§b@*M§bﬂﬁ1Q£

ol ybr OPYh.&ne. La%LP,Lac! e ALY BLOBY] 80E eSS RO ATRII 2 3 ISING 2.

nmet al | ocene polynmerizati on catal yst propyl ene- yl'ene-butene

t er pol ymamhii@@z6] an antisthe iexpareed polflpmepyHetae daesi,n abeeds1nol ded

article formed by in-nold nolding the nultllayer .expanded beads of t he
present lﬁﬁgﬁtV@%OFhaﬁ-§P§“65Fal §Y5y PodHig 9£ SR nGR9n@ S8 ldyer
resin beadst @AcCheonosgdanbiascorerhayeb1iorBRE-01 aghRtYRPREPYLENE resin
and a coating |ayer forned of a polypropylene resin dlgferent fromthe
resin fordmorgartie powdergysnchadesad bedasboveales el @ipardetonate,
polyprop¥Jene reS|n be%galﬁagded ?{Eﬁ%Jecfuch that, in a stress-strain
curve dlagranlgbtaln &d per ornlﬁb a“conpression test of cutting a

speci men (the suef a@ﬁseﬁfz af| tBédesadei hvesti duide handblgy &2d eRgids afy 50
mm a width of 50 mm and a thickness of 25 mmfromthe expanded

pol ypr opyeea&ty 85 %ﬁ%%a@é“%ﬁaéélc&llt"li‘-’&lifep%‘ﬁﬁ%r%%ﬁl%@&rtén]ﬁyd'fﬁ&ﬁl'é%ﬁrng t he
speci men jiJxth d ol rat ure
oF 250 and e et r e B e e P S rra . Foaches BENT (s
stress (@phypn@pyMamenreblﬁoﬁbsmungftbs expe ebsyen. (Pamiiduleespecttieo t he

density (A) of t eci uch that anong i.on p0|n s for
he amulooRtPepf BRoRBAE BRaT RL9erE 18t Ebraahaly A Ty 00 Srtss o
the surfaces (the coating |ayer portion of the expanded beads constituting
the nol ded article) of the expanded pol ypropyl ene resin beads-nol ded
article by a micro thernonechani cal anbtysis (ITA), the average
tenperature (Tca) of 50 sites counted fromthe site having the small est

val ue of the tenperature (Tc) of the inflection point on the | owest
tenperature side, is calculated, and the relationship between the Tca and



The right-hand side of the expression (9) is an enpirical formula for the
second-order curve representing the relationship between the stress at a
strain of 50% and the density of a conventional single |ayer-structured
expanded pol ypropyl ene resin beads-nol ded article, which is not the nol ded
article of the nultilayer expanded beads of the present invention. [0079]

E)Egg; ?rsns):kg’gﬂég%]flggl%eggﬁ? %\% r%% %‘%%%%% c%&qgg%%m? her r?ﬁf F?k?? :‘% %’f’%if(é (éal?le ec(ijs beads

in a nmoldacgprdi ng d Cﬁhﬂt-he present invention is such that the average
tenperature (Tca) of the inflection points on the |ower tenperature side
obt ai ned [mo4=®ial yzi ng the surfaces of the nolded article by a mcro

t her ronechani cal anal ysis, _satisfi.es the expr ibon (1Q), with respect to
the rel ati onshPgXhirt ﬁ%tené’ql%é’lpé’tlﬁf’ée & 1rgfoejf%§1€i ncgciagc)cjtrll%nlaﬁfﬁrnt on the

| owest t eReyEtife s daamRNg iikg dmideeGti aapel 0kedoint BReCREENbAYEST
portion of the expanded beads constituting the nolded article. [0081]

On the otterdurEme] expemdesebgadfagecorfird dic (e peseehRg LRYEPLLARCRMEss of
t he expande e is_l e I cal 3 t

descri begj eaglgl\%e%’%?rﬁaearsreghgn?(@% an'? ?2?1‘[8%11% ggsfq ﬁefékg%ﬁgegﬂﬁegﬁg%{%ﬁ'
articl e isxdaar easad tlanbdheoexpress aedld) tanmiediecdatucthiiggat the

Furt hernore, when the average val ue of the thickness of the caoati | ayer
por t1 on G haie GRAHRIBAL BEHE NS POTHPFEPYLRER TR AU USSR hEd BhTve,

the resuld g expandgd-dgadsidotded, ast i Che SaPNOLapat | 8dyishee@XPRESSI on
(10) , and the steam préssure required for heat nolding is increased.
[0082] conditlimn msasumeieiiayert aspandedceeads pdiirh spn ke wptded at

t her nonechani cal _anal ysis i s_carr.ied t i easl ature at
a const arft %]Caﬁaé“ ottt rseecloonwae. * 'Irhhear% e%ypeerrg%llu#%ﬁ f&?%%gi é?%%%%?%ﬁgfpoi nt is
defined asyiihelditersaclion pantehedneen bdwds ahgentd| byeféamihe bade

line, and the tangent line to a steep descendi ng position of the unt of

di spl acerfSfRamsHRg RBEIHGIOHPYRE TRA T RGROP TGSIAPS FSPA B WRY pPRt t ed
for the %I@;ﬁ}% agrnaﬂi' lagenente and dempelatyf £1 be descdBedl KEDow .

t her nonec analysis is carri‘ed out using a mcro thermal analysis
system "REBB:IM cro Thermal Anal yzer" manufactured by T.A |Instrunents
Japan, Inc., under _the conditigns of a.rat te ratu Lncr e

10C/ sec from 258 {5&B6 ?’P[rﬁ@éé]ene reSlnFP% gg‘eaﬁgg‘ﬁ&% ilgg%\’m ‘Z%Ele%g%rpl e

of the REAGIW MedEahhee Gorlddaavel i paiddarbangd, sheicareyl @y@hepesséon of
an expanded bead or of an expanded bead constituting an expanded
beads- nol@fe dbgr PPEYBroFHecREt FORL BIO T Eher APAE R YHE- stEe@H T 86t FoaSPoi nt

o gi nat iy fd QL NG, IRIdd e Ol £8 YL A o5 AR p 1Sy CORLT g LAY SO BOr LT on of

t he expan ed wth erence of these draw ngs.

[ 0084] inhibiRldE, 3an @ 6 g bm sdowi ng abl aranpéeavflanhe RTietatve for
the coating |ayer portion of a nmultjlayer expande ead, ;and.FIG 4 |s a
di agr am %‘?%V ‘?fg)yexaﬂnﬂl@“lﬁntt'h@ YEa GOV 8 FSVSgﬁg EBFéeF%Eg %%??#On of
a nultil aygsnexpandedendivdd thdx Bupdhe punyei&R1StAN exaAphe &h the
RTA curve for the coating |ayer portion of a nmultilayer expanded bead, and

two tangemtistrsiaraggniodur cblanai taxdnieur ¥ Nehiar SeRatiriete¥eep
descent tenper re of tggp F qlst%t@ﬁg |y 4 hEE“ﬁ‘eg@E apd are
respecti \%Jlr@“ecfgéslgaﬁa ggég% ngg%Fg |dne angﬁta gent FI ne T‘I’L. T %
i nfl ecti erp@ibaibed Hyt hadintet Becdddnt poentordet weenhiehesettiaggeayeti ne BL
and tangent |ine TL. EOO85§) On the qther hand, in _FI Gb 4, the curve Pn IS
an exanpl e The content of these additives ig preferably approximately

30 parts by weight or less, more preferably 20 parts by weight

or less, and particularly preferably 5 parts by weight or less,

for 100 parts by weight of the base resin composed of the

polypropylene resin of the coating layer or the like. The lowex

limit of this content is approximately 0.01 parts by weight.
[0045]
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of the RTA curve for the core layer portion of a nmultilayer expanded bead,
and simlarly, the intersection between the tangent |ine BL and the tangent
line TL in the curve Dmis the inflection point tenperature Td. ‘
Here, the inflection point obtained by the mcro thernonechanical analysis
is neasured by increasing the neasurenent tenperature of the apparatus at a
constant rate of 10C/sec. The tenperature of the inflection point is

det erm ned, i nThecerpendtdt pelybspbydementresfint beaflgsiodn tbfe prgsealts and

t he terrperaturte, fromthe inters%g)t,i on Bo%’nt et ween RBe tangent Iidp?glto
the basefVFEtART ¥He PRI T e SE°57SPEEF WoStelt L hosFY oo

di spl acemeatisOfbgimaat bpgmhilem bherf Uskon BEass ysdah Scod®O8E] of a corkhe

m cro thernonmechani cal analysis for the coating |ayer portion of an
expanded 1p&gd fereafreled @eﬁmyow%ﬁﬁg RS Ex paHtédcpehangi ¥aye sifigmed

expanded ke 2,]&3%% . Legel , | I to _an
appropri g?eggjidzl by l}fe{r%ﬁaétéﬁé exp{ez;gL e%{’gfe%f i nt g%ﬁaﬁ%?rgéﬁrﬁ% |ll %e or a
speci nen regt nofivrhiong @ expandedebeadsr mbledadl al l agke, edmrradsamalagisst age

of the apparatus, and subsequently. |o in probe. tip.(the part that is
br ought Eﬁ?o?@BﬁPa?%gg\) tchtst _ &Sééﬁﬁg%%ﬁﬁg %&Fpﬁﬁlﬁ‘ﬁ }%T_éeﬁ §%ead
has a tipnehiehgiRasuenes0tdd ooty e ikhengih cand oMt oward a
randomy selected site on the surface of the expanded bead or an expanded
bead con®tiltdipygrt Hesexphaddd beafsompl deel af® il ® 0 amhdddsuraaaos s
made whi | e probe {ip I t Ln, the s f ing in contact wth the
coati ng I‘%}%@ %grt %%o%ﬁ%‘?k?%%g eoxép]zcilr% ed ag:elanoé §5$e9 Opgbre t Fie %@%‘? %teﬁéi %ficro

t her noneehaehcht @rladysdtSed taddieonotife layamifort katexpandate kegtinded
carried out in the same manner as in the mcro thernonechani cal analysis

for the &63Ceng-rayEldr ¥rbho st the Sgiamdabeadet axbebtl t:ger (1968 15y obe
tipis | red _to e tral, ar f .;the ¢cross-section generated by

appr oxi n%}té%fiy %sgc i %g%{éheqesx%ar% eg 't:)LeéLHl. o[ éoé)ﬂum' It is specul ated
t hat the [iopfalkgcti on point tenperature on the | owest tenperature side of the
coating |ayer portion of the nmultilayer expanded beads is |ower as conpared
with that of tRAECEEHeNPayRtPrEESNthRYEREIMAeWHAT CWCagE ML ki Ngeads
are expapged, Lhe-expans Qo .S <CRLEL e L i e l:ting

poi nt of thexlpegl r? cons% %ti %5 ?’ﬁelc%r gléltsgy%grt, l%%rjfgatﬁhlgfrf(e% g:llg, t eltocsoati ng
| ayer of (SH€)noftiHayer ghesi(8) bedhel soatpndl dawoored ifr amda He mpagattur e

hi gher than t meltin oint af t resin constituting the coati, ayer.
Ther ef or 4 C 1o LRI S L8y FECERE Of CPOHEH I hE p 6 AL DR Semyed,

i ncreasedneandt 1 BUSS fBE dEltiengel Bhti a8) OfF kePeratYhE PivéRe-£&oal ing | ayer
portion of the nultilayer expanded beads is decreased. [0%88] In
regard t &heheeiabbol@ mdl Bhagofe drpaerdeds beads thei nesed usirandsashdioag

bet veen 1108, axpanda heats, wiol ineach. of ek, 8Fqus AL Ble, SHChages ol he
expanded~beads, it 1s significantly neaningful T0 pértforma therma

anal ysi s chtadesdr biyedudhdpé yianl yhitomitded seribhcesanfict bE expanddd theads.
When the central. area and the surface areas of the exganded beads are

subj ect e§PaRE }ﬁ?%_ cﬁ%ﬁﬁﬁéﬁéﬁiléépga%? Peixed £EPARAgdIREIH FEPURhet her
the obj egl, eheanakys _S(S'/@)ao'fuItﬁ'lhlta)é?cga%@é@n@%gdb%%@upqr whet her the obj ect
of analysis is a multilayer expanded beads-nol ded article. On the other
hand, it li0®4{hought to be inpossible to understand the tendency of the

initiation of Lting O for_the surfaces of, expanded beads, .t.hrough a
DSC ot hod. HonBvePe P i Haa i e gl SEARTr BT e Ry

Fur t her ndeecriibethabBTA, atrke shiathe toktt epekapuhdedndeadse chs et to 10C per
second, and this rate is believed to be close to the rate of tenperature

i ncr ease SUAPRGYERTAY FRECTPARIBE WHedt PRGN ABNRK h e oW sHAM PEER§ i Fe
actual ins j (5 S f jhcrease is
i 11 cul FFarc he BRC oy o Basy BveRtrsaR e e e
beads of hiikk pedsényg povent podypwoeylehe skapesofint hemeypanpedtheads is
construc ed\xﬁig be _cylindri c%b t he e&gagded beadi.can be fuse-honded with
each ot héP WP ERBIE CdeStPGTi hdSt ALY PndPYEAl PSRAFE Al RRE e S “h6 di ng

an expandedtheagernekgaddakt bekas TRereiaea radmexpandad rRhY PEORYILERE
resin beads-nol ded article having a high porosity is obtained. [0090]
specific thickness, the properties inherent to the high melting
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Exanpl es of the shape of the nmultilayer resin beads used in the present
invention include a pillar shape, a rugby ball shape, a spherical shape,
and a cylindrical shape. The expanded beads obtai ned by foam ng and
expandi ng such nultilayer resin beads acquire a pillar shape, a spherical
shape, a rugby ball shape or a cylindrical shape, in accordance with the

shape of the resin beads prior to expansion. ng._these shapes.. a

cyl i ndri &910h&Pd P B e e d %3N é"gpgﬂl&eﬁoﬁa 24 fdse”dg%r %c]flegjhmg a

hi gh por Qs Yot ah f38 Okt e Grarfieb A @xpanded beads-nol ded article
resulting therefromis excellent in water infiltration properties and sound
absor pti d®9&&dperties. [0091] Wien it is said that the shape of the
expanded pol ypropyl ene. i Q§§g§ rife i e: Q) ntion
is a cyIindricgﬁegﬂ%ggfigﬁégex and%%fgégﬁg;?ﬁgﬁﬁ%gu%gf%g?}gﬁggggggfggﬁded
beads haviuig i 06t exdansledpbeadn hd i ptarc beyhohdedcetl ashpen presswne shape
or the like, and having one or two or nore throggh-holes.thg%%genetrfte
through theesdi [han ithe folddrg shealli PLESFYRS( Por “BRafprEvS 2PN -Yo
FIG 2( F)]bagﬁe}“é thddl L NGL s H7H63)  t @l |ads hgbdntshapeiyle
expanded ads having bl ade-like protrusions on parts of the outer surface
in additileydn tdrinsHmpdhahiay ate ofepmed| @8 (herpekampPry lFra I8t ) to
FIG 3(U)_described in JP-A No, _7-.13 )y Ky}

cutout pdr¥ieHy E% OrRT parts i R addT tZn %g%ltlg%{é%egéﬁgggﬁ%a%%g%ﬁ r@éggﬁ?ﬁol es
(for exampienifdy t2eHutestaibedkipandRAbNads . 7- 1BI063, ih06ORparison
Next, an exanple of the method for producing multjlayer resi,n eafs

accor di ng-Q sheHElprEYe fLCARRTRT DR SR WIBECIY 8s33 F HREECTOPD S RI € 13Y ¥ (st |
the Dol YRLARMI GNP JeBHIN oI A5LORSEL LUL! B e ARA e GhenalOhbehc 16941 ¢ hat
is optionalfly 1 ncorporated, and additives optionally incorporated, are
suppl i ed dingire leyerudepandad hdmisrihaving fsodratres landhkpbadedheThaBe a

first nolten resin f | f tiop isf i e,
the- pol y PGyt aiie V8T 7 oS ONGrT t T aG Tha abat RECT o087 L aRof e P oe! n
that is opit PNy thRGREPOT Bipsh caRdnaddi béaes cipthopaldlentninvent aved, are

supplied to another extruder, and the m xture is_heated_and kneaded. Thus,

a second andl thavyng|an feFPaRatohgrabier 20rpRTeRef sPERt netemEBBY4] 21
Subsequent | Brsd n | A; %H%HEQQHQQ 89l ten 485 R4 e
supplied '%e%?i%ggé?f%éﬁéggé|E?E§E%H3?Hﬁh5| e the d?e, t he stréén1ofu?he
first noléerheeskpaanddtbeads | ednmaii arieeegesdnor mydmximetial veguednbPned

such that the stream of _the second nolt resin ps_the surroundi hg_of
the 'strardiPFk &S EPEARPOF LLAESF| TEPAROFERETQRIGE T PREFEDY MR RGL ™t he
two resi n@iél’?%’i&gﬂhyéyef%@; Aceahegdaand-Loabbpedamy kengiegjmslayer
extruded fromthe die in a strand form cooled, and cut to a size to, obtain
t he desi rexbawdehtberfds el welR: tthéhebpulfpillevesy exrprasder Beads "cai be
produced. _.[ 0095 Uy ) j ust f i ckn 0 oating
| ayer in ?1%\% %% tairf%yséjre%:lgéjiér}a leoargl'g)l ’c:ianr[%e%tu é) rercltt%? tggjlt Eéyﬁézguﬁg%iagagf he
bal ance bghavern: t heagé s chrpgedadobasdsf of heheopeebayer immenthendasehar ge

amount of the coating |ayer, _.or by requl ati the rate of pulling the
Strand- | ITKeL BkiAYRT GHEAIARA BEABOBEY 17T & LOWeT Mir HlFh e AT PAEESERS

di schar ge; anpyniy Qfs4iie; £RatdAY hBUBHISHE LAY - BFBILd caIRd it Ral BAL

di scharge anount of the core lfayer, it is necessary to devise the discharge
so that the tlesisisigdanlbyesvenbyndedilpedds cgolded|drigickhebderiamaft ¥Rerusi on
hol es provided on.the die, an he secon t esi n.he ' ed on
Che Ti 1 stonol TRREBOTRE s A N5 a8 BoSerB B0 lororAcd bl sode e
struct ur epdiséfend Ney €he &ssal sp dipant-aidtld honaveay, ofitiee sihglreedbyer

di stribution beconmes nore uni formwhen the MFR of the second nolten resin
consti t ute¥grRfedchaddfg | ayer is larger than the MFR of the first nolten
resin conﬁébgﬁiing the core layer, it is preferable that the MFR val ue of

t he secon en resin be equal to or greater than the MFR val ue of the
first nolten reshemfl@d9&yer expanfsdsueds idf Fhespi¢adhe itnyeniiarhéreesi n

beads after_cop-extrudin he resjn.intp.a strand for in order. to ain
ol 411 oy IR GOl A BRI TR AP ST ayere v davek Stk s

| ayer. HoweN&fs ma8ceesding 18y ERe R ©5886ut8\eit hes extedEldind fakibhtdigi ng
mul tilayer resin beads by a co-extrusion underwater cutting nmethod may be
enpl oyed, or a nethod of obtaining nultilayer resin beads by cutting a
co-extruded nultilayer sheet may be enp.pyed. [0098] The area
occupi ed by the coating layer relative to the surface area of a nmultilayer
resin bead preferably occupies 40% or nore, nore preferably 50% or nore,
and particularly preferably 60% or nore, of the surface area fromthe



The nultilayer resin beads having the constitution of the present invention
are di spersed together with a bl ow ng agent and the |ike, in an aqueous
medi um such as water or an alcohol in a seal ed vessel such as an autocl ave,
and the nultilayer resin beads are heated, under stirring, to a tenperature
equal to or higher than the softening tenperature of the polypropyl ene
resin formng the core layer, to thereby inpregnate the bl owi ng agent into
t he nul t idtayérer dsimsbeddsin-Suldskouelnting, v |erttherynesisureer i nsi de t he

seal ed vessel is .mintained at a pressure equ to or hi.gher than the vapor
pressur enoofn‘tcl?élstb oW Yagaﬁ?‘?d&%”é“r?ﬁﬁa%&é’%et RY W Per -acBST Rsitdé t he
seal ed vesselsd S'tQﬁefa:Qﬁtia-{?d Tthemydridiayer d esidt ilRads 130Gt he aqueous
medi um are sinul taneously discharged fromthe vessel in an atnosphere at a
| ow pr es&FFe CORdYIRBISHY £PTEge i rasichthestprsatevepaned iand npanddat
(hereina r err " di [ i Lschar. gl ;
xpanst ontist hoaty o Ehup P, FopREbTRELS R AEEHE L AL S EREL B B, s tace

pr ef er ablof wieercorfer dmytehe direwpoi miovefr hardlsndgadddEllthe core llaytdie

di spersi on _medi um di schar gi ng_expansi,on net hod, when the nultilayer resin

beads ar @Me&ted i e Wed e rEAVSTPr EPRFEBI e P o atfd PRI aNt & nt o
the di speesherk"BatEEYE0 4 halt dfie pAkkbirhayer Hesiinebeads Ao ity fiusg i th
each other in the vessel. Such a dispersant maybe any di spersant i ch
prevent s thRE ERsigmtomy have PoThien aoysimsbedds 100 %t rove pselfe ratd y

[ [ (3 i.Nor. i_C.-di t I d. Ho ,
{1 om the OreupaTir oA RE) TERaPEAS TS iy GOR P eoREhEle SR ne

parti cl ecffothmearerpr ehgeredorExanpl £s8om Neheldel R@beil oF MWIALIG, gleay

m neral s such as anusnite, kaolin, mca, and clay; alum num oxide, titanium
oxi de, b&SFc tHEGnES dm - BglsbARté1iMasi ¢ zi nc carbonate, cal ci um carbonat e,
cal ci um phesphate, and iron oxide, and these may be used singly or as

conbi nati ons of several kinds. Further the dispersant is usually used in an
anount of abouf 6r60ific Sxpapls bf wies ghtltperayidd grardrsiday basidghttheft t he

mul til ayer _resin ads.. [0102] Furthernore, in the dispersion nmedium
di schar girig §§pr%ﬁ)£$%% arjf-’etL“‘h%(a‘j‘r LS PSS e BAY R Bt r Wpapded

st rengt heeadshehdlbpessi ony e & 0h dhegdespeesanbn( payidih @xiHacliiem of
preventing fusi on between the nultilayer resin beads in the véssel, even if
t he amount)of 2BddPEi sFPEEssAendi(Sdersant is small) may be added to the

di spersi on nedi ch. a _di I C i i nqQr i C
conmpound mhichbggk ég'3F255F§§55?§82ﬁ82ﬂ2§n?H%?éd?gﬁé%g%%fﬂ%ﬁuégxﬁgg in
100 cc ofrawaterenial@€simmdobtalradtvoacait thexadi Hfewsek 1de seahindmngof
which is d'vaLen%Fpr trigalent. Ex%gples of such an . norgani c substance

i ncl ude ﬁﬁ@ﬁé&ﬁ& ¢hl BPPdE S i RaQhe SPGMCATEr 2B¥STNEGRES ARCs thEateatardni num
chl ori deg aghuni-agihNi fiiéh shalJaAdIum suhbated o $uehb BriKle o id-0nngulf i de,
and iron nitrate. In the case of produci ng expanded beads having an

appar ent tBensernpesptuoe yugerojfamretthei cors bryde mehl wino pesata (T1)

di sper si a t.. Th I.spersion _enhancenent ent .i s ual l'y
added togghgﬂgigggggp%ﬁgﬁe fﬁﬁ%gg’al ESEO#??%%r% u%%%U?Sdﬁ%ﬁﬁilbe%%part by
wei ght pée 180igmardrsathyd wei gbt (Of g}t heariUlthiel gy et i hesdédn beadse f0UR3LE
Exanpl es_of the bl owi ng agent that is used for the dispersion nmedi um

di schar gF 6EE%%%HE&SH&%QE%HPPHEFHH@?ﬂ%ﬁ%ﬁ%i%%?h?%%Fq&%ﬁ@ﬂﬁfﬁgéﬁﬂ§9 such
as alli ph?b'iﬁth)(ﬂiﬁc@f RANS 24¢N i3S 1858PANEs 1 RUL N6 g IEX 3G<80d hent age;
cyclic aliphatic hydrocarbons such “as cycl obutane and cycl ohexane ; and
hal ogenaskavhydnoEdfbohd tochI&s &kl ésofiesdpoatelane, Er i(T/gor omet hane,

1, 2-di fluorenethane,, 1.1 2-tetrafl uoroet hane, hyl, chl orjde, ethyl
chloride?rgﬁarﬁgﬁﬁngﬁg EéFoFF§3?18ﬂ88§8-%ggwganrﬁh?ggﬁi8fpﬁ §i cal bl owi ng
agent s spehypsobyleagenes0Xygesd & Ithé ardipmaepide o ARGaV@beE. layer
Furthernore, an organic bl ow ng agent and an inorgani c_bl owi ng agent can be
used i n BBADLFREt POt 1the PohEieRpliene Fasia Uredinpsithsl TBFoRRRGTragent s
descri bedesabgue t e i t b g | ow

appar ent Cdonar 56 5n Be Sker| yRSbraTnSh: Aabaaehd SRooroaroB St ng dgent s
one or twspouesgden i(Abergani ¢ physical bl ow ng agents selected fromthe
group coTabgéﬁng of nitrogen, oxygen, air, carbon dioxide and water are
suitably‘u as nmain conponents. Furthernore, anong these, when the
stability of the apparent density of the expanded beads, environnent al
burden, cost and the |ike are considered, nitrogen or air is preferred. In
the case of using water as the bl owi ngéagent, the water used as a

di spersion medi um for dispersing the nmultilayer resin beads in a seal ed
vessel may be directly used. [0104] The filling amount of the

physi cal blowi ng agent in the vessel in the dispersion nedi um di scharging



[0107] The expanded beads of the present invention are expanded
beads formed by foam ng and expanding nmultilayer resin beads which are
preferably produced by the nethod descri bed above and are each conposed of
a core layer fornmed of a polypropylene resin and a coating |ayer fornmed of
a pol ypropyl ene resin, and the expanded beads are each conposed of a core

| ayer portion fornmed b% f ogm ng and expanding the core | ayer of the

mul til ayer resﬁﬁXBE§§§,o§ng)a coating |ayer portion formed by stretching
the coating |ayer. @f thggnultilayer resin beads. [0108] The coating |ayer
portion of the expanded beads formed from the coating |ayer of the

mul til ayer resi(BExpeadsils gubstantially in an unexpanded state. Here, being
in an unexpanded state inplies that for 100 expanded beads arbitrarily

sel ected, one Phét B§/EFh<(Ragnificati & ratio 200 tines) of the
cross-seg%hﬁ% of the coating layer portion is taken for one expanded bead
(total 1 p dtographs), and anong them the nunber of cross-section
phot ogr aphs i nmhtab phettaatcagothfec porde ofEdhasfexpandedai sn@et ocl®, and
preferably 0 to 5. [0109% The expanded be dsfof t he resent1

i nvent i o SPRSESTAIS TREFE 2h %FB&’“%@%??P%H & fgried AL the
appar ent ,densj teh s P she Ratel0 Hids ddafyHesr adupsdrdthated he expanded
beads are likely to have a high open cell content, and a satisfactory
expanded shdsdsntdladdd” dr tlizelre) mdy andpeBenobt akhed. aenshaEn ot Ref1hanth - | f

t he apparent density is_gteater .than - s asrisk
resultin seﬁ‘psﬁaéac%%a%gﬁ %:Igdt %er |Oc%er%ﬁheanvee%%ngcg%é%:\%eF%Q?&ﬁ%%?
density, 13nd PP 8% 16NaAeher kehiperh@udel 98Mbppuehiasteher MBE C or

insulation properties, buffering properties and |ightweight nay be | ost.
[0110] lower,Theeappae grirtdedscayotrgfiy viledd egfahiePbesgstes, the

cal cul ate dividing the i ght (.g9). of a grou f. th d beads by
their ap r%%rpeegc("f_e)efn egérbep]a"ggenrﬂ };\)/%Jrlgcnear&;)t%‘? [geger(o 0 dexpanded
beads is wWehrianad hauimigl nghakouts,5 ag bebad Fueudprofpeaipandad: deads
that have been left to stand for 48 hours or_ longer at 23C and at the

at nospherficrmpsgutdie ik It swPeradgite A ¢ dntdi TR HPIDEY cnB of
wat er at 2% diang, t I al % onvesd i ng 1hi,s-d@. a val ue
expresse |n%1ﬁ1a§ﬁﬁllt r Ctt}ﬁiét}?%c[Oﬂl ef E}m@XPT e (ﬁase resin of tﬂe expanded
beads of Rkdos3resent invention nmay be crosslinked, but it is preferable

that the base resin_be substantially non-crosslinked. Being substantially
non- crossl i nked‘ﬂ_qr_n&ih(,eatc@at = tli"f‘é’e%(ﬁ?ﬁlﬁ’oﬁ” T anciﬁ'fer éjceﬁgcojh‘%t hat ?rslflc’a
i nsol ubl &4 deisl kBE1 XYk eRerhs A Dyi bt o thesexpk8iidbn (2), evde DSC

curve obtained by a heat flux differential scanning calorinmetric analysis
of the exasdpanBeddecadeore PPtaoNERATIGS BRISTRRIEN: $% 5§ O8HTH s Wht Cleast
an endot henrm paak d {nsi r 854 i i nsic
peak) an é{#%}l%ﬁ?m C céu éeé}ge%ﬁ io%%ﬁg %gﬁ%?y%%%rgﬁhﬁés%% t han t he
f or egoi ng=saredai et processvef paak-ddighetenperat wid lpealklescramed below,
calorific value of the endot hergic curve pellqlk n_the higher te eraéure
Side i s [ BRRBP PFGRYS TG FORkOLORYCS ifo i Ifr EPBPEBEY LB DR PS H0°J/ g,
and part '&5’&1@{1{%’ RIE RN kD off §HeO 539 rdlces S¥Chnexprpdadebendsasr es
expanded beads that have a high closed cell content and are suitable for
heat nol dlenreddl] Thereforef, tite icakbectileted tbast thheamPyhtt efpehRature

peak is toQ |1, .the steamp SUre i i t ded
beads naybe’ ﬁsto‘—’\l/vesf etc}?ahtbujtnf er ei ﬁ?%{ r?%ﬁp%ﬁg?&%%}%%ﬁpngégs?@% gﬁéﬁg?ﬁ t he
amount ofmeeneingy absoiqidOnt@nsetareutd kehaot ddenstesithducg @xpanded
beads-nol ded article may be decreased. On the other hand, if the calorific

val ue of R HIYRVAHPEFAMAE pRHLIRY 08 (RFgEC2&1pPedSPE ERBUTd BES
appl i ed '%.?Afdjfeé Pﬁaﬁxtﬁ?é‘gﬁguﬁﬁ%?sBEthrﬁs%éi@pBEEQhB&rPEHE%%ﬁcé‘ o5yEhe
eads, t her

expanded an e is arisk that” the nolding cycle nay be
| engt henektk 4 0dddsijlt, the d&dmdsdoresds hexlbhborifdre vakbuesbicthsy

hi gh-temper at ure peak, i.s preferably 15%.oor greater,.nore. pre y 20% or
greater, ﬁ’{ri‘e]r?]rgolrtgy p‘“Fe‘?}ér‘g%%‘/ %@%%ra@r%ﬁ?e&,m%nﬁf ot PeLr el ?/&%g ferably
30% or gre@dwy), relative to the sumof the calorific values of all the

endot herm ¢ curve peaks. Furthernore, the upper limt is preferably 70% or

| ess, nore prefBeHffpm0%asCIRENg H TR (ReFen i pretletad® yEB9% or | ess.
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[0115] Al so, the sumof the calorific values (total calorific

val ue) of all the endotherm c curve peaks of the expanded beads accordi ng
to the present invention is preferably 60 to 150 J/g. If the calorific '
value is too small, there is a risk that the strength properties such as
conpressive strength nmay be deteriorated. On the other hand, if the
calorific value is too large, there is a risk that an expanded beads- nol ded
article malitidayveny exgicdsiathpasalsoltidiaietsd sivndeartieegeprthdegbaretidsy f or mi ng
t he expanded .heads- nol ded.artj cl ave pog condary, expandabi] i at the
tinme of %ﬁ%lﬁ&ye[roff@m Beads Itﬁjar edAar ol%fé’t ﬂftﬂ%}%‘rr ng:r?e Qréeﬁt% form ng

the coatieagriedydiond {1) sarpd qher abk esdidrat nbtewhigh-tiebRphativtcrOLak Hfe the
pol ypropi(llpene resin formng the coating |ayer portion do not exist, or that
t he hi ghPFéipBpPatitre®peikl Of SHFETHEFFSEEFF. ehber expanded merfa eabad ng
ayer POLLCAn Aae 3R LRy GALALdLE Jaldle Hhan LRe il gl anheralye peak
of the polypropylene resin formng the core layer portion, un the
Iexpansi onfgbhndﬁidlmogu}ﬁ@nam&ashntdfetpelchmtdm bagerdsi not @remienag;atﬁidécor eh
ayer portion has a high-tenperature peak to an appropriate extent. For the
endot her r]no_éf’eEuF@@%Egﬁsmﬁm:gﬁgapgl?ﬁt $§n§1i1% %@éﬁ%g%?yfﬂée PSS d?_)fylté??e
resin f OE:@S'rag_1%@:%190%1-1”6::&@1‘9&oaeﬂ?hha ﬂahxﬁmagxkeﬁes&ﬁsbeaﬁet mipgikhe
core layer, since it is speculated that the part on the higher tenperature
si de pr ePEedgiiediley thetomts lewe thitdle anserianiare ppeak on thave possible to
manage t i tf t t hg _high- erat ur ak of the.coatin

| ayer po?lt?L igontcaeﬁ%’%{} %gu%l%gﬁ%tg (%r'rpe?lé chjqu%r%(gg "0 tt:h% E(E:)Jgsf% a}cacyeé)rhcag)gﬁ ifoor{g on

t he basi shef cbheingt i ayenhssn Haiee muhtighayempexpangdedpbernds raswproduced.
[0117] , That is, by conparing the calorific values of particular
parts of ‘FhEPPREFheF CHFEaREC e REGAPETdET0f2} HE BaFbFTHed. dithoush a
certain parikCl i St ckeoBel 8 Us R 193MmbR  REGHLEL Bkbned (ks OTtR-d O
satisfy the requirenents for nofding by I'ow pressure steam of the present

i nvent i omavbeedhba itied melcoiatg ngoilatyeaf poht ipol yervimpg enemeadsi n f or mi ng
the core,l.ayer, the ratio s/Ec) of the.partial calorific value (Es) for
the areadqder SRS rﬁg%gr%‘%% e af’)a%%%p%#? F”c}rtﬁth[ ﬁée &?élg% %@“%%?‘quﬁ?

pol ypr opylreaBer €58 oy pAthiesrc 0ol hayeatiaghl gher perpesatndesd md he
pol ypropyl ene resin formng the coating |ayer, and the partial calorific
val ue (E&yIhotemperatezeupeark. e dlehper ardifdarange shovism e effladtng
poi nt to.hi ures, :in _ |y l.ene.resi r g e core
aver i sCbr aREFaby S KoEnd Crdnns copa ! ettt BAC R Ba LBl BEsE 076e,
and partiloab&ily preferably 0 to 0.60. [0118] The neasurenent of the

total calorific value of the endothernm c curve peaks and the calorific
val ue of the h aﬁ?’i%‘?rﬂ‘@rliﬁﬁ’lgepﬁéﬁli L&t %@%&Y&q%ea&%ﬁ difg to

the neasubeeentyeet hetcequivial epfatidedl BKE122a0YeaLx198 Prerential First, 2
to 10 ng of expanded beads are collected, and neasurenent is perfornmed by

i ncr easi BANRANTeAPLPELUEEY { Fommaby®d ¢ aifdrat UPSC(rothed) 40Tyed RIS at a

rate of 210 L,N I h f differential scanning calorinmeter. An

exanpl e (%§f C;{tl e f(:irgss'?gt ?Lr?e%%ééoggré\ie obt ai ned by such nmeasurenent is shown

in FIG 1. [01TBit is, whém tihe dRSCE Clawer ofedliGhehdd hed piddsies ,peak a

and the intrinsic p%%elf b _appear, which are derived fromthe polypropyl ene
B ex's for

resin comSt FtH¥ivg & IsaisdL esERe UEERoR F £ e e &adte ilied

hi gh-tenpeeatuie Pgpkrbi §0E5ESHONLS; tond Neofak ALRR. 1 ANG, SReGES] ¢r) Ly, the
calorific value can be determned as follows. [0120] First, a straight line
(a-0) whhehtcohrediéfehenpohhtscrsumespondingt¢o BOB vorot herp8Catcumee Wit h

t he point _Q_correspondi n}sg2 to the nelti nrtg end tenperature T of the expanded
beads on (£ReC BEAR U ECi < Hiath & FRFe o% he hEtit ngTERd tRAbEFRESREUTS s t he

b oher 't SRR £IPNCRE Lo L e O e S e HaXE R e o
the highgr4espar qbwmﬁasieand'sle;a@ﬁqyﬁ@tdémp@ra%ﬂx% ghtiLipe, pagadd.el o the

ordinate of the graph is drawn fromthe pdint y corresponding to the valley
portion betwaentthe iFRbmi ASPC Peakze@ntt the-hight enperature pgak b on the
DSC curve, and the point where the parallel Iine intersects the straight

i ne (a- OFMPS§Trassr§nat dePmad fathehesaradthame hicgiveerpekaurtdipéadleh i s

t he area_.@f e 1.an urye : parti of. the

i gh-t omagr SEr £openl bR P P =t 2o BhRd AR RECCsrent (- )
(the shaded region in FIG 1), and this area corresponds to the calorific
val ue of the high-tenperature peak. Fud@hernore, the sumof the calorific
val ues of all the endotherm c curve peaks according to the present
specification is indicated by the area of the region surrounded by the DSC



first time DSC curve, by decreasing the tenperature to 40C at a rate of
10C/ mn and increasing the tenperature again up to 220C at a rate of

10C mn in a heat flux differential scanning calorinetric analysis. [0122]
When the intrinsic peak and the high tenperature peak of the expanded beads
are neasured using a heat flux differential scanning calorinetric analyzer

as described above, if the weight of peace of _si.ngle d | S

| ess t hafSaSHgemes &9 eé?]eqréao%eé 5 E@% nbeialﬁcrleﬂg 8)?65%(3%%%2&2‘% ﬁgﬁlﬂoce%fé
measur engRlactd dritdlc thevkopabkyel 8dtpidsehi 0 tHe MEximumt benporaturé dihe

wei ght of a peace of single expanded bead is 2 to 10 m_i one exgande,d bead
may be dithécengopbesmia ¢wevamesl BANADY Fhe (Ifr aRsitgRRlor 1d i5eke sUsf1%i ngl e
expanded j reat 41 1s preferable to cut one expanded
bead i nt gp@g% regjl %bsi Z%%’g %%%rgoﬂg&ﬂ'pi ece weighs 2 to 10 ng, and to use
one pi ecqdoasalhe cut sanple in the neasurenent. However, even though this
cut sanple is obtained by cutting one expanded .bead_ usi a tter_knife or
the like, cutt f%qlﬁém?éyﬁpl @‘SSEE:% Q%F“ﬁéhﬁm% SPrf"ﬁeE‘gBa?arcjﬁ%uf% Cisd
portion and Hher €91 &d1anarsiRovhiQl dinthBeExpnses deatdeasna Mibeecdse

| argel y changed, and using such a piece as a cut sanple should be |

def i ni t ellpyaroi ded. tiie REPeogarhersn ceRarpe L@ cRHEEGT 1§gnphe PaTtidk case
where the _wei . 0 e of . S| d ISl ; W,&pe
expanded cﬁé%e?&g*iigslq gﬁguignggﬁ:hae: B?JFS’g)Iﬁrépgi)i%glc%t ?gﬁ?gﬁ% é"Elte ﬁgfglg%g tal1y at the
cent er ofctHeh@arerdrideadhedintiec tduanze tolit citied anpl ese weinghi o Eoute@md and
havi ng an al nost the sane shape are, obtaj ned. _For 1;fi_lach of the cut san;%)

the rati ¢SHRIIE HSatFG PRAFe A6 BN ERE Cord'q &78F PaPrron®dit

expanded head i hild ablYnmd2ssess8d HE MR NS ANGRARGEEs Ehe 81 ot ylerd
sanpl es thus obtained may be used in the neaSurenent of the intrinsic peak

and the hieghiat enfpertest Wraerpelak/es, descisddd above. [0123] Next, the

t echni cal ing of the high-tenperature peak for the expanded bead of the
present i tion, and the relationship between the calorific value of the

hi gh- t enper at urereaknie t be icopséf&biboa tofatt tiee prasedionishvenbéowesn| | be
expl ai ned. [0124] . The hi gh-tenperature_peak appears in the first

ti me DSCthd m@lagnaegewbeaﬁab@ﬁg,thgnlaoizpa?leﬂ%ﬁ?dfﬂ 1 && hBScryRtHrY

structur I |5 Nl t n nhtyge of
t he cal orell %%ecrt \%%cgg%}o;n%ﬁ?ﬁéﬁﬁlegﬁ‘iﬁgnégéét g?etggaésifgpg?%ﬁgﬁs gf@fgect ed by

t he diff errencerbetayeen skhe siwl thadoidiontingf exheesedon Ghd t Abeteepetad ur e
at the tinme of expanding the._resin heads. [0Q125 urth e.. .1t can
be seen tﬂ?&tntge@alq ,tg\ﬁhéjf?ltmgo@%’ gﬁ’ﬁeaelﬁégdglfapelef FP?Eangnféggn%I%a%nd
heat nol ded JMddvnsitrRaMit el sexeShisinhdA BisNum Sakucakedost ERE PEESSHGE
(referred to as m ni num steam pressure) required for the expanded beads to
sat i sf actRsrinty (hiseoBohbevipehyebehy benerr¢hiy 1L Fhed comer é2YERe $¥RPRYat ure
correspondi 1.0 e . .S :cal Wl

fusi on- borkg{dﬁn%gtthtoee%%r%%r e. i g‘thZi l%%sguﬁt hlgéﬁ%n%\%% tE gtﬂ%ﬁggggllof?ﬁ C

val ue of tHwe dvghirienpersat ure peak is closely related to the m ni num

fusi on-bondi ng tenperature, and serves as a factor determning the mninmm
f usi on- bokftfl tenperature. Furthernore, in the case of using an identical
pol ypr opyl ene r@g@@estsq«%ﬁa 4)s a tendency that when the calorific value of
the high-tenperature peak is small, the m ni num fusion-bondi ng tenperature
is lowered. Furdtienmer&i thesval ue of the €alorific value of this

hi gh-tenperature peak is strongly affected by the |ev of . the_expansi on
tenperature in tthésstabe ké‘l’o‘“{lhghBFdEl‘ﬁJc*f?%ﬁy% el%%%fﬁ?&éﬂsbﬁﬁﬁé,s L% hat

when an identiicale RALYREGRYHENS) F £5E Mk Bt H5Sfkr I de deadenay &hat as
t he expansion tenperature increases, the value of the calorific value of

t he hi gh-heenmper@tdirat peakowlesream asre$ipT] When an expanded

beads- nol que}ggfﬁrti cle is nol ded using expanded beads having a snall
calorific e of the high-tenperature peak, the m ni num fusi on-bondi ng
tenperat ure tentds thehexpoidtd velays 6faihe toverear, ithenisisrengtie pedgetti es

such as conpressive strength (rigidity) of the expanded beads- ol ded
article teHde @fr BhatGRa YU PFEToF & &8, 2%h tHReCBE el ¥Rind eatRe AWGHINT
expanded ads- i | 1 i pahee a%%ﬁﬁ hng a
| ar ge calgﬁig?eﬁggﬁﬁgtg#&%%%ﬁﬁ#gﬁgﬁg%%§$§ﬂﬁgéﬁgéggF%%he neghanici?gﬂﬂb
properties such as conpressive strength of the expanded beads- nol ded
article tends to relatively increase. wever, the m ni mum fusi on-bondi ng
tenperature is relatively increased, and thus, a high steam pressure is
requi red when an expanded beads-nol ded article is produced as descri bed
above. [0128] That is, the nost preferred expanded beads are
expanded beads havi ng opposite properties at the same tine, such that the

| es,
he
t



In the case of expanding the nultilayer resin beads described above by the
di spersi on nedi um di schar gi ng expansi on net hod, when the heating
tenperature and the heating tine are set as will be described bel ow based
on the melting point of the polypropylene resin formng the core | ayer, a

| arge calorific value of the high-tenperature peak nmay be obtained, and the
expanded beads thus obtai ned can acquire excellent strength properties such
as conpr éssithe stuldrgivey 0Eslin beads iAs faregpeciddic tretthdd O, orardeduiiaat i ng

the high_te rat ure peak. in e dispersion mnmedi um di schargi ng expansi on
met hod, \%ﬁrgn%%hee T Iogyg!rher és%ﬁgﬁsgﬁsogrghﬁi%%ae?%%% anyeaﬁg di um
and heat eghe BYHRIILHdPHY @l Yo acChieues Such, hat the tenperature is

i ncreased to be not higher than the nelting end tenperature (Tie) of the
pol ypr opyl ene fé&siia pfefhrabodeetd aymm dieatmuigilsyetroppednabeads axdids ary

t enperat ure a) An_the range.of froma tenpper re | ower by 20C or, nore
han theléﬁelsl(d]lﬁéfléfoith? F?nggflct K& iﬁaFggbéséa)th%r%ﬁkf%deOlnt

t enper at wre Sptia@n i@l g arREd) bddss MHAL |RYehd eRj1adieads Anewaideal ned
at that tenperature (Ta) for a sufficient time period, preferably for about
10 to 60PFeREES - sliBsBqtibft vgight hatie|al drhe avik btk ares iedteadis o an
arbitrary.t rat T i n..t r of t rature | r. by 15C
t han t hexﬁeﬁgpﬁ%%pgira%@(&( @e)édt}olb%g ta%én(?}{cree%ﬁeﬁgt ?r%% |1e t%7+ O%\%,h%)e/ati ng
i s stoppedrandsibbetdapertdt waeh dheemild beayeredest ntheadscase ifriHmidier

mai nt ai ned _at, that tenperature_ fora sufficient tine %eriod, preferably

about 107CFBEMPHULRE SXPRPIIR P MRtELIErePYr 88l aebraaL g &oadiigiGhar ged
fromthe 1%?@|req-e\é@§§%ies@i%éd)\é(kﬁﬁ%ﬁsur e atnosphere to thereby foam and
expand. [0132] In the dispersion nmedi um di schargi ng expansi on

met hod, ilt0Giéd]preferable to set the tenperatures Ta and Th and the
retention tine descri bed,_above, because the magnitude of the

hi gh- t enper at u‘t?‘g%ﬁggll%ngf Ph%ﬁ%x E%Sd%lagble%‘a%n'fjsmaEp AhiCRITIR B e

t enper at ghe ThickhessedBritecoBobiBgalayéatpd &gt alfutBe dfial@&rPalay e Tb,
and the retention time at that tenperature for the resin beads upon the
producti é¢§ &romhe. éxparided -Betds, Bhdlonavkeagat vadhiet efpdratiirekinegsease.

[ 0133] In ner as the tenmp ure.Ta qr . Tbh is lower within the

t enper at SrfetPgnﬁgggéggﬁ%%%lr% ,O%roe‘{ % N 8?8?:?38?4 g??aisi Jsg\ﬁtﬁ%qert,hat”he
calorifi al,ye hi ghy ra JReak; of a,%w.q%g] nds to
become | gr'\éeﬂrlﬁ' Utgfjea%%ls,s %%rha%]g%glf%tt %aj;!r%gfr atur e%tn%:&gagégo : %’ec?g)%g mnis
enpl oyedwilitht kecbxpahsiroat ptbeesime We nira s led inm Idhirnyyg extp ehicmemdpanslied
repeat ed whil e consi deri ng t.hese factors, the production conditions for the
expandedbﬁé‘gﬁs“@%hi%ﬁ A5yt 1§eé€ed cal orific value of the high-tenperature
peak can be fouoAdtBasbiMeanHangCui AtEhy adddadd value of WHNEMi bR ss

t enperature adjustnment range at the time of expansion of the resin beads as
descri be@fabes €00 189 bpyebmartieon efpdracipandaddecdde thgeeseenithasi ng an

i i ¢ physi bl owi t t he bl owi t. , i
oee ol ol thsercs 12 BT S S e R a0 e o
range tergs bephaashi bbglst Qsa1boyes s tep e iy Sidrd Rkihg, tigperature

range described above, in accordance with the type or anmount of use of the
organi ¢ physhceFradsd mj-adgent Hopeyes] there ig @ rdsjyriediat abitd regard

i er agh R T Re SRRt D eaE S Ch PO BEmaC pht | et PAS ORI A Ear

i ncr easi agtile el obes wbd presaunel BfmsleTass afyt hdesqssricanbexpandedmay
beads- nol ded article having no gaps_between the expanded beads can be

obt ai ned®e ALtE15dE pPefdial 18 FERETARE CSELEEAGEN SPEbpast Fa91ideN as
conpr essi; ngth i d ds-.pul rtic are
56§ morersd o Tor 6] DYy B R AP res i o of

t he expamuddibéatslysekhibeasdd, If tilse prefmablelie pfache hbiexpasded
beads in % eal ed ves§gl Ieavgn t.he ex%anded bgads for. an aggrogtiate
Lime whi P& eSSt I8d 5" PeY ELPRIITaaRe e P hES VEdoene S aEOPBEAFEGRM he
pressuri zedraicketo speaet Hat €hé NdBpd M@e @XRANHL A PRRAS .2 TG 1RPRYRN Gansity
of the expanded beads-nol ded article produced from such expanded beads can
be set t&SEMyeFPYIeTEEESHEINEGtED FHeprsovelup AL the ibpatenpedensitey i s
usual ly i heer / it
expandedb%g%dggé%#%ggggr??g%%I%gﬂgg%E%F;%%%Q%c .vfﬁ?%&ggﬂé5ﬁ%¥gﬁikpg) of a

speci men cut out fromthe nolded article by the volune (L) determ ned from
t he external dinension of the specimeni2



[0137] The expanded beads having an increased cell internal pressure
can be converted to expanded beads having a hi gher expansion ratio, through
a step of heating using steamor hot air and a so-called two-stage
expansion step. Wien in-nold nolding is carried out using such expanded
beads having a high expansion ratio, an expanded beads-nol ded article
havi ng a_hi gh. expansion,ratio_c S] j : ; IS
al so pre%%%%ﬁiglfgtprogﬁgg’tﬁ% %g%gﬁdgg.fé%éé&%éﬁéﬁ¥?2é§¥%§%3?ﬁp%ﬁ%ﬁ%éing a
bat ch typedul-tinlg theate frondi pgesetitednoldingi b ahieh ihenekdamslbitimeads
have the internal pressure increased as, necessary, the expanded beads are
filled i ASaCHBF 4SHUAUEHPY SPRAFAMT S IR P ah BTESSM gt ARG 2T Al e by
openi ng  ANq il Qsigadd S axpanded headsargdealed in the nol d by

suppl ying saturated steam so that the expanded beads expand and fuse-bond,
and then the efpamdtlebebeigoairt cinsad att aberey edhé ripwahd Lindltdof[10189]

In regard_to the ldin chine used for e batch type |n-nold. heat
nol di ng FETHGEE 8 eggﬁr5§&§%geﬁfd8fvg$?e??ag%n%ug% T e T

machi nes,; jandthe, SR AR Vil YorOr S X3 Nt rHm 4, tpountry.
However, many of the nol ding machi nes are operated at an internal pressure
of 0.45 ADaty bessum Bregetarter i ind oaref@rabt By thalif ctrise1gr essuee of
saturated steamat the tine of allow ng the expanded beads to expand and

f use- bon®Lndneadseth oPReEhBecbhas Mad¢ GFherupees, L AT ndf eCh? TS 0. 43

MP. G | ) i ti | | f er.abl t hat _t he. f
satur ot g HUETEEDE. B SRAS THy o 8 T P e hEE VR b o “PellcPhg ¢ he
energy cosly [Béélg]rﬁreferabl B%g&:g%}dfgspe%ggi ggr?cfﬂleu@mg%réfw%wn can

al so be produce 0 an expande eads- nol rticle according to a

conti nuous, yididig mwihod. In the continuous in-nold nmolding nmethod, an
expanded beads-nol ded article is obtained using a nolding apparatus that is
known perl&1llthat is, a nolding apparatus having a hopper for expanded
bead supply, and _a_passa equi wi.t h ngin S N | ess

bel ts al ong thecFﬁﬁ%gﬁﬁ'%%??%ﬁm%?egﬁggp53§§8§§8§: &ﬁ?|%¥?ﬂgxﬁa§%§§%w§§

i ncl udes thhearflitig afed easandb@adooiungs riegiconhelheaexpgntledebeastst b ded
article is obtained by_increasing the internal g&essure of _t he expanded

beads as He&§sarHINLEBRRAN Y UHpAPi FEPTRE @R gATIET DedS EBRTI Mbus! y
bet veen the Lophi dyOUShya MRVIRY bektss @lgpmlrafﬁ%dt PRa 8ntthdebhernel 14 her
passageway, expandi’ng and fuse-bondi ng the expanded beads with each ot her
duri ng passttimouides et gpisy mn regpaoraede tatarkecalise gdrel heag i ng

[ : b tly .allow th ded -beads_t
ool i ng PBYRon A E e The S RaRdsa ‘DAIAS a7 CorarReRG! deddet it cf
r enovi ngtnfreinml gdedan isheidtusohiad neddiam tihe Pagsageidy , tanthdé hen

sequentially cutting the nolded article to an appropriate size. Such a

cont i nuoEEfatiRN iR IRA TIE St LSRRI E AL CT R exEid| OIPL R0 YeT
9-104026,, 9:: : i ned Ui RS BB S 4 nkhesgxPanded
beads-nnf.ed}gégﬁéngggFggh%ggﬁgﬁgg#%éﬁ%%gngﬁﬁgﬁgéd beads ofiF e 5§%sent

i nvent i orarics tdwechithatlbbeiopey o€ltheomsint fireadmoethaccoating tayer,
Procedure C of. ASTM D2856-70 is preferably 40% aor_ | ess re preferably 30%
or L oss. i She PEGRALEy hPer 87 M1 YE a0 AT WA OF ADRoraan Lhet LErErrab: ng a
smal | er qpen weeldi GRAte e dBY haues SUPeithor]l Meshant kel tisl ¢1engd 8. of 0d4e]

I n the expanded beads-nol ded article obtained by using{the expanded beads
of the prassdning AgEariidhconsideradeaibeckeds Faahut e Al CEas SFer ¢ Fad ed
and inte | e . POF L t - f

beads- ol a1 CAPT TN Tir ot cr ot arbdis SHichiReR ot thERIn L e
type artio ehtlrthghhandnoikemohdi e o wex pandest beadsths cdesdmnighbayen
detail in,_ for exanple, US Patent s., 5,928,776, 6,096,417, 6,033,770,

5, 474, 84DE EBNBULE PYAYET 5 98/ ,lvabaégF@oaz%di,t%&hﬁé}aﬁﬁééeoga‘f%t No.
3092227. JQA3lg 1ayer ilkhsh$eibheneipandedxbeads- apkdedqatsi el eoobt abned by
the present invention, an insert matérial can be conbinéd and integrated by
enbeddi ngft e mxipegide dobeadsafreglietitd vi asgersnaieeKRANdFHes ket RodaRdr

produci ng.,such.an_inserted .c osite ty rticle through. in-ml i ng
of expanggﬁﬂﬁ%égsaigl é%FFb% S h-ae %i?S%%?l*%$§é§gﬁ%#%?ngnggggﬁggk%s.

6, 033, 77 f GHE 4xfEhdelP-He d¥s -k dY 7o ¢ B tnahaed ebses PRf eetefNo. 3092227
EXAMPLES [ 0144] Hereinafter, the present invention will be

described in detail by way of Exanples,and Conparative Exanples. [0145]



The type of the pol ypropyl ene resin used in Exanples, Conparative Exanples
and Reference Exanples, the heat quantity of nelting (Jig) of the resin as
neasured by a differential scanning calorinetric analysis, the tensile
nmodul us (MPa) and the like are presented in Table 1. [0146] [Table 1]
Melting point Total heat quantity of nelting Tensile nodul us Remarks C

Jig MPa Core layer resin Resin Al 154.3
[0062]

According to the present invention, in regard to the average
value of the thickness of the coating layer portion of the expanded
beads, since the base resins for the core layer portion and the
coating layer portion are all polypropylene resins, the boundary
portions between the core layer portion and the coating layer
portion are unclear, and the thickness of the coating layer
portion is small, while actual measurement thereof is difficult.
Therefore, a value calculated based on the bead weight of the
expanded beads, the apparent density, L (length)/D (diameter),
the weight ratio of the core layer resin in the multilayexr resin
beads that serve as the base of the expanded beads, the density
of the coating layer resin, and the iike, is employed.
Furthermore, when the average value of the thickness of the
coating layer portion of the expanded beads is calculated, in
order to simplify the calculation, calculation is made under an
assumption that the multilayer resin beads become expanded beads
having a similar shape as a result of expansion. More accurately,
the expanded beads obtained by foaming and expanding the
multilayer resin beads do not have a similar shape as that of the
multilayer resin beads. However, since it can be said that the
average value of the thickness of the coating layer portion
according to the present invention calculated under such a
presumption is a value representing a positive correlation with
the exact thickness of the ceoating layer portion of the expanded
beads. Therefore, the characteristics of the expanded beads of
the present invention can be represented by the constitution
reguirements of the calculated average value of the thickness of
the coating layer portion.

[0063]

As a specific example, in the case of obtaining expanded

beads from cylindrical multilayer resin beads, the calculation

of the average value of the thickness (Tt) of the coating layer

24



97 1350 Et hyl ene-propyl ene random copol ymer Resin A2 153.8 86 1350

Et hyl ene- propyl ene random copol yner Resin A3 165.6 120 1560 Propyl ene
honopol yrner Resin A4 153.5 93 1090 Sinple blend of resin Al and resin B
(weight ratio 80:20) Resin A5

portion can be carried out using the following expressions (4),
(5) and (8).
[0064]

(Expression 4)

Pd = {(4 x W) / (m x Ld x Db)}*? (4)
wherein the diameter of the cylindrical multilayer expanded beads
is designated as Pd (cm), the weight of the multilayer resin beads
as W (g), the apparent density of the multilayer expanded beads
as Db (g/cm®), and the ratio L/D of the expanded beads in the case
where the multilayer expanded beads are expanded to a similar
shape, as Ld.

[0065]

(Expression 5)

cd = {Pd? - (4 x R x W) / (n x Pd x L& x p)}*/% (5)
wherein the diameter of only the core layer portion of the
cylindrical multilayer expanded beads is designated as Cd (cm),
the weight ratio of the coating layer resin of themultilayer resin
beads {(weight (8) of the coating layer resin/(weight (S) of the
coating layer resin + weight (C) of the core layer resin) as R
(dimensionless), and the density of the coating layer resin as
p (g/cm’).

[0066]

(Expression 6)

Tt (um) = {(pd - Cd) / 2} x 10000 (6)
[0067]

Ag another gpecific example, in the case of obtaining
expanded beads from spherical multilayer resin beads, the
calculation of the average value of the thickness (Tt} of the
coating layer portion of the expanded beads can be carried out
using expression (8), which is the result of transposition of the
following expression (7).

[0068]

(Expression 7)

25



153.7 95 1160 Sinple blend of resin Al and resin B (weight ratio 90:10)
Resin A6 154.1 93 1220 Sinple blend of resin Al and resin B (weight ratio
95:5) Resin A7 152.0 90 1110 Sinple blend of resin Al and resin J (wei ght
ratio 80:20) Resin A8 153.3 95 1200

S/p = m/6{X x & - X(d - 2 x Tt x 10000)°} (7)
(Expression 8)

Tt (um) = [-{(6 x8)/{pxmxX) +a} " - d]/(-20000) (8)
wherein the diameter of the gpherical multiiayer regin beads is
designated as d (cm), the weight of the coating layer of the
multilayer resin beads as S (g), the expansion ratio of the
multilayer expanded beads (resindensity (g/cm®) of themultilayer
expanded beads/apparent density Db (g/cm’) of the multilayer
expanded beads) as X (dimensionless), and the density of the
coating layer resin as p (g/cm’®).

[0069]

According to the present invention, the average value of
the thicknegss (Tt) of the coating layer portion of the multilayer
expanded beads can be adjusted to an intended value by regulating
the weight of the coating layer resin of themultilayer resin beads,
the weight of the core layer resin of the multilayer resin beads,
the apparent density of the multilayer expanded beads, the ratio
L/D of the multilayer resin beads, the diameter of the spherical
multilayer resin beads, and the like.

[0070]

According to the present invention, the average value of
the thickness of the coating layer portion of a mixed expanded
bead group obtained by mixing two or more kinds of expanded bead
groups having different average values for the thickness of the
coating layer portion, is determined as the sum of values each
obtained by multiplying the mixing weight ratio of each expanded
bead group constituting the mixed expanded bead group, by the
average value of the thickness of the coating layer portion of
that expanded bead group.

[0071]

The reason why the compression characteristics of the

expanded beads-molded article cobtained from the expanded beads

is insufficient when the average value of the thickness of the
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coating layer portion of the multilayer expanded beads is
excessively larger than the average value of the thickness of the
coating layer portion of multilayer expanded beads as specified
in the present invention, 1s not clearly known. However, the
reason is speculated to be as follows.

The resin constituting the coating layer portion of the
multilayer expanded bead is a resin which improves fusibility of
the expanded beads at the time of in-mold molding. However, the
resin is inferior in terms of mechanical properties, among
polypropylene resins. Furthermore, when the multilayer resin
beads covered with the coating layer are expanded, the coating
layer is rapidly cooled from an amorphous state at high
temperature immediately before expansion, and therefore, the
coating layer turns into a soft coating layer portion with an
extremely small amount of crystals. The coating layer portion
is therefore inferior in terms of properties, as described above,
and the coating layer portion of the expanded beads has further
deteriorated mechanical properties. Accordingly, it is
speculated that the expanded beads-molded article obtained by
in-mold molding expanded beads having a large thickness of the
coating layer portion with significantly deteriorated mechanical
properties, will have deteriorated compression characteristics.
[0072]

The multilayer expanded beads according to the present
invention are such that the secondary expandability of the
expanded beads at the time of in-mold molding is poor due to the
relationship with the heating temperature at the time of in-mold
molding, as compared to conventional expanded beads that are
single layer expanded beads which do not have a multilayer
structure. The resulting expanded beads-molded article tends to
have poor mold transferability by which the molded article
acquires the same shape as the mold. From the viewpoint of

improving the problem, the average cell diameter is preferably
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adjusted to 20 pm or larger, more preferably 25 um or larger, and
even more preferably 30 pm or larger. On the other hand, the upper

limit is preferably 300 um or less, from the viewpoint that the
resulting expanded beads-molded article does not undergo

destruction of the cells by the compression to which the molded
article ig usually subjected, the compression set is almost abgent,

and the molded article can be repeatedly used. The upper limit

is more preferably 250 um or less, and even more preferably 200

pm .

In regard to the method of measuring the average cell
diameter, an expanded bead is bisected, the cross-section is
magnified as large as possible so that the entire cross-gection
is displayed in a microscopic photograph, and an image of the
cross-section is taken. Based on the photograph, a straight line
is drawn on the photograph so that the cross-section is
approximately bisected, and the value obtained by dividing the
length of the straight line by the total number of cells
intersecting the straight line, is designated as the average cell
diameter of one expanded bead. The same value is determined for
twenty expanded beads, and the arithmetic average of the values
is employed as the average cell diameter.

[0073]

In order to enhance the secondary expandability of the
expanded beads at the time of in-mold molding, it is preferable
that the polypropylene resin forming the core layer contain a
small amount of a low melting point component. The low melting
point component can be incorporated by introducing a lowmolecular
weight component by adjusting the molecular weight of
polypropylene at the time of polymerization, or incorporating,
into the principal polypropylene resin forming the core layer,
one or more polypropylene resins having a melting point lower than
that of the principal polypropylene resin.

[0074]
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When a low melting point polypropylene resin is
incorporated, the melting point of the low melting point

polypropylene resin is preferably lower by 5°C to 30°C, and more

preferably lower by 8°C to 25°C, than the melting point of the
principal polypropylene resin. The amount of incorporation of
the low melting point polypropylene resin is preferably 50 parts
by weight or less, and more preferably 30 parts by weight, for
100 parts by weight of the principal polypropylene resin. On the
other hand, the lower limit of the amount of incorporation is
approximately 3 parts by weight. The amount of incorporation of
the low melting point polypropylene resin is appropriately
decided based on the relationship between the difference between
the melting point of the principal polypropylene resin and the
melting point of the low melting point polypropylene resin, and
desired secondary expandability. However, when the difference
between the melting points as described above, and the amount of
incorporation as described above are employed, the secondary
expandability of the expanded beads can be enhanced while
maintaining or without significantly impairing the rigidity of
the resulting expanded beads-molded article.

[0075]

In the case of incorporating a low melting point
polypropylene resin having a relatively large difference in the
melting point within the range described above, it is preferable
to incorporate a polypropylene resin having a higher elastic
modulus even if the melting point is the same, and examples of
such a polypropylene resin include polypropylene resins
polymerized using a metallocene polymerization catalyst, and
propylene-ethylene-butene terpolymers.

[0076]

The expanded polypropylene resin beads-molded article

formed by in-mold molding the multilayer expanded beads of the

present invention that are obtained by foaming and expanding
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Resin H 153.2 94 1300 Sinple blend of resin A2 and resin B (weight ratio
90:10) Resin | 153.5 94 1300 Sinple blend of resin A2 and resin B (wei ght
ratio 95:5) [0147] Exanples 1 to 18 100 parts by weight of the

pol ypropyl ene resins (Resin Al to Resin A10) indicated in Table 1 (core

| ayer resin (y) in Table 2, Table 3 and Table 4) and 0.10 parts by wei ght
of a zinc borate powder (cell controlling agent) were supplied to an

ext r uder Mudid leyemiresdnebeadshead eld, contewril @ifd ak AesdedayFhusoreed iafst

nol ten resi I | ayer_ .for i0 , f rrgéq ;Qeis tinme, the
pol ypr opy @%&E&ggﬁ? sl%(nﬁe)s%eeri‘:’:Llli1 t‘-’lciriqaolReasir?:rclD S_Lrﬁ?lcil'l a regrol nTabl'e (coating
| ayer regiol yipxpopyl ehablresdn Baldfer@rand rablthed )rassire faxpplneedHeo canat her

extruder, and the resin_was heated, nelted and. kneaded. Thus, a second
nol ten r éSYRY GF g@éﬁrﬁ-&qdaﬁé’ro"ieor net i96h quly[l'ﬁf&é’]lene resin

SubsequeRlafs e ddd 81t TRh EesuEe S !, 0l n GPES re@¥elk thah ML { Alle ANt difn

second nolten resin for coating layer formation were supplied to &

co- ext r ushbdr idieg, bandet hskdéng he cinprasssi yecesd bl tent regian apes ilmem nat ed

on the first nol :fen resin $ ch.(%hat the second nolten resif sur.rou %d t he
e H &t e

strand of'" §FSFoPted ©5 R AT €U h8AEPghe TRRIG 61T ¢

coating hayer thdtaabedsd nmd dHE 22 tandkhalklseof »eremced el e dgaseiton the
ratio (xb/ﬁa) of the di scharge anount of the second nolten resin (kg/hour)

(xb) and CPYHAGe TATHTN SFAS RO ek Aokl Glén T whledmesur pda) .
[ 0149] comgéﬁeg%ligllﬁg%%%mgp\éci%% ld_%;nt@%t et%i el rq%%'efbt‘#%% %dc?lidecqlé rom

the co-extr Into™a stran orm fan was cut to avea_lmensmn of
a di anet eonafi takeu of s anskeat eRYdT egacvah@d ceetababt df 81d iniESithe

di ameter. Thus, multilayer resin beads having an average wei ght per bead of
1.8 ny weiEigbtAenefrain reaches 55%, the stress (B) at a strain of 50%
satisfies expression (9) with respect to the density (A) of the
specimen; and such that among the inflection points for the amount
of displacement obtained as a result of analyzing 100 sites of
the surfaces (the coating layer portion of the expanded beads

constituting the molded article) of the expanded polypropylene
resin beads-molded article by a micro thermomechanical analysis
(uTA) , the average temperature (Tca) of 50 sites counted from the
site having the smallest value of the temperature (Tc) of the
inflection point on the lowest temperature side, is calculated,
and the relationship between the Tca and the temperature (Td) of
the inflection point on the lowest temperature gide among the
inflection points of the core layer portion of the analyzed
expanded bead constituting the molded article, satisfies
expression (10).
{0077]

{Expression 9)

B > 0.0818A% + 5.98A + 55.8 {2)
wherein B is expressed in the unit kPa, and A is expressed in the
unit g/L.
[0078]

The right-hand side of the expression (9) is an empirical

30



[ 0150] The nultilayer resin beads were used to produce expanded
beads as descri bed bel ow. 100 parts by weight (1000 g) of the

mul til ayer resin beads, 300 parts by weight of water, 0.05 parts by wei ght
of sodi um dodecyl benzenesul fonate (surfactant) , 0.3 parts by weight of
kaolin (dispersant) , and carbon di oxi de gas (blow ng agent) indicated in
Table 2 I intro =11 . \Whi t he
mxt ur e GaET Feh, i SerBo PR R LG o R R A B A ey
by 5C t hartvWherexpanstaedemeratatrm imd ta el 4 Tabd edehsaindy Teble 3. The

system was mai ntained at that tenperature for 15 mnutes. Subsequently, one
end of tFEHRBCIORPE S D5 iét, S Tarth T o entPads é’%ﬁ%@%igjee%ﬁas

di schar ged 4ndefe e RlMRIPRSHIIG 1R, e53ULe: iEhHS: expandedeeafs ¥es &of
obtained. In order to increase the calorific value of the high-tenperature
peak in Brenphe tillavehe exaeeriddbadde @F itdre trresgrahsinvesndon he expansi on
t enper at u[i'oeoﬁre adj usted. [0151] Further, during the discharge of
the nul tilay resin beads fromthe autoclave, the discharge was carried
out whil e carbamxghirexisdengas)was supplied into the autoclave, so that the
pressure inside the autoclave could be nmaintained at the pressure inside

t he autocl ave Memedi’dl ekyTBefltfke the di schar@e®) [0152] The expanded
beads th O%%t ai ned were washed with water, and were subjected to a

centri fulgl@. L]bsequently, t he expanded beads were aged by | eaving the beads

to stand under Thiee 2bHMELA P LIPMRSIAHE® afr®F 34 Bt SneduhsagHentidyditde
apparent density of the expanded beads and the calorific value of the

hi gh- t em¥é¥eafiyi & ipasRrvereandas peafs theareelf e eqrdifie sontBE PresRt e 2,
Table 3 I s [Q183] Fur. Tgrégg i S rent
density ?Lg]/qf)%oﬁ fliés expancFéldatbeta{lde ga%éu%eéet hée&gpa orlL%I]is%: &/g%%)te%l gg of the

hi gh- t enperfateurtel e ado ioft & lven eptyEanidede i eaei e mndhitd s Blerclgen toedd loy anet er
was carried _out., accqrdin o the nethods descri bed abqve. [0154 In
or der 1 0 “GEISTAIEE s (S S 1R CORR (58 G PO 1T oY @t PHe® Sxpanded
beads, MiHdhRRIcHRSIdRIDAES 1 it Hd¥e COAHN G hayess Was  €od predeby
addi ng a colorant were produced, and the nultilayer resin beads were

f oamed ar@s®gFinded the tied addmnsiinefliEs the Bemppeature o(18. Jhetkspanded

beads wer, served W. 1,.G1.0scqpe i ¥$? oy_gg t ortion
corresponl%llf%%ctet&Ot?héj\gcléqo%é{jntg%eatsﬁoﬁ"geslta;a/é;egnﬂ(és%e et|oor |ong}gt§n§5 @%xpanded
beads) wasiMeictaxpapdedt skaf ther core,ldher poating of attee ekphhdeddsdt adxg

| ayer resin was al so observed, The results are presented in Table 2, Table
3 and Tabl@sFltrisg the moldgd aabiGifed beads obtained in Exanples 1 to
10 and Exgmys 12 to 18 were used to nold expanded beads-nol ded articles
as descri bed bel ow. As the nol ding machine, a small-scal e nolding
machi ne capabl @nothendthiemghandat whanethet avarpgessaiecobf Otds MR was

used. The expanded.beads re filled.i | d.having a | di S e_whi ch
oaour od LEEFEELERA PRl LibEfakh BelBLt  DRYL00LE LRI {ig ShERE W ©
W th an eparwgap Bbeuthdmathobeidy4iddd abubseqianinkyhahiieanos thavasth

conpletely closed, and air inside the nold was exhausted with steam
pressur e.OfTM eﬁ@étnd_rﬁﬂ REFF v 1 G8T isd-ute bys ﬂﬁﬁ‘f%ﬁ"@ist%‘é@n Hessure at
a Pressuid Ainaed 9in ol e TS A AN Tobkactndld iRt After

t he heat | ding, the nolded article was cooled wth water until the
surface pressgee veflushefnohdetdharknebe phAstde ¢that mydlagarhedrOiolPPa

(G, and . then_ the |.ded. article s removed from the nuol.d.. The nol ded

St ol o S R AE S gt D A LIEE, Y EEReH TS SERs e I baPashy Che

t enper at Weu1 TSy Hpoxeandrt eadsrdad dae iadld dghis abtad Apd:hd 0156]
Furthernore, an internal pressure of 0.30 MPa (G was applied to the
expanded SFEEES oisrail hed iﬂﬁlﬁéﬁp“f"eeqf&Prwq%ﬁeﬁﬁléﬁﬁafgﬁé&e@édﬁl%l%ﬂlﬁled
article -fnngrné% & described below. The sane snall-scal e nolding machine
as described & ove, which was capable of enduring a saturated steam
pressure [@0s®]48 MPa (G, was used. The expanded beads were filled in a

nmol d having a_pol ding space which negsured 250 nm,x 200 x 50 mm

Wt hout conpl oTBRy EPGUFRGHie Holtde. akt ARGcH n BOHH o (At rmy

bei ng | efthe RIRRRGUEAIHY, A8 yEBld MaLOM LIRlY ) 0OSRSreBih@i thd NSi de
the nold was exhausted with steam pressure. Then, heat nolding was carried
out by supplying steam pressure at a pressure indicated in Table 3 into the
mol d. After the heat nolding, the noldgg article was cooled with water
until the surface pressure of the nolded article inside the nold reached
0.039 MPa (G, and then the nolded article was renoved fromthe nold. The

nol ded article was aged at 80C for 24 hours, and then was cooled to room
tenperature. Thus, an expanded beads-nol ded article was obtained. [0157]
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temperature at a constant rate of 10°C/second. The temperature
of the inflection point is defined as the intersection point
between the tangent line to the base line, and the tangent line
to a steep descending position of the amount of displacement
originating from the melting of crystals, in a curve plotted for
the amount of displacement and temperature.

The micro thermomechanical analysis is carried out using
a micro thermal analysis system, "2990 Micro Thermal Analyzer"
manufactured by T.A. Instruments Japan, Inc., under the
conditions of a rate of temperature increase of 10°C/sec from 25°C
to 250°C.
[0083]

FIG. 3 aﬁd FIG. 4 show an example of the UTA curve of the
coating layer portion and the core layer portion of an expanded
bead or of an expanded bead constituting an expanded beads-molded
article. The method of determining the steep inflection point
originating from the melting of crystals for the coating layer
portion of the expanded bead will be described with reference of
these drawings.

[0084]

FIG. 3 is a diagram showing an example of the UTA curve for
the coating layer portion of a multilayer expanded bead, and FIG.
4 is a diagram showing an example of the PTA curve for the core
layer portion of amultilayer expanded bead. In FIG. 3, the curve
Cm is an example of the PTA curve for the coating layer porticn
of a multilayer expanded bead, and two tangent lines are produced
against the curve Cm around the steep descent temperature of the
amount of displacement in the curve Cm, and are respectively
designatedas tangent line BL and tangent line TL. The inflection
point Tc is the intersection point between these tangent line BL
and tangent line TL.

[0085]
On the other hand, in FIG. 4, the curve Dm is an example
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of the uTA curve for the core layer portion of amultilayer expanded
bead, and similarly, the intersection between the tangent line
BL and the tangent line TL in the curve Dm is the inflection point
temperature Td.

Here, the inflection point obtained by the micro
thermomechanical analysis is measured by increasing the

measurement temperature of the apparatus at a constant rate of

10°C/sec. The temperature of the inflection point is determined,
in a curve of the displacement of the fusion of c¢rystals and the
temperature, from the intersection point between the tangent line
to the base line and the tangent line at a steep descent position
of the displacement originating from the fusion of crystals.
[0086]

The micro thermomechanical analysis for the coating layer
portion of an expanded bead is carried out by fixing an expanded
bead (if a single expanded bead is too large as received, for
example, a sample cut to an appropriate size by cutting the
expanded bead into halves or the like} or a specimen cut out from
an expanded beads-molded article, to a sample stage of the
apparatus, and subsequently lowering a probe tip {(the part that
is brought into contact with the coating layer portion of the
expanded bead has a tip which measures 0.2 pum both in the length
and width) toward a randomly selected site on the surface of the
expanded bead or an expanded bead constituting the expanded
beads-molded article, and measurement is made while the probe tip
is still in the state of being in contact with the coating layer
portion of the expanded bead.

Furthermore, the micro thermomechanical analysis for the
core layer of the expanded bead is carried out in the same manner
as in the micro thermomechanical analysis for the coating layer
portion of the expanded bead, except that the probe tip is lowered
to the central area of the cross-section generated by

approximately bisecting the expanded bead.

33



3917 o0 Not neasured Not neasured 009 o Exanple 4 Resin Al 1193 Resin B 0O
OEOO 891. W. b 9'091. 173 99 A 19" |I. Grcunference conpletely coated
o]

[0087]

It is gspeculated that the inflection point temperature on
the lowest temperature side of the coating layer portion of the
multilayer expanded beads is lower as compared with that of the
core layer portion, because when multilayer resin beads are
expanded, the expansion is carried out on the basis of the melting
point of the resin constituting the core layer, and therefore,
the coating layer of the multilayer resin beads is rapidly cooled
from a temperature higher than the meiting point of the resin
constituting the coating layer. Therefore, the smectic
structure of low melting point crystals is increased, and thus
the melting initiation temperature of the coating layer portion
of the multilayer expanded beads is decreased.

[0088]

In regard to the in-mold molding of expanded beads, since
fusion-bonding between the expanded beads with each other occurs
at the surfaces of the expanded beads, it is significantly
meaningful to perform a thermal analysis as described above, only
for the surfaces of the expanded beads. When the central area
and the surface areas of the expanded beads are subjected to the
micro thermomechanical analysis, it is determined whether the
object of analysis is a multilayer expanded bead, or whether the
object of analysis is a multilayer expanded beads-molded article.
On the other hand, it is thought to be impossible to understand
the tendency of the initiation of melting only for the surfaces
of expanded beads, through a DSC method. However, the UTA enables
the understanding of the tendency. Furthermore, in the uTA, the
rate of temperature increase is set to 10°C per second, and this
rate is believed to be close to the rate of temperature increase
employed at the time of heating the expanded beads during the
actual in-mold molding process (such a fast rate of temperature
increase is difficult for the DSC method) .

[0089]
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In regard to the expanded beads of the present invention,
when the shape of the expanded beads is constructed to be
cylindrical, the expanded beads can be fuse-bonded with each other
without destroying the c¢ylindrical shape at the time of molding
an expanded beads-molded article. Therefore, an expanded
polypropylene resin beads-molded article having a high porosity
is obtained.

[0090]

Examples of the shape of the multilayer resin beads used
in the present invention include a pillar shape, a rugby ball shape,
a spherical shape, and a cylindrical shape. The expanded beads
obtained by foaming and expanding such multilayer resin beads
acquire a pillar shape, a spherical shape, a rugby ball shape or
a cylindrical shape, in accordance with the shape of the resin
beads prior to expansion. Among these shapes, when a cylindrical
shape is selected, an expanded beads-molded article having a high
porosity can be obtained, and an expanded beads-molded article
resulting therefromis excellent inwater infiltration properties
and sound absorption properties.

[0091]

When it is said that the shape of the expanded polypropylene
resin beads described above in the present invention is a
cylindrical shape, the expanded beads include pillar-shaped
expanded beads having a columnar shape, an elliptic cylindrical
shape, a prism shape or the like, and having one or two or more
through-holes that penetrate through the pillar in the vertical
direction {for example, FIG. 2(A) to FIG. 2(F) described in JP-2A
No. 7-137063), as well as hollow-shaped expanded beads having
blade-like protrusions on parts of the outer surface in addition
to the shape having through-holes (for example, FIG. 3(Q) to FIG.
3(U) described in JP-A No. 7-137063), and expanded beads having
a cutout portion in some parts in addition to the shape having

through-holes {for example, FIG. 2(H) described in JP-A No.
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7-137063) .
{00g2]

Next, an example of the method for producing multilayer
resin beads according to the present invention will be described.
[0093]

First, the polypropylene resin for constituting the core
layer, another regin that is optionally incorporated, and
additives optionally incorporated, are supplied to one extruder,
and the mixture is heated and kneaded. Thus, a first molten resin
for core laver formation is formed. At the same time, the
polypropylene resin for constituting the coating layer, another
resin that is optionally incorporated, and additives optionally
incorporated, are supplied to ancther extruder, and the mixture
is heated and kneaded. Thus, a second molten regin for coating
layer formation is formed. |
[0094]

Subsequently, the first molten resin and the second molten
resin are supplied to a co-extrusion die, and at inside the die,
the stream of the first molten resin and the stream of the second
molten resin are combined such that the stream of the secondmolten
regin wraps the surrounding of the strand-like stream of the first
molten resin, to thereby laminate the two resin streams. Thus,
the laminated and combined molten resins are extruded from the
die in a strand form, cooled, and cut toa size to obtain the desired
weight of resin beads. Thereby, multilayer resin beads can be
produced.
fo0o9s]

Further, adjustment of the thickness of the coating layer
in the multilayer resin beads can be carried out by regulating
the balance between the discharge amount of the core layer and
the discharge amount of the coating layer, or by regulating the
rate of pulling the strand-like extrusion product.

[0096]
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Furthermore, since the discharge amount of the coating
layer is very small compared with the discharge amount of the core
layer, it is necessary to devise the discharge so that the resins
can be evenly distributed to all of the strand extrusion holes
provided on the die, and the second molten resin can be laminated
on the first molten resin as uniformly as possible. For this
purpose, the structure inside the die is also important; however,
since the resin distribution becomes more uniform when the MFR
of the second molten resin constituting the coating layer is
larger than the MFR of the first molten resin constituting the
core layer, it is preferable that the MFR value of the second molten
resin be equal to or greater than the MFR value of the first molten
resin.

[0097]

As such, it is suitable to cut the resin beads after
co-extruding the resin into a strand form, in order to obtain
multilayer resin beads in which a coating layer is laminated on
a core layer. However, according to the present invention, a
method of obtaining multilayer resin beads by a co-extrusion
underwater cutting method may be employed, or a method of
obtaining multilayer resin beads by cutting a co-extruded
multilayer sheet may be employed.

[0058]

The area occupied by the coating layer relative to the
surface area of a multilayer resin bead preferably occupies 40%
or more, more preferably 50% or more, and particularly preferably
60% or more, of the surface area from the viewpoint that the
expanded beads obtained by foaming and expanding the multilayer
resin beads acquire excellent fusibility, and form an expanded
beads-molded article having excellent flexural strength and the
like. Furthermore, the coating layer at the surface of the
multilayer resin bead may be coated in a linear shape or in a

network shape or the like. 1In this case, for the average value
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of the thickness of the coating layer portion of the expanded beads,
the value calculated from the weight ratio of the coating layer
and the core layer as described above will be employed.

[0099]

Subsequently, a preferred example of the method of
obtaining expanded beads using mulfilayer resgin beads will be
described.

[0100]

The multilayer resin beads having the constitution of the
present invention are dispersed together with a blowing agent and
the like, in an agqueous medium éuch as water or an alcohol in a
gsealed vegsel such as an autoclave, and the multilayer resin beads
are heated, under stirring, to a temperature equal to or higher
than the softening temperature of the polypropylene resin forming
the core layer, to thereby impregnate the blowing agent into the
multilayer resin beads. Subsequently, while the pressure ingide
the sealed vessel is maintained at a pressure equal to or higher
than the vapor pressure of the blowing agent, one end under the
water surface inside the sealed vessel is opened, and the
multilayer resin beads and the aqueous medium are simultaneously
discharged from the vessel in an atmosphere at a low pressgure,
and the multilayer resin beads are foamed and expanded
(hereinafter, referred to as "dispersion medium discharging
expansion method"). Usually, the agqueous medium described above
is preferably water, from the viewpoint of handling.

[0101]

In the dispersion medium discharging expansion method, when
the multilayer resin beads are heated in the vessel, it is
preferable to add a dispersant into the dispersion medium so that
themultilayer resin beads do not fuse with each other in the vessel.
Such a dispersant may be any dispersant which prevents the fusion
of the multilayer resin beads in the vessel, and organic

dispersants and inorganic dispersants can all be used. However,

38



( 0)edill! )ed it6 I O O e 7P1 . Core layer resin: y r Partial
calorific value (Ec) of core layer resin of area under tenperature range of
fromcore layer nelting point to higher tenperatures Coating |ayer resin:
x Ratio (Es/Ec) of partial calorific value (Es) of coating | ayer resin of
area under tenperature range of fromcore layer resin nelting point to

hi gher teqperatur %ie@%‘in an Sés??aﬂf;%aié&bﬁ]k% (%%rgin%r%uﬁ@é’%cé sin
of area under tenpérature rangée o romcore rayér resin nelting point to
hi gher t dnperfine esRaitdle dbraesoacdhraidered esExat@l egoahtdgdbayfiural
formati on (xb/ya) Coatin Iaﬁgr thickness of nmultilayer resin beads Bead
wei ght CéFb@Hnﬁhﬁ%P&écé fe Eﬁﬁéﬁnﬁugaeﬁ?)a@REﬁhE?onk%%ﬁt%raTh?%f and

clay; aluminum oxide, titanium oxide, basic magnesium carbonate,
basic zinc carbonate, calcium carbonate, calcium phosphate, and
iron oxide, and these may be used gsingly or as combinations of
several kinds. Further the dispersant is usually used in an
amount of about 0.001 to 5 parts by weight per 106 parts by weight
of the multilayer resin beads.

[0102]

Furthermore, in the dispersion medium discharging
expansion method, a dispersion enhancement agent which
strengthens the dispersion force of the dispersant (having a
function of preventing fusion between the multilayer resin beads
in the vessel, even if the amount of addition of the dispersant
ig small) may be added to the dispersionmedium. Sucha digpersion
enhancement agent is an inorganic compound which can be dissolved
in an amount of at least 1 mg or more in 100 cc of water at 40°C,
and at least one of the anion and the cation of which is divalent
or trivalent. Examples of such an inorganic substance include
magnesium chloride, magnesium nitrate, magnesium sulfate,
aluminum chloride, aluminum nitrate, aluminum sulfate, iron
chloride, iron sulfide, and iron nitrate. In the case of
producing expanded beads having an apparent density of 100 g/L
or greater, it is preferable to use a digpersion enhancement agent.
The dispersion enhancement agent is usually added to the
dispersion medium at a proportion of about 0.0001 to 1 part by
weight per 100 parts by weight of the multilayer resin beads.
[0103]

Examples of the blowing agent that is used for the digpersion
medium discharging expansion method include organic physical
blowing agents, such as aliphatic hydrocarbons such as propane,

butane, hexane, and heptane; cyclic aliphatic hydrocarbons such
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1,1,1,2-tetrafluoroethane, methyl chloride, ethyl chloride, and
methylene chloride; and so-called inorganic physical blowing
agents such as nitrogen, oxygen, air, carbon dioxide, and water.
Furthermore, an organic blowing agent and an inorganic blowing
agent can be used in combination. It is preferable to use the
physical blowing agents described above, from the viewpoint that
expanded beads having a low apparent density can be easily
obtained. Among the physical blowing agents, one or two or more
inorganic physical blowing agents selected from the group
consisting of nitrogen, oxygen, air, carbon dioxide and water are
suitably used as main components. Furthermore, among these, when
the stability of the apparent density of the expanded beads,
environmental burden, cost and the like are considered, nitrogen
or air is preferred. In the case of using water as the blowing
agent, the water used as a dispersion medium for dispersing the
multilayer resin beads in a sealed vessel may be directly used.
[0104] |

The filling amount of the physical blowing agent in the
vessel in the dispersion medium discharging expansion method is
appropriately selected in accordance with the type of the blowing
agent used, the expansion temperature, and the desired apparent
density of the expanded beads. Specifically, for example, when
nitrogen is used as the blowing agent and water is used as the
digpersion medium, it is preferable to select the filling amount
guch that the pressure inside the sealed vessel, that is, the
pressure (gauge pressure) in the space inside the sealed vessel,
which is in a stabilized state immediately before the initiation
of expansion, i1s 0.6 to 6 MPa(G). In general, as the desired
apparent density of the expanded beads is smaller, it is
preferable to set the pressure of the space in the vessel to be

higher, and as the desired apparent density of the expanded beads
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is larger, it is preferable to set the pressure of the space to
be lower.
[0105]

In the dispersion medium discharging expansion method,
filling of the physical blowing agent in the vessel may be carried
out by filling the physical blowing agent simultaneously with the
initiation of temperature increase, by filling the agent in the
middle of the temperature increase, or by filling the agent in
a stabilized state immediately before the initiation of
expansion.

[0106]

The method of heating and softening multilayer resin beads
impregnated with a blowing agent and foaming and expanding the
multilayer resin beads according to the present invention, is not
intended to be limited to the dispersion medium discharging
expansion method described above. A method of feoaming and
expanding expandable multilayer resin beads that are impregnated
with a blowing agent, by meang of a heating medium such as heated
steam or hot ailr, as described in JP-A No. 4-372630 for example,
ig also acceptable, and a method of obtaining expanded beads by
a co-extrusion expansion method is also acceptable.

[0107]

The expanded beads of the present invention are expanded
beads formed by foaming and expandingmultilayer resin beads which
are preferably produced by the method described above and are each
composed of a core layer formed of a polypropylene resin and a
coating layer formed of a polypropylene resin, and the expanded
beads are each composed of a core layer portion formed by foaming
and expanding the core layer of the multilayer resin beads, and
a coating layer portion formed by stretching the coating layer
of the multilayer resin beads.

[0108]

The coating layer portion of the expanded beads formed from
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the coating layer of the multilayer regin beads ig substantially
in an unexpanded state. Here, being in an unexpanded state
implies that for 100 expanded beads arbitrarily selected, one
photograph (magnification ratio 200 times) of the cross-section
of the coating layer porticon is taken for one expanded bead {(total
100 photographs), and among them, the number of cross-section
photographs in which the coating layer portion has expanded is
¢ to 10, and preferably 0 to 5.

[0109]

The expanded beads of the present invention preferably have
an apparent density of 10 g/L £to 500 g/L. If the apparent density
igs less than 10 g/L, there is a risk that the expanded beads are
likely to have a high open cell content, and a satisfactory
expanded beads-molded article may not be obtained. On the other
hand, if the apparent density is greater than 500 g/L, there is
a risk that the resulting expanded beads-molded article may have
an excessively large density, and properties characteristic to
a foam, such as thermal insulation properties, buffering
properties and lightweight may be lost.

[0110]

The apparent density (g/L) of the expanded beads is
calculated by dividing the weight (g) of a group of the expanded
beads by their apparent volume (L). The apparent volume (L) of
a group of expanded beads is determined by submerging about 5 g
of a group of expanded beads that have been left to stand for 48

hours or longer at 23°C and at the atmospheric pressure, in water

in a mass cylinder containing 100 cm® of water at 23°C, reading
the excluded volume, and converting this to a value expressed in
the liter unit.
[0111]

The base resin of the expanded beadsg of the present invention
may be crosslinked, but it is preferable that the base resin be

subgtantially non-crosslinked. Being substantially
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non-crosslinked indicate that the proportion of a fraction that
is insoluble in boiling xylene is 1% by weight or less.
[0112]

The DSC curve obtained by a heat flux differential scanning
calorimetric analysis of the expanded beads according to the
present invention exhibits at least an endothermic curve peak
intrinsic to a polypropylene resin (intrinsic peak) and an
endothermic curve peak on the higher temperature side than the
foregoing endothermic curve peak (high-temperature peak), and the
calorific value of the endothermic curve peak on the higher
temperature side is preferably from 5 J/g to 40 J/g, more
preferably 10 J/g to 40 J/g, and particularly preferably 15 J/g
to 35 J/g. Such expanded beads are expanded beads that have a
high closed cell content and are suitable for heat molding.
[0113]

If the calorific value of the high temperature peak is too
small, the steam pressure at the time of molding the expanded beads
may be lowered, but there is a risk that the compressive strength,
the amount of energy absorption and the like of the resulting
expanded beads-molded article may be decreased. On the other hand,
if the calorific vaiue of the high-temperature peak is too large,
a pressure should be applied inside the expanded beads prior to
the molding process for the expanded beads, and there is a risk
that the molding cycle may be lengthened.

[0114]

Furthermore, the calorific value of the high-temperature
peak is preferably 15% or greater, more preferably 20% or greater,
even more preferably 25% or greater, and particularly preferably
30% or greater, relative to the sum of the calorific values of
all the endothermic curve peaks. Furthermore, the upper limit
is preferably 70% or less, more preferably 60% or less, and
particularly preferably 50% or less.

[0115]
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Also, the sum of the calorific wvalues (total calorific
value) of all the endothermic curve peaks of the expanded beads
according to the present invention is preferably 60 to 150 J/g.
If the calorific value is too small, there is a risk that the
strength properties such as compressive strength may be
deteriorated. On the other hand, if the calorific value is too
large, there is a rigk that an expanded beads-molded article
having many voids may be obtained, since the expnaded beads
forming the expanded beads-molded article have poor secondary
expandability at the time of molding.
folle]

In regard to the polypropylene resin forming the coating
layer, it is preferable that the high-temperature peak of the
pelypropylene resin forming the coating layer portion do not exist,
or that the high-temperature peak of the polypropylene resin
forming the coating layer portion have a smaller calorific value
than the high-temperature peak of the polypropylene resin forming
the core layer portion, under the expansion conditions under which
the polypropylene resin forming the core layer portion has a
high-temperature peak to an appropriate extent. For the
endothermic curve peaks which are intrinsic peaks of the
polypropylene resin forming the coating layer and the
polypropylene resin forming the core layer, since it is speculated
that the part on the higher temperature side preferentially
becomes the high-temperature peak, it is possible to manage the
difference between the high-temperature peak of the coating layer
portion and the high-temperature peak of the core layer portion
on the basis of the ratio, when the multilayer expanded beads are
produced.

[0117]

That is, by comparing the calorific wvalues of particular

parts of the intrinsic peaks, the magnitude of the calorific value

of a certain particular high-temperature peak can be predicted.
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In order to satisfy the requirements for molding by low pressure
steam of the present invention, based on the melting point of the
polypropylene resin forming the core layer, the ratio (Es/Ec) of
the partial calorific wvalue (Es) for the area under the
temperature range of from the melting point of the polypropylene
resin forming the core layer to higher temperatures in the
polypropylene resin forming the coating layer, and the partial
calorific value (Ec¢) for the area under the temperature range of
from the melting point to higher temperatures in the polypropylene
resin forming the core layer is preferably in the range of 0 to
0.70, more preferably 0 to 0.65, and particularly preferapbly O
to 0.60.

[0118]

The measurement of the total calorific value of the
endothermic curve peaks and the calorific value of the
high-temperature peak is carried out as follows according to the
measurement method equivalent to JIS K7122 (year 1987).

First, 2 to 10 mg of expanded beads are collected, and
measurement is performed by increasing the temperature from room
temperature (10°C to 40°C) to 220°C at a rate of 10°C/min using
a heat flux differential scanning calorimeter. An example of the
first time DSC curve obtained by such measurement is shown in FIG.
1.

[0119]

In the DSC curve of FIG. 1, the intrinsic peak a and the
intrinsic peak b appear, which are derived from the polypropylene
resin constituting the expanded beads. The calorific value of
the high-temperature peak b corresponds to the peak area, and
specifically, the calorific value can be determined as follows.
[0120]

First, a straight line (a-B) which connects the point o

corresponding to 80°C on the DSC curve with the point B

corresponding to the melting end temperature T of the expanded
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beads on the DSC curve is drawn. Here, themeltingend temperature
T is the temperature corresponding to the intersection between
the DSC curve on the higher temperature side of the
high-temperature peak b and the base line on the higher
temperature side. Subsequently, a straight line parallel to the
ordinate of the graph is drawn from the point y corresponding to
the valley portion between the intrinsic peak a and the
high-temperature peak b on the DSC curve, and the point where the
parallel line intersects the straight line (o-B) is designated
as o. The area of the high-temperature peak b is the area of the
region surrounded by the curve of the portion of the

high-temperature peak b on the DSC curve, (o-PB} and the line

segment (y-o) (the shaded region in FIG. 1), and this area
corresponds to the calorific value of the high-temperature peak.
Furthermore, the sum of the calorific values of all the
endothermic curve peaks according to the present specification
is indicated by the area of the region surrounded by the DSC curve
and the straight line (a-f) in FIG. 1, and this area corresponds
to the total calorific value of the endothermic curve peaks.
[0121]

Furthermore, the high-temperature peak b is recognized in
the first time DSC curve measured as described above, but is not
recognized in the second time DSC curve. In the second time DSC
curve, only the endothermic curve peak intrinsic to the
polypropylene resin constituting the expanded beads {intrinsic
peak a) is recognized as shown in FIG. 2. Here, the second time
DSC curve is a DSC curve which is obtained, after obtaining the
first time DSC curve, by decreasing the temperature to 40°C at

a rate of 10°C/min and increasing the temperature again up to 220°C

at a rate of 10°C/min in a heat flux differential scanning

calorimetric analysis.
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(9) "6) the total welght is 2 to 10 mg. Furthermore, 1f the weight of
a peace of single expanded bead is 2 to 10 mg, one expanded bead
may be directly used in the measurement. If the weight of a peace
of single expanded bead is greater than 10 mg, it is preferable
to cut one expanded bead into several pieces so that each piece
weighs 2 to 10 mg, and to use one piece of the cut sample in the
measurement. However, even though this cut sample is obtained
by cutting one expanded bead using a cutter knife or the like,
cutting the sample such that the ratio of the coating layer portion
and the core layer portion in the expanded bead as a whole is
largely changed, and using such a piece as a cut sample should
be definitely avoided. As apreparationexample of the cut sample,
in the case where the weight of a peace of single expanded bead
is 18 mg, when the expanded bead is laid in an arbitrary direction
and cut horizontally at the center of the vertical direction, two
cut samples weighing about 9 mg and having an almost the same shape
are obtained. For each of the cut samples, the ratio of the
coating layer portion and the core layer portion of the expanded
bead initially possessed remains unchanged. One of the two cut
sampleg thus obtained may be used in the measurement of the
intrinsic peak and the high-temperature peak as described above.
[0123]

Next, the technical meaning of the high-temperature peak
for the expanded bead of the present invention, and the
relationship between the calorific value of the high-temperature
peak and the constitution of the present invention will be

explained.
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[0124]

The high-temperature peak appears in the firgt time DSC
curve as described above, and is attributable to the crystal
structure of the polypropylene resgin. It can be seen that the
magnitude of the calorific vaiue of this high-temperature peak
is strongly affected by the difference between the melting point
of the resin and the temperature at the time of expanding the resin
beads.

[0125]

Furthermore, it can be seen that generally, when the
expanded beads are filled in a mold and heat molded with steam,
there exists a minimum saturated steam pressure (referred to as
minimum steam pressure) required for the expanded beads to
satisfactorily fuse-bond with each other in the mold. Here, the
temperature corresponding to the minimum steam pressure is called
the minimum fusion-bonding temperature.

[0126]

It is known that the calorific value of the high-temperature
peak is closely related to the minimum fusion-bonding temperature,
and serves as a factor determining the minimum fusion-bonding
temperature. Furthermore, in the case of using an identical
polypropylene resin, there is a tendency that when the calorific
value of the high-temperature peak is small, the minimum
fusion-bonding temperature is lowered. Furthermore, the value
of the calorific value of this high-temperature peak is strongly
affected by the level of the expansion temperature in the stage
of the production of the expanded beads, so that when an identical
polypropylene resin is used, there is a tendency that as the
expansion temperature increases, the value of the calorific value
of the high-temperature peak decreasges.

[0127]
When an expanded beads-molded article is molded using

expanded beads having a small calorific value of the
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high-temperature peak, the minimum fusion-bonding temperature
tends to be relatively lower. However, the strength properties
such as compressive strength (rigidity) of the expanded
beads-molded article tend to relatively deteriorated. On the
other hand, when an expanded beads-molded article is heat molded
using expanded beads having a large calorific value of the
high-temperature peak, the mechanical properties such as
compressive strength of the expanded beads-molded article tends
to relatively increase. However, the minimum fusion-bonding
temperature is relatively increased, and thus, a high steam
pressure is required when an expanded beads-molded article is
produced as described above.

[0128]

That ig, the most preferred expanded beads are expanded
beads having opposite properties at the same time, such that the
expanded beads-molded article has relatively high strength
properties such as compressive strength, irrespective of whether
the minimum fusion-bonding temperature is low. The expanded
beads of the present invention are capable of simultaneously
gsatisfying such contradictory properties, and despite being
expanded beads formed from polypropylene resins having excellent
mechanical strength properties and the like, have the minimum
fusion-bonding temperature effectively lowered. Therefore,
when heat molding of the expanded beads-molded article is carried
out using the expanded beads of the present invention, a molded
article having excellent strength in terms of mechanical
properties such as compressive strength can be produced using a
conventional molding apparatuses.

[0129]

Next, the method of regulating the calorific value of the
high-temperature peak of the expanded beads of the present
invention in regard to the dispersion medium discharging

expansion method described above, will be described. That is,
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the expanded beads can be obtained by, as described above, a method
of dispersing multilayer resin beads in water together with an
blowing agent in a sealed vessel, heating the mixture,
impregnating the blowing agent into the multilayer resin beads,
and then discharging the system to a low pressure atmosphere.
[0130]

In the case of expanding the multilayer resin beads
described above by the dispersion medium discharging expansion
method, when the heating temperature and the heating time are set
as will be described below based on the melting point of the
polypropylene resin forming the core layer, a large calorific
value of the high-temperature peak may be obtained, and the
expanded beads thus obtained can acquire excellent strength
properties such as compressive strength.

[0131]

As a specific method for regulating the high temperature
peak in the dispersion medium discharging expansion method, when
the multilayer resin beads are dispersed in an agueous medium and
heated, regulation is preferably achieved such that the
temperature is increased to be not higher than the melting end
temperature (Tie) of the polypropylene resin of the core layer,
heating is stopped at an arbitrary temperature (Ta) in the range
of from a temperature lower by 20°C or more than the melting point
{Ti) of the resin to below the melting end temperature (Tie) of
the resin, the multilayer resin beads are maintained at that
temperature (Ta) for a sufficient time period, preferably for
about 10 to 60 minutes, subsequently the multilayer resin beads
are heated to an arbitrary temperature (Tb) in the range of from

a temperature lower by 15°C than the melting point (Ti) to melting

end temperature (Tie) + 10°C, heating is stopped at that
temperature, the multilayer resin beads are further maintained
at that temperature for a sufficient time period, preferably about

10 to 60 minutes, and then the multilayer resin beads are
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discharged from the sealed vessel to a low pressure atmosphere
to thereby foam and expand.
[0132]

In the dispergsion medium discharging expansion method, it
is preferable to set the temperatures Ta and Tb and the retention
time as described above, because the magnitude of the
high-temperature peak of the expanded beads is dependent mainly
on the temperature Ta, the retention time at that temperature,
the temperature Tb, and the retention time at that temperature
for the resin beads upon the production of the expanded beads,
and on the rate of temperature increase.

[0133]

In general, as the temperature Ta or Tb is lower within the
temperature range described above, or the retention time is longer,
the calorific value of the high-temperature peak of the expanded
beads tends to become larger. Usually, a rate of temperature
increase of 0.5°C to 5°C/min is employed in the expansion process.
When a preliminary experiment is repeated while considering these
factors, the production conditions for the expanded beads
exhibiting a desired calorific value of the high-temperature peak
can be found easily and accurately.

[0134]

Further, the temperature adjustment range at the time of
expansion of the resin beads as described above is an appropriate
temperature range in the case of using an inorganic physical
blowing agent as the blowing agent. When an organic physical
blowing agent is used in combination, the appropriate temperature
range tends to be shifted to a lower temperature side than the
temperature range described above, in accordance with the type
or amount of use of the organic physical blowing agent.

[0135]
It is preferable to subjecting the expanded beads of the

present invention to heat molding after aging the expanded beads
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at the atmospheric pressure, and after increasing the internal
pressure if necessary, because an expanded beadg-molded article
having no gaps between the expanded beads can be cobtained. It
is also preferable since the strength properties such as
compressive strength of the resulting expanded beads-molded
article are also improved.

[0136]

Further, when the cell internal pressure of the expanded
beads is increased, it is preferable to place the expanded beads
in a sealed vessel, leaving the expanded beads for an appropriate
time while pressurized air is supplied to the vessel, so as to
allow the pressurized air to penetrate into the expanded beads.
The apparent density of the expanded beads-molded article
produced from such expanded beads can be set to any value according
to the purpose, but the apparent density is usually in the range
of 9 g/L to 600 g/L. The apparent density of the expanded
beads-molded article is calculated by dividing the weight (g) of

| a specimen cut out from the molded article by the volume (L)
determined from the external dimension of the specimen.
[0137]

The expanded beads having an increased cell internal
pressure can be converted to expanded beads having a higher
expansion ratio, through a step of heating using steam or hot air
and a so-called two-stage expansion step. When in-mold molding
is carried out using such expanded beads having a high expansion
ratio, an expanded beads-molded article having a high expansion
ratio can be easily obtained.

[0138]

It is also preferable to produce the expanded beads-molded
article by employing a batch type in-mold heat molding method,
in which after the expanded beads have the internal pressure
increased as necessary, the expanded beads are filled in a mold

which is capable of heating and cooling and is sealable by opening
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and closing, the expanded beads are heated in the mold by supplying
gsaturated steam so that the expanded beads expand and fuse-bond,
and then the expanded beads are cooled and removed from the mold.
[0139]

In regard to the molding machine used for the batch type
in-mold heat molding method, there are already a wide variety of
numercus molding machines, and the machines vary to some extent
from country to country. However, many of the molding machines
are operated at an internal pressure of 0.45 MPa (G) or less.
Therefore, it is preferable that the pressure of saturated steam
at the time of allowing the expanded beads to expand and fuse-bond
with each other be 0.45 MPa (G) or less, and more preferably 0.43
MPa (G) or less. It is particularly preferable that the pressure
of saturated steam be 0.40 MPa (G) or less, from the viewpoint
of reducing the energy cost.

[0140]

The expanded beads of the present invention can also be
produced intoc an expanded beads-molded article according to a
continucus mcolding method. In the continuous in-mold molding
method, an expanded beads-molded article is obtained using a
molding apparatus that is known per se, that is, a molding
apparatus having a hopper for expanded bead supply, and a
passageway equipped with continuously moving endless belts along
the top and bottom of the passageway, while the passageway
includes a heating region and a cooling region. The expanded
beads-molded article is cobtained by increasing the internal
pressure of the expanded beads as necessary, subsequently
supplyving the expanded beads continuously between the
continuocusly moving belts along the top and bottom of the
passageway, expanding and fuse-bonding the expanded beads with
each other ,during passe through the supplying region the saturated
steam (heating region), subsequently allowing the expanded beads

to pass through the cocoling region to cool the expanded beads to
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obtain amolded article, removing the molded article thus obtained
from the passageway, and then sequentially cutting the molded
article to anappropriate size. Sucha continuous in-moldmolding
method is described in, for example, JP-ANos. 9-104026, 9-104027,
and 10-180888.

[0141]

Furthermore, the expanded beads-molded article obtained by
using the expanded beadgs of the pregent invention is such that
the open cell content measured according to Procedure C of
ASTM-D2856-70 is preferably 40% or less, more preferably 30% or
less, andjparticularly'préferably'25% or less. A wmolded article
having a smaller open cell content may have superior mechanical
strength.

[0142]

In the expanded beads-molded article obtained by using the
expanded beads of the present invention, a surface decorative
material can be laminated and integrated on at least a portion
of the surface of the expanded beads-molded article. The method
for producing such a laminated composite type article through
in-mold molding of expanded beads is described in detail in, for
example, US Patent Nos. 5,928,776, 6,096,417, 6,033,770,
5,474,841, EP No. 477476, WO 98/34770, WO 98/00287, and Japanese
Patent No. 3092227.

[0143]

Inside the expanded beads-molded article obtained by the
present invention, an insert material can be combined and
integrated by embedding the entirety or a part of the insert
material. The method for producing such an inserted composite
type article through in-mold molding of expanded beads is
described in detail in, for example, US Patent Nos. 6,033,770,
5,474,841, JP-A No. 59-1277714, and Japanese Patent No. 3092227.

EXAMPLES
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[0144]

Hereinafter, the present invention will be described in
detail by way of Examples and Comparative Examples.
[0145]

The type of the polypropylene resin used in Examples,
Comparative Examples and Reference Examples, the heat quantity
of melting (J/g) of the resin as measured by a differential
scanning calorimetric analysis, the tensile modulus (MPa) and the
like are presented in Table 1.

[0146]

55



Bfr 1 wd 6w Parts by weight G bir 1/6 wl MPa(G ( 0 ) e d Al
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[Table 1]
Total
Melting hea? Tensile
point quantity modulus
of Remarks
melting
°C Jig MPa
Resin A1 154.3 97 1350 Ethylene-propylene random copolymer
Resin A2 153.8 86 1350 Ethylene-propylene random copolymer
Resin A3 165.6 120 1560 Propylene homopolymer
ResinA4 | 1535 | 93 | 1090 St vt Qg_gg)d resin B
ResinA5 | 1537 | 95 1160 Simple bgir;?gﬂi ool Qg. fg)d resin B
£ - - - :
8] ResinAs | 1541 | 93 1220 Simple b'g:‘gi;’;trf:t'i’;g;_as?d resin B
21 ResinA7 | 1520 | 90 1110 Simple b('\ig?gf“; resin :J_;(;‘)d resin J
o - . .
| . Simple blend of resin A1 and resin J
8 Resin A8 153.3 95 1200 (weight ratio 90:10)
ResinA9 | 1541 | 92 1190 Simple b'(i’;‘; g°;t'fast’i';g;_§;‘d resin J
ResinA10 | 1542 | 99 1080 Simple b('fvr;?g‘,’]ft o g‘g.fg)d resin K
Resin J 134.2 100 940 Ethylene-propylene random copolymer
ST Metallocene homopolymerization
Resin K 1328 104 700 Ethylene-butg:;—)?;%peyrlene random
Resin B 142.1 72 1150 Ethylene-propylene random copolymer
Resin C 1315 60 620 Ethylene-butttzrrls;;?;;peyrlene random
. Simple blend of resin A1 and resin B
‘qE“? Resin D 153.5 87 1200 (weight ratio 50:50)
= , Simple blend of resin A1 and resin B
5| ResinE | 1553 | 92 1250 P (weight ratio 70:30)
] A . .
= . Simple blend of resin A2 and resin B
g Resin F 151.0 93 1200 (weight ratio 60:40)
o . Simple blend of resin A2 and resin B
8 Resin G 152.8 93 1250 (weight ratio 80:20)
. Simple blend of resin A2 and resin B
Resin H 163.2 94 1300 (weight ratio 90:10)
Resin| | 1535 | 94 1300 Simple b'&‘gﬁ;{fgg;gﬁ%‘d resin B
[0147]

Examples 1 to 18
100 parts by weight of the polypropylene resing (Resin Al

to Regin A10) indicated in Table 1 (core layer resin (y)} in Table
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Partial calorific value (Ec) of core layer resin of area under tenperature
range of fromcore layer nelting point to higher tenperatures Coating

| ayer resin: x torific value (Es) of coating |layer resin of [nye of from
core layer resin nelting point id partial calorific value (Ec) of core

| ayer perature range of fromcore layer resin int to higher tenperatures

Rati o of seco lte in for coat] Laver formatio X13/ v
Coat i ng Izaygﬁggﬁrglﬁ{écggra@enﬁ} t?lll(gydg'rld:%?ir%%egd‘ge rrBl:'it(:j Ov%ei(agﬁ% nc%?)g%%e
di oxi de grsvdeaxpapdi nesragent ) i X paRsirQ Nwé eaRR1UNER] t S wetdirtideal, uenof

hi gh tenperature peak Apparent density of nultilayer resin beads L/D of
expanded Weansxcaiei v hapdedhorel bAAtHIE kRegsest eXpandet fhEgdsmoSteRe of

surface GoaliNgor3otdtenal BERaSHES Mo thaddae af obl g MRkt
g Steam pressure nsity ) “of nol ded article Appearance of expanded
beads- nolxetddardpyclene 4eshirey o RelsdrmBnechaeisdal Ganahgisistefl torBabhyel
portion (Jggating layer resin (x) in Table 2, Table 3 and Table 4) were
supplied to another extruder, and the resin was heated, melted
and kneaded. Thus, a second molten resin for coating layer
formation was formed.
[0148]

Subsequently, the first molten resin for core layer
formation and the second molten resin for coating layer formation
were supplied to a co-extrusiondie, and inside the die, the second
molten resin was laminated on the first molten resin such that
the second molten resin surrounded the strand of the first molten
resin. Furthermore, the weight ratio of the ceocating layer
indicated in Table 2 and Table 3 were calculated based on the ratio
(xb/va) of the discharge amount of the second molten resin
(kg/hour) {(xb) and the discharge amount of the first molten resin
(kg/hour) (ya).

[0149]

Subsequently, the laminated molten resin was extruded from
the co-extrusion die into a strand form, and was cut to have a
dimension of a diameter of about 1 mm and a length equivalent to
about 1.8 times the diameter. Thus, multilayer resin beads having
an average weight per bead of 1.8 mg were obtained.

[0150]

The multilayer resin beads were used to produce expanded
beads as described below.

100 parts by weight (1000 g) of the multilayer resin beads,
300 parts by weight of water, 0.05 parts by weight of sodium dodecyl
benzenesulfonate (surfactant), 0.3 parts by weight of kaclin

(dispersant), and carbon dioxide gas (blowing agent) indicated
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M cro thernonechani cal analysis of coating |layer portion (Tca) *5)
Conpressive stress value (B) at 50% strain Determ nation of conpressive
stress value at 50% strain based on expression (9) "6)

in Table 2 and Table 3 were introduced to a 5-liter autoclave,
and while the mixture was stirred, the temperature wasg increased
to a temperature lower by 5°C than the expansion temperature
indicated in Table 2 and Table 3. The system was maintained at
that temperature for 15 minutes. Subsequently, one end of the
autoclave was opened, and the content of the autoclave was
discharged under the atmospheric pressure. Thus, expanded beads
were obtained. In order to increase the calorific value of the
high-temperature peak in Example 11, the retention time prior to
expansion and the expansion temperature were adjusted.

[0151]

Further, during the discharge of the multilayer resin beads
from the autoclave, the discharge was carried out while carbon
dioxide gas was supplied into the autoclave, so that the pressure
inside the autoclave could be maintained at the pressure inside
the autoclave immediately before the discharge.

[0152]

The expanded beads thus cobtained were washed with water,
and were subjected to a centrifuge. Subsequently, the expanded
beads were aged by leaving the beads to stand under the atmospheric
pressure for 24 hours. Subsequently, the apparent density of the
expanded beads and the calorific value of the high-temperature
peak were measured. The results are presented in Table 2, Table
3 and Table 4.

[0153]

Further, the analysis of the apparent density (g/L) of the
expanded bead group, the calorific value (J/g) of the
high-temperature peak of the expanded beads, and the average cell
diameter was carried out according to the methods described above.
[0154]

In order to observe the state of the coating layer portion
of the expanded beads, multilayer resin beads in which the coating

layer was colored by adding a colorant were produced, and the
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[0161] In regard to Table 2, Table 3 and Tabl e 4, *1) 50% by wei ght
of expanded beads having a coating |ayer ratio of 5% by weight, and 50% by
wei ght of expanded beads having a coating layer ratio of 1% by wei ght are
m xed. *2) Average value of two kinds of expanded beads.

*3) Surface state determ ned by observing the surfaces of expanded beads

after col ofl n t he coatl n er_r qiﬁn‘g \v.oj.ds
bet ween expangea’ebea%s H&M&éége? a?’tf‘di%&l%aeﬁ‘ et ES %Fﬁeg'féatr\l/\r}eéerdh

expanded akedds Exathpdlesmr € osiiBes: THe émdéhaﬁeé@s Swém.o}ﬁserved with)
Average value of tenperatures at 50 sites with a |ower tenperature of the
inflecti @nmbGFﬁFCBHetr nReE ovle Mae ApERat that ife PPEE 1PReCebFeSBPN98BY fdasur ed

surfaces (§f. aB18¥Randsd: PE§Uss JOI dathditl iR ion of theGexERAGEA HEHAON i n
t he case of satisfying the expression (9 0, determ nation in the case of

not sati sfas ngttéva_omqk@ssmnrt(l@)rmore[ﬂt@z] coatlng Slftm:&:@rfpt]esgr@ﬁetlﬂg engt h
and apparlent denSltﬁl i} and d ]Eiced arti celéaesntob& ann]le

Exanpl es "% 187 *44F% % S%IO Ervrs? erres%Lf S for Hne" Coatd ng ayer
portion and T CW eridyeiblRord.i on of the expanded beads constituting the
expanded beads- nol ded article are presented in Table 2, Table 3 and Tabl e
4. [0163][0155]  As shown in Table 2, Table 3 and Table 4, the steam

pressure (mini ' $5HER): HBYEMpL BE Deats aahdi Mg mondd tions
in Exanples 1, %@aﬁ%%&g\/\%?e%%%%l\/ga %%;?l ang tﬁe St eam pressure der the
heat nol di2ngccartdiner@Ensigen Exampﬂﬁis epande dvdsedistondiRied Grioicleassas
Particularly, ,in les 5 and 7, the steam pressure under the heating
conditi o%%&&%%%&“(@ and the steam pressure under the heat nol ding
condi tions in ExamPleeholdinO mb@mas ,0.a3&nMRa (a1 HiMdiiRpnd@siHd s, it
can be seen that the expanded beads obtained in the Exarrgl es are expanded
e

beads tharreddshefi sngvrdngobdeatarated pressupeesavsn Pholigh MhRd o) the

bead is QA%@QJ[SS%% of -high gggy agbgglgk@t wggley%ﬁ@é'de& LeSHIAS H [5&331%1 a

Furt hernore e ‘exp ande orrre an expande

beads- noh@adiaid I@a@:éﬂa\ml&m %Mﬁﬂ&w;@gd Y %€ €l d e bm COMY @, el t§idangt h,
due to the large calorific value of the high-tenperature peak even though

t he st eamcgm:elmlef atlostiaa itie o lidn- ﬁnﬁdwﬁﬁhdﬁﬁgopﬁﬂngmm(cﬁm‘éﬁ? ng Wileam

pressure VP ] e

beads- rml)b ff%l esggégagﬁég%ﬁﬁ the %%gl %Q ﬁ@%g%%é%m on g?ng rate
of the em&nﬁlegllb@adﬁe ﬁcf:l&&%sﬁéxl@éﬂﬁtedi wiantdsbadmexealdiard. fEII’BLIehI Ihdar of

t he expanded. beads with each other. [0166] The neasurenent of the

conpr ess MPa ENE¥a s Fay e & eS¢ BRIE D FIE P FE BT € e d RERIF¥ient of
the apparigfy; 4ensi by CAk1ef ot heagxpandad; beadss nolided anki fbeqa. andeddie

t enper at ure of the inflection point obtained by a mcro thernmonechani cal
anal ysi s tdfe hketcoaltdgg) ayfa dedﬁdoaramdlehwza%mﬂe@wtbowaten witihe

expanded g\ads onsti tUtSH-Bi% g F‘ gg § ol degeacrﬁé %O«idmleéaec caéri ed
out  accor B E b1 RERTHOCs tests 1 T
0.039 MPa (G}, and then the molded artlcle was removed from the
mold. The molded article was aged at 80°C for 24 hours, and then
was cooled to room temperature. Thus, an expanded beads-molded
article was obtained.
[0156]

Furthermore, an internal pressure of 0.30 MPa (G) was
applied to the expanded beads cbtained in Example 11, and then
an expanded beads-molded article was formed as described below.
The same small-scale molding machine as described above, which
was capable of enduring a saturated steam pressure of 0.48 MPa

(G), was used. The expanded beads were filled in a mold having
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The nul til ayer expanded beads of Exanple 1 were partially coated expanded
beads in which the circunferential surfaces of the expanded beads were not
entirely coated by the coating | ayer but were partially coated. The i
expanded beads-nol ded article obtained fromthe nmultilayer expanded beads
of Exanple 1 tended to have an increased inflection point average
tenperature (Tca) as conpared with the expanded beads-nol ded articles of
Exanpl es a2mbéddngHepever whibk expanded Ie@adse nokdéedmar ki ©0 enmof vBtdmpite 1
satisfied the expression (10%7 had a satisfactory appearance, and had a
conpr essCPRPIELEAYt F1OFERSt FAE PREAeofPre¥sFie?RiPRES 977 uERU By
conpr essianngf 1Lhe expapdedubgads; mohdeth fstiLd &Sl Sid B i LXPIeRSI ON
(9). [0168] The nmul filayer expanded beads of Exanple 2 were such

t hat t headirrtupd @e einei ed1 @ wefSaeelzaof t eh e ilvdosise we pressurent | Teeéy, deatted by
t he coating l.ayer but_were ga&tialk%ﬁ)oated. However, for Ehe expanded
beads- mol"@ed &Pt 27 & Bot st hed 1P MR Y% FHayE P sipaded b &ds ™ THe

i nfl ecti amdpeiatiedayaragel é perat uhe dtd) saHesf ite hbet axdr®ssy 0ntHel0)
and was equivalent to that of the expanded beads_of Exanple 4 having the

ci rcunf eferdiesl 250 FABY2RMPP Y it ¥dteanunfélothersiHaiRrfe BFres&Fanded
beads- mol.deganhd £hes o EXAPLi0 A diadnd 7314 SIALHAY (ARBAGANBACE) andif1ad a
conpressive strength such that the conpressive stress value at 50%

conpr essittienoftheheoéxpanded ibéadwaso-dadvadt frbe sheisdled tThe enqirde=ssi on
(9). [0169] | The mul tilayer expanded beads of Exanples 3 and 4 had a
coati ng SFALElenvaRixFEd RE BOdt itRg ?ay¥iuTesPRdcbRatRFAhECBARPre° TOoOm

ci rcunfer [ fac f e a e 5N . ssure was
0. 40 NPar SHRCERCES o BOFar g of Saar arda bR Eh S ARl S Yo
The i nfl etttiadmegai Nt average tenperature (Tca) satisfied the expression
(10), and the _appearance was satisfactory. The expanded beads- nol ded
articles Rda’d conpressive strength such that the conpressive stress val ues
at 50% CONpr esghans ok ah Nor Sxpardied sheadsmRbIed nar bt ELas, Sald fd pdiddee
expression (9). [0170] In anple 5, multilayer expanded beads

havi ng aatavéeagdmgalafe hefett molooamd e sy indgion thd dassssrdficd.e60 nm and

mul til ayer., expande ads _havi ng_an ayerage val ue of 3.0 r i-xed at
b opor EEST R RE00E S GRE LR Bl R R enbo g Tl Tl a1t

The aver agenef Tamgeca@ati ng | ayer thickness was close to the val ue of
Exanpl e 4, but the nolding steam pressure hada slightly | ower value than
Exampl e 40158t hernore, the inflection point average tenperature (Tca)
satisfied the expression (10), and the external appearance was
satisfactory. The expanded beads-nol ded article had a conpressive strength
such that the conpressive stress value at 50% conpressi on of the expanded
beads-nol ded article satisfied the expression (9). [0171] The

mul til ayer expanded beads of Exanple 6 were such that the average val ue of
the coating layer resin thickness was 0.62 gm which was al nost equal to
that of Exanple 3. However, the pol ypropylene resin used as the raw
material for the coating |ayer was a pol ypropyl ene resin having a | ower
melting point than Exanple 3, and having a tensile nodulus of 620 MPa. The
nol di ng steam pressure was 0.40 MPa (G . Further the inflection
poi nt average tenperature (Tca) satisfied the expression (10), and the
appearance was satisfactory. The expanded beads-nol ded article had a
conpressive strength such that the conpressive stress value at 50%
conpressi on of the expanded beads-nol ded article satisfied the expression
(9). [0172] The multil ayer expanded beads of Exanple 7 were such
that the average value of the coating |ayer resin thickness was 0.65 gm
and the nelting point of the polypropylene resin used as the raw materi al
of the coating layer was 153.5C, which was higher by +0.8C wth respect to
the nelting point of the polypropylene resin used as the raw material of
the core layer. On the other hand, the ratio Es/Ec was 0.28 and satisfied
the expression (2). The nol ding steam pressure was 0.38 MPa (G . The
inflection point average tenperature (Tca) satisfied
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the expression (10), and the appearance was satisfactory. The expanded
beads-nol ded article had a conpressive strength such that the conpressive
and ] -] % H

st ress val perat—56%gonptressionToi—irheexpanded—headstrptded—artche
satisfied {Hp pexpression (9)| [0173] The mdl1.illaye exaandeé biads
of Exanpl e|8|were stich that [ke|av golval ue |of |EReBCoat|ny | kel |resin

t hi ckness !\%sﬁ 0. €1 %m whi ch \@sﬁa;%rg@&q@% tD %@E B o B ANHP K383 and 6.
However, tha{oelting|point of the polyprlodyllerfe r&sgf|used as|the faw
material ol {he coatiing layef was 151. 04, (whigh w&s | ower [by 2| §C|wi tith
respect to[the[nmelfing point|of|the|polyprlopylleng resinfused ps|the raw
material of the cone|layer. DnTife ot her| hand,| thegrali 0 Es|EFEVgls [0. 36 and
satisfied {bpz expr esgi on (2) ﬁ@hg mpl di nge|stjeamyr BSsur e was PzR|_WPa (O .
The infleclEp@| pgi & | average|g enpePat ur o | o@)|asSAt ES | edt Heo pXpE|S$si on
(10), and {Bfrpppearance was|Safisfact priyd| The—exparkied cl:)eads-g' ded
article hag p ronpregsive stfeggsh such ft hat theic@@?ressive St I2ss val ue
at 50% compression|of the expande eadls- nollded articllelsatisfi he
expressi on %9) [0174] The |mul ti ljayler expagdi beads|of Pdanpl ¢ 9
were such {hpt|the average vplue of |theicaatling l|@y@g|resin|thi ckingss|was
0.61 pm whgth was |&lnose eqhdl |Eo2 Ipigief| Efanp! (€ 8 |and | &) o [Bierg [t he
mel ting poiﬁ,ﬁaf”tk& pol ypr opy ¢he fesim™ used |as @ﬂégram?nate'ia of the
coating |l ayef was 155%.3C, wh|ch|was|hi gher| by [+1.|80C W th|respect| 1o the
mel ti ng poinf—pf—therpotypropytenefesinusedasthefraw ratetaof—t he
core |layer).,Pn|the|other hanfl, the ratiol Bs/lEq wag€ Q.45 and|sat|sfiled|the
expressi on gzlz JheTnol di ng bteeam|p espelr € vas Q. 42 §ira é(s),_ »l<|-| The

i nflection|gpgntgayenage”t enp&y afuee < 18(R)| wati §f iceal B ReSexpP eSs i@ 1 10) ,
and the appip¥ance |%as satisfacforny| Thel expandedzb@dds{nmpl gdef arlticl ¢ had
a conpressive strength such that tthé conpriessi|ve ($tregs|val e[ al [50%
conpr essi o, pf|the| éxpanded] beads- frol ded jartijcT € sati|sfi ed|the| expregsi on
(9). [0175]2|= Fhe nul ti er |expamnsled begds ioEg=xamplg| 10 € suych
that the ajBlapesvdlle of tha?c/oﬁtfm? I‘%L’erE FesEn €1 ¢RNBSS W%%&B@Lm
The neltinlgz% nt of|the pol ypropyl éne(Tlesi n Used &< fhe taw mat erifal |of

t he coati ng—}ajerwas—152. 8Cl whighiwas-{-gwer-{by 1 - 0Cwth relspect] to
the nmel ting,po| nt of, |t he pol ypropyl ¢ne|riesi n Used as fhe raw paterial |of
the core | fgpE ém ghe ogher | Bang,|=t ke |2 ad lico sk, ECS RS 0963 | abel| Sia i s1i &
t he expres:;%aDﬂ () |&The nol d| =g |sYEam p¥esisug Wass® 42 |®Pa, (|~ 1°
Further, ti|Tpflecgtijon point ayernage ienperatjure (Tca) [satis{ied tlhe
expressi on[([[0), and|the appgaran¢efwas [sdtijsflactjory. [Ihe|expanfed

beads- nol ded| af t pclle [had a cpnpr essil ¥ & stsiengtihesuch 1828 Lhe|sonpresgi ve
stress val yie| af 8096 conpr es$i on2oF | & ékﬁﬁndea beadsen@l &ed|‘af't ¢l e
satisfied the expression (9)] [0176 o ThHe nultillayer expahded bgads
of Exanple|lfl Used|a gropyl epe teiinihaviing a particul arly|high [gngEl 6
nmodul us as |t he|.pgl ypred/Eene| resin of {he |core | dyer ¢f |the MuLL] dyer
resin beads. Fﬁpfg,herrrfﬁr_i%CIJ Singe|thefcaloriffilc valiue of the t]L)%-gerrEerature
peak of the pxppfhded g; £t NS | gbt @i ned was| 4883i g, f{he secBhEpgl [=
expandabi | |ty VaE poof. - /&g | 8when pressalr g #ol di ng _ywas ¢8fE|2&|Butl by
appl yi ng ap [np=gnal |gr@dsuge & octhe Txpahded (bBads t gSephantes]hes)
secondary expargigbill i Bys 3tehg| dppéar arite & Imang vol.dgehat weBhst HE|8xpanded
beads, but |ah %Ear ded DEt @l ged | F 12| | MesZabt’gi ned 8 | Ems | gpb (e
article thys| Bl ai n&dgBipe! e | 2| pard 188 ar |3 exced | 8t canpl Bsslays |
strength. |Ofgfd 28|85 PROples 218 to | 4F &g egamﬁ eg5i 8| BhECH| HEepyl ene
resin havi ng| 2|8 eweE g4 £ing| ol 8 2 Kansidie | aci pal EYB1epe| 2rggresi n
formng the toresi& eﬁ‘&'ﬁé‘?mﬁor BoBat®dsimto 3 hg cole E geP | SfBEg Iml @[5
Exanpl es 12 hod 55| &t Beb Eat £p g vei|dhtg rat] (@ Hekveeh §BegpEi ﬁ}iap?&rg Bigh

mel ting pdiniS EsSi rgaﬁc@ chf%g aw| Hel { i oSEing resi no was | 80226| < Whid|8 &
Exampl es 93, | 1& and 18 g of & i @ |0l DD at|dSEx gl 2 £18|apg A% Eac a
ratio of 95 b.|dFgr |alE DE 3Bk Exam| & & stledm pregsiEe aB| EnR & Bme of
mol di ng v&as o@Esuch‘sgg@ B EWPR| (GBS | T ﬁnfl@cti on|goimt |§ grgxlg:“g
tenperature [TohE satBss eqd {He| 8xpressijon<(110)g |and the appEagapceSwys
satisfactofy| [Ehg expgr@igds bpads“nol ded faritiiclieShad a|compr ¢&$eV@| $Erengt h
such that {he CoBpressivg st fess value|at |50%|cormpressi on|of {885 expanded
beads-nol ded| aftTclie | SR £ i o {he expressian ((9). [0178] mpardltijse
Exanples 1[tDb 6 and Ref®rence Exanples tlo I3 Resin bedds were

obt ai ned using the pol ypropylene resins indicated in Table 1. In
Conpar ati ve Exanple 1, Conparative Exanples 5 and 6, and Reference Exanpl es
1 to 3, conventional single |ayer expanded beads having no coating |ayer
were used. In Reference Exanples 2 and 3, a propylene resin having a | ower



and then the apparent density
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the calorific value of the high-tenperature peak and
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t he expanded beads were aged by | eaving the beads to stand
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the like were nmeasured. The results are presented in Table 5 and Tabl e 6.
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[0161]

In regard to Table 2, Table 3 and Table 4,

*1} 50% by weight of expanded beads having a coating layer
ratio of 5% by weight, and 50% by weight of expanded beads having
a coating layer ratio of 1% by weight are mixed.

*2} Average value of two kinds of expanded beads.

*3) Surface state determined by observing the surfaces of
expanded beads after coloring the coating layer resgin.

*4) The number of voids between expanded beads in an area
of 100 expanded beads. Voids between expanded beads, 50 or more
gites: A, fewer than 50 sitesg: o

*5) Average value of temperatures at 50 sites with a lower
temperature of the inflection point on the lower temperature side
for the core of 100 measured surfaces of an expanded beads-molded
article

*6) Determination in the case of satisfying the expressioﬁ
(2): 0, determination in the case of not satisfying the expression
(9): x
[0162]

The compressive strength and apparent density of the

expanded beads-molded articles obtained in Examples 1 to 18, and

the yuTA analysis results for the coating layer portion and the
core layer portion of the expanded beads constituting the expanded
beads-molded article are presented in Table 2, Table 3 and Table
4,

[0163]

As shown in Table 2, Table 3 and Table 4, the steam pressure
(minimum molding steam pressure) under the heat molding
conditions in Examples 1, 9 and 10 was 0.42 MPa (G), and the steam
pressure under the heat molding conditions in Examples 2 to 8 was
0.40 MPa (G) or less. Particularly, in Examples 5 and 7, the steam
pressure under the heating conditions was 0.38 MPa (@), and the

steam pressure under the heat molding conditionsg in Examples 12
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to 18 was 0.36 MPa (3@). From these results, it can be seen that
the expanded beads obtained in the Examples are expanded beads
that can be in-moid molded at low pressure, even though most of
the bead is composged of high melting point polypropylene resins.
[0164]

Furthermore, the expanded beads of Example 11 formed an
expanded beads-molded article having a particularly excellent
compresgsive strength, due to the large calorific value of the
high-temperature peak, even though the steam pressure at the time
of in-mold molding (minimum molding steam pressure) was 0.43 MPa
(G) .

[0165]

Furthermore, the expanded beads-molded articles obtained
in Examples 1 to 18 had a fusion-bonding rate of the expanded beads
of 50% or greater, and had excellent fusibility of the expanded
beads with each other.

[0166]

The measurement of the compressive stress of the expanded
beads-molded article, the measurement of the apparent density (A)
of the expanded beads-molded article, and the temperature of the
inflection point obtained by a micro thermomechanical analysis
of the coating layer portion and the core layer portion of the
expanded beads constituting the expanded beads-molded article
were carried out according to the methods described above.
[{0167]

The multilayer expanded beads of Example 1 were partially
coated expanded beads in which the circumferential surfaces of
the expanded beads were not entirely coated by the coating layer
but were partially coated. The expanded beads-molded article
obtained from the multilayer expanded beads of Example 1 tended
to have an increased inflection point average temperature (Tca)
as compared.with the expanded beads-molded articles of Examples

2 to 4. However, the expanded beads-molded article of Example
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1 satisfied the expression (10}, had a satisfactory appearance,
and had a compressive strength such that the compressive stress
value at 50% compression of the expanded beads-molded article
gsatisfied the expression (9).

f0l68]

The multilayer expanded beads of Example 2 were such that
the circumferential gsurfaces of the beads were not entirely coated
by the coating layer but were partially coated. However, for the
expanded beads-molded article obtained from the multilayer
expanded beads, the inflection point average temperature (Tca)
satisfied the expression (10) and was equivalent to that of the
expanded beads of Example 4 having the circumferential surfaces
entirely coated. On the other hand, the expanded beads-molded
article of Example 2 had a satisfactory appearance, and had a
compressive strength such that the compressive stress value at
50% compression of the expanded beads-molded article satisfied
the expression (9).

[0169] |

The multilayver expanded beads of Examples 3 and 4 had a
coating state in which the coating layer resin coated the entire
circumferential surfaces of the beads, and the molding steam
pressure was 0.40 MPa, which was a molding steam pressure
equivalent to Examples 2 to 4.

The inflection point average temperature (Tca) satisfied
the expression (10), and the appearance was satisfactory. The
expanded beads-molded articles had a compressive strength such
that the compressive stress values at 50% compression of the
expanded beads-molded articles satisfied the expression (9).
[0170]

In Example 5, multilayer expanded beads having an average
value of the coating layer resin thickness of 0.60 pm and

multilayer expanded beads having an average value of 3.04 um were

mixed at a proportion of 50% by weight each, and molding was carried
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The average of the coating layer thickness was close to the
value of Example 4, but the molding steam pressure had a siightly
lower value than Example 4. Furthermore, the inflection point
average temperature (Tca) satisfied the expression (10), and the
external appearance was satisfactory. The expandedbeads-molded
article had a compressive strength such that the compressive
stress value at 50% compression of the expanded beads-molded
article satisfied the expression (9).

[0171]

The multilayer expanded beads of Example 6 were such that
the average value of the coating layer resin thickness was 0.62
um, which was almost equal to that of Example 3. However, the
polypropylene resin used as the rawmaterial for the coating layer
was a polypropylene resin having a lower melting point than
Example 3, and having a tensile modulus of 620 MPa. The molding
steam pressure was 0.40 MPa (G).

Further the inflection point average temperature (Tca)
satisfied the expression (10), and the appearance was
satisfactory. The expanded beads-molded article had a
compressive strength such that the compressive stress value at
50% compression of the expanded beads-molded article satisfied
the expression (9).

[0172]
The multilayer expanded beads of Example 7 were such that

the average value of the coating layer resin thickness was 0.65
um, and the melting point of the polypropylene resin used as the
raw material of the coating layer was 153.5°C, which was higher
by +0.8°C with respect to the melting point of the polypropylene
resin used as the raw material of the core layer. On the other
hand, the ratio Es/Ec was 0.28 and satisfied the expression (2).

The molding steam pressure was 0.38 MPa (G).

The inflection point average temperature {(Tca) satisfied
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the expression (10), and the appearance was satisfactory. The
expanded beads-molded article had a compressive strength such
that the cbmpressive stress value at 50% compression of the
expanded beads-molded article satisfied the expression (9).
[0173]

The multilayer expanded beads of Example 8 were gsuch that
the average value of the coating layer resin thickness was 0.61
um, which was almost equal to that of Examples 3 and 6. However,
the melting point of the polypropylene resin used as the raw
material of the coating layer was 151.0°C, which was lower by -2.8°C
with respect to the melting point of the polypropylene resin used
as the raw material of the core layer. On the other hand, the
ratio Es/Ec was 0.36 and satisfied the expression (2). The
molding steam pressure was 0.40 MPa (G).

The inflection point average temperature (Tca) satisfied
the expression (10), and the appearance wasg satisfactory. The
expanded beads-molded article had a compressive strength such
that the compressive stress value at 50% compression of the
expanded beads-molded article satisfied the expression (9).
[0174]

The multilayer expanded beads of Example 9 were such that
the average value of the coating layer resin thickness was 0.61
pm, which was almost equal to that of Exampleg 3 and 6. However,

the melting point of the polypropylene resin used as the raw
material of the coating layer was 155.3°C, which was higher by

+1.0°Cwith respect to themelting point of the polypropylene regsin
used as the raw material of the core layer. On the other hand,
the ratio Es/Ec was 0.45 and satisfied the expresgsion (2). The
molding steam pressure was 0.42 MPa (G).

The inflection point average temperature (Tca) satisfied
the expression (10), and the appearance was satisfactory. The
expanded beads-molded article had a compressive strength such

that the compressive stress value at 50% compressicn of the
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The multilayer éxpanded beads of Example 10 were such that

the average value of the coating layer resin thickness was 0.63
um. The melting point of the polypropylene resin used as the raw

material of the coating layer was 152.8°C, which was lower by -1.0°C
with respect to the melting point of the polypropylene resin used
as the raw material of the core layer. On the cother hand, the
ratio Es/Ec was 0.65 and satisfied the expression (2). The
molding steam pressure was 0.42 MPa (G).

Further, the inflection point average temperature (Tca)
gatisfied the expression (10), and the appearance was
gsatisfactory. The expanded beads-molded article had a
compressive strength such that the compressive stress value at
50% compression of the expanded beads-molded article satisfied
the expression (9}.

[0176]

The multilayer expanded beads of Example 11 used a propylene
rein having a particularly high tensile modulus as the
polypropylene resin of the core layer of the multilayer resin
beads. Furthermore, since the calorific value of the
high-temperature peak of the expanded beads thus obtained was 48
J/g, the secondary expandability was poor. However, when
pressure molding was carried out by applying an internal pressure
to the expanded beads to enhance the secondary expandability, the
appearance had many voids between the expanded beads, but an
expanded beads-molded article was obtained. The molded article
thus obtained exhibited a particularly excellent compressive
strength.

[0177]

Examples 12 to 18 are examples in which a propylene resin

having a lower melting point than the principal polypropylene

resin forming the core layer was incorporated into the core iayer
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(9)*6) rRBefiereasasboanplRi e Mgl A 1B, (FEEnd 18 had a ratio of 90:10,

and Examples 14 and 17 had a ratic of 95:5. For all of the Examples,
the steam pressure at the time of molding was low, such ag 0.36
MPa (G). The inflection point average temperature (Tca)
satisfied the expression (10), and the appearance was
satisfactory. The expanded beads-molded article had a
compressive strength such that the compressive stress value at
50% compression of the expanded beads-molded article gatisfied
the expression (9).
[0178]

Comparative Examples 1 to 6 and Reference Examples 1 to 3

Resin beads were obtained using the polypropylene resins
indicated in Table 1. In Comparative Example 1, Comparative
Examples 5 and 6, and Reference Examples 1 to 3, conventional
single layer expanded beads having no coating layer were used.
In Reference Examples 2 and 3, a propylene resin having a lower
melting point than the principal polypropylene regin forming the
core layer was incorporated into the core layer resin.
Comparative Examples 2 to 4 were multilayer resin beads. In
Comparative Examples 2 to 4, multilayer resin beads were produced
in the same manner as in Example 1, except that the base resins
of the core layer and the coating layer were changed, and also,
the ratio of the resin for coating layer formation was changed.
[0179]

In Reference Examples 1 to 3 and Comparative Examples 1 to
6, expanded beads were produced using single layer resin beads
or multilayer resin beads, and in the same manner as in Example
1 in terms of the amount of addition of carbon dioxide gas, the
expansion temperature and the like.

The expanded beads thus obtained were washed with water and

were subjected to a centrifuge in the same manner as in the Examples.
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Subsequently, the expanded beads were aged by leaving the beads
to stand under the atmospheric pressure for 24 hours, and then
the apparent density of the expanded beads, the calorific value
of the high-temperature peak and the like were measured. The
results are presented in Table 5 and Table 6.

[0180]
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[0182]

Heat molding was carried out in the same manner ag in Example
1, using the expanded beads of Reference Examples 1 to 3. As a
result, in the Reference Examples, the expanded beads were not
fuse-bonded with each other when the mold was opened after molding,
and expanded beads-molded articles were not obtained.

[0183]

Comparative Example 1 is an example of carrying out heat
molding in the same manner as in Reference Example 1, except that
the same expanded beads as in Reference Example 1 were used, and
the molding vapor pressure was changed. 2As a result, in

' Comparative Example 1, an expanded beads-molded article could be
obtained when the minimum molding steam pressure wasg 0.50 MPa (G) .
Further, the molded article obtained from the expanded beads of
Comparative Example 1 was such that the inflection point average
temperature (Tca) could not satisfy the expression (10).
[0184] _

In Comparative Examples 2 to 6, expanded beads-molded
articles were obtained by carrying out heat molding in the same
manner as in Example 1.

In the expanded beads of Comparative Example 2, the average

value of the coating layer resin thickness was 3.12 um, which was
larger than that of the expanded beads of Example 3. The molding
steam pressure at the time of in-moid molding was as low as 0.38
MPa (G} . On the other hand, although the inflection point average
temperature (Tca) satisfied the expression (10), the compressive
stress value at 50% compression of the expanded beads-molded
article could not satigsfy the expression (9), and the compresgive
strength was insufficient.
{0185}

In the multilayer expanded beads of Comparative Example 3,

the average value of the ceocating layer resin thickness was 0.68

um, and the melting point of the polypropylene resin used as the
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Core layer resin: y Partial calorific value (Ec) of core layer resin of
area under tenperature range of fromcore |layer nelting point to higher
tenperatures Coating layer resin: x Ratio (Es/Ec) of partial calorific
value (Es) of coating layer resin of area under tenperature range of from
core layer resin nelting point to higher tenperatures, and parti al
calorific value (Ec) of core Ia%er resin of area_under tquerature range of

from cor &3ajpeterdailn OkeFPENGORGLRE LBYRFgHeF (edperat e RNFD econd

nmolten resin_for, caating |ayer, faor i (xb t.l | ess of
mul 1 ay B rBsPie Badd 2 Rhe E gt el e R Sy )
Expansi oR-cl-gmpasatius s €ak oFd infa et iugl off Ringh cheapengbur e Peake Appaient
density of multilayer resin beads LID of expanded beads Coating |ayer

portion tiangknéss FRtéIFIES Magdd -St7at @t SR CERATIREY HPA nt er nal

D ot A T8 T LA 8 U 0100 Sl 00 S A Y (N

uowod JakelenGiBO WOl &isdl sueah qupapemwoipeve Woi4d MPa (G), but the steam
pressure was higher as compared with the expanded beads of
equivalent Examples. Furthermore, the inflection point average'
temperature (Tca) could not satisfy the expression (10). On the
other hand, the appearance was satisfactory, and the expanded
beads-molded article had a compressive strength such that the
compressive stress value at 50% compression of the expanded
beads-molded article satisfied the expression (9).
[0186]

In the multilayer expanded beads of Comparative Example 4,

the average value of the coating layer resin thickness was 0.67
pm, and the melting point of the polypropylene resin used as the
raw material of the coating layer was 153.3°C, which was lower

by -0.3°C with respect to the melting point of the polypropylene
resin used as the raw material of the core layer. On the other
hand, the ratio Es/Ec was 0.86, and could not satisfy the
expression (2). An expanded beads-molded article was obtained
when the molding steam pressure was 0.44 MPa (G), but the steam
pressure was higher as compared with the expanded beads of
equivalent Examples. Furthermore, the inflection point average
temperature {(Tca) could not satisfy the expression (10). On the
other hand, the appearance was satisfactory, and the expanded
beads-molded article had a compressive strength such that the
compressive stress value at 50% compression of the expanded

beads-molded article satisfied the expression (9).

INDUSTRIAL APPLICABILITY
[0187]
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M cro thernonechani cal analysis of coating |layer portion (Tca) "5)
Conpressive stress value (B) at 50% strain Determ nation of conpressive
stress value at 50% strain based on expression (9) *6) [0182] Heat’
nol ding was carried out in the sane manner as in Exanple 1, using the
expanded beads of Reference Exanples 1 to 3. As a result, in the Reference
Exanpl es, the expanded beads were not fuse-bonded with each other when the
mol d was openedheaf egpandedi pglyardpedpardeesheadeants| dedoadting ¢o weee not

bt ai ned, [ 0183] , . Conpar ati Le.1 e of i t
et mol BEEGCTY ARYRSHE RN RePoeloth REFFdnth B IF SSoBep L LU t no

sane expahdedtheadscam ipreRefigtenceniramlier knenetsedi@mdg tdre nol di ng
vapor pressure was changed. As a result, in Conparative Exanple 1, an
expanded CRBYESIAONGS a1 e @ NGNGB 16Hear st wisast, heavie muffmh disindi ng

st eam pr :Q; (Y~ r M.t l.-ded el e obtained from
t he expa%%ggbgggg?lgPé%gnggng%ﬁétE%h%%ﬁQH.fagéq%&%% fﬁgﬁj% e inflection
poi nt avérghe teepperdatoneep¢dk @) Cloalleckprotdesiabesdly tichiee aprgesst o tHEE

[ 0184] l.n Cbng@rative Ex% les 2 to 6, expanded beads-nol ded

arti cl es *WEHEYdHEan 5e5$WﬂﬁF%%E§ﬂ@UFEﬁ 'mﬂQﬂaiiq F1Ve A FERRENTE as
in Exanpbheads-molded bitlika xpRanded Heads Lfc Geapanaldive Bxanpl e, the
average val ue of the coating layer resin thickness was 3.12 km which was
| ar ger t BER2PASH BEafReC b dad Seddd s nFENEi pren P rankdersind icxpagicdesin
pressure he ti I; N~ el di_n s lLow_as 0.38 MPa (G .. On the
ot her haﬁ%%d§|?ﬁ%3§§ %%gl?%%?é%ﬁ?%hqﬁb%ﬁﬁ%%§§Fh§% F%hﬁ@ngy}g%F%balng

sati sf i edatkeiedpsestsiagna (Kifpert Herconmessi Mes sthassxivabites atxeQ%ent
conpressi on of the expanded beads-nol ded article could not satisfy the
expressiSHefgy,a&ﬁﬂrpﬁéogoﬁﬁﬂe§§F@él§PFeﬁ§WWr®§§1WﬁsﬁFFﬁ@B@ﬁb. [ 0185]

In the nultilayer expanded beads of Conparative Exanple 3, the average

val ue of the coating |ayer resin thickness was 0.68 Inn, and the nelting
poi nt of PERERBEMYPNoPY| BEEERENICH WERERAS.Sthe raw material of the coating
| ayer mai %@% 2C, which was | ower by-0.6C with respect to the nelting point
of the p Pyprapylene resin used as the raw material of the core layer. On
the othee handInthéngati pekg/ 6€ BBE BnddrhamflieovldvBOpesaki sfy the
expression (2).  An expanded beads-nol ded article was obtai ned when the
nol di ng 8t eam Pre8stFBPREATET24PRPE PE) DSpuEnERENSTBAM FHEYSUPE2RES hi gher

as conpared w th.the expanded .beads of .g uiva* t Exanpl es. Furthernore,
t he iangbtionEB%Pntcggg?aagngéﬂ%efgtEpég(Q%a §§dﬂ?ﬁv%ot satisfy the

expressi gn (10, Pnt BEm ggggoﬂagg-n he appearance was satisfactory, and

t he expanded beads-nol ded articl ﬁa a conpressive strength such that the
conpressyve stvesseyabatewadn SRMEIE $Ba0N 20hn & el @x panged-heads paahkded
article satisfied the expression (9). [0186] In the nultilayer expanded
beads of ConpaPaffvBSExghRfPEharmifeCHyERageatEl ue of the coating |ayer
resin thicknes i i . 1.he | ypr l.ene,resin
used as !tche ra?vn%?g%ggogpg?%ggc%%%%%gl%éegtv%l%.%g%%%ﬁl\%gs tIoower
by-0.3C with regpechlieyt haanehéi 8gapakat, oknihenBobyBEORYLENG-BESI N Used
as the raw material of the core layer. On the other hand, the ratio Es/Ec
was 0.86T and ¥elFéndoendatewpgrahvrexpnesbeohifg). timeekpanded
beads- nol ded artj obt ai ned when the nol di ng steam pressure was 0. 44
MPa (G, but t%éaétggﬁﬁ%?eggﬁyg was hi gher as conpared with the expanded
beads of Tequi vatebingxpephes. Furthernore, the inflection point average
tenperature (Tc%; could not satisfy the expression (10). On the other hand,
the appedfanceMGatiReat PRAaEEBPGLa6HESt he expanded beads- nol ded article had
a conpregsi ve gLEengifhesuch that the conpressive stress value at 50%
conpression of the expanded beads-nol ded article satisfied the expression
(9). I NDUSTRI AL APPLI CABI LI TY [0187]
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The expanded pol ypropyl ene resin beads according to the present invention
can be heat nolded at a steam pressure |lower than the steam pressure
required in the heat nol ding of conventional expanded pol ypropyl ene resin
beads, have sufficient rigidity without setting the calorific value of the
hi gh-tenperature peak of the expanded beads to be | arge or w thout

enpl oyi ng a pressure nol di ng nethod,cﬁﬂ maan gi ve an expanded beads- nol ded
article having excellent heat resistance. The expanded beads of the present
invention can phoyisien@ed epgpdesdyheadsr ol dedadst, i whichvbirehni bt Slayeabl e as
an energy absorbing material such as a bunper for autombiles, and exhibits
excel | entresriay §yrabdetpPrafs aher BRE 1Y draidwh redseRaRe+ BAJIH C-DESESF PTI ON
OF REFER : - rinsi ¢ £ﬁék 15 t ! peaks
Hi gh tem%%t%%%%%%?&@n%t cgekfém'lc cur v%%eaks@gg%i%?%%%%ﬁ%i ng
to 80C oneldS@ emdve Q@Busiog templefoumepophta\Vbleyroeyhees Feasinnshat peak
a and hig&kte erat ur ea%ﬁb of DSC egdothernic curve Hﬁ?k% %Enigrggction
poi nt bethie8ht tRESEET *8%? i B PRTAPY LFIE & S SRETE)9ant CRE Sor i fat e,

and the Bagechhnge a Ml &t '@Qs@@ﬁm’%ﬁ@@é@i@ﬂ%ﬂe& t henfiles oll BABGDSGam
endotherm c curve Tmvelting point TeMelting end tenperature BLBase |ine

CLAI M5 DPreasusep &fdedipoiadsaropyd ierel e e YE hemtranael dpeade et &er
resin ex S Y, i p i id i beads
ompri o1 By s A L A E e B i T ayer
fornmed ofpca ydopriemd erses iresioruirat tise didferbamged r om t he pol ypropyl ene
resin formng the caore | ayer,, and ,can be nnlq?g at _a stea@] ressuretlomer
than the nol di HeHEEInT PRI WG Foater Pﬁg?%aFéQ%régﬁﬁéﬁﬂ%H Beads

formed by 4,080,048 rande SXRANGE NG d BBasiRgl Eal@¥ered BSiwe PR ff enaEgoné the
pol ypropyl ene résin formng the core |ayer, wherein the resin

wei ght r dtayemwteshs) coathrgrnibyblaned nasdrcbeadpayeErORed gl 60 ¢ het@oat i ng
| i ight of th . i ip.t i Wak d
Y Fr om bt st VEAG8TR BY Snas e b0 st b L e G P BRRCS

coating |ayempodanad tdesexnandes beads,mhscdrom Qud, kmto 3.0 km 2.
The expanded pol ypropyl ene resin beads according to claim1l, wherein the

tensi | e rmodul uShef ekpengdeBypodpytrenvlensi res br iarfs keceaddndayercialmhe
mul tilayer resin,beads.is 1000 MPa,Qr ter.,..3. T d :

pol ypr opyi‘ell eFE%Pﬂgﬁigﬁg%ﬁk%WﬁgﬁéuF6%%E§F§¥fﬁﬁﬁﬁ§£§%ﬁ%%%%gghg?F%l%%dulus
of the palnprepyliene esithe REDE NTayoe reere bayes ien ddeMeuldld fayeteresin
beads is 1200 MPa or greater. 4. The expanded poh¥prop | ene resin_beads
accordi n@ to clBinFXPapHefePAl YRECREL ENAGE POIRPEHIT RETPAY DS et Pesin

formng the,saakh o h XA o ASIYLE dAYEE SORD QORI 3 J-aPEotfang! he

melting poin the pol ypropylene resin formng the core layer. 5
expanded it yprepfydeneinediembiaitager aediimgoeade hiai 13 A0 MRharegneaher .

nmelting initiation te rature of th ol ypropyl ene resin f.orm.n e
coat i ng IYayer of'& ﬁé‘P%E‘%ﬁ g?i@@??’%ﬁ@aﬁﬂ%@%ﬁ% aﬁs‘flaoﬁ e %??%%ﬁm
initiation tenperia vhe AE1thagPebVRE QP IteRe poeSitcglneg reBencosemi ayer .

6. The expanded polyfropylene resin beads according to claim1, wherein the
heat quarfthe yostimsl tavgToif the Pelybtapsr orrs i dierdot /i HY'ehéhegat g

| ayer of JNE My Holiaeh a8l BRI SHIRLEELn L0AR; KOG R uaRbLEY of
melting o e ypropyl ene“resin rmng the core layer.
The expanded polypropylene resin beads according to claim
1, wherein the melting initiation temperature of the
polypropylene resin forming the coating layer of the multilayer
resin beads is lower than the melting initiation temperature of
the polypropylene resin forming the core layer.
6. The expanded polypropylene resin beads according to claim

1, wherein the heat quantity of melting of the polypropylene resin

forming the coating layer of the multilayer resin beads is smaller
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7. The expanded pol ypropyl ene resin beads according to claim1, wherein the
tensile yield strength of the pol ypropylene resin formng the core |ayer of
the nultilayer resin beads is at |least 31 MPa. 8. The expanded '
pol ypropyl ene resin beads according to claim1, wherein the pol ypropyl ene
resin formng the core layer of the nultilayer resin beads is one or a

m xture of two or nore selected froma propyl ene honopol yner, and a

copol ynetthefr shepylesite e tanor ledr med-trimgoredr tden teai lyiprprdQ emsl Wemrimor e of

a propyl en nent. unit. 9. The expanded pol ypropyl ene resin beads
accordi ngogggglr&g%r%%l,Coﬁﬁeilgiyr?ﬁ'he DSC endot hermi ¢ curve obtai ned by a heat

flux differentrak sepaniag sl Bitd@iTde araliySbsaak tBeoeApAgdas claim
pol ypropyl ene resin beads, exhibits an endotherm c curve peak intrinsic to

the pol ypropyfERentdsd i Sndrid Salit 8hdot Heana e Qr Fe prakvirPRYECT gifsrin
tenperat yremablerhhaiotde JA1eeel e ARERENELLE P RgRE 1 2N U8 ..

calorific value of the en ermc curve pe on t i'gher tenperature
side is BloMPa.J/g to 40 J/g. 10. The expanded pol ypropyl ene resin beads

according to claiml, wherein the DSC endot herm c _curve obtai ned hy a heat
T ux di f Per ont PP SELFRTRG RANGHIGRTSEE Gra1gsPEoge FHecElpanday o Laih

pol ypr opyl, epgef85h Nt R3Sy Aidre 2BseR0DEARTIY G H bV cPeRte kM # ithsl C tO
t he pol ypropyl ene resin, and an endotherm c curve peak on the higher

t enper at Gitd tdjlayerhhps tAdFastedsi e Ofddihertmre elriwe pearerand iidrded

calorifi | ye n ] ur peak o he higher t eratuye
side is % r \éﬁ% %55}?%8]&/%5%80#48@%@8%(9%1' %ﬁ% %acf%tfcfrhfhe{/a 18 9 yelar%) © HE
endot her anotheryv ecpeakemerl tonthd ndxpansdethol el yor appleed Ee pridpaads

accor di n[% to claim1, wherein in the DSC curve obtained by a heat flux
di f f er enPPEPOEER NG tcal orinetric anal ysis of the pol ypropyl ene resin

forning the corgel @ysinasd g W&Zﬂé}@&%@anSéaasfgé%%ﬂ@ec&%gi?gi 0

| ayer of the nultilayer resinbeads, the partial calorific value Ec
of the adeawhsdeint hdet &Ffeecatotderaige cofrvier oitehaede i ag hpeitntf 1% ) of

the part LAt EAPOFAPLe SYarTe g SPIrg) oF o AP Sinalr CRE CERBOFdFure
range of pbloprblelepkt regipobekhdasTi kxofitike pol wpERRMENE o @Skl @lBikng t he
coating layer to higher tenf)eratures, (2): satisfy the follow ng
expr essi 6ASTELIPIENEC Bhe BRIVPBEPY{aNe Yr<diEs/amd ap rropthexmis curve
Epandodepa s S oS D b oy GhaL “APare e, 11
in a nol dumyenpéal, amd shbjectomigf theadéxpantahepohyptbpyhénecues peb&ads to
heat nDlgLnghe higher temperature side is from 5 J/g to 40 J/g.

10. The expanded polypropylene resin beads according to claim

1, wherein the DSC endcthermic curve obtained by a heat flux

differential scanning calorimetric analysis of the expanded

peolypropylene resin beads, exhibits an endothermic curve peak

intrinsic to the polypropylene resin, and an endothermic curve

peak on the higher temperature side than the foregoing endothermic

curve peak, and the calorific value of the endothermic curve peak

on the higher temperature side is from 15% to 70% of the sum of

the calorific values of all the endothermic curve peaks.

11. The expanded polypropylene resin beads according to claim

1, wherein in the DSC curve obtained by a heat flux differential

scanning calorimetric analysis of the polypropylene resin forming

the core layer and the polypropylene resin forming the coating
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layer of the multilayer resin beads, the partial calorific value
Ec (J/g) of the area under the temperature range of fromthe melting
point (Ti) of the polypropylene resin forming the core layer to
higher temperatures, and the partial calorific value Es (J/g) of
the area under the temperature range of from the melting point
(Ti) of the polypropylene resin forming the coating layer to

higher temperatures, satisfy the following expressions (1} and

(2):
0 < Es £ 60 (1)
0 < Ea/Ec £ 0.7 (2)
12. A polypropylene resin expanded beads-molded article formed

by filling the expanded polypropylene resin beads described in
any one of claims 1 to 11 in a molding mold, and subjecting the

expanded polypropylene resin beads to heat molding.
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