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"LL> DESCRI PTI ON POLYPROPYLENE RESI N FOAM PARTI CLE
AND MOLDED ARTI CLE THEREFROM Technical Field [0001]
- The present invention relates to pol ypropyl ene resin

foamed beads and a pol ypropyl ene resin foanmed bead

nol ded article obtained by nolding the foanmed beads

and particularly to pol yprOpyPeIENresin foanmed beads

excellent in lowtenperature formability and a
POIPEROPrOENEe RE SITSIS M0 A0 PRRIAICEEC A& Dnoloded ParRTale.E. THEREFROM

excellent in external appearance, conpression

physi cal properties and heat resistance obtained from

t he foamed beads. Background Art [0002] From novenent
TecHowedd milastic material integration in various

i ndustries in recent years, particularly a
[oo@ol ypropyl ene resin is expanding industrial fields

because of its excellence in the balance anong

meghanical e I e il d

o o e ek er s E AT ol R ERIAR Y (¥a3R roamea

st byl i e . iy, Simlarl.y, .

beac%?@ti 4 E{E}llghg%ﬁjgggne J@égl%eﬁgo\ég&%?%%ﬁgemcpl%e% ; aré:sl%le obtained

pro I'n foane

oy o RIS PEIR 00,80 ol vRLODY, 08, 251D SRR 1 s

| i ght wei,ght raperties, shock-absorbin o
foaH%ﬁgré%?ggi§?Fg qﬁﬁﬁ:tﬁ@rni?WTE%%?%f?B@rgpf%ﬂﬁﬂqg%%%ty and  a

wi t hoyt | osing excellent properties of the. '
PO VRSP 13 eSPAMam@ aris leh o iR | §ridedeagxcellent in

packagi ng materials, building materials, insulator _
exteraedr | PRS2 AR Yot FOBPKEEELPEI Piotsdcal [PpOBRraies and heat

,polyprop£lene resin foaned bead nol ded article
Iresigheaicre@obpined from the foamed beads.

Background Art

‘[0002]

From movement toward plastic material integration in various
industries in recent years, particularly a polypropylene resin is
expanding industrial fields because of its excellence in the balance
amongmechanicalstrength,heatresistance,processabilityaﬁdprice
and because of its excellent properties in easy combustibility and
easy recyclability. Similarly, polypropylene resin foamed bead
molded articles obtained by molding of polypropylene resin foamed
beads can be endowed with characteristics such as ligﬁtweight
properties, shock-absorbing characteristics and thermal insulating
properties without losing excellent properties of the polypropylene
resin and are thus widely used as packaging materials, building
materials, insulator materials, automotive materials etc.
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nol di ng pol ypropyl ene resin foaned beads is superior
to a polystyrene resin foaned bead nolded article in
heat resistance, chemi cal resistance, rigidity, and
conpression strain recovery. On the other hand, when
pol ypropyl ene resin foaned beads are secondarily

[00¢dAned and simul taneously fused in nolding,
hi gh-tenperature heating as conpared with nol ding of
poly sy verepyasine Foamed derds baiaiol8ed deaidNg dWtained by
steam at high saturation vapor pressure, iS necessary.

mo 1aeppdil pgkypydeielr i ho G bREBSSIH SuPELOEr to a polystyrene
specifications and a dedicated nolding machi ne for

resii ghoRh88S LRSS M IRIAT €2 PECEBS ALY, hAd LOLT GYafOS! Schemical
used therefor is also high. [0004] To solve this

resigﬂgﬂégnr@gﬂﬁ&ﬁ9ddﬂaéﬂﬁﬁf@gsia?s§gﬁﬁﬁg%&6# ry. gOntheother

polypropylene resin foaned beads wth | ow nel ti

[ [ ( I
hand e Bt 1 R AR s R SRR gy foamea
I t a h production process .
and SR u%%ri’iéu%%ﬁdﬁ PaPLRE ﬁ%ﬁé FiGar f USFofi =g =2
e ticles ved ut :
Com%efceé{é’é P BBLaLGiasr poRam S e FERGT [ SaTee Bias | ghat i,
uf ficient e remains room for inprovenent in
heatiig B sFfan %Bp%ﬂaelarﬁ?et%attw FOPAGIPICERERS, ARAIPOFISaTY -
the p ose rovi ng the secondary foam ng
Acc O&P&ﬁ@t 6‘me6%%§€%€%&%11 fpéfreswewmf@qﬁwﬁ@e&rlé@wmwns and a
there is necessity for a step of giving interna
dedigadesyFe g Flgsimg“ﬁ%ﬂif@aﬁﬂfyhﬂﬁ@rEﬁ@ﬁﬁgpfﬁéspﬁ?e@-ﬁﬁlnecessaryy
pressure of foaned beads, for nolding by in-nold

‘and fANETOg CAtS T gtp acbresssiosn 15 atlise, Témf.or i ncrease of

st eam pressure during a nmolding opposite to desired
[000ddj ects. 2 [0005] There is also a method of using a
relatively lownelting polypropylene resin as a base
refonscdné pbligppoppleme semebhbdanBdcoating the surfaces of
polypropylene resin foamedbeads with low-melting different resins
isalsocarriedout (forexample, Patent Document 1), but the apparatus
usedinthiscoatingiscomplicatedandtheproductionprocessthereof
is also complicated, and the mutual fusion of the resin particles
in melding is improved, but because the secondary foaming of the
foamed beads is not sufficient, there remains room for improvement
in the external appearance of the molded article, and for the purpose
of improving the secondary foaming property of foamed beads for

solving this problem, there is necessity fora step of giving internal

pressure for significantly increasing the internal pressure of

- foamed beads, for molding by in-mold filling at high compression

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

to desired objects.



beads using, as a base resin, a polypropylene resin
pol yneri zed by wusing a netall ocene pol ynerization
catal yst are known (for exanple, Patent Docunent 2).
The pol ypropyl ene resin polynerized using the
net al | ocene pol ynerization catal yst gives a
(000w nelting resin nore easily than with a
pol ypropyl ene resin polynerized with the conventiona
Zi eflcare Nat t alsat al yetholdubo ft heigng sa stelhtfoobhyf 0bw-melting
I mprovenent in the effect of reducing the saturation

poly@ﬁﬁﬁylﬁm§$ééenaﬁa&kﬁﬁﬂk@@@ﬁﬁ%ﬂkﬂp@§y9r6§?1éﬂ@Iﬂﬁﬁhﬂ”foamed
during a nolding, or for rmaintaining excellent

beadd QRAM, €8 sS4 L AS r@%@ﬁanhcﬁél%f@é@I&q@%sﬁ?%@)l merlzed by
resi stance inherent in the polypropyl ene resin. g

us il Ak 0581 b aked p59§m%§1QQQQ%nU§é@£l§as@%qlef kﬁ? for example,
pol ypropyl ene resin as a base resinh having Lontent

rat&ft dokelpiopy! enlene Eg’ﬁlé(%]é %y[l%ﬁ%t f@glgfpﬁfﬁgé?%/ 0'31ng the

conposed of a vinyl at aratio

metag%'i %‘) hgrﬁécgocggrpl é%}f SIF %Ie%eg ]pé/w meltlnq I§Sll’1 more

r|Z|nga ne resin |rrpre
W h n % Qr,_exa
easfg}} tga ﬁlth quéfpropegélesq 3568”%%%%%1 ?g with the
) the no % on opylene re
Convpeﬁﬁoaa@s 2ol e e S8R ads DG BRERLBnoretd goom ox
transition unlgue to the hjgh- nDIecuIar pol ymer such
P LAy SRETET p “HorAt C6T Of aSSUT RSP o Tt et (e rapges sure
by selecting a polypropylene resin having a | ow
of ShaAM AF FOITRLY tdfe SdrFndiadipsr dpF s Uk enetdirganyr for

during a nolding can be reduced, but there remains a

aindEdilias ek ordilenén Rrepest ikeasuchspst BAERan3CpHOBT ength and

Pat ent Docunent 1: JP-A 2000-894 Patent Docunent 2:
heat) peg iGt240@4 I nHRatearit Do dinee PO 130 LA e1G 262064
[0006]

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

a problem in maintenance of heat resistance.
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Di scl osure of Invention Problens to be solved by the
invention [0008] The present invention was nmade in
vi ew of these circunstances, and an object of the
present invention is to provide excellent
ol ypropyl ene resin foaned beads which can give a
CO®bl ypropyl ene resin foamed bead nol ded article having
equi val ent properties in nolding at |ow heating
Pate¢remperatmsre: Wi £ hdkrA dEi®r+8%4Aat i ng excel | ent
properties such as conpressi on physical properties and
PatdreatDodasdrst ahcerr+mte-ar40 cfar acteri stics of a
pol ypropyl ene resin foamed bead nolded article
Patait add@dndiyt moi dimian ato-coyvedy | onal  hi gh heati ng
tenperature. Another object of the present invention
is to provide a polypropyl ene resin foaned bead
nol ded article having excellent external appearance,

DisCR-esHOoMPhysiGal properties and heat resistance
whi ch i s obtained bynol ding the pol ypropyl ene resin

Prod RAIEG, BRAGS, ) MeARY, L SalniRADR,problems  [0009] The
present inventors de extensive study to solve the
obl em described above, and as a result, they found
tHat excellent nmolding 4 -Al of foaned beads S

re z Qw_he t|n ratu
S|§L€3§ne%%%+ lWﬁ? qf ﬁ%g%&% 'W%%W‘&ﬂﬁ%ﬁ?ﬁh%ércumstancesr
andcorrpressnon pE%s cal ropertles and heat resistance

G 1110 $Re P E | Aot BARBANbedd Y SholGBd idr e I Warihesxcel lent
nalntalned by regul ating the relationship between
pOlY?rFé’&Y%e@%w%éPaﬁfeé&ﬁathe‘é bFh £apeHh TE RS ViPACELgne resin

and conpression physical properties of a foaned bead
foam@§|Q@add?qkq§qeartlcle having equivalent properties in molding

at low heating temperature without deteriorating excellent

~properties such as compression physical properties and heat

resistance that are characteristics of a polypropylene resin foamed
beadmolded article obtained by molding at conventional high heating
temperature.

Another object of the present invention is to provide a
polypropylene resin foamed bead molded article having excellent
external appearance, compression physical properties and heat
resistancewhichisobtainedbymolding thepolypropylene resin foamed

beads.

Means to solve the problems

[0009]

The present inventorsmade extensive study to solve the problem
described above, and as a result, they found that excellent molding
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the relationship between the crystal structure of
foaned beads and the heat resistance of a foaned bead
nol ded article, the relationship between the crystal
structure of foamed beads or the behavior of the
f oamed beads during nolding and noldability of foaned
of beadsd lmwli=®l dei datdlaresaf aut Uadlw bakancegoftdheseature, and
relati onships and by regulating the crystal structure
simwolft droeonedl peatds wixtdeld gl ypropyhehe apmsidtaras basmpression
resin having a specific nelting point and flexural .
ohy<l@st beopedyl us,araNHethe- dyieaeicd PYaild 08swasihher@Med bead
conpleted. [0010] That is, the gist of the present
molddty eMd i d ic@s bR nhlhtBohyer oyl ergufigehAgf eARBAc1ationship
beads conprising a polypropylené resin having a
petwWBd i AH: 8 s1L3:t grd3abcand ap Osen f hexur -
° nodmﬁﬁf oﬁ SSOgﬁPa orﬁﬁnge, mhere?n the ann%ﬁ% @%tggﬁal and
dhe s €S, 10 f. e [ 0 hy
o B 1 Eee (s RECERG D) Dot Rer rae Ao gl ek preicte,
I daot her m,c_peak Pa Vi n a
the ggg?%?o%sﬁggtgétﬂgég1%?%%%g%tgﬁ.sgrucﬁuge g¥r§$%ﬂé§,beads and

enperature in a raturé regiron no |
h th [ ti i nt t in but al one or . .
the 180 18 LG S0 0lc e LIS LML M BLOG e PE Lonns
et A o SEr A RO st b er e wor aE bavior of

curve bt ai ned hy heating 1 tqQ 3 of _ pol ypropyl ene
the fggieck B5red HeadES MAGH.REared ms»gg@%bme%e atnp@ beads,
to 200C at a rate of tenperature 5 rise of 10C/ mn
and gl idatdan Qfunudivete halErge aniere ce bt rehips and by
and the total calorie of the endotherm c peaks (Pb) is
requlatiRg tmgeysepl Btreictary of fpRneTheeastd yprbpywbehgoropylene
resin foaned beads according to the above-nentioned
resinlps Wheeerasthehexpadgsaospeal f b (maki mum pxjansion flexural
particle ratio by heating/ expansion particle ratio

 elashétomedhéasi ngid the pestdeng Winvenstieamiab shsatly atdmmleted,

vapor pressure of 0.15 MPa
f0010]

That is, the gist of the present invention lies in:
[1]Polypropyleneresinfoamedbeadscomprisingapolypropyleneresin
having a melting point of 115 to 135°C and an Olsen flexural modulus
cf 500 MPa or more, wherein the amount ¢f ash on the surfaces of
the foamed beads is 3,000 ppm by weight or less (including 0), the
foamed beads show not only one or more endothermic peaks (Pa) having
a peak temperature in a temperature region not higher than themelting
point of the resin but also one or more endothermic peaks (Pb) having
a peak temperature in a temperature region exceeding the melting
point of the resin and not lower than 130°C, in a first DSC curve
obtained by heating 1 to 3 mg of polypropylene resin foamed beads
when heated from room temperature to 200°C at a rate of temperature
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(G is 1.3 to 3.5 [3] The pol ypropyl ene resin foaned
beads according to the above-nentioned [1] or [2],
wherein the average cell dianeter of the
pol ypropyl ene resin foanmed beads is 50 to 350 m [4]
The pol ypropyl ene resin foaned beads according to any
riseod DP°CAntien aboler heatifineddf fFetrenf3k) vhateiny theorimeter,
A sen flexural nodulus of the polypropylene resin and
and tthe trekbilngaporit «of thkeendsthesatitsfédss (e is in the range
following formula (1): (A sen flexural nodulus [MPa] +
of A400)12 15/, resin nelting point (C) (A sen flexura
nodul us [MPa] + 1750)/20 (1) [5] The pol ypropyl ene
[2] regien fodreadpgadscaceesdhngréomany Wi df add®ding to the
above-nmentioned [1] to [4], wherein the pol ypropyl €ne
abo¥@Sheht Sond OO ke 10f tﬁé%aﬁf@i&ﬂga%ﬁgy@%{ﬁnﬂﬁgégﬁansion
a-olefin having 4 to 20 carbon atons, [6] The

parPol ¥PLeRYeHe H@Hi@l&%ﬁ%ﬁfjgaﬁ&gFEEQi PG 10 bte%r%geating)

above-nentioned [1],” whérein th ting pornt of t

oy REIBIORIGIS: e LS ILTC,00 LS, B0 885,090 0,15 ce

CCor di t he above-nentioned [1], wherein the
(e 2%??%%%q%%fﬁfiof the pol ypropylene resinis 130Cto

1 ' 8] ,P | [ d bead
o1 135, BB E FrebchiRlopv el Sesla Toamms bend 1,
aoo BOUBLORYLSTE st Loared beads, according Lo gny.  one o, o

I nvention _[0011] The polxgropylene resin foanmed beads
the ol Gdsaft G9nidn thiogme dc eastsovisdd Ca Toarhéd Wpad

mol ded article which is excellent in nold
[4] L&5r badePEORYLPrEnd aireAsPBREl PsraBi REE9Tding towany one of

the gggggg%entioned,[l] to [3], wherein the Olsen flexural modulus
of thepolypropyleneresinandthemeltingpoint of the resinsatisfies
the fellowing formula (1):

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

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

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

[7] The polypropylene resin foamed beads according to the

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

resin is 130°C to 135°C, and



tenperature (by heating with steam at | ow saturation
vapor pressure) and excellent in external appearance
such as surface snoot hness and in nmutual fusion of
f oaned beads, and a foaned bead nol ded article.
obt ai ned by nol di ng the foaned beads of the present
[8] Arprdnipimonpy levrenre s in fFespedioeafd hdibdexaeklient which is prepared
conpr essi on physical property, rigidity and heat
by mesisi@nde: ipdigenipylreride ody moepdene arsiakcbeaned to any
bead nolded article, is conparable to conventiona
one pr oot Ssatbovermtedt i orgonNVENE ionaf 7 hj gh nol di ng
tenperature. Further, the foamed beads of the
invention and its nolded article are also excellent in
easy conbustibility and easy recyclability. [0012]
pffdde polvpe opylene; 4esin foamed beads of the present
i nvention enable nolding at | ow nolding tenperature,
rocthereby enabling significant reduction in energy cost
during formng as conpared with the conventiona

mlﬂ%gﬁggag?égéﬁgﬁgyﬂee&% %Sg%ngdfsk?eaangsd ok%e\?l'ge\?vpg%gsﬁpéct ]:L%Kention

simu enabling use o eam at

can YEERSBL SR LA, IRLEL 0. 0 L NS CLAPLDS s,

t hj ckness. .of a I d.can he de thin_so that 7 the ,
e R R ] ‘%%iﬁ%ﬁgng1Pﬁ€5ﬁ8Pg§caﬁ%Bbl&é§Vgn86tQt feyy molding
sure, nd therefore, inexpensive design is

re
teniraii% (PR Nt g1 B Ieeat 1 oHnr B4 S fig vapor pressure)
facilities for nolding of polystyrene resin foaned
and gEEASCRF el SHHPEPRAIr AR YR VP IS8 ABSTYF Fassmegoothness and
_ beads. Brief Description of Drawings [0013] FIG 1 is
1n mytypagrafi Show HyadesebeadsbSOnd Ut V@asfechbisaslenpéded; article
FIG 2 is a diagramshowing a partial area analysis
obtagpeikody rokdiohl &g iganed drdaslob Leblud reredatrter mvenpéak, even
' on a DSC curve; and FIG 3 is a diagramshow ng a
in réspset DICLbararradfl erttecbopnmedsion physical property, rigidity
and heat resistance inherent in the polypropylene resin foamed bead
molded article, is comparable to conventiocnal products formed at
conventional high molding temperature. Further, the foamed beads
of the invention and its molded article are also excellent in easy
combustibility and easy recyclability.
[0012]

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

can be reduced and the thickness of a mecld can be made thin so that
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beads of the present invention. Description of
Ref erence Nunerals [0014] Pa: inherent peak Pb:
hi gh-tenperature peak PTna: peak tenperature (i.e.
apex tenperature) of inherent peak PTnb: peak
tenperature (i.e. apex tenperature) of

the Mgl trenpercdtioree angedkeTne ldesdm elddmigyrpsl kit Tew pressure,
nelting termnation tenperature al, a2, a3:

and éhdothiers cirpeglesnBest ddbstnfierf&as iyl @dn@uildhey facilities,
invention [0015] The pol ypropyl ene resin foamed beads

and ekibhénpriessanti Himehdt 06 1d8nare POl ypr opyhene siesfdamed beads
f oamed beads enabling nolding at a | ow nol di ng

are LEHIETAlIE € ©IUAbrd©y BNeS B LANSEHRRdPHELHired in
nol ding of a polystyrene resin foaned bead nol ded

article, anda foanedbeadnol ded article obtained from
t he pol ypropyl ene resin foamed beads does not

Bridetrd oraie sxcet lent, plaperties such as mechani cal
strength 'and thermal resistance that are

[opcharacteristics of a foamed bead nolded article
obt ai ned from conventionally w dely used pol ypropyl ene

resd d, be . 1 To real] nol di ng .of :
po?y%r'o%%%e%%@?%m f %%%%g’]gbaeé‘;&g o oﬁ‘ggrca e gg LRECGyresin;
co ion required for nolding of polystyrene _resin
fogﬁggp%eégs? gﬁggﬁﬁQiﬁhﬁw§39u?a?%ﬁtgﬁio?r%?eggﬁ}ﬁsb? method
£ sggan1.flomﬁ into_a I d gheﬁ f oaned beads are
OF POFARETH G2 hoF Ue Kyt A REYCSHEEMd ChBSBR 187 MPRSCarusye: and
| ess, n%re preferably Q.15 MPa (G or |ess
FIG. 1s a diagram showing a first DSC curve of the foamed

beads of the present invention.

‘Description of Reference Numerals

[0014]

Pa: inherent peak

Pb: highétemperature peak

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

Tm: resin melting peoint

Te: melting termination temperature

al, a2, a3: endothermic peaks

Best Most for Carrying Out the Invention
[G015;]
The polypropylene resin foamed beads of the present invention

8



which is preferable for obtaining a polystyrene resin
foaned bead nolded article. In the present invention,
therefore, a lownelting polypropylene resin is used
as a base resin. [0017] In known art, on the other
hand, there is a technique of producing a
are pohyeropsl énk ed spol Sgprmopybeads eesiod ihganedd bheadt rol dedelding
article by using foaned beads form ng crystals fusing
tempara tmnEernatlure rargey ot shopwer chhaeotieagelinl nglding of a
poi nt by isothermal crystallization of the
po 1y wrrapyé ene fioasien thid ngl pedduttic-0R,afnd a foamed bead molded
non- crossl i nked pol ypropyl ene resin foaned beads. The
artiprlesencaiokdcf ysh ahs HusyPgop Pl éné eReratrubfcHangLdNeloes not
| ower than the resin nelting point can be confirmed as

deteidighs emmanaiiy @ieeak tiksaskek a4rMech¥nical strength and
differential scanning 9 calorinmetry of the foane

theRRAds s The ABEEC 2 0% O AREL 0P P 5 DEGNS £ ENPELALMRL 24 molded

peak was significant due to prevention of an unique

1 a0 v ty._of resin i _ .
st A AR e LR B RIS ROl g cn rocin
foa#'&aﬂéﬁ t was known to be effective in expansion of

Fe range of form ng heating tenperature by steam
100 Qgring nmol di ng, in prevention of the shrinkage of a

]T anmed bead nolded article after formng, and in

mai_nt enance of ri%gdity. However , he infl uence on

t hé *hest? 1857 sf'8 I¥kr?%rﬁ§ﬁ¥@r8pyiﬁﬂ?t%%i%?a@@@@ed beads
peak .is not known. [0018] The present inventors found
COMEPHAR 1EhT S SREGAYt TR pegRIredras Batesng ot polystyrene
.mai_ntenance of heat resjstance perfornmance and al so
resifphRaTEHaPeAREN BRR NI setirettace vePorherPearREg of steam
o beads is regul ated such that a high-tenperature peak
flowRag hgta prakdieipefaied Reads argpbxrmedper atnale] bysmolding
| ocated in a tenperature range at 130C or nore, .
should be 0.18 MPa (G) or less, more preferably 0.15 MPa (G) or less
which is preferable for obtaining a polystyrene resin foamed bead
molded article. In the present invention, therefore, a low-melting
polypropylene resin is used as a base resin.
[0017]
Inknownart, ontheotherhand, there isatechnique of producing
a non-crosslinked polypropylene resin foamed bead molded article
by using foamed beads forming crystals fusing in a temperature range
not lower than the melting peoint by isothermal crystallization of
the polypropylene resin during production of non-crosslinked
polypropylene resin foamed beads.
The presence of crystals fusing in a temperature range not
- lower than the resin melting point can be confirmed as a

high-temperature peak in a DSC curve by differential scanning
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preferably 135C or nore in a DSC curve of the foaned
beads, practical heat resistance performance can be
mai ntained simlar to the conventional polypropyl ene
resin foaned bead nol ded article. [0019] However,
even if a high-tenperature peak having a peak
calopmperzt upé ([ihee. fopexdt bapdrat urld)e holghectt dn fdwnation of
nelting point of the base resin and a
highhttggmpeerperat peekpeaksnghifowent tchent 430E@ vdrs: iaht afedunique
by regul ating the crystal structure of foaned beads
rapiobichiznge inom sceol ypropylrengleas el Noh andlaVWing of foamed
nelting point of 135C or less as a base resin, the
beadoapatheadswilohnoic hecane floared,1beads wexsel t8Me ERfective
the secondary foam ng property and fusion of foaned
in heRES kY BgathBgrihdd St eRIPdinA realtUndf keRpLaRehire by steam
pressure of 0.18 10 MPa (G in nolding, thus failing
duritr% R6 Vi dg, an ©xorllentn beanrdsbeady il ded f@%}"nbal admolded
[0020] Hence, the inventors' finding 1s that foane
art RAAA% 198d im0, dingr when heated ean heeons Lt | ¥oueyver,
nut ual |'y fusegla d then can econe secondari 'y foaned
i r s, havin hi s r opert
the L P P T e Ly el d B R  perature

foaned beads are heated, whereby the foaned
peakﬁ@%ﬁéﬁga%ioggdne secondarily foamed and then can

001% come nutually fused (hereinafter, the foamed beads
[ iving this property are referred to as secondary

foam n recedj ng foaned_ beads), and_in the techni que

degg:ei gégsa%vjef} SRR F UGB ﬁ?ﬁ@&eahﬁ@ hbghedeprggature peak

anon% both the foaned beads are nore preferable in
contygPditRg, BAdiigHsREreR iAdnhertiirs ¥siwsie peadedinagice and also
, foamed beads is particularly inportant in exam ning
foungevied ophehtt het crpet ypsspyiceneeras the fiommedl beads lissregulated

i mportant in nolding of polypropylene resin foaned
Suchbgga§ pynidattiengpawathnst gmakthaaisgt arpeabntemperature (i.e.
apex temperature) is located in a temperature range at 130°C or more,
preferably 135°C or more in a DSC curve of the foamed beads, practical
heat resistance performance can be maintained similar to the

conventional polypropylene resin foamed bead molded article.
[0019]

However, even if a high-temperature peak having a peak
temperature (i.e. apex temperature) higher than the melting point
of the base resin and a high-temperature peak not lower than 130°C
is cobtained by regulating the crystal structure of foamed beads
obtained from a polypropylene resin having a low melting point of
135°C or less as a base resin, the foamed beads do not become foamed
beadsexcellentinthesecondéryfoamingpropertyandfusionoffoamed
beads by heating with steam at a saturation vapor pressure of 0.18
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vapor pressure of 0.18 MPa (G or less, which
overthrows the past comon know edge of nol di ng of
pol ypropyl ene resin foamed beads. [0021] That is,
when the nol di ng of pol ypropyl ene resin foanmed beads
necessitating heating with steam at hi gher saturation
MPa &porn predssiumeg  thhanf4 inl trie toobch g fanpekysl yerbe oamed bead
resin foaned bead nolded article is nmade equal to
mo léneragyt cansunpti on required for formng of
pol ystyrene resin foaned beads, it was necessary that
[00Z0me efficient consunption of steamin heating with
steam at | ower saturation vapor pressure than
Conueftd ondls iardritharefl aneqiinly Rascheen fB%ﬁl%%lS%@éds used in
that the foamed beads be fusion precedi ng foanmed beads

mol @t Rave ndd-RROPSY tﬂe%%n@’ f%'s%liyr@d Hﬁglﬁgsflﬁ)geé%d then can

secondary foan1ng OCCUF a near eati ng tenperature

becJ@Q@coH@grifg oF ef er 3 ?gllgéléﬁﬁlp El‘hn t(ﬁél@&i Eggggq}%v1ng this

beads are nor elst e case
roﬁﬂﬁﬁng Ly d @ recedi articles, .the space
ano ?oéﬂedgg} %§£?$$| n rﬁge ln@écon ?HD S), and the
9 ng.,of _the .f oane ds h%g g ed in
foar%gfg?l]i)en%dst %b:e afhqu’t hxg arﬁﬁi g’ﬁfifiﬁg can become
i.nflaw a ass stea to the spaces annn ,
e ned oAt 5%‘3&3?%% BSOS Hhl b EgT GRereinarter,
th t ual fu5|on of, the foanmed beads, while the fusion
e 356{5188. PR df oXEd Dédds RaPEFyT¥atse Hiared fings Teeondary
reason that the mutual fusion and secondary foam ng
Foangmoy e Famst™ praas Parespr enerdbt e frcha lgsgrdaraating above,
tenperature range is that sinply the fusion preceding
the fygren peadsdane feweed tradswernchéatai thet foamed beads are
tenperature of secondary foamng is too significantly
mo refppfhies r athlaen 1 v Ifdigicorand enperdevré ionhef heatfiusg on preceding
tenperature at the time of nolding should be
foamenebeadblis pacteasddrily dmdertaot abt eixantiheg nfpodeed] opment of
bead nol ded article having an excell ent appearance
polygptropylene resin foamed beads 1is important in molding of
polypropylene resin foamedbeads by heatingwith steamat a saturation
vapor pressure of 0.18 MPa (G) or less, which overthrows the past
‘common knowledge of molding of polypropylene resin foamed beads.
[0021]

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

that the foamed beads be fusion preceding foamed beads and have

11



[0022] To obtain the fusion preceding foaned beads

havi ng nutual fusion of the foanmed beads and

secondary foamng in a near heating tenperature

range, it is inportant that the high-tenperature peak

calorie governing the secondary foam perform ng of
propdre: feomrmed Wieiads murtder]l fpreadet enni Bedoheatiyngothahg Sccur in

a maj or factor directly governing the nolding be made

a neappropd aied; edigrer adhesi@hg@nount of a di spersant  be
made suitable on the surface of the foaned bead for

fusiten r@¥fasdmdindtdudle froared P%@@&d&h%aféﬁﬁ@ﬁfbéads are more
tenperature, and these be balanced. 12 [0023]

pre R IH RA ¥ haitn: AOEGE N by d]?%tﬂé“%e‘@oh@aﬁeg%ﬁﬁn@ preceding
saturation steam pressure of 0.18 MPa (G,

partPQ Y 0PYLens, L& LAHAERd, DeRdS 50 V1 N9 hoaBH ReALe condary
éﬁat oari ng

mol ded article t I'S superior 1 n secondary
r fausi r,Qp y xcell N he
Foo o R R a L 2RI B BTk Ry 3B Bl o over
. Lm_ zj t he pluralit f. predem nant .factors
dur i AP BT T D P Ba SRyt eRE Tedinr T TRt Stean to
beads conferred w th nol di rocessability at low. . .
the RE AR Ao ehberin (PEmSy BORARt AT L neo frbaHena (hnibition
factaqrs descri hed. above re successfully obtained, ]
of mitel RaSinysPeal "Br S0GFErecesteh A5 bBndResE Bron Preceding
strength characteristics of the conventiona
foangdoBGRERNF B h FFOBfeaVUBER thiinded APE| Ee@SYetdat the mutual
sonetimes not mai ntained. The present inventors solved
fusicreapfoprerdary piRatide opr bperfeased rdnds are preferably in
conpression strength etc. by using a base resin
a nepaiiasd @y CereArsloxerrdngrdal s tobiB00 yNHe dusionegyreceding

even if the nelting point is 135C or less. [0025]
foamed beads are fused, but when the initiation temperature of

secondary foaming 1s too significantly higher than the fusion
temperature, the heating temperature at the time of molding should
be inevitably increased in order to obtain the foamed bead molded
article having an excellent appearance etc.
[0022]

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

balanced.
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That is, the pol ypropyl ene resin foaned beads of the

present invention conprise a polypropylene resin

having a nelting point of 115 to 135C and an d sen

fl exural nodulus of 500 MPa or nore, wherein the

amount of ash on the surfaces of the foanmed beads is
[00ZB3DO0 ppm by weight or less (including 0) , the

f oamed beads show one or nore endothernm c peaks (Pa)

havidrgs ed freglky t e wpes BAM @ ki heat apeXyitieRpenat & &) shluration

a tenperature region not higher than the melting
stef@igtefuitd e esily ard qoe, Obo%%o@W@h@eE%ﬁnp§@5§1ed beads

(Pb) having a peak tenperature . apex
glvi[ Bhddl Bedd Rolldpes At 1k fe r@ﬁa@nls 1§u$éf§§9' ng theondary

melting point of the resin and not | ower

foarétl%gapgbfaékt{I})o@opfﬁé/ﬁ)rﬁ)gkékyeﬁg?oanedg%eiféﬁ@tl'naﬂea re ;stance

scanni ng cal ori neter ead parti cul ar

and ith%rBi ﬁs%pﬁgggr%é/% %blgéaﬁﬁ:da g"}/ec%ﬂggfaé%@%? tr?gF ?Ehregpgurallty

pol ypropylene resin foane rom

of ﬂr%%grﬁlf%%?jfta%toﬁs C%O l%t er(per ature el evation

Iate AR i fferenti al

Ooé%ﬁannlng cal orineter, and the total calorie of the
e dothernic peak (Pb) is in the range of 2 to 12 J/g.

[032 The Iypro ] ene resin used in the present
Slveate & EPOBSHoE 551 y ReR TRAGPRG HLER molding

wei ght - average nDIecuIar wei ght of 10000 or nore
ProcsAsadriided fFom oPFPERBINDNBHRPEABYT Frailty r gRTimizing the

materials. The base resin of foanmed beads nay be a
Predaﬂeé@qtnﬁeat%wd@@ﬂée%eeneb%e|W@r@rsac¢1easﬁmbt:s|que@ed but

polypr%ﬁylene resin, preferably a non-crosslinked

the BrPBSFhicand.ciss benarpeopyhere crigiimpnd yaereristics
a propylene bl ock copol yner or a propyl ene random

of thepwiyrart iamidlongory lenehass n feliengbpaidmo lafed AFttiale were
135C and an d sen flexural nodulus of 500 MPa or

somefdmes ot mebndianinegl.a Thelpprep éneenesira dwMid) the problenm
melting point of 115 to 135C, a propyl ene

of physical properties such as compression strength etc. by using

‘a2 base resin having an Olsen flexural modulus of 500 MPa or more,

even 1f the melting point is 135°C or less.
- [0025]

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

13



random copol yner is preferable. The propyl ene random
copol yner consists of a copol yner of a propyl ene and
an ethylene and/or an a-olefin having 4 to 20 carbon
atons, and the copol ynerization conononmer wth
propylene is exenplified specifically by ethyl ene,
excdedit@nte hepentenpointhereites regict ane, ndddlower than 130°C,
4-met hyl -1 -butene. The propyl ene random copol yner mnay
in ab®i BsbiDsar yucopolysEneslch 281 £ e pEAPY L BRI EB8lorimeter
random copol ynmer, a propyl ene-butene random
of wepaosm®d behda peEDary16epyl YRS SUeh aB@curve obtained by
propyl ene- et hyl ene-butene 14 random copol ymer. The
heatf@id 0 @fc GORBNOABS o CANRONETE Se eI tHARe PHRRWERB chNheated
the copolyner is not particularly limted and is in
£rom YIhrd taRgs hak thes ?LCY RLORY s err%ﬁu'}eatetl%%ation rate of
polynmerization is handled as a crystalline resin
ot QLM uhbs [ rystals, .[0027] _The o
0o D L ARG ¥ E B ek erk 831 ohepIPAg e Rerineter, and
r I sip.u i e esent_.i.nvent.ion,is
the A T RE P e e P P RS S eompreganae of

hawj erformance as a polynerization catal yst can
2 txngﬁgggﬁ Use can be nmade of polynerization catalysts
[Oozgﬂnerally called Ziegler-Natta catalysts that are
organonetal | i c conpl exes nodified partially or wholly
w th an_alkyl group having a nucl ear el enent such as
ti (A aﬂ%yaréwﬂaﬁﬁ s hgivest b ther gafeRsttalpvention refers
si npl e. conpl exes cal l ed netal | ocene or honogeneous
Lo acf ePYLERRe Aty e NASANEI @ s I w2 Sl Tp awtlasa heimge ight of
havi ng, a nuclear elenent, boron or a transition netal
10009y cr a8orgi pedrmantzeft dwicumprdrrieng mobpearanes main raw
| ant hanum or iron, or conbinations of the
mategigdsonelael beseomplséx arfd fmenteyd redaghroxary Heora crosslinked
obt ai ni ng pol ypropyl ene resins having a high d sen
polyblrepylanerotts Us ocand andownessligkeoi pb,] vpebahlieceneresin,
catal ysts are preferable, and anong the netall ocene
prefeabdllysi spont-hese st dnpesasafy camplexes, vd gy be a propylene
homopolymer, a propylene block copolymer or a propylene random

copolymer as long as it has a melting point of 115 to 135°C and an
Olsen flexural modulus of 500 MPa or more. For obtaining a
polypropylene resinhavingamelting point of 115 to 135°C, a propylene
random copolymer is preferable. The propylene random copolymer
consists of a copolymer of a propylene and an et'hylene and/or an
o-olefin ha\}ing 4 to 20 carbon atoms, and the copolymerization
comonomer with propylene is exemplified specifically by ethylene,
l-butene, l-pentene, l-hexene, l-octene, and 4-methyl-l-butene.
The propylene random copolymer may be a binary copolymer such as
a propylene-ethylene random copolymer, a propylene-butene random
copolymer, oraternarycopolymer such asapropylene-ethylene-butene
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a silylene crosslinked azurenyl l|igand are
particularly preferable. [0028] The pol ypropyl ene
resin which anong the pol ypropylene resins used in
the present invention, is polynerized with a
net al | ocene catal yst can al so uses as a base resin
randar predloiery. f dreddeadsyf copolypropybenensess nobher than
whi ch a nononer hardly polynerized with the
promorwentiondle ZicggllemeMatitsaneat abyst cug audedlifited and is in
copol yneri zation 15 with propyl ene. Exanples of such
sucHeneseke eBhti figd Ustel v @p X s i rORE LR FBNemerization is
conmpounds sel ected fromcyclic ol efins such as

hand?b@d operd Qf}_%ﬂs’d’wlrlbﬁfé’l%ln formlng substantial crystals.
1, 4,5, 8-di net hano-1, 2, 3,4 , 8, 8a, 6- octahydronaphthale

[OOZF% nonconj ugat ed dlenes such as
5-met hyl - 1, 4- hexadi ene and 7-net hyl - 6-oct adi ene, and

ar i RSAt co su s ;styrg
i vy Boa s ee Ara050) He Koty peose) el chabTyab zine the

o LIS ANESRNL . Ly BOLLOM, | 8o 3 DAL YPLOPYL NG, €
b ontgﬁ{ ni ng 97%)@){ q] e o?%r%ere I‘P‘Fer ajg y g%‘ rkt%ajég%/cularly
..y of_ a uni t erlv ed_from

llmllbcr{lac{m Sngo ol 8“” ﬁ gﬁ% Y ot € oreeds, %%f%%%%e as 4
lta % a structural uni t__derived % om

pOl$ﬂ$%ﬁ %? e 335?&?5 n 2381 €% n 4t ng %% o TG chFpoRRade of

1 When the_content of the structural unit derived

po Yf‘}ezfﬂwzéttﬁ;ﬂ”eﬁ@t%éi%is HreEdt oY iGr HeH Adedles-Yottarpahalysts
atons in the caopolyner_is too hi t he mechani ca

thatypysialansmsiértliiescetiehesss qudelxﬁ(:'lreai P3tFéndll @hgnolly with
tensile strength of the base resin are significantly

an 24&yreabed AT ai Miagees provedle wqtesisnt haghhgmana luminum
QA sen flexural nodulus of 500 MPa or nore, and thus

or mpgared Ubeadsdannuesatdbanedibpad noldedxastdal bed metallocene
achi eving the desired object cannot be obtained.

or homogeneous catalysts that are modified with a cyclopentane ring

- having, a nuclear element, boron or a transition metal such as

zirconium, titanium, thorium, ruthenium, lanthanum or iron, or

combinations of the organometallic complex andmethyl alumoxan. For

obtaining polypropylene resins having a high Olsen flexural modulus

and a low melting point, metallocene catalysts are preferable, and

among the metallocene catalysts, those composed of compiexes having

a silylene crosslinked azurenyl ligand are particularly preferable.

[0028]

The polypropylene resin which among the polypropylene resins
used in the present invention, is polymerized with a metallocene
catalyst can alsoc uses as & base resin for producing foamed beads,
a polypropylene resin in which a moncmer hardly polymerized with

the conventional Ziegler-Natta catalyst is used in copolymerization
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[ 0030] Not higher than 50 parts by wei ght of resins
different innelting point or different in nononer
conmponents, whether they are crystal or anorphous,
may be added to 100 parts by weight not only of a
pol ypropyl ene resin polynerized with the netall ocene
witlcatabydenbut Eedmpled otftheug@ohyppoopykerna tasilndasetht Bxample,
the present invention. The 16 resin that can be added
one i nel udese a conppylere holepokinelsord gadam <SDPOIYHRIsuch as
or a block copol ynmer having ethylene and/or a-ol efins
yekdpgdhtége but ene, hexene and octene copol yneri zed wWhtBornene,
propyl ene, and a honopol ynmer or a copol ymer having a

1,4, | e eight, 0f3 1000 oF, 901 & o GO AL IS Xne,
nore nonomers sel ected fron1the group ‘consisting of

non&YRNeft hylienes acgybic ad BHﬁkQﬁgﬁlh'ﬁ aehdyiene  and

acrylonitrile, butadi ene, butene hyl' - pent ene-

-m@rgahealqlcﬁdl%td%l i gl %' L Bag%gggfgl }égg\gbundgeauch as

terephthalic aci nap thalene SCrl

styfﬁ%@“ﬁn&'Hid%% %Q¥J§ﬂ§ resin used in the present
S|n e

inventionis product or a conposite
[Ooj%ﬂnp05|t|on and has a nmelting point of 115 to 135C
and an d sen fl exural nodul us of 500 MPa or nore.

[Og 2] In._the present invention, e neltin p0|nt of
th %]oﬁ?ﬁe@&w&@ner ST BE35E G deseSGier By 15 a
heat i nperature in nolding of the foamed beads
pOlzﬁﬁ? @@bFSﬁ%@dcoﬁﬁélFéeg ?%aﬁﬂfﬁ@lﬁprl R§repopreipgably 80
5C or nore, together with the condition of an A sen
to 99re9ﬁr@ﬂ e msduPust 6RCEBB2MPANBE dfiiedtfzom propylene in the
contributes to stabilization of curing conditions
COPq1&§@faﬁﬂér39@”@ﬂ¢%§hﬂ:Oﬁoéﬁéé berdSenmdly ol prodiét bgnmole, of
of a foaned bead nol ded article having sufficient
a stpecham talnighyst teéd fpropentdtes lsfeamal bingh pebnefiis having
preferably 115C or nore and | ess
4 to 20 carbon atoms. When the content of the structural unit derived

from ethylene and/or an a~olefin having 4 to 20 carbon atoms in the
copolymer is too high, the mechanical physical properties such as
flexural strength and tensile strength of the base resin are
significantly decreased, thus failing to provide a resin having an.
Olsen flexural modulus of 500 MPa or more, and thus foamed beads
‘and a foamed bead molded article achieving the desired object cannot
be obtainea.

[0030]

Not higher than 50 parts byweight of resins different inmelting
point or different in monomer components, whether they are crystal
or amorphous, may be added to 100 parts by weight not only of a
polypropylene resin polymerized with the metallocene catalyst but
also of the polypropylene resin used in the present invention. The
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than 130C fromthe viewpoint of nolding of the foaned

beads at | ower tenperature or preferably 130 to 135C

fromthe viewpoi nt of obtaining the foanmed bead

nol ded article having excellent nechanical physica

properties. [0033] 17 The nelting point of the
respolyhatopyhene adsid inelthiespeesedby ] ¢y dindafblidndr, a random

val ue determ ned by a nethod described in JIS

copdditedy &9%7bloamdwlﬁﬁeﬁﬁheﬁﬂ?@ﬂﬂil@é hRE/or a-olefins such
(0]

tenperature after regulation the state of a test
as kﬁﬂﬁﬁldﬁﬂi'eﬁ&ﬁf@ralnl@)E%dtlénteh%o£>5§ylﬁé%a%e$19§1th$p'f%?%leﬁ%, and a
a detailed established condition for nmeasuring the
homd B 1 BRI Dlcopl ke BSE: g4V R 2BEAN Bed, DYl 1800 or more
poi nt nmeasurenment with a heat flux

contH f{€{Lahkals L R rCAlQTd g@ﬁg[:teanfr(grﬁ t;}geg%gﬁ.upv\ﬁgﬁsisting

endot herm ¢ peaks appear due to cryst

d ' - , k termn t f_ .
of s1i9 f"eﬁg, @E:Eg?.%}l%,%ggé/lqglpggié mekgggg(%g1rcreale%n3?dggc%{5if%{01’ltrlle,.

s endo i's eStifate
i o] re_endot herm ¢_peaks ear, the
bt 1R SN0 00 D98 0L IRET S PR, SRR L e o,

det erm ned hy artial area .apalysis t had
- PrOR glsecnrel géiqo ’e%,e%fr? t?ﬁ‘?ellﬁeﬁgjtcgr?ﬂéf k@ﬁe(r}%
(003 qdothernic peak appearing at the highest tenperature
i‘de anobng the endotherm c peaks having an
endot herm ¢ peak of 4 J/g or nore. is estimted as
r eSEHSRILIER pBPFE, TR Rebyerepygne raganiuagd in the present
. specinmen for the resin nelting point nmeasurenent,
INVERdARed 1iedd§1b8 e PoafEat bead pordedl beteheospetomeand has
can be used besides the polypropylene resin. [0034]
a meffdngappialt erfedlanabyiids°trethddamidlsde flesenidHednodulus of
wth reference to FIG 2. The point a correspondi ng
500 #5280€ owrehe DSC curve obtained by the resin nmelting
poi nt measurenent, and the point (3 on the DSC curve,
[003@drresponding to the fusion term nation

Inthepresent invention, themeltingpointof the polypropylene
resin is 135°C or less, whereby the heating temperature in molding
of the foamed beads can be decreased. The fact that the melting
point is115°Cormore, togetherwiththeconditionof anOlsen flexural
-modulus of 500 MPa or more, etc., contributes to stabilization of
curing conditions just aftermolding of foamed beads and to production
of a foamedbeadmolded article having sufficient mechanical physical
properties. The melting point is preferably 115°C or more and léss
than 130°C from the viewpoint of molding of the foémed beads at lower
temperature or preferably 130 to 135°C from the viewpoint of obtaining
the fecamed bead molded article having excellent mechanical physical
. properties.

[0033]
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tenperature Te of the resin, are connected to forma

linear line (a - (3). Then, the point yl on the

val l ey on the DSC curve between the peak al observed

in the | owest tenperature region on the DSC curve and

t he peak a2 adjacent to the peak al is connected to

f orime 18l ilnicnearinkti né pa¢ ghd lefptapal drongidsidi dal téaxi present

of the graph, to determine Sl as a point intersecting
invemitiort he aliaiesr dét@en{ged b{I)me Fsd e cribba ipeaks g3121-1987.

adj acent to the peak a2 is observed, and thus the

“Metidlbf J@c@fmiRenyald eyien tbﬁ@e@@@u@@rélﬁt@@tﬂ@ﬁlléﬂ'@an of the
peak a2 and the peak a3 is connected to forma |inear

statld ¥ parakkebptoidehongliydimal i@ ofr o R@l@rla-@@B'?t 9s used

determne S2 as a point intersecting with the |Iinear
as alderteal(l(é%l es£§%llgﬂéaeﬁﬂ<ﬁ i \?ﬂﬁgr We%i%%ﬂl}ragi pPgaks @3 point.
peaks a6 ... are observe e same operation Is

b
re%latt%@ D@b’f & Lex)ng @H@aﬂp&ﬁ r# %ltltnlf%efggh@ ﬂggflllr@ﬁent with

segnent (Sn - (nis ani

a hegl@g?{]%%{l_ef%%geﬂ%gglbso aqq%ﬁzﬂe#]galég m?deérer ro‘nr?aglon ore %ndothermlc

ermec € area of eac
oo A SELBEMIRI O RASED St o) SR e,

ative i ne segne
the pigk R s Bt | B en e RS aRaR o L wiat i dd et ing
., encl os the DSC curve indicatjive of the peak_ a2,

polntyewiiy %W?@@n’éﬂ? C{rsfforemdotthf@m%@egéarﬁe@ﬁe%z themlorles
and the |line segnent (S1 - S2) and the peak a3 is

of thierEsHacsd vasenant AP BAL e RAdEearpya TR IDSE vy partial area
i ndi cative of the peak a3, the |ine segment (S2 - 72)

anahﬁﬁistW@thpﬁed§égﬁégﬁd($@ter(SyndThbee@$@brtemmheatpeakof the
a4, peak a5, peak a6 ... are al so observed, the peak

endoghegnicapeba depermingdabnthhehsgnes paneererThere side among
calorie of each peak is 'nechanically calculated with

the anbHeéhefhmiix dédkerleatiad =canniattemwaloipaet erf andvbeor more
basis of the area of each peak determ ned as

is edeiscrtidobals abey e melhd iogasdnt: Thatsdder@oi pt anoa Hdd specimen
DSC curve is a point corresponding to the tenperature

for 0he8P&s1im ddie Ipgid @I Measurement, foamed beads or a foamed

bead molded article specimen can be used besides the poclypropylene
resin.
[0034]

The partial area analysis method will be described with
reference to FIG. 2. The point o cérresponding to 805C on the DSC
curve obtained by the resin melting point measurement, and the point
f on the DSC curve, corresponding to the fusion termination
temperature Te of the resin, are connected to form a linear line
(¢ = B). Then, the point y; on the valley oﬁ the DSC curve between
the pe.ak a, observed in the lowest temperature region on the DSC
curve and the peak a; adjacent to the peak a; is connected to form
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nmet hod descri bed above to draw the linear line (a-(3)
as a baseline 1is due to the inventors' finding
wherein a baseline initiated at a point correspondi ng
to 80C and term nated at a point corresponding 19 to
the fusion termnation tenperature is preferable in
a lidetednneigsyallkel cabdong iafuddmadndot hef rhe qeqlk stabkyermine
with good reproducibility. [0035] In the present

8; abnyedion ide Qdaemd kaxr ahemdubys ofnkhey - B). Further,
pol ypropyl ene resin is 500 MPa or nore and can thereby

the @¢hikbbt adechait adl tabr eagk b eayi ¥yobepteli0 48 thus the point
conventi onal pol ypropylene resin foaned bead nol ded

Y2 o%rﬂ%&l\%ill':é&p@nt !%%eviD%WpehgbeoE)eQQEEBﬂ:lg(ge%éQ]g atzog%dthe peak

ead nol ded article having particula cel |l €nt

as j_%E%Bﬁﬂ'b%%ledS%%e@%m, at E?ngaj?ei‘iﬁée%%E?!llggldgbgaoiﬁﬁgitudinal

preferably 60 MPa or nore, nore efera
n

. Or : its upper l.imnm I S_approxi.mat el 500 .

a1 G af G e ridr SRS TERE Voafed IEAE gl ded e it gith the

L. may.shrink a deform just after nol ding because the

LingRrliige %aﬂﬁs- cd ?trieta{]#ieﬁg tHEN T BamEd FoRE kgl Bed Peaks ac
riicle tends to be depressurized after formng with ,

~ar g B el AR ot SRS peBBer e ngVcondtitin papration,
mg}en deriyed fron1st§$n1incorporated into foaned

the peld iRGPded ar BRETBN AN YRer hidatd G difi@scamerdt Lopr more)
air for returning the pressure in cell —of the foaned,

becafesy SREPIBE2 Sr PP ERRT thi kR FspREtEEprdSsure, cRAsERerMEC peak
provided a step of heating and curing or post-curing .

area-o RaPRtai i HisecFsarmell sschdrapkdeer seapetdlumder the calorie
condi tion of tenperature at 60C or nore and the

of apterEPHE IRl abfssphesekcondbtamrgeaTaisloshdipkdade 8RE curve
deformation of the foaned bead nol ded article occurs

indigett iorl ¥f tdealsheartfeol imag qmessun 8, aty;nohdingd 0ine segment
obtaining the foaned bead nolded article is high but

(o0 —ah$0 fdte thaksbedm Baaitdly enclosed by the DSC curve indicative

of the peak ay, the line segment (8 - v:}, the line segment (8, -

Y2} and the line segment (8; - §;), and the peak az is determined as

an area enclosed by the DSC curve indicative of the peak ai, the
line segment {d; - yz) and the liﬁe segment (6, - B). Thereafter,
when peak a4, peak as, peak ag .. are also observed, the peak area
can be determined in the same manner. The calorie of each peak is
mechanically calculated with a heat flux differential scanning
calorimeter on the basis of the area of each peak determined as
~described above. The reason that the point o on the DSC curve is
a point corresponding to the temperature of 80°C in the measurement
method described above to draw the linear line (a-B) as a baseline

is due to the inventors’ finding wherein a baseline initiated at

a point corresponding to 80°C and terminated at a point corresponding
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at a saturation vapor pressure of 0.18 MPa (G or
| ess. Under such circunstances, when the d sen
flexural modulus is high relative to 20 the steam
form ng pressure at the tinme of nolding having
positive correlation wwth the resin nelting point of
to tthefbasenresimind thieon shpekage rdel orpmd f oreiofe jiustietermining
after formng due torigidity of the resin tends to
the belsmaklof anderidutshdhel eptektsiofo rediehi bOkepubblgibility.,
tenperature and curing tinme can be achi eved by using
[003%7e pol ypropylene resin satisfying the relationship
of the formula (2). [0037] (d sen flexural nodul us
[ MPa] thelﬁQ@)seh%5lﬁvéﬁ§h8nnejclt1é nen o 1 dsClra %Dodulus of the
[ 0038] When the d sen flexural modulus is extrenel y

ool b PeCONPAL £4d 1 Wi Bbotﬁ@af el t4 19 Poi i e%gﬁy exhibit

fu5|on precedi ng foaned beads easily occur and are

mec rﬁﬂtceéla@terergl‘g te 1%@%%%' oas) Eﬂtel of\@egrc?% Eigg%&gpropylene

the foanmed beads Is hardly |nprove

resﬁ{%%%ﬁ'ﬁ B%ggsﬁ?@fé/ed a‘% Sgcondﬁrx aemvnl gpga%} ggtaining

enely Irgh as conp stganhpre i
n ry_for fusio f t, f oaned beads at the
the ofggl%iggl %ggeaofb\c% “r? ?ﬁgﬁﬁl\ﬂi n TOaneY @@gﬁcﬁﬁ\ﬂrﬁé’ ‘ﬁxcellent
expansi on rati 1 tlne to
e ChGA e&t&.ﬁr\%gn ?E% ﬁb %&Fe‘{ 9 fié PEaFEAIbLY 600
beads is considered, the Poly opylene resin

MPa oXt 'OFG n§OL BhRE Fof o hg’ $bMRA £ TPThies gref éfabrgrer limit
used. [0039] (A sen flexural nodulus [MPa] + 1750)
is appyoximagqly #9100 MPapoint [' A (3) [0040]
Accordingly, fromthe viewpoint of reducing heating
ring conditions and of inproving nolding property,

t he pol ypropyl ene resin
Generally, the foamedbeadmoldedarticlemay shrink and deform

just aftermoldingbecause the inside of cells constituting the foamed
bead molded article tends to be depressurized after forming with
steam. Usually, for thepurpese of dryingcondensationwater derived
from steam incorporated into foamed bead molded article and of
permeation enhancement of air for returning the pressure in cell
of the foamed bead molded article to atmospheric pressure, there
is provided a step of heating and curing or post-curing to maintain
the foamed bead molded article under condition of temperature at
60°C or more and the atmospheric atmosphere conditions. This
shrinkage and deformation of the foamed bead molded article occurs
not only the steam forming pressure at molding for obtaining the
foamed bead molded article is high but also at the steam heating
at a saturation vapor pressure of 0,18 MPa (G) or less. Under such
circumstances, when the Olsen flexural modulus is high relative tQ

20



satisfying the relationship of the fornmula (1) is
preferably used. 21 [0041] (d sen flexural nodul us
[MPa] + 1400) /15 >- resin nelting point [C] > (dsen
fl exural nodulus [MPa] + 1750)/20 (1) [0042] The
O sen flexural nodulus of the pol ypropyl ene resin of
the thearpfesantg preptues 48 ehé |exw alr mMddling having positive
determ ned on the basis of JIS K7106-1995. A test
corSfect e wsed dHe thes abavel MeaguseMent of Sth@ Phdéeresin, the
punched out with dinmensions of 80 mmin length, 15 nm
shrikagd dFandt200 AW st ke ss ras ndesaei 8edigi S of the
K7106- 1995 from a plate produced by hot press froma

resROLERIRPYLENE HR3N LAY MRt LrdRl orrelPens thgnfQam®d or curing
beads or the foaned bead nol ded article are forned

temﬂf—ﬂtc?fi 1Bd §§§1 )?ﬁggﬁhﬁ%e Lthe b@%ieex}ei% }?ﬁélgqﬂggcthet %o %gpropyl ene

sufficient press severa

. - ggq f i nNtQ .test eci nen S
reSlg{egsga(rjcllbe eﬁ;\?&e %eﬂj}%%el%%es lpcoonfdi |eonfs,{)%ﬁrrhu]taane(2§b'ove

“nyﬁasurenent, the bending nonent is 6 kg-cm and the

support distance is 30 nm [0043] The inportant
properties of the pol% ropylene resin that is_ a base .

(O1R88 FLBF T damst HeTISHERS { R Olddiln FrdlaSiagnpoFhbgareint [°C]

a s%n fl exural nodul us as descri bed above, and when
t hé ol ypropyl ene resin wusing a base resin having a
high nelt flowrate (hereinafter, referred to as MR

[0038] used, an effect of reducing the steam pressure
necessar f or secondar{ foam ng of foaned beads in
noM@ﬁﬁgt%ecﬂéﬁﬁbélBééag nedypbepgid evdrenadytihius elgsecompared
MFR value is preferably 5 (g/10 mn) or nore, nore

withptrled spabhyeld i@/ Al mi nFherf urbce p Grcedin@fhemeldmdds easily
when the MFR value is too high, the resulting foaned

occureaddnot dqorefatdlcles may bbeommpdms idh eqatand ithpsotihetion of
MFR value is preferably 60 (g/10 mn) or |ess,

the poafied abbyis4ls Lgtd0y NirprDred ,es8d tHeest@dt pressure necessary

for secondary fecaming tends to be extremely-high as compared with
:Steam pressure necessary for fusion of the foamed beads at the time
ofmelding. Accordingly, when foamedbeads having anexpansionratic
of 15 times or more are to be obtained or when the molding property
of the foamed beads is considered, the polypropylene resin satisfying
the following formula (3) is preferably used.
[0039]
(Olsen flexural modulus [MPa] + 1750) /20 $.resin1neltingjpoint [°c:
(3)
[0040]
Accordingly, from the viewpoint of reducing heating curing
conditionsandof improvingmolding property, the polypropylene resin

satisfying the relationship of the formula (1) is preferably used.
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22 flowrate is a value neasured under test conditions
M (tenperature 230C, load 2.16 kg) in JI'S K7210-1999.
[ 0044] The armount of ash on the surface of the
pol ypropyl ene resin foamed beads of the present
i nvention should be 3000 ppm by weight or |ess

[0C4kl ative to the weight of the foaned beads. The anount
is preferably 2000 ppm by weight or less, still nore

(0lpeaf €tablyal0@fbu ppn{bpavei ghto r/ 1®essee FhemaNRuRly hSint [°C)

theoretically nost preferably 0 ppm but when 0 ppm

> (Olsabtaideda 1 e surdacaef] the foamed) bead (shoul d be

sufficiently washed, and realistically such washing is
[cogitfficult in manufacturing. In manufacturing, it is
‘difficult to prevent foreign substances from

adSHDIONG c@r £ aEREFA NGnd R F1oaMRd 1RBAGAST b Po@ {eQE Besin of the
di spersing nmedi um and use of a dispersing rediumis

preéé}ﬁé’iitln%ké!n%’io%ngstQlﬁéﬁ“&aﬁ”ﬁ%%ﬁlgfs ga eitrlﬁiﬁégfc%acm basis of

substantially as |ow as poss , an e anount o
J1s 8N (s 194t abhy: Leg Sq? A SGLI bed '
zﬁove.]F%%ZS] T%e as |ﬁ'€%glﬁ%%§éﬁi%%%v%§ Sn"eans cgent 1s
L i, dual ubst ance dete éed in_a .
2 PRI ITH b Bhialdin, BEPRLR Phsnas Boatt Taolerpbag 15 ™ in
. el_o n.a nmelting. pot. The ash on the.sur& ce f ﬁh
wiag e 00 ol B s i SBHTa T obr An e Re BEnia%s rom
matter adhering to the surfaces of the foanmed beads. ,
2 PLALR BEGAHGES PY Ha™ 229 SPeE T OB A QGFU RI6. SN GIeP F YAmAETBFer ial
: t he dispersant used in production of foanmed beads,
Wherp e §0BRi RRAEY Ods ThechbaBiisti Repddlahiad vateflgnare formed
. alumno silica conEIex salt such as kaolin or as
1Nt @ E8BE GREPRBSPhatee sIRBlanmbantdebpanpe aghlbnienhely by hot
surfaces of foaned beads is a value obtained as the
- Presgrapiar of Lines conbisthodiredi dual tisrbsoamee infgotteest &Becimen
as described above. Inthetest conditions inthe above measurement,
the bending moment is 6 kg-cm, and the support distance is 30 mm.
[(0043]
The important properties of the polypropylene resin that is
a base resin of foamed beads are the resin melting point and Olsen
flexural modulus as described above, andwhen the polypropylene resin
using abase resinhavingahighmelt flow rate (hereinafter, referred
to as MFR) isused, an effect of reducing the stean pressure necessary
for secondary foaming of foamed beads in molding of foamed beads
is recognized, and thus the MFR value is preferably 5 (g/10 min)
- or more, more preferably 10 (g/10 min} or more. On the other hand,
when the MFR value is too high, the resulting foamed bead molded
article may become brittle, and thus the MFR value is preferably

60 (g/10 min) or less, preferably 40 (g/10 min) or less. The melt
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conbustion residual test of the foaned beads descri bed

later in a nelting pot and is correlated to be

positive with the amount of the inorganic matter

adhering to the surfaces of the foamed beads. \Wen the

anmount of the ash is 3000 ppm by wei ght or nore, the
flowmmeurt iefathel icakganiredrahtier sdherdai@tOidri®eM (temperature

surfaces of the foaned beads is so large that a | arge

230%@0URz o0 |i1go nij¢ Akt eropcevents foaned beads
fronmbei ng fused i nnol ding of the foamed beads by

[00hepting with steam at the objective saturation vapor
pressure of 0.18 MPa (G or l|less, and thus even if

therfeish @Rl 8¢ed5R%0H OaB d:\ edds: e russd | -
nol di ng, an excellen? f oanmed bead ﬁ%lgg gg%?gfgpyiene Fesin

FoarkaN PR e, £0bt Al edé)‘%@eﬁgq%nggégggggﬁg;ﬁ%g?gﬁﬁlgy weight

anount of the a I's reduced to

| .ess .| el at ; i nt i ntrqduced tagether .
or e -bRa TRt Mt ROt oyl P R IR 9ROure s
i roducti o of. the foaned beads., As the tho
preé%yﬁgl d%@ﬁﬁgPPﬁeg%dW%b?%%y?% éﬁﬁ?e§%ﬁ oafred Bg%ﬁg?agly 1000

t hod of obtaining foanmed beads by heating the 1
opm (5] JBr Gy CantoT Boi e asS HIERAGS g ¥ Rest preferably
ar%icles by inpregnating themwth a foaning agent,
O PP P&l BEERNG Bofe Teahtailadi dhes sigtacsl adt FepzEgamed bead
state froma closed container to a_ | ow pressure
shoudivhspRetéicdegiiy vaahed berdsrealysherally gnelnwashing is
. _Then, it is the dispersant that plays the role of
dif figivdttailni Rgnehectvesng. pakt imdre dat v iglcastitciisedifficult to
‘ state in the closed container, releasing and foam ng
Previefhid feisdigparbethases i mon avs prietsure athmsphet e, Losanrd beads
preventing nutual adhesion between the resin particles
in agr poamedispeadsninmedese, statesse[ 0047 dPHpéosing medium is
exanpl e, when an inorganic gas is used as a foam ng
inevagehtle, and thus the amount of ash is preferably substantially

as low as possible, and the amount of ash is suitably regulated in
the range described abkove.
[0045]

The ash in the present invention means a combustion residual
substance detected in a combustion residual test of foamed beads
described below on a melting pot. The ash on the surfaces of the
foamed beads is a substance derived froman inorganic matter adhering
to the surfaces of the foamed beads. Accordingly, the ash is
considered as a derivative of the disﬁersant used in production of
foamed beads, and is considered as a combustion derivative of an
aluminosilicacomplexéaltsuchaskaolinorastricalciumphosphate.
The amount of the ash on the surfaces of foamed beads is a value
obtained as the amount of the combustion residual substance in the
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t he foaned beads of the present invention are prepared
at a foamng tenperature of approximately 120 to
140C, for conveni ence of production of the foaned
beads wi th pol ypropyl ene resin particles having a
melting point of 115 to 135C as a raw material. On the
comipg hierorhangs idure desitr ed obpetbamndd theage ebentribed later in a
invention is that when the foanmed bead nol ded article
melisn@lpcai aAnd s amAredneddeadse qhidities witGnthe amount of the
pol ypropyl ene resin particles having a nelting point
inowfarlild ma ot BB35CIHYr i) di g hd hewnmd i N at-iderd@ntd Beads .
form ng tenperature at a steam pressure at
appiteti mhkehyod30G PreHessh majodts,ppaybge@éi%gt M tRre, the
steam at a saturation vapor pressure of 0.18 a (G
amo @t beSthe L 8oPSAN BIne: L AGCRRALPOLY + d PR fQamd-Deads e Foamed

used shoul d be fusion preceding foaned beads.

ver. fusi di . .
st A Lo ReEperhaon e headn, Sagke: ppevent
iti t,he f ' r.san to the .
couNL 0B sorkE ATBUOb 0L Ll BE g B P ncoing
or nmore than usual i

v oo f agds_s [d be tw.ce
wiet] R e o e e T ol ot Bire 23t¥e O 0.18 e
articles. The anount o he .i nor gani c tter_adhering
@) B 18 Col e B R Phet Gl B oAt AR A Hed T bedas are

arger_apount of the_di spersant is _ higher than 3000
usedpbﬁb‘i}%@%@%t Rih & SRiohRETEH Berd Jed pgddgriedcannot be
[.0048] However, a surfactant together with a
obtagingSersant is added to a dispersion medium the ratio
of the surfactant to the dispersant is regulated, the
[004%dsin particles are released in a | ow pressure
at nosphere, and the atnosphere tenperature for
obfCaeniragherevhonatd theaisount rayilhat eghat s1060Quoed to 3000
| ess and made not higher than the «crystallization
Ppmlyewpeplat ord eofs 1 heoresilafedlieraysphesanbumt rafdudeel together
25 di spersant added can be reduced, and the anmount of
withakhe aestimepsutiates irofo pollyppepyl eneadsinaheangdroduction
beads can be regul ated to be 3000 ppm
of the foamed beads. As the methed of producing the polypropylene

resin foamed beads, a method of obtaining foamed beads by heating
the polypropylene resin particles, plasticizing the particles by
impregnating them with a foaming agent, and releasing the resin
particles in a plasticized state from a cleosed container to a
low-pressure atmosphere to give foamed beads is generally known.
Then, it is the dispersant that plays the rcle of maintaining the
resin particles in a plasticized state in the closed container,
releasingandfoamingtheresinparticlesinalow—pressﬁreatmosphere,
aﬁdpreventingnmtualadhesionbetweentheresinparticlesorfbamed
beads in these states. |
[CC47]
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by weight or less. Specifically, the anount of the
di spersant added to the dispersion nediumin
production of the foanmed beads is preferably 20 or
nore, nore preferably 300 or nore, in ternms of the
wei ght ratio determ ned as the weight of the resin
parfd:ckesiwiieghthenfart beodyspee sand i sTheedippes fdafiing agent,
of the weight ratio is approxinmately 1000. The ratio

the @oatkel despersanthe prébensuriasiaitn =irs preperabl ¥t %5foam1ng
or less, nore preferably 30 or less, in terns of the

temﬁ@ﬂfﬁré abeo % detiened a5 thg W'O@’Et Qo hc,eorfvenlence of

di spersant/weight of the surfactant. The Tower

prod@ictih Wi ght E@Eh@d'@eaé@ml% RIS W o]pyier[eogé%]ln-rﬁgrtlcles

di spersant includes al um num oxi de, tltanlun1OX|

havﬂ&@ thﬁ 'qﬁ o%r %Sltg E%g% phors wh?nta 1a1. On the
P d.

neEgnesi um ospha ZI nc~ oxi
oth&nﬂ %Catheﬂgi%s g_rf J:t 6?%11&‘1%5 Loqln ur %Cigr'khat when
sucﬁ a$ sodi'um do ecy enzgnesul onat e 3
T d t en
the ?hglg%%b(«)s%i%grégi%e?%rtl%%dl? g%g{iﬁg Fiog]arn%rg%gégag beads obtained

obt i ned t he net.hod of pa di sper

u sa
£ rorg R aR LTEs “BRe £RE S EG hARA Ong BROSoPoagh of 115
the surfaces of the final foaned beads may be 3000

to lﬁénﬁ: BRY W@ﬂ&ﬁpgortm%é@lw agxanplneafigendarpeadst gpperature
produced by a nethod wherein the amount of the

at a giteparsafs Hilel aop riordiedsad b opevestsi nthatutgalby heating
adhesion of the resin particles and foaned beads, and

withegéforf athe anbuhttben waproPRs Wi falcds 16f MPRe (G) or less
foaned beads is higher than 3000 ppm by 26 weight,

is ppReibuetackecofdingly paee reausl dcedsasived shoalbaberfusion

step thereby renoving a | arge anount of adhering
prededdingahd emedthtesrds whBpebyerf cane dubeadse yvderdimy tthemed beads

amount of ash on the surfaces of the foaned
easily cause mutual adhesion of the particles, and under such
conditions, the amount of the dispersant added to the dispersing
medium at the time of production of the foamed beads should be twice
or more than usual in order to prevent the mutual adhesion of the
particles. Theamountof theinorganicmatter adheringtothe surface
of the foamed beads obtained with a larger amount of the dispersant
is higher than 3000 ppmbyweight when the amount of the ash ismeasured.
[0048]

Hewever, a surfactant together with a dispersant is added to

a dispersion medium, the ratio of the surfactant to the dispersant
is regulated, the resin particles are released in a low-pressure
atmosphere, and the atmosphere temperature for cbtaining the foamed
beads is regulated at 100°C cor less and made not higher than the

crystallization temperature of the resin, whereby the amount of the
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beads is 3000 ppm by wei ght or |ess can be obtained.
[ 0051] The anmpunt of the inorganic matter adhering to
the surfaces of foaned beads in the present invention
can be determned to be high or |ow by quantifying
t he ambunt of ash in a conbustion residue test of
dispoarmett bedds ¢an hearautidald. ahd tihrezmonbu stfi o5h pasiitkieurfaces
test for quantifying the ash, the anmount of
of peavipusityirRncestdinss aaidy &dads 0ahi ONGNIIC L t68rbe 3000 ppm
adhering to the surfaces of the foamed beads should
by wbegdicsdt ngisshegoét 0 tAe1 ¢oMSELOANE @S dHe Ifpd®int added
whol e foaned beads contai ni ng Conbustion residues

to €€l MedpbhaRbhnalganic idmatisiukpeadedsi nploamed . heads g5 is
and t he anount of conbustion residues derived from

prefd g BRifEre adher Egefgrggggfggﬁgﬁ&o £ 1he torms of the

f oane beads by ‘a procedure ow. First,

weiddt EE%iBO&QHéﬁﬂ?ed %%S{Eﬁé'%ﬁi : Sﬁe%,w%i‘e%lai?ﬁegg%iéggégs /weight

constant weight is precise

Lchya i sel i ed are _pl.aced i.n the . .
of 3(é:,%cihjbjl"jsré),eelpgpa}ergﬂ’(:'ed ?fri?\ég L%Eg%?]f ng firnace ang kEptolt gatio is
e of = 950

fur.nace te r.atu, E rd%S m nutes, thereb
apprroé(r%om\%&neglyan%gpgan & ratis Oicf‘n ﬁﬁ %@peﬁs%rb?fﬂgﬁﬁl %ﬁjéfa‘:tant
. resin C usti onort hernol ysj s, d the conbustion
S plrgze&?%eggoni?ﬁg %Sﬁor{%?’é%tp%%’%eglfﬂbaﬂé btk AEGS/t g terms of

wejight of the nelting pot containing the combustion .
the V%Jsﬁ%aﬁéaﬁ&\ﬂ #5 dgCesRsPaAtE BN gte 19y pF édics@l ypersant /weight

wei ghed, and fromits difference fromthe wei ght of _ .
of the AN -condhantl asghédméitucd bl énet heeimhghtratio is

of the conbustion residue is determ ned. [0052] 27
EPPTIEHE TR Part-s per nillion (A ppm by wei ght of the

wei ght of the conbustion residue based on the wei ght
[004&f] the foanmed beads placed in the crucible i's _

cal cul ated. As the conbustion residue, the inorganic

matther diesmamiary: | inthedesualbineiriten t beidepbudtiaed um oxide,
aluminum hydroxide, tribasic calcium phosphate, magnesium
pyrophosphate, zinc oxide, kaolin, talc, and mica. The surfactant
includes anionic surfactants such as sodium dodecylbenzenesulfonate
and sodium oleate.
[0050]

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

ash on the surfaces of the foamed beads is higher than 3000 ppm by
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resi dues as the whol e foaned beads contai ni ng
conbustion residues derived frominorganic matter
kneaded i n foaned beads and conbustion residues
derived frominorganic matter adhering to the surfaces
of the foaned beads. To determ ne the anmount of the
welglombudtd enrfesieduet ey ifvedietr baetlhea e oragaricc i ned tierter step
adhering to the surfaces of the foaned beads, the
thexehghtmnolr inbe tanpasibontreshdierdagiived f=mam ideter, whereby
i norganic matter kneaded in the foaned beads shoul d be
foamathbicactedhe e 0mde aweight o ofz Shhen cotustrisaResFAUR: foamed
of the whol e foaned beads. Accordingly, foanmed beads
beadys epareehd remm the waiwn f aareds head grovpsnasi tdie.
previ ously used foanmed beads are prepared, and the
roosur faces of the foaned beads are scraped off to give
only foamlayers inside the foanmed beads, and then
th j Lghe y IS it fo d
e e e
£ 53R MIOGRAUGE 33 LR CONBURLION Le8! AUeALEslnined to be

scri bed above, eterm ne the we
. 1C LQn_residue.derived fromthe .inorganic matter ,
k”4ﬂk§gggéékﬁanﬁgk%ggﬁ%g1%5%8§9u?ﬁe%£5¥ﬂblﬁégf? gstion residue
m Il Lon ) by wei ght, of the wej ght of the ,
cest B kSTTeR R s & Eh? 1 h PR G IO e amidue test
Iagers I nsi de the foamed beads placed in the crucible
tor pyaphi i agedn® At akdEnt e Ashl G tsiary 4664 dugs derived
the foanmed beads can be determ ned by subtracting the
tromdrgRgapss MR bpey FHHHE e t\ﬁeﬁéﬁts‘eﬁga%ﬁrﬁf dércetppned beads

in this manner. The method of scraping off the
shoudgy Pgcdésbinpgnéshednteomadus aaakoisttbian ties ifdo@m of the whole

Iagers inside the foanmed beads is an operation of
foa Peags atdntidinims coubhatesnofe s heué palred wehdsonsimgrganic
a cutter knife or the Iike, and the thickness of the
mattegr fueadedtins hahhed dempier axil natebyo2@ o cop@s3liohnresidues
the foanmed beads of the present invention, the ratio
derigkd ex@ansiconyabefomet aad aatticari rivead it wiurbastead aheafoamed
saturation vapor
beads by a procedure described below. First, in the combustion
residuetest,acruciblehavingaconstantweightispreciselyweighed,
foamed beads which are precisely weighed are placed in the crucible,
placed in a heating furnace and kept at a furnace temperature of
950°C for 15 minutes, thereby removing an organic matter including
apolypropyleneresinbycombustionor thermolysis, andthe combustion
residue becoming a constant weight is obtained, the weight of the
n@ltingpotcontainingthecombustionresiduehavingaconstantweight
is precisely weighed, and from its difference from the weight of
thepreviouslyconstantweighedcrucible, theweight of the combustion
residue is determined.

[0052]
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pressure of 0.15 MPa (G serves as an indicator
showi ng whet her the requirenent of secondary foam ng
property as one necessary condition to enable formng
at low nolding tenperature is satisfied.
Specifically, the ratio of expansion is preferably 1.5
or hmre ithe geders phatmslifoci éhl swedndareidhdamifnghe weight
property is exhibited with nolding by heating with
of tSteeammdiusd isat weatidor aped pnesiséinesiofht.ofl&heMPaane) beads
. The val ue of expansion ratio is a val ue obtai ned by
placidiidi nge 200cgblesiancarcutensdty rof thkecombustion residue,
pol ypropyl ene resin by the apparent density (g/L) of
the tite fpaned lhaads: A0B54]inthe of eaeedrbeads «ofi st B8e combustion

present invention, as described in the fusion

reszﬂ:[&ﬁﬁ%‘snghfeoﬁﬁggeb?@ﬁﬁe@%ato&e SEANdanY E%ﬁi%@glon residues
precedi ng foanmed beads, should be regulated

deriGAYH EQBmtl%%ﬁ@ﬁéi{th%é&gieopiﬁ%&%cﬁﬁeggg JrQﬁgSﬂbustlon

beads and al so to adjust the fusion of t oaned

resf?ﬁ?éjss d%gltvje@' Egoﬁmofr}cfﬁﬂéer{ é&n%tté%%eggthgng %%urfaces of

foam ng properfy o Yoare

the ?Blethég% Oaf § he fo&é@&r@fﬁed%hebél h&r?‘é é)l ng]i\{me tc%n&:#e%r%%t 16e51due

ow sat ura 1'on vapor pressure. CCOF

£ the foaned. beads. bef fte
derife A ?hi’g?}égﬁ?a?aﬁ%fﬁﬁfaa%ﬁrﬁé 5 recitracsp of the

emlg @[‘ , q}% b or. nore. [0055] In
oantdq Bedfie ¥ e aBiBhe thiderd 3 téLPatis? biuerdqHered from the
foaned 29 beads before and after heating with steam
LnorgRng SBAGFAET SRCREREr 1 pries Sfreisst Poars FPRULE) bpssubtracted
determ ned by dividing the expansion ratio of the
frony papete Isddd e Tat e CoRGABtAgIW e hldee s Abearkatafapmed beads.
vapor pressure of 0. 15 MPa (G , by the expansion
Accorgiiinglot, freneddpedls Famibarast dabhyths ethnien foaned bead group
measur enent, and the expansion ratio of the foaned
as tbeme\ai@@lhemadwgoamdbbedés erd meckdarddie ahol tbwi mgrfaces
manner .
of the foamed beads are scraped off to give only foam layers inside
the foamed beads, and then the precisely weighed foam layers inside
the foamed beads are placed in a crucible and subjected to the same
| ‘procedure as in the combustion residue test described above, to
determine the weight of the combustion residue derived from the
inorganic matter kneaded in the foamed beads. Then, the parts per
million (B) ppm by weight of the weight of the combustion residue
based on the weight of the foam layers inside the foamed beads placed
in the crucible is calculated. The amount of ash on the surfaces
of the foamed beads can be determined by subtracting the weight (B)
(ppm) fromthe weight (A) (ppm) determined in thismanner. Themethod
of scraping off the surfaces of the foamed beads to obtain the foam

layers inside the foamed beads is an operation of cutting all the
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| nneasur enent of the expansion ratio of the foaned
beads after heating wth steamat a saturation vapor
pressure of 0.15 MPa (G, 10 g of the foaned beads
are placed in a 3 to 5 L closed container such as an
aut ocl ave, and steam at a saturation vapor pressure of
surfpdss MPatheGfohmetlinteadscsdng hi sutéstr ksifaror edtheoltike, and
plural tines while the tinme of introduction of steam
the ithidianged, o herehyu®asirduny $He 1 appangitodensid yy of00 um.
t he obt ai ned foanmed beads obtained in each test, to
[00%ht ain a curve graph showi ng the relationship betmeen
the apparent density of foaned beads and the tine of
| ntrrodeet ifanfd Heeam ofr eme bhesebtaiRednedbue @Ret P8tic of
graph, the m ni num apparent density of the f oaned

expdeads, berbead: it randn200; g Lwitsh divdgedtby th€ration vapor

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

presaaﬂg:é her gbys dader @ ned,,as :—ngnef ANSL LB rsa{dvﬁarfg #%%her the

f oamed beads after heatlng [0056] In order t

reqlfl%ﬁ?eqﬂpgf% Sn%tfé r?a(IJf %E E)g 'r%xogs Sﬁg%sdeosnsarlyocggdltlon

.5 or nore be ore-an St eam at

to %ﬁgﬂﬂ@t'?&flﬂ f’f‘&or Pr %%%urlﬁofgil 5c r(acé)d ik satisfied

ortan at-one or nore her C pea
rel

af t referred_to as h| h t enper at ur )
Spe(%avj‘lcr?d“rlé/ ‘peak e 8r%¥u?)épﬂs apex 1% gtypﬁe§ or more in
g F ﬁ fp t he tneltl oi,nt and in nper at ur e
oxdqleBEh LI HER (e 1900 SRPELRd POTES 1115t hBebited vith
curve aqbtai ned b% heat flux differential scanning 30
moldcléigowr?&arfwtﬁ wikhE FiRamd thradt wed itheveRPER & oTuthe 0.18
gh- tenperature peak be 2 to 12 J/g. When two or nore
MPa h%h tléPpes head reradss kppsar Lotifea vallord estainefdy dividing
gh-tenperature peaks nean that the total calorie of
900 géLaﬂtam 4 eeperatvec padiesppsyp2opyleng/ yesThéy the apparent
hi gh-tenperature peak is derived from pol ypropyl ene
densidgyi Modilysdl $hehifolamedt bekdshe pol ypropyl ene resin
crystals capable of occurring in the foaned beads,
[005¢dn be fornmed by the isothernal
The foamed beads of the present .invention, as described in
the fusionpreceding foamed beads and the secondary foaming precedirnig
foamed beads, should be regulated to control the secondary foaming
property of the foamed beads and also to adjust the fusion of the
foamed beads to timing for manifestation of the secondary foaming
property of the foamed beads to realize molding of the feoamed beads
by heatingwith steamat lowsaturationvapor pressure. ZAccordingly,
the ratio of expansion of the foamed beads before and after heating
with steamat a saturation vapor pressure of 0.15MPa (G) is preferably
1.5 or more.
[0055]

In this specification, the ratic of expansion of the foamed
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crystallization operation. Wen the calorie of the

hi gh-tenperature peak is less than 2 J/ g, shrinkage

generated in the foaned bead nolded article is hardly

recovered even if curing at high tenperature is

performed after nolding, and the conpression strength,
beagmérgfiorabzot pifonr efi¢dtimnoyetin. sofathet easabhtiingtion vapor

foaned bead nol ded article are reduced. On the other
predrmant othén ltth&keal (@)i e si neachinghetiebpetattitiengpeak espansion

hi gher than 12 J/ g, secondary foam ng property may
ratheedrenei Asauhéd demds dtergheakdhgowbyh headdmgtMat Baturation

steam at a saturation vapor pressure of 0.18 MPa (G

vapdf pressurdher ealior Meai (gl i Ghe eARSIAtIH @aReakof Rhe foamed
the present invention is preferably 4 to 11 J/g, nore

bead¥ %fc%hémlg s8I0 mbGuddiiRd, he Vi MRl esG 188D o of the
above 57] The foanmed beads of the present

foaﬂé&’ﬁ@&&@%f‘t‘%ﬂl‘?@a{iﬁika% dEHE ﬁlh@}ﬁeuf PBe follow1ng manner.

hi gh-tenperature pea and sinmu taneou y there

In m@@&%ﬁe&@gfghe@faﬁm PQE%%fpﬁ%‘§QQMEH%e%d% er heat ing

t enperature ex tenperature tenpera

witd %g%gﬁeQQt hi ghan 1 I”ﬁrtest'%%repgf”& 13804 (6)1od0 G Of

rm C ea appearl enper ature’regio

cne BAen L ran,be. el eg%ilﬁf' of the Sﬁo%ﬁﬁ—ﬁ%@ﬁ?ﬁt&?ngmh s

E s a base resi n and 31 apong endot herm c peaks

an APRACAXR,  BRpET AR €' of TREIFAF HORLY ek PLGRY g Peel - 15 MPa
ap prOX|nateI Mﬁth the nelting point of the base resin
éﬁdl%ﬁ% LerPes s &ﬁ%tnaﬁc%%ﬂ%@ GHe H814d g ip6isnvhile the
of the base resin. The total calorie (for exanple,

timeg pd cartgade cddrresporidiady tie aleaaba Wiepdak Mesuring the
represented by a white portion in FIG 3) of one or

appragsiné @padt heof thpedks ifivet érantdarcadebbpédetoimsach test,
i nherent peaks) having a peak tenperature (i.e. apex

to ohenjpperatunws) gikaph showing the relationship between the apparent

density of foamed beads and the time of introduction of steam. From
the obtained curve on the graph, the minimum apparent density of
the foamed beads is read out, and 900 ¢/L is divided by the minimum
apparent density (g/L) of the foamed beads and thereby determined
as the expansion ratic of the foamed beads after heating.

[CC56]

Inorder that the foamedbeads can satisfy theraticof expansion
tobe 1.5 or more before and after heating with steam at a saturation
vapor pressure of 0.15 MPa (G), it is important that one or more
endothermic peak (hereinafter referred to as high-temperature peak)
having a peak temperature (i.e. apex temperature) higher than the
melting point and in a temperature region not lower than 130°C appears
on a first DSC curve obtained by hgat flux differential scanning
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tenperature regi on not higher than the nelting point

measured in the sane manner as in nmeasuring the

hi gh-tenperature peak calorie is preferably 30 to 80

J/g, nore preferably 40 to 70 J/g, fromthe viewpoint

of nutual excellent fusion anong the foaned beads in
calominbtngy [OO58fndhersmhdod odadl egubirdii nghéhecgaboiée of the

in a high-tenperature peak in the range descri bed
higtabosted taiihes presant penventi®n is el erafleh atwo or more

regul ati on nethod using isothermal crystallization
higtidnitee RradtcbeaRsfpdnanednbeads, - fdLRrthe MigWPeERAberature

of obtaining a foamed bead nol ded article having

14 aRle FRehaphcalo iy .Gl 1 oPEPPESLd £5; .
Pe% St her than t he ié%therﬁh%résystalIizaﬂ%%$i€§)ré??%%Peaks 1s

2 to%@eﬁ/egj S ﬁéﬁ%?ﬂgt%ﬁaé]}%{l?g%?eg(ﬁl ﬂ/ét)ﬁgﬁx%gg%l\rﬁ%fhggypropylene

aving a neltfng point o gher
e PR B b P R Ml PP o e BTl apan1e
OF S5THG L AB0 ROLPE B TTH1Y FI5E= [08ST! Fie" Rt hoathemmal
R e
SC curve obtai ned by heatingol to 3

follLows: In
Pealkyts JRE o e d %/De%§hffﬁaﬁﬁg?cﬁﬁﬂet@i:§& 4f e Toamed beadmolded
approximately 25C) to 200C at a rate of 10C/mn wth

( . . . :
artiglifeds PROLLYI FREPEAFPAICSRAN Y daIDAtmBtep, taRperature is
endotherm c peak (hereinafter, referred to as
perficaRecerafprakpopbdiger i ved filoin cenpseabdoshalinaatie energy
resin nelting point of the polypropylene resin as a
absdypdd onessti il cireh davt agod heake swhperaf aeveflibeagmapd article
tenperature) PTma in a tenperature region not higher
are tdviurdde OCeditre oeh¢r hgnpoiwhien dppeat sy iand athemh-openeerature
‘nmor e endot herm ¢ peak Pb being higher than
peak is higher than 12 J/g, secondary foaming property may become
insufficient during molding by heating with steam at a saturation
vapor pressure of 0.18 MPa (G) or less. The calorie in a
high-temperature peak in the present invention is preferably 4 to
11 J/g, more preferably 5 to 10 J/g, from the viewpoint described
above,
f0057]

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

melting point of the polypropylene resin that is a base resin, and
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the resin nmelting point and having a peak tenperature
PTnb in a tenperature region not |ower than 130C
appears, then the endothermc peak Pb is a

hi gh-tenperature peak in the present invention, and
the calorie of the high-tenperature peak of the foaned

amoRadtlo ISP PRAX t, 0 thBepak ra: &hpé her endat herd g aReRt peak
Pb. Accordingly, the calorie of the high-tenperature

Peafcdes epbeukahadmpcham cald e 10Y deber RiknbAg e,
areasggTof tﬁg endothggglc peak Pbevntﬁgﬁbdlfferentla ase resin

and SGAMI NGl oId NRL 8k iHIe A F ‘th e 1875 hggﬁ%CSES@Ke base

Pb can be determi ned by the follow ng ne
resifipr exanple, as shown in FIG 3, the point a _
corresponding to 80C on the DSC curve, and the point

(3 e EB%E?%? FYLYE ?rf’ xgl_s B%qul teocélgoerbleneglggalrr%sgonding to

term nation tenperat oarre

connect dto forma li : th
the SAESE G Tabray o tdhéYD@cw@aF% boghgfBeiiy fC- 3 of
erent eak Pa .and tE h te erature peak Pb, is
one 86&?1%%? SR ST CAOPE RS o A i 1 6P TS Bed to &5 inherent
itudinal axis of the grap to determne S as a
pea}ﬁg' gffavjrl?ﬁ? ef s &CF ?‘n&ﬁmﬁq{atgfh’efq i hea? - | PREX(&MOEIRLUARE in 2
area of the 33 high-tenperature peak Pb is determ ned
Lemped g & rey iom ﬂ@é régher Lnshalbg Pertise PALFLGregyured in
encl osed by the DSC curve show ng the
the ppYR- FeRPEFrad8rie! pEse P ith thisehDst-temperatheel pask calorie
segnment (S - J3) and the Iine segnent (y [0061] The
is phieghroedpyeratue & hak ,Phoobt aiaédrblplyhel regullatii/on from the
method wusing the isothermal crystallization in the
viewpogdsentof nwenid bneappebest fushohi esbnBSCheurftaned theads in
foaned beads neasured as descri bed above, but does

molddaty.appear in a second DSC curve obtained by
decreasing the tenperature from 200C to once about

[0054QC at a rate of 10C/ min

The method of regulating the calorie in a high-temperature
peak in the range described above in the present invention is
preferably a regulation method using isothermal crystallization
during production of foamed beads, from the viewpoint of obtaining
a foamed bead mclded article having stable mechanical physical
properties. As a method other than the isothermal crystallization
operation, there is a2 method of mixing a polypropylene resin having
amelting point of higher than 135°Cwith a polypropylene resin having
amelting point of 135°Cor less as a polypropylene resin. As amatter
of course, the melting point of the polypropylene resin after being
mixed should be 115 to 135°C.
[0059]

The method of measuring the calorie in a high-temperature peak
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and then increasing the tenperature to 200C again at a
rate of 10C/ mn, after obtaining the first DSC curve,
and in the second DSC curve, only an endothermn c peak
derived fromcrystals showing the nelting point of
the base resin simlar to the inherent peak Pa

of tEppedrsyed arGdshis the ppbeesnt ipeak:Panangd dherol1ows: 1In a
hi gh-tenperature peak Pb can be easily distinguished

psC fanmeast oidel bylhedweaspn thats the cBoikRt &c8RetNBecads from
DSC curve is a point corresponding to the tenperature

roorﬁ)fte%@r’a'%ut e QB §H£ﬁ?§’aé1g‘%§‘%‘5’ +desgfoLbed 4 a28¥g 5? 10°C/min

draw t he |near i ne as a basel’i ne

witiPasgbhpes 10 W:ated ak J_%pobQBnE r&?l%@%é‘%f 0 a%oghagghermlc

term nated at a point correspon ng tot Usion
e e r r term,nin

P Ao e 3 ot e it S0P e CpCak St ry derr&ed from

C:]:‘}/'Eg.‘foaq?!:}I S%qug_gl CI belela'f S’S)éélfkoggzrllgg)ge atve a%fg%g)%%pq{‘lg% ene resin

30 to nor e referabl to 350 m
as a i FheTRar Ronshy AP 5 107 = AT "0t Shetes Femerature)
. t he foaned 34 bead hayi ng an average cel

PTmad%ﬁ?Bettsrﬂpleﬁ Hé SrEngEeesds RbeaZEd A EoRovRs Bxderlitdmo point
foam n property during the secondary foam ng or

APPSIi AG9oTThE Foaketd He sdsddsdiiseaepkt By k—wlt%@}ftgher than
defoaming the cell of the foanmed beads. [0063] The

the Fesidydcdingiometterarst hael 1o amREbedderemabere PTnb in a
determ ned on the basis of an enl arged _

tempshrattormecy ot @pholiavawsy Ahaap@SKiamtcadns, then ding dedothermic
cell section of foamed beads by the follow ng

peakogér asi enhighntehpeesatargedephoingtphpoésehe tevéntion, and
section, 4 linear lines passing on the surface of the

the fomhedideads tthe ot hgi-sanfacetand pbaauglt t bee denriteal beads
parts of the cell section are drawn in 8 directions

corrkespmnds to the area of the endothermic peak Pb. Accordingly,

the calorie of the high-temperature peak is calculated mechanically
by determining the area of the endothermic peak Phwith a differential
scanning calorimeter. The area of the endothermic peak Pb can be
determined by the following method.

[0060]

For example, as shown in FIG. 3, the point a corresponding
to 80°C on the DSC curve, and the point f on the DSC curve corresponding
to the melting termination temperature Te of the foamed beads, are
connected to form a linear line (o - B). Then, the point y on the
valley of the DSC curve, between the inherent peak Pa and the
high-temperature peak Pb, is connected to forma linear line parallel
to a longitudinal axis of the graph, to determine & as a point
intersecting with the linear line (a - B). The area of the
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the central parts to the surface of the foamed bead.

Then, the total nunber (N) of cells intersecting with

the 4 linear lines is determ ned. Then, the sumtotal

length L (gm of line segnents fromthe surface of

foaned beads of each of the 4 linear lines to the
higlotthenpswaface pask dilviidedidne thiedotzal thenbeea( Nf ehe region

foamed beads, to determne (L/N) thereby cal cul ating
(shdded gueragen cel |FId.amet ehcQbstde shoamedpsheadsve[ 0864ling the

The average cell diameter increases depending on the

hight MRt 0f e RASE: r8Siit a3 IDIQT @388 d, N heaming segment (& -
tenperature, a decrease in a foam ng agent and

B) Jﬁﬁhgﬂétyhﬂé1§%dﬁgdt j usking agent, and thus the
f oamed beads having the objective average cel

[ooghipnmeter can be obtained by suitably regulating these
factors of change in average cell diameter. [0065] As

th%? Vﬁi@ﬂgt%ﬁgggétgie %%kf ggQaQ%%giﬂ £ HEGS (%%ionn@thod

ing 35 e per orne vant ageousl'y ‘w

u81%§?%%ggokggg g%&r tgi 125@¥%ﬁ£§%hg%3%%|glgﬁb%ﬂggonappears

oamne %60 oam ng
. 2t er ted. Accordi t.he vera e MEI ht of ane
ke Foi's 3%?&68 o200 TR g, S hoie o 1oed above,
efera Iy ver age melght of the
but P{? &a@eag ﬁagm 3?ggnﬂstadj:H§ﬂgn@b*e%n%@}e%g%ecreaslng
ht of one resin particle for obtalnlng t he foamsdo
the 6@5@@@6@%%9@%‘% GhEPghncefalmet pHI°Ci eFea ofatthef 10°C/min
i ntended foaned bead. [0066] The average wei ght of
and gy test a2 pany ChEd cowes tie uregid a0 e dyaimat arate of 10°C/min,
conventhnall% known pel |l etizing method such as a
aftepechéa iniepethe fhesbhbad®C rasie arrdidbtireitheoaponedt BSC curve,
and additives are nelt-kneaded
only an endothermic peak derived from crystals showing the melting
point of the base resin similar to the inherent peak Pa appears,
and thus the inherent peak Pa and the high-temperature peak Pb can
be easily distinguished form each other.

The reason that the point o on the DSC curve is a point
corresponding to the temperature of 8C°C in the measurement method
described above to draw the linear line (o - B) as a baseline is
that a baseline initiated at a point corresponding to 80°C and
terminated at a point corresponding to the fusion termination
temperature is preferable in determining the calorie of an
high-temperature peak stably with good reproducibility.

[0062]

The average cell diameter of the foamed beads of the present

invention is usually 30 to 500 pm, more preferably 50 to 350 um.

From the relationship of the strength of the cell film, the foamed

34



in an extruder and then the kneaded product is
extruded into a string via a nouth ring having a
small hole at the end of the extruder, and the string
is cut into resin particles having a desired size or
wei ght by a cutting machine having a taker. [0067] The
bead dareithPpeadsvefratbecpl eseniményenih athaisualdey deave idad above
apparent density of 10 g/L or nore and 500 g/L or
shod®ssxcdhesuppRranirngridr opfe the cappaiethedeBsbha®y EBming or
foaned beads of the present invention is preferably
ol @0ty gl thoEeapeal 8L adk YadSOr Dhdd fA1R the nditeWRQlRAing the
of inmproving the fundanental characteristics of the
cell oM cisdicibased iyl ght properties and
shock-absorbi ng characterizes. On the other hand,
[ocavmen the apparent density of the foaned beads is too
low, the foamis easily broken, and thus the | ower

i "@He Qr’?r5§§|°%qiﬁgtﬁgﬁeg&[n§5t6%}fé %gBﬁu%E%eaabcllélcz]i% }:94 &etermined

nore preter € apparen
' f f b Ln_th t ti \
on tHSTSLLYy S AR IR Betartn. LIS BLoell e IV E0K 80 nacer,y

it h i ght VV% ﬁgin wat er - cont ai nj n sur,i ng ,
two b Idad el AGCATRRIG TORDER, DTRER CHskit g LAY Vel gREration.
\Y %L of the foaned bead group from, raising of water _
Inthe Eh,argf?&‘ @?Qﬁ%ﬁl}?@aft fié L& @%fl SECLRENS dafbicBEdd nes passing
roup b¥ t he vol une of the foaned bead group (WV).
on tFGo%@ﬁff fe todhiet fowmed Rards danelhpeazsr b¥ce p@d through the
present invention, for exanple, a known foam ng
centfgilh k@ réan e thigeenhePEFRIpROPYEeABaWR BN N8 pAl téet bgns from
are dispersed together with a foam ng agent in a
the gprped s icey brelp hestehfase wit eheifrrameas] bsed. cortai néhe total
then heated thereby softening the resin particles,
numbgirn{i t aficeddlsyl ity seadiimg pach icbkedsl ameat ipnegrat @etermined.
with a foam ng agent, and the resin
Then, the sum total length I, {um) of line segments from the surface
of foamed beads of each of the 4 linear lines to the other surface
is divided by the total number (N) of foamed beads, to determine
(L/N) thereby calculating the average cell diameter of the foamed
‘beads.
[0064]

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

[0065]

As the average weight of one foamed bead is decreased, molding
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particles are released fromthe container into a
| ow- pressure region (usually into an atnospheric
pressure region) at a tenperature not |ower than the
softening tenperature of the resin particles (see
JP-B 49-2183, JP-B 56-1344 and JP-B 62-61227).

can Rreefoerrahirpne hamathageontent wi thal &b osed Gont@iperdthire, but
rel eased fromthe closed container to a | ow pressure

wher egh®natereftaiveibpamed obeadsantdie wdLnsers cONLalBQ! foaming
i s back-pressured with the foam ng agent used or an

ef £iMEMANIE GRS SUSHLESI NI LRI it Q; 1, eVEBLdN Y §SSHRE of one
in the container fromrapidly decréasing, so that the

t r dpand.,t r [ f

o o PR < e ao 0 RN e L I SRRA e fleppdit by 0.1 to
] med !

5.0 &S] oq?kfgbeag%}é!g%} g Jihe &é’%@@?ﬁ(ﬁ&h%ﬂ di amel eisoIc?ﬁg?_ated by

f oanmed s carried out mainly by 1 ncorpora
- - t i ght 7 of ingrganiconatter. suc "
adjéﬁ?ﬁ%ﬁg?ééﬁﬁkﬁérnhy %&i §?O€%|F8§?“z 8F% 8?9 E8Fa§gtalnlng

nd_Lnorgani wder ., _as a cell adjusting agent, into
the F0reAIRN fo RRRTe 1St Rethhsh boRP T b Fauft Sntenaea
£ I¥%£tick§s granul ated to obtain the foaned beads with
oa H5%48% resin, but the average cell dianmeter changes

ooddue to foam ng tenperature, the type of the foam ng

[ ent and the anmount used during the production of the
foamed beads, and thus prelimnary experinments shoul d
be T ?V 6L Eohdllktd ofer resdnapirshehy @whdiet regglated by
before the objective particle having an average cel

a copvgpeteraild yobraimasrl oo zinarhe thodnmedchestls hathng eherein
hi gh-tenperature peak in the present invention can be

the ppegi pedlhyra Pohrirngompehedt: s et eiddittieresesicr melt-kneaded
particles when heated with dispersion in a dispersing

in apeditumdear andcilesetdhedntesideet protectoasred thedds atieo a string
not heated above a nelting

via a mouth ring having a small hole at the end of the extruder,

and the string is cut into resin particles having a desired size

or weight by a cutting machine having é taker.

[0067]

The foamed beads of the present invention usually have an
apparent density of 10 ¢g/L or more and 500 g/L or less. The upper
limit of the apparent density of the foamed beads of the present
invention is preferably 300 g/L, more preferably 180 g/L, from the
- viewpoint of improving the fundamental characteristics of the foam
such as lightweight properties and shock-absorbing characterizes.
On the other hand, when the apparent density of the foamed beads
is too low, the foam is easily broken, and thus the lower limit of
the apparent density is preferably 12 g/L, more preferably 15 g/L.
[0068]
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term nation tenperature of the resin particles

(hereinafter, also referred to as Te) and are kept at

an optional tenperature Ta within a range froma

tenperature 15C below the nelting point of the resin

particles (hereinafter, also referred to as Tn) to a

t erter atpperchoweentshan TF fidie arsahéicibentst iife, the present

preferably for 10 to 60 mnutes and then regul ated at
invdrhel @ptisonalatesmperatives H 4 mithey rargecahed(ddRd 2Qup with

to (Te + 5). The resin particles are released fromthe

wel@ONtRlQerid @ dat OW- PEESSIH 14 @r@a@hreitngt he1tgARer & & a metal
and thereby expanded. For form ng the

mesl'h' %érﬁ'ﬂé%roqtnld}r %hgeggluﬁet@wpﬁf al 4118, KeRf e RSN g%-lc;ﬁb from

15C) and Te can be established in nultistage in t

ralglq{HJ EHE%ﬁgg{.’]g@l nd I&%v'l'oﬂl?lg[ %é‘i&ﬁ?ﬁf%e‘:%aﬁ%d bead

forme Ing at a Oow s over " a ficieént

t I n 0
grof M il WS IO e W eyt PR
(Nnggads, and the degree of calorie of high-tenperature
ak, depend mainly on the tenperature Ta and the

retention tine at _tenperature Ta h resin
parlﬂ EFEs™ ﬁlﬁpoaécFﬁg R G a‘fjst%&nareﬁenﬂ:aﬁaventlonf

enpera ure rise jn the range of (Tm- 15C) to (T

for ? €1 The eawar#%amwgtr@%thﬂ%m%ﬁ?ﬁeﬁéeer ehﬁéekno@ropylene
the foaned beads tends to be high when the

resifefperdtiicd® PaoritherseroheneiAegarhtof at heaming agent in a

tenperature ranges, when the retention time is |onger
disHey stige Fléﬁlgemo$uf€frrﬁs WEBEY 1poa Telosard ontrdm ittee r shen heated
of tenperature rise is lower in the range of (Tm -
herpd@) aof tRiimthdheaatregn tramperates e simeltsegbisly the resin
usually 0.5 to 5C mn. The calorie of the
parthicgles enper atprecpebkdt ends to Hearhiovg whgantf hand the resin
tenperature Ta or Tb is higher in each of the
parttiefper at ¢ re lrrangest romhér d¢dhetsehentingm 4 R -icSessure region
shorter in the range of (Tm- 15C) to
(usually into an atmospheric pressure region) at a temperature not
lower than the softening temperature of the resin particles (see
JP-B 49-2183, JP-B 56-1344 and JP-B 62-61227).

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

‘can be unified.
[GCT0]
Themethodof requlating the average cell diameter of the foamed

beads is carried out mainly by incorporating 0.01 to 5 parts by weight
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Te, when the rate of tenperature rise is higher in the
range of (Tm - 15C) to Te, and when the rate of
tenperature rise is lower in the range of Te to (Te +
5C) . When prelimnary experinents are carried out
repeatedly in consideration of these features,

of ipsogaet ¢ aatteenrdidd HnsadE, hoamedubeads sfiomM Ngi 1hes, zeolite,
desired high-tenperature peak calorie can be

bor£bt aimed.noheatienpriaiai, e asaRgecagcandurg ihg thent, into 100
formation of hi gh-tenperature peak is a suitable

partLBReESL i€ Jrapge whenrtben ‘dcﬂ@_{rl%nfé:smgﬁrctqlclfe%agkﬂﬂulated
agent is used as a foam ng agent Accordi ngly, when

to ObtﬂglEO@Hé %a@r&;@ﬁbeb&sm%ﬂetga% QAL 6P CRlerage ce11
foam ng agent, the suitable temperature range is

dlarrftﬂiéli @ﬁah@@@r&@tot ﬁ%‘?{ﬁé lﬁ%g‘geg\eé@%rr%eg@%%g}\?% Le t%%cfoamlng

enperature range

ager?ceggadﬂﬁeg a%%uﬁql%eugé!&%u%% %ﬁg qinnéju%tior[ %97{%]@ %Soa%ﬂed beads,

oam ng agent used in pro oaned béads

present. i nvention oan
and L08R o e B ar %%%ﬂ”%%%@%%&owf?ﬁ%u&ted for
ereaf can used ni c sjcal, foamn ent s
st TS G oy Fab s SRIEas! v riopanke bE Bhving an
but ane, _hexane and heptane, alicyclic hydrocarbons
aveIgags, c&gd JaBhitane anFady@ohexane, hal ogenat ed
hydrocarbons such as nethyl chloride, ethyl chloride
[007ddd nethylene chloride, and dialkyl ethers such as
di net h et her, diethyl ether and nethyl ethyl ether,
an&ﬂeh%@@nﬁﬁﬁe@@l%@ﬂlm agh hylxt ippefatwoe (reakpi e the present
thereof. [0074] An inorganic physical foam ng agent
invenmglondesmicer ogéainedr bona fporide, margod, wherewatehe resin
etc., and these nay be used as a m xture of two or
partiore st kbeaoheaWadnwihie dommeds beads ar eicbkaisied meddgm in a
wat er as a dispersion nediumtogether with the resin
clogear tbokesnker, the foamed beads are not heated above a melting

termination temperature of the resin particles (hereinafter, also
referred to as Te) and are kept at an opticnal temperature Ta within
a range from a temperature 15°C below the melting point of the resin
particles (hereinafter, also referred to as Tm) to a temperature
lower than Te for a sufficient time, preferably for 10 to 60 minutes
and then regulated at the optional temperature Tb in the range of
(Tm — 5°C) to (Te + 5°). The resin particles are released from the
container to a low pressure region at the temperature and thereby
expanded. For forming the high-temperature peak, a temperature kept
between (Tm - 15°C) and Te can be established in multistage in the
temperature range, or the high-temperature peak can be formed by
heatingataslowspeedoverasufficientlylongtimeinthe temperature
range.
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the closed container, the resin particles my be
kneaded with a water-absorbing resin so that water
that is a dispersion nediumcan be used efficiently
as a foam ng agent. \Wen an organi c physical foam ng
agent and an i norgani c physical foam ng agent are used
[00TX]) conbination, the organic physical foam ng agent
and the inorganic physical foam ng agent can be
ar id et 1oh o8 eeki NebN-conbLPgdure eI tde B8R Scads, and
physi cal foam ng agent and the inorganic physica
the QA0 AOH1 AMQ 63RLEB8A: lPe HRALGaRLG kPNYSHLERK mainly on
foam ng agent is contai'ned preferably in an anount o%

thEa%Emb%@%ﬁu%@&@QXMﬂ?Eﬁgtrﬁfen@? ﬁ“tﬁﬂ@@@:%gﬁ%%QQP%Pg Ta for the

agents, the i1norganic physical foam ng age

res ] B he %0 aper e Roweocr o TG BEFFcara Iyl rate of
cemfLLEQ05 8Ll St ban DL de AN MBLEL A€oy he calorie
of i) SPERE T G4 NG parti BTee (U DO TRgS thebe high
wner $B% YegbRZalEE GECATI S THe Snidhic bR ek CToanrRgeratuze

agent is used in an anmpbunt of 5 to 50 parts by

ranggs.gRpendrhe Ketensigant Euphysieaperfigatnagranenot $§Tn — 15°C)
used in an anmount of 0.5 to 30 parts by weight, per

Lo Tepoapdritkebythfeirgite of thereestArpariselies 1wea76n The range
di spersing nedium for dispersing the resin particles

of (m - prP@uckngl¢ oafed beadsof stamptetamited itse waker is usually
descri bed above, and any solvent that undissolves the

0.5 resivCpatticl es may be used. Exanples of the
di spersi ng nedi um ot her than water include ethyl ene
gl Yoel caybyterdhhret hanot crapdr £t hanaea buendsuad Ibe low when
water is used. Wien the resin particles are dispersed

the tempdeathspa@ust ngonedinigher in each of the temperature ranges,

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

The temperature range .according to the formation of
high-temperature peak is a sultable temperature range when the
inorganic physical foaming agent 1s used as a foaming agent.
Accordingly, when the foaming agent is changed to an organic physical
foamigg agent, the suitable temperature range is shifted toward a
temperature lower by about 0 to 30°C than the temperature range
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a di spersant may be added if necessary to the

di spersing nedium The dispersant includes finely

di vi ded al umi num oxi de, titani um oxide, basic

magnesi um car bonat e, basic zinc carbonate, cal cium

carbonate, kaolin, mca, clay etc. The dispersant is
deswsdstdisusdtey, idepmammyndn e Gdod 0l pafds dyowet ght

per 100 parts by weight of the resin particles.
007®077] The resin particles are those conposed of a

pol ypropyl ene resin as descri bed above, and as |ong

aSZkh&jﬁﬁgkkﬁﬁn%f%%%htoﬁs%ﬁelhnﬁ%ﬁﬁhgﬂng'%h@oanmed beads of
deteriorated, it is possible to incorporate other

the %Qje)é%rncﬁpih%ﬁtléﬁ r@ﬁ% %&Lﬁ{%&m'f%amg%%y Egﬁtr €Sk A8 rganic

|ng a melting poin t han

phyéﬁ eth Hﬁ%,ylﬁggg%g§gnﬁlﬁyﬁ e@st$%§%%y%ﬂ§!%% used. Organic

ensity poly I'ene

phygo fjﬁ?%ﬁ?hgp$$¥§{hylgnfudl'n% héyvd%Pq %ﬁ% ons such as

po yet ene near super I 6w & nS|ty ene,
e-vin acetate ol eth ene
pro?ﬁ%ﬁy copo yﬁghexgpﬁyﬁgﬁ EBF%SSryFF&Cg %%§6¥§ﬁﬁpons such
sins suc yren esins._s
as B Pose SR avSTopERE Eﬁi@gﬁﬂﬁaﬁﬁdaﬁsaswﬁeps such as
[gg?Si Be |des the resins descrlbed above, |
methygsshbpet 36 ﬁ&@yle'ehwéh@eﬁ%vﬁéﬁglﬁasmlmde and dialkyl
et hyl ene-I - but ene rubber, propyl ene-1-butene rubber
etheéft%/?‘éﬁ]é Ayt daebhel aiiser ahathﬁidﬁdge@haﬂédn%m@tt@yl ether,

t hereof, isoprene rubber, neoprene rubber, nitrile
and foligtser magr bel ASESNESs as Wik tag es O dmve- Isut adinen & Hs ke -

copol ynmer el astoners, hydrogenated products thereof,
[007ddd the |ike. Wen resins or elastomers other than

t he pol ypropyl ene resins are incorporated into

po Pypi ropyd aeriec pegsnsa 1t heat ot@kgaddi inon@m@unit roafen, carbon

the resins or elastonmers other than the pol ypropyl ene
dioxtielsl,nsrgsn, air, water etc., and these may be used as a mixture
of two or more thereof. When the foamed beads are obtained using
water as a dispersion medium together with the résin particles in
the closed container, the resin particles may be kneaded with a
water-absorbing resin so that water that is a dispersion medium can
be used efficiently as a foaming agent. When an organic physical
foaming agent and an inorganic physical feoaming agent are used in
combination, the organic physical foaming agent and the inorganic
physical foaming agent can be arbitrarily selectively combined.
When the organic physical foaming agent and the inorganic physical
foaming agent are combined, the inorganic physical foaming agent
- is contained preferably in an amount of at least 30% by weight or
more. Among the foamingagents, the inorganicphysical foamingagent

is preferable from the viewpoint of less destruction of the ozone
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preferably 50% by weight or |ess, nore preferably 30%
by weight or less, nore preferably 10% by wei ght or
| ess, based on 100 parts by weight of the
pol ypropyl ene resin. [0079] Various types of additives
may be further added to the resin particles. Exanples
layeaf arheladdidstvesiidekude canaanti oxt dagén, &, carbon dioxide
absorber, an antistatic agent, a conductive agent, a

and fharer retangantera aet al i nactivating agent, a
pi gnent, a dye, a crystal nucleating agent, inorganic
[oofdjling material and the |like. These additives 42 are
preferably added in amounts of 25 parts by wei ght or

| esg PermodQ0 RA t snbY M8 ng Oé%%ﬂf" el Partds!®Siinea in

nore preferably 20 parts t or less, even nore

conEP_Lr rec{@_LtH o% Eﬁ%t éﬁnganEg@%ea ecgj.‘?gzl %%%9‘]11‘1 artlcles to

ol ypropyl ene resi by r asi

be oﬁart%%telae gﬂgééﬁo%éaﬂgrbggea}: W PLES eée‘%%g '9 Itpl%gfoamlng

t'he metho sbove” aré subj e '
ep..i atnospl su suaIIy conducte
agEHﬁ?tchréleasﬂ¥ﬁfa dkﬁﬁéﬁr%ﬂ hlﬁlFﬁ& RrPsRYg agent is used
cont ai_ner ressuri zi andpre ssurized with
in agpﬁgggﬁf %H{;tp “Bache %dﬁl%% B16 mégﬁpéc physical
Jﬁ%% and the pressure in the oaned beads
foam EHSEG at 956 £& 8P08MRPRT(ef, p?eF@réBlyaéFS by 19eight,
to 0.70 MPa (G, and then the foaned beads are renoved
per {l0fmParRé Buntisindt afd tiferresdm e idatled wi th st eam

or hot air to becone foaned beads having a | ower
[0074dparent density (this step is referred to as 2-stage

foam ng). [0081] The foaned bead nol ded article of the

pr 8sentllppesaiignmednun becprbduset iinfyg néeessaiy byrticles in

usi ng a batch nol di ng net hod wherein foanmed beads are
prodsghjngef eamed Hdral sdsenopdriatiited 0b Wwancs eakiswg ithel above, and
any solvent that undissolves the resin particles may be used.
Examples of the dispersing medium other than water include ethylene
glycol, glycerin, methanol and ethanol, but usually water is used.
When the resin particles are dispersed in the dispersing medium,
a dispersant may be added if necessary to the dispersing medium.
The dispersant includes finelydivided aluminumoxide, titaniumoxide,
basic magnesium carbonate, basic zinc carbonate, calcium carbonate,
kaolin, mica, clay etc. The dispersant is used usually in an amount
of 0.2 to 2 parts by weight per 100 parts by weight of the resin
particles.
[C0T77]

The resinparticles are those composed of a polypropylene resin

as described above, and as long as the desired effect of the invention

isnotdeteriorated, it ispossibletoincorporateotherpolypropylene
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pressure in the foanmed beads as in the two-stage
foam ng descri bed above so that the pressure in the
foamed beads is regulated at 0.01 to 0.10 MPa (G,
and then charged into a conventionally known
thernoplastic resin foanmed beads nol ding cavity
resapabbe Hfaneat bRgpy 1 €08IreR8.n ORSR Mg 2 18 PSI MY pBRAL of higher
sealing, the foanmed beads are heated and expanded in
thart he3@hd Wdh. steamal a-fghunat .o, yapar, pressune 9? 't
a0.06 tg 0.18 MPa (%% ) pre?erablf 0}1 t&lo.f% NPag%G ensLty
polyetihig &ipamed paadscarg-LR¢rgby %l%ﬂ%lféfﬁ,ﬁd tol?gggensity

anot'her, and then the resulting 43 “foarfed bead nd

oL Bl e BOOa et st BB SR (CBar super

, a formng metho
P- 6-497. ...Jhe t hod of heatin ith steam
lowfﬁ?ﬁﬁ%?rnﬂ%ﬁ#i%éﬁg%ﬁ? ’céﬁ:dééﬂgaﬁ%ﬂj %ti%%%#fgean%BOlymer'
t hod wher.ein one-side heating, reverse one-side _,
S S e P fealTRY WU e SUMVGEY cbnpited to  @cta
nd the heating nethod is particularly preferably a
cop ARG 1™ FHE'Y DR mE Beatens: BoRépet i 2 Polystyrene
prelim nary heating, one-side heating, reverse
and SIS Fe /TGS HAs (TR i n this order. The
saturation vapor pressure of 0.06 to 0. 18 MPa (Q
[007®Jring the nol ding of the foamed beads is the maximum
val ue of the saturation vapor pressure of steam
supsisie@st ¢he msisd rdurdasy midiedl mposteep. 1 0D82poThible to add
foaned bead nol ded article of the present invention
ethydameglropvdensr oducedbbygra cont ehoplsnanldbngenet hod rubber,
wherein the pressure in the foanmed beads is regul ated
propas amecdsbartenat  0.10bktaxr 0. 1GtVRend-Gutantidhen theéber and
foaned beads are fed continuously to the inside of a
hydrwleth sftedred obyclhel thewBbEh asepeenti pupbbslty satpi€fe rubber,
along the top and bottom of the passage having a

nitrfieat ingyeg odrard 60ekict@ H18g 08sard @ SledNtRldi®dne block
saturation vapor pressure of 0.06 to 0.18 MPa (G is

copog?getroeleﬁ@tblﬂé}:g? faddeimldh wheauthke £9apedr Peadsthe 1ike.
' When resins or elastomers other than the polypropylene resins are
incorporated into polypropylene resins, the total addition amount
of the resins or elastomers other than the polypropylene resins is
preferably 50% by weight or less, more preferably 30% by weight or
less, more prefezably 10% by weight or less, based on 100 parts by
weight of the polypropylene resin.

[0079]

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

agent, inorganic filling material and the like. These additives
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passi ng through the steanmheating region, thereby
expandi ng and f using the foanmed beads anong t hem and
t hen passed through a cooling region and are cool ed,
and the obtai ned foaned bead nol ded article is renoved
fromthe passage and then cut in a suitable |ength

are (dfmrfexaripl eddedl fiar Anbgnaet Bed sleseri Had, iwreiHtAor less per
9-104026, JP-A 9-104027 and JP-A 10-180888). [0083]

100 #4rke BPpl@iRgivbt Rk Hheepohyhd opyd Be, resicNofOREBSb1y 20 parts
beads of the present invention, the surfaces of the

by wieQ@iRd ocheadss arer&ORYAeped reb @ HUseee§ M etydlht or less.
heating with the steam and then the foanmed beads ~ can

_[ooddg secondarily foamed | ater thereby formng a foaned
bead nol ded article excellent in appearance and
nmu j e.f . 8 hen .t he .
fogﬁgéF%gégﬁﬁgﬁgg%ﬁhﬁﬁgggggﬁgggﬁgbgﬁggpééFggﬁegeﬁgif?leaSlng
f, .30 or s. 1 s abtained, the nolding. of

frongotr%en |éosnealcgrbo lynp‘:‘\rrogcy e%gf?%ﬁstijrne?%%ﬂ%dr%%%%% Ry fi§ method

i.ves. an_excel |l ent . f.oane bead nol.ded article wthout .

des S e i SR ERTEHSq BnaPeLrg: PREP b Werfogospheric
of nolding.with foanq% beads havi ng hi gh ﬁressure ,

Pre o R A g o RS RO G B A el 0 g SRt ancPHcriags &g aced in the
charged rate _in a nold cavity charged with the foaned

clo %%W%fﬁﬁp&ﬁﬁéPéﬁFl&@r@?%j}r%?uﬁF5%Wltﬂﬁaﬁﬁr%%ﬂrlZlng
apparent density of a intended foam nolded article,

gas Fych @ﬁeaéﬁoﬁylén81r§§iﬁ-@@aﬁﬁé beadsaof the presswre in the
invention is characterized in that w thout such

foamest hedsan seteereenedf santdObebd OnbBddbaaf®l clerefnrably at
be obtai ned. [0085] The foaned bead nol ded article of

C.10t he pr-edehfai nGent kod thes tpeofloseddhiasads are removed from
i nterconnected cell ratio of preferably 40% or |ess,

the poneapnefearrabltyieB08a0ibd Bestedost tipreafemablyh@5%ior to become
| ess, based on

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

to as 2—stage foaming) .
[0081]

The foamed bead molded article of the present invention can
be produced if necessary by using a batch molding method wherein
foamed beads are subjected to the same operation of increasing the
pressure in the foamed beads as in the two-stage foaming described
above so that the pressure in the fcamed beads is regulated at 0.01
- to 0.10 MPa (G), and then charged into a conventicnally known
thermoplastic resin foamed beads molding cavity capable of heating,
cooling, opening, closing and sealing, the foamed beads are heated
and expanded in the mold with.steam at a saturation vapor pressure
- 0of 0.06 to 0.18 MPa (G), preferably 0.10 to 0.16 MPa (G), the foamed
beads are therebymutually fused toone another, and then the resulting
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procedure C i nASTM D2856-70. As the interconnected
cell of a foaned bead nolded article decreases, the
foamed bead nol ded article is made nore excellent in
mechani cal strength. The apparent density of the
foaned bead nolded article of the present invention is

foandefiefablns 1k d 30Q1e/ s FRLe pr aher @Bl ved teoh8Bhe cavity
g/L, fromthe viewoint of mechanical strength,

fOLs@&m@soebfegmgh@rﬁ@wéascﬁé@érlﬁédair}d Jp&hw@le@% and JP-B
properties. The apparent density (g/L) of t he foaned

6-4 PEA ”Ulr‘ﬂ%dmé%b@ &£ Gl e, Jlat e % rdirWiediRY 4 Bs method
oanedﬁ% J'nol # E

wel ght of the f artlc

t f
can \ﬁgé";%aér%%v%%dﬁ ];%di &ﬁcrf@l.ehc% ﬁﬁ??egﬁn%g%é?fdg heating,
reve'?'ceﬁrﬁebgaf L egeiisecl}el eﬁ:Lglxga,[rg]ag.}r]a11‘:E§1< égsc%r}{ }8| %erkrﬁﬁﬁy combined,
1t d
and E@%ﬁ@%@ﬁ%ﬁdﬂ T2 Postiscular oy Srahtr 85 d Pehdrdorherein
e B St RS A S i,
Speci es Type of Base Resin Point Content (g/10 Mdul us
reve(@e (T OHLIR ne Py, MefalpdBeheabissy | iehetlcthypeder- The

random Et hyl ene: , .
saturation vapor pressure of 0.06 to 0.18 MPa (G} during the molding

of the foamed beads is the maximum value of the saturation wvapor
pressure of steam supplied to a mold during mclding step.
[(0082]

The foamed bead molded article of the present invention can
also be produced by a continuous molding method wherein the pressure
in the foamed beads is regulated as necessary at 0.01 to 0.10 MpPa
(G) and then the foamed beads are fed continucusly to the inside
of a mold formed by belts which are continuously carried along the
top and bottom of the passage having a heating region and cooling
region and a steam at a saturation vapor pressure of 0.06 to 0.18
MPa (G) is fed to the inside of the mold when the foamed beads are
passing throughthe steamheatingregion, therebyexpandingand fusing
the foamed beads among them and then passed through a cooling region
andarecooled,andtheobtainedfoamedbeadnmldedarticleisremoved
from the passage and fhen cut in a suitable length (for example,
a forming method described in JP-A 9~104026, JP-A 9-104027 and JP-A
10-180888} .

[0083]
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Resin 1 142 7 920 type copolyner 0.75

Propyl ene-et hyl ene random Resin 2 Ziegler type 145

Et hyl ene: 2.8 10 800 copol yner Propyl ene-et hyl ene
random Resin 3 Ziegler type 135 Ethylene: 3.9 7 490
copol ymer Metal | ocene Propyl ene-et hyl ene random Resi n

4 12b nidlyilrenerich 8hé HA0yptyPpel 6090t yaEE Melndld QeRB of the
Propyl ene- et hyl ene random Resin 5 134 Ethylene: 2.4 7

preddi itryReGerg! YRBrsietatd OcenenBr ppyhenss&idy heReconsidered
random Resin 6 109 Ethylene: 7.9 4 460 type copol yner

to b%f@éé@@&%t%gméa%l% £l hyhene %%@gﬂrﬁrﬁ?%'h%n7tﬂ-@%oamed beads
Et hyl ene: 520 type copol yner Metall ocene

can Béo@é’é&ﬂ% £ N |f%ﬁﬁlegl"£ -1 h'é&@ééfef]@rm}né aRﬁééIﬂeé b]e%Qi melded

t ype random copol ymer But

artld'l%oi\;(;;@@fl SBJB%EQEH:%%S% g%ghﬂ)éhgﬂefuéorgg{?%l% @oamZed kbeads.

Ziegler type om copol'yner ene:
[OO%?tallocene Propyl ene- butene 1 random Resin 10 124
Jtene: 8.5 5 670 type copol yner

When the foamed bead molded article having an apparent density
of 30 g/L or less 1is obtained, the molding of conventional
polypropylene resin foamed beads hardly gives an excellent foamed
beadmoldedarticlewithout using, dependingon intendedshape, either
a method of molding with foamed beads having high pressure therein
or amethod of molding with an increased charged rate in a mold cavity
charged with the foamed beads having an apparent density not higher
than the apparent density of a intended foam molded article, but
the propylene'resin foamed beads of the present invention is
characterized in that without such method, an excellent foamed bead
molded article can be obtained.

[0085]

| The foamed bead molded article of the present invention thus
produced has an interconnected cell ratio of preferably 40% or.less,
‘more preferably 30% or less, most preferably 25% or less, based on
procedurec:UlASTM—D2856—70. As the interconnected cell of a foamed
bead molded article decreases, the foémed bead molded article is
made more excellent in mechanical strength. The apparent density
of the foamed bead molded article of the present invention is
preferably 10 to 300 g/L, more preferably 13 to 180 g/L, from the
viewpoint of mechanical strength, shock-absorbing characteristics
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Met al | ocene Propyl ene-et hyl ene random Resin 11 128
Et hyl ene: 3.7 25 660 type copolyner [0089] A
producti on exanple of the base resin in Table 1 above
will be described below. [0090] (Production Method
of Resin 1) [Synthesis of Transition Metal Conpound]
and Thehsyat basitsro@ferties. The apparent density (g/L) of the foamed
[(r)-dichloro[1, 1" -di methyl silyl enebi s{2-methyl-4-(4-c
bead i ORRE M r iy ) Tl Haa7 Wee Rt el mé ine@O BiyU i VRIS ek hic€tle ight  (g)
out in accordance with the 47 Exanples in JP-A No.

of the- 2861idd - bed @I Chent eak Iy ealdm®ptuft &) ikatehined from
3.75 L distilled water and then 2.5 kg (96% of conc.

the SMdIHAL o acddk WY & aaded slawy 1o,@ ﬂ&x&%ﬁg icle.
separabl e flask equipped with a stirrin a 1 ig

of nmontnorillonite (Benclay SL nanufactured by
M zusawa I ndustrial Chemcals, Ltd.; average particle
25 m particle size distribution : 10 mto 60

E .

4 was di spersed at 50C and then heated to 90C, and

[ pt at the sane tenperature for 6. 5 hours . After
oIing to 50C, a slurry mas filtered under reduced

O recover a c of distilled wate

RIS 27 1 e CAREErss  Fabo% RORSFOF molvAgaiAn vill be

into slurry followed by filtration. This washing
desﬁﬁé%%gure was carried out until the pH of the wash

(;iltrate) becane hi gher than 3.5. The recovered cake
[0 s dried in a nitrogen atnosphere at 110C overnight.

The MBI%;t after drying was 707 g.
Examples 1 te 10 and Comparative Examples 1 to 9

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

Table 1
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[0092] [Drying of Silicate] The previously chemcally
treated silicate was dried with a kiln dryer.

Speci fications anddryi ng conditions areas shown bel ow.
Rot ati ng Tube: A cylinder, inner dianmeter 50 mm.
heated zone 550 mm (electric furnace), equipped wth
stirring blade Nunber of Revolutions: 2 rpm degree of
inclination: 20/520 rate _of feeding of silicate:

Bé@sg/ %Ltr;wgast flow rate: ni tOBo RAEking 6[3&?&)1%% Wﬁgt E(::;:j?al
rye ry enf?er
t anzf‘%?se?ﬁsm F%lnf“d é: % %glll .

RepiD093]spddds epar a Cat al U heModulus
dried silicdte obtained as desfcrf fEied aBYe) vvas min) 1 wpay
intf oduced into haviing _a _volu of F

resaU| BERISTIE | h ProR e YR g f ™ de, 1and 1B/ of mi xed gop

hepi an&Peand 84 nlcqpdyr®d Mol) | of tr|ietByf alumi numin
ane sol ut Pepyendethgenail@sh and stijrred at foom
Rest”@maé’re%i?rlﬁﬁ*’% The mighuse was sititPed FiHeng 2four 1%and 800

t heh —washed —and the silicate
Reslau zwglmerrEBW%ﬁe*ﬂe”ef@@%- fHaer, e R8s of 7

490
tr| sobutyl |al um neselier hept ane sol ytion (0.71 Mol /L)

\ RetdRcent 0 PhpyIdk-kth@ak Gan8dnlIf[I'y pr §par €d as descr| bed
Resﬁlﬁoue ypnd [t he m ey IS r gact?éd |FthvEse4or 1 houkl!o

Skt nnnll Y] of trliisobytyl alumpnumiln

ro-oorg

Resh@pl HHE S it F’r&gﬁy‘l’ece)-feti?ﬂenmn?o%s AddednyieRe: 248 my (/0. 35
mo| ) &pe copolymer

r ) metbiicBEner Oprbpylene-gthyiaak Riiliand T1YT enedi s{Z- met Nyl -4-[(4-C
Resllﬁl rop@ggn yl g)-il—l-néfﬂgnfepyl 11 Zi r'@8ni lﬁ?’]y"?”%ﬁé 874 ofteo

m—xed-hept af myxt urle.was [reacted dt roam

anes_an

Resh&Np Wralprrrg |+ BipPrenmgiene radpay t 012 e eySichd: 68tle § Urr Yoo
and| st ¥pg ed|for 1 deeWmer and nijxed hept ane was| furtlher

addedetiibenel PrapenpteRrLtné-0 [S00 T Ethylene: 1.3

Resin 8 120 4 570
type random copolymer Butene: 3.1
. . Propylene-ethylene-butene-1 Ethylene: 4.7
Resin 9 | Ziegler type 129 5 600
random copolymer Butene: 1.7
. Metallocene | Propylene-butene-1 random ‘
Resin 10 124 Butene: 8.5 5 670

type copclymer

. Metallocene Propyiene-ethylene random
Resin 11 128 Ethylene: 3.7 25 660
type copolymer

[0089]

A production example of the base resin in Takble 1 above will
be described below.
[0080]
({Production Method of Resin 1)
[Synthesis of Transition Metal Compound]

The : synthesis of
[(r)—dichloro[l,1’—dimethylsilylenebis{2—methyl—4—(4—chlorophen

yl)-4H-azulenyl}] zirconium] was carried out in accordance with the
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[0094] [Prelimnary Polynerization/Washi ng]
Subsequently, the previously prepared
silicate/metal |l ocene conplex slurry was introduced
into a stirring autoclave having an internal vol une
of 1.0 L substituted sufficiently with nitrogen. Wen
Exarinbed elperataurieo was0o-stadili zed at 40C, propyl ene was
fed at a rate of 10 g/ hour and the tenperature was
[00%m] ntai ned. After 4 hours, supply of propyl ene was
term nated and this condition was kept for 2 hours.

[Chéi@i]l pretd mhdef Yoo yiesdZat i on, the remaining
nononmer was 49 purged, and the stirring was

terymnaged andh 1he systemuas diebt sl (@9ubr 1 ne . sulfuric
m nutes, and 240 nL of the supernatant was decant ed.

acid ReRe a(@d@? Srﬂovﬂfy g{r)]Icfl gg%ﬂﬁi%ﬁ %@?%g%}]bél% Ei‘aé@léqlé[)iﬁg!ad with

ept ane sol ution pt ape wer
h i xt y 40 30
B T cr o N

uper.nat ant S.r ved. Then, this operation was . )
oy 1 R L et B R T B e T mai e (B paReRT St Tl e i ze 25
final supernatant were anal yzed, the concentration of
HI, (R T ganSd 28 HAPREAPESABBnent S Fhdicfldm). ¥3s dispersed at
..omol /L, a Zr concentration of 8. 6 x 10-6 g/L, and the
S0°ChaperFladn die o t9 P Re 3nPefert @t thes seme1b%mrFhahure for
17.0 nmL of triisobutyl alum num (0.71 Mol/L) in
6.5 eiprane AldSnadohi ngs0 280€da anbut hewastidre neasanhis ededuced
under reduced pressure at 45C. By this operation, a
Presfiugld nitrac g Cpsleyner F28e+ on’ datodl ysistiddmcaivmiteg RasOagded to
pol ypropyl ene per 1 g of the solid catal yst conmponent
thiswagalobt wivheld. wpe0IBlen [Rotmareragatn onhtoA sdtuinmyi nigpllowed by
aut ocl ave having an internal volune of 200 L was
filtration. This washing procedure was carried out until the pH
of the wash (filtrate) became higher than 3.5.

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

[0092]
[Drying of Silicate]

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

[Preparation ¢f the Catalyst]
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sufficiently substituted with propylene, and then 45
kg of sufficiently dehydrated |iquefied propyl ene was
i ntroduced. 500 nL (0.12 nol) of triisobutyl
al um nuni n- hept ane sol ution, 0.32 kg of ethylene, and
2.5 L (interms of volume in standard state) of
hydrogemwerhe added, sdidcbhe bbtatnad tenpesattibedwadove was
kept at 30C. Then, 1.90 g (in terns of solid catalyst
intwodhposne it ood od amet akhacepehapialy aevbzahe Q¥ cat algSitoped with
was pressed with argon into it to initiate
a stpaintmer bzatieprand@nd ¢ henoheat:adi hept@eeQvahd44 ml. (0.60 Mol)
m nutes, and the tenperature was naintained for 60

of tHiMHes. AhMQGiMuretifanelhtwas addedioal LBeeehodkl and stirred
term nate the reaction. The renmaining gas was purged,

at rdh 2RO t0fred POLYREPRYL 06, POIWEBI - MBSFALYAKRCE. 4nd then
Thi's operation was repeated 5 tines to give a base

wasHe%S'w'it% jhLs H@pc% bad, anME 3% Jdgawgél%ht 35 nprg}pared to

et ylene content 0.75 nol
200 142C. [0096] (Product|on Met hod of Resin 2)
reparatlon of Catalyst) A glass 2-L reactor flushed

itro char t
tetraéﬁl%r?@eL?ﬁ§F§%ﬁ% Fyﬂ Hﬁﬁ?upgﬁgg?ggap8so tion (0.71
and. t h ated_for 35 This titani um

oL g bad Ao M S0t or T He D SPRORATE Fescrrbid above,
solutlon that is, a mxture of 60 nL n-hexane, 0.05

and Rpf MU Wak HfastRccat A 8 € the sl iaf t @rlmulrt@m@lquesdy, 3.31
to as, DEAC) and 0.12 nol diisoanyl ether at 25C for

mL ofi it S oo eREALRE ted@BtanaEriutéop §O (?jit%cddnyas added

ether/ DEAC nolar ratio; 24/1) reacted for 5 mnutes
to was added8ropwi se &9 35C for 3®-m nutes. Theol) of
reaction mxture of the titaniumtetrachl oride was
ritivécdatrerl 1, Réptdifvgit K30 silydeasbdss {35@eduhd ItHen( dhedtledophen
to 75C and reacted for 1 hour. The reaction mXxture
1) déive zsweing 1pd ecii pcoat.es. , Taed i ktulr @f mixed heptane, and the
mixture was reacted at room temperature for 1 hour, added to the
silicate slurry and stirred for 1 hour, and mixed heptane was further
added thereto and prepared to 500 mL.
[0094]
[Preliminary Polymerization/Washing]

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

After preliminary polymerization, the remaining monomer was
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was cooled to roomtenperature (20C) and left, and
separated into precipitates and a supernatant, and
t he supernatant was renoved by inclination of the
reactor. After the supernatant was renoved, 400 niL of
n- hexane was added to the precipitates and stirred and
purgrkedndf the I immutegasandrbynaeedntrat itbe apdtem was left for
inclination, the operation of renoving the
abowsupérmatgints wasdcoat udt ed thd sopsrnAttat ¥ decanted. Then,
treatnment, the precipitate was evaporated into dryness
0.9%ndern fr edudedbuprassiuéiham €0ove Mohgxanent hepebye solution
giving 19 g of a solid product 51 (Il1) Then, the

and B0l @1, anDuntcaf hEPeasol s HI-RRueE, éhlﬂ)tl\i\@%ﬂhﬁﬁ@ walsNstirred
a2l glass reactor and 300 nL of n-hexane was added

at ddeer %9 'agrﬁ:i vaseStd St ag f’fh%u%‘é%pe%%df)ei%GmE of the
et er an

|soany 35 g titaniumtetrachl oridée were

supé¥H§¥£ﬁgw§QQeﬁBQeﬁhe fhéﬁuE%f@%béf%%%@@wa@%ﬂ%%%JPEoﬁducted

hour. This reaction m xture was cool ed to room

3 tllz‘lﬁgperfl\ﬁ{ @h@%%{r! %fn%ntt% PERAL afjﬁnaﬁ Q{lggkﬂélE?}l% ere %nalyzed
erei na &rred to as second precipltate
v b ncl.ination Then 400 L
the égﬁ%‘éﬁ% mla%r\{\ggdtehuen?o&gﬂexgé%nn R dibengrE ippdrated 1.23
novi ng of su er nat ant ng rsred and mixed for 10
mmo Ihuf‘ggfc?’ﬁ%%n PEREARE &F § o0 Pohtve? {lve S5GpdhhERARIELaL charged
IS stﬁgﬁg@s conducted 4 times. Then, this solid
ot @@ Sufdér! G%educed pressure to give 15 g
of tltanlun1tetrachlor|de conpasi tion ;herelnafter
r eff&ffed! t%“&sofl%@}%?Q%tﬂjaaéWﬁélﬂ Gt bAfol/L) in heptane
catal yst). [0097] ol ymeri zation] An autoclave nmade
solugfl.ogt Be Al dgt aipdl mpﬁéarmahs driefniedehaedngegdnpressure
internal volune of 500 L was sufficiently substituted
at 40f¢h By phopybremeagasn ata poehitmeémpervapat gneanda40nlcatalyst
of dehydrated and deoxi di zed n-hexane was introduced
contag nango! yhegmdarmpweneper 1 Thénh401 gd ok tdiletsiytomponent
al um numchloride, 320 L (in terns of volune
was obtained.

in

[0095]
[Polymerization]

A stirring autoclave having an internal veolume of 200 L was
sufficiently substituted with propylene, and then 45 kg of
sufficiently dehydrated liquefied propylene was introduced. 500
mL (0.12 mol) of triiscbutyl aluminum/n-heptane solution, 0.32 kg
of ethylene, and 2.5 L (in terms of volume in standard state) of
hydrogen were added, and the internal temperature was kept at 30°C.
Then, 1.%90 g (in terms of solid catalyst component) of a metallocene
polymerization catalyst was pressed with argon into it to initiate

polymerization, and then heated to 70°C over 40 minutes, and the

‘temperature was maintained for 60 minutes. 100 mL ethanol was added
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in standard state) of hydrogen, and 15 g of the
Ziegler-Natta polynerization catalyst were added
under the condition of tenperature at 45C. Wile the
internal tenperature of the autoclave was kept at
60C, propylene was fed until the pressure becane 1.0

thePee (16 teamd nagtchyhenecnasibed athd.:Fmkiglihg da& was purged,
initiate the polynerization reaction. Wile ethyl ene

and &as 3flegl odta @cdgpsiantl espesd yiis Oplsemer a bleas el 8beration
a pressure of 1.0 MPa, to polynerize the mxture for

was 24e M AU RS iiSs & & esiid ,a thesd otaliampunt s of the
fed mononers were 110 kg of propylene and 1.5 kg of

et iy :enge M hadt B ApRoskaye; mas 16opl edh @ n2aGndt Rentent of
unreacted gas was released and the polynerizZation was

1N 2 1he [ t14 r was transferred to a

Ojgng%ﬂocﬁatg?rgear equgjggdé(#%q?fh%étsﬁti{%érci'ng bl ade, and 50 L

rocdwet hanol was added, then the mixture was stirred at
55C for 30 mnutes, 0.5 L of 20 wt % aqueous sodi um

Dy droxi d ol ut | ded and stirred for 30
(Pr reec %aer%dfgé{rkoe\flﬁglu%fi ed water was added and

m nut es,
tirred for our, .the aqueous |layer was |left and
%ﬁ?é%%%fg%éﬁ&%$%FRMe cat al yst residue was renoved.

The slurry s tr ateg mﬁ&g a centrifuge, hexane was ,

" efoVdd S SAAd t RETFERELF SUSRAS HEFAd™T bFOSCROURS GREhoad with

dryi ng machine at 60C,_to give 61.0 kg of a propyl ene
0.4 Soﬁl‘ﬂe?l"(%%%&e}trﬁﬁ%l at(hei aias itegearddP lwrggerred to

to give a base resin 2. This resin had an MFR of 10 .
as mgljoandiri;hem hetahydcedeorcéhf@nt Tofis 2.i8anpu% antirachloride was

. nelting ﬁoint of 145C. [0098] (Production Method of

mixeReyil fh3fhant @bl o¢l Ay ereaeiel of sstiaitnlarss tdedeliseqai ppeture of

with a stirrer
60 mL n-hexane, 0.05 mol diethyl aluminum chloride {hereinafter,
referred to as DEAC) and 0.12 mol diiscamyl ether at 25°C for 1 minute,
and then the reactionmixture (I) (diisoamyl ether/ DEACmolar ratio;
24/1) reacted for b minutes was added dropwise at 35°C for 30 minutes.
The reaction mixture of the titanium tetrachloride was thereafter
kept for 30 minutes at 35°C and then heated to 75°C and reacted for
1 hour. The reaction mixture gave solid precipitates. The mixture
was cocled to room temperature {(20°C) and left, and separated into
. precipitates and a supernatant, and the supernatant was removed by
inclination of the reactor. After the supernatant was removed, 400
mL of n-hexane was added to the precipitates and stirred and mixed
for 10 'minutes, and by decantation and inclination, the operation
of removing the supernatant was conducted 4 times. After the
treatment, the precipitate was evaporated into dryness under reduced

pressure to remove n-hexane thereby giving 19 g of a solid product
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havi ng an internal volunme of 500 L was sufficiently
substituted with a propylene gas at roomtenperature,
and 240 L of dehydrated and deoxidized n-hexane was
i ntroduced as a pol ynerization solvent. Then, 240 g
of diethyl alum numchloride, 320 L (in terns of

(ITvol (een,i hhet ahdae dasdatie)o fof-hiey do dgano nedecadded, wardplaced
15 g of a Ziegler-Natta polynerization catalyst

in Pprepayedsbyrethetoet hadd dese ibed im-HAendH % pr adueti @Acreto,
met hod of the resin 2 were added under the condition

the efi xthepeaat ¥t erabd4nta Nided dhe I:L@tgr@ﬂsé@rﬂyfr@éﬂgﬁ and 35
of the autoclave was kept at 60C, propyl ene was

gt1HQB£hm&%%ﬂ%ﬂﬁ%ﬂffﬁé%%f@@d egaw%bifaﬁdéﬂgmfaéag§¥§%reacted

at 0.63 kg/hr, tornitiate ynerizat1 on

at é@%t#gp 1%'011% eg%l%n é’@gtloerg I%t ?uconSt ant SCELeng L0 room

propyl ene” was fe ‘pressure of

tem égﬁgé%ﬁdﬁﬁﬁﬂﬁ%éggﬁgﬁa%Fé%%QecghE%g%%gheFﬁﬁﬁ§aLngeferred

e total amobunts o MONONErs we
g.of .eth en VWil e the autocl
coal PSRBT AN . &0l o DI g 8 MBI i R iat om.
the(ﬂi meri.zati on was t The resultin

Thery "4 00 R G St P %@gmﬂfgift e quT pRLRl vRth after

stirrin ,.and 50 L nethanol was added, then

remqHgi P BRoRRSCSEF rh * Lt TBBCAP O M 0o 4A o) moREes, then
of 20 mﬁ@baqueous sodi um hydroxi de sol uti on was added

decalf@ S eGP Yo F 18 Tt Ntend P20 e agueerdiegted 4 times.
wat er was added and stirred for 1 hour, the aqueous

Then, afbi swas i ef Produat separditien] vawen medesesl psessure to give
resi due was renoved. The slurry was treated with a

15 geehtli famgeun Hexdamehies idenovegosandonhéharrt upétenasreferred
dried for 3 hours with a drying machine at 60C, to

to agi vécgles-Negtef relymepyilzerte opoloprerl yEiraduct ) This
operation was repeated twce, to give a base resin 3.

[C097]

[Polymerization]

An autoclave made of stainless steel equipped with a stirrer
having an internal volume of 500 L was sufficiently substituted with
a propylene gas at room temperature, and 240 I of dehydrated and
' deoxidized n-hexane was introduced as a polymerization solvent.
Then, 240 g of diethyl aluminum chloride, 320 L {(in terms of volume
in standard state) of hydrogen, and 15 g of the'ZieglerwNatta
polymerizationcatalyst were addedunder the condition of temperature
at 45°C.

While the internal temperature of the autoclave was kept at
60°C, propylene was fed until the pressure became 1.0 MPa (G}, and
ethylene was fed at 0.37 kg/hr, to initiate the polymerization

reaction. While ethylene was fed at a constant speed, propylene
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This resin had an MFR of 7 g/ 10 min, an ethylene
content of 3.9 nol%and a nelting point of 135C
[0099] (Production Method of Resin 4) A stirring
aut ocl ave having an internal volume of 200 L was 54 r
substituted sufficiently with propyl ene, and then 45
was kipdbht sufféecient o dehydrat edb bioqyekiredept BpYh BN or 240
i ntroduced. 500 nL (0.12 nol) of triisobutyl
min@tedn nund n- hept ane solution, 1.7 kg of ethylene, and
4.5 L (in ternms of volume in standard state) of

hydtogenaeerne addedtbhgl eifoudns dheHdt®&IDM;onomers were 110
tenperature was kept at 30C. Then, 0.75 g (in terns

kg &f &ad al st CONpONentyd: 10f1 &ne et al | ocene
7 ;xﬂ%ﬁﬁﬁf%atlon catalng pr epared by t he net hod

deW1 %S(Ehel Qu{;QSlQ{}Q%CSt 'c%rc])tln%t 98%9f tpge ruensrleac é’@gas was

presse Wi th argon nto P19 ate

rel ﬁ&aEhgnP§§§ﬁegggg%QOhow%%p OV r %Eégrun 2 resultlng

en t e tenpe re was nal ntaln

Slln%ggwgg §t$%%%krm%§ addqg there f%?é%gﬁg%%%}ﬁfkg Rgstlrrlng

ction renalnlng gas

1ol SPPIPIORLGS ROV S oD BLE (TULS: o e

This resin had an MFR of 7 gélo mn, an ethylene
at 5QoRt ERE &P mangtaBr oh andlachelPi vig® paEneces 3960um hydroxide

[ 0100] (Productlon Met hod of Resin 5) A stirring

sOLuLBc Va2 HiRA Agamt + RERR faIr v8Iuuo?s 260d 2GR of purified
substituted sufficiently with propyl ene, and then 45

wateggwap a2ddedi ety rishyferatl ddoni gudis ediysropy leyerwass left
i ntroduced. 500 nL (0.12 nol) of triisobutyl

and ghemisRBALALREpt TRt BBlaattiady,s t0r 9s kgue o setdydene, amek slurry
3.0L (interns of volune in standard state) of

was treated with a centrifuge, hexane was removed, and the mixture

was dried for 3 hours with a drying machine at 60°C, to give 61.0
kg of a propylene polymer (product). This operation was repeated
twice, to give a base resin 2.

This resin had an MER of 10 g/10 min, an ethylene content of
2.8 mol¥ and a melting point of 145°C.
[0098]
(Production Method of Resin 3)

An autoclave made of stainless steel equipped with a stirrer

having an internal volume of 500 L was sufficiently substituted with

a propylene gas at room temperature, and 240 L of dehydrated and

deoxidized n-hexane was introduced as a polymerization solvent.
Then, 240 g of diethyl aluminum chleoride, 320 L (in terms of volume
in standard state) of hydrogen were added, and 15 g of a Ziegler-Natta
polymerization catalyst prepared by.the method described in the
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hydrogen were added thereto, and the interna

tenperature was kept at 30C. Then, 0.90 g (in terns

of solid catal yst conponent) of a nmetall ocene

pol ynmeri zati on catal yst prepared by the nethod

described in the production nethod of the resin 1 was
pro@uessed ndttHbdbgonhent®@sim t2 @ renbbidatieunder the condition of

pol ynmeri zation, and heated to 70C over 40 minutes 55

tem@deh then iheztenperature was maintained for 120
m nutes. 100 nL ethanol was added thereto to

teWﬂLﬂﬁiQﬁkhQn&%@%ﬁhoﬂemgg§aE§@€iBEthegﬁﬁxﬂﬁﬁﬂRngﬁgkept at
and 20.1 kg of a pol ypropyl ene polyner was obtai ned.

60%%2E?RBQEE$%iQQS“&&iﬂﬁggﬁ;%%ﬁgﬁkggggréfa égﬁe gﬁ%ﬁki(G), and

is resin 0 m n,
t C e f ~=2. % R [N oint of . .
oM P SEOLCAL, 8 o2 PRLYOATA 8 TELLL L BOLBY b i

irrin tocl.ave havin n.internal volu of 200_L
rea QUi R B IR R WS By freh BPBRSPEesPaRd- « RERPYLene
kg,.of sufficiently drated.liquefie r opyl ene
uas SR o0l et %80 LR PG A5y YR T e CebatyIeSes for 210

mi d? um num n- hept ane solution, 3.6 kg of ethylene, and

0L (in terms of volunme in standard state) of

hydr ogen were added thereto, and the _interna

t effePatGFElhastREpECt &t AN the, theded pracpergswere 110

of solid catal yst conponent) of a netall ocene
kg GfolBran iAne Gt d-a Y&t 9 @FddEnss the met hod

described in the production nethod of the resin 1 was

pr @dsée whehhargomiates cbofledi o ti¥8Ce the unreacted gas was

pol yneri zation, and heated to 45C over 30 minutes and
releaased tdred t enpepal ymernast iannwaisneck fromGdy nuttes. resulting

100 nmL ethanol was added thereto to term nate, the
slumgaetisohrafhéereqdi td Ny rgas Wasmbeur gedipped 210 Kgstirring

of a pol ypropyl ene pol ymer was obtained. This _
bladeperati 60 Dascrapealedab sHdes,tOnghVELE DASEUFESIAs Bstirred

This resin had an MFR of 4 g/ 10 mi n, an ethyl ene
at 5600t €8t 90 minutes, 0.5 L of 20 wt$ aqueous sodium hydroxide
solution was added and stirred for 30 minutes, and 200 L of purified
water was added and stirred for I hour, the agueous layer was left
and separated, and the catalyst residue was removed. The slurry
was treated with a centrifuge, hexane was removed, and the mixture
was dried for 3 hours with a.drying machine at 60°C, to give 60.5
kg of a propylene polymer (product). This operation was repeated

twice, to give a base resin 3.

This resin had an MFR of 7 g/10 min, an ethylene content of

3.9 mol% and a melting point of 135°C.

[0099]
(Production Method of Resin 4)
A stirring autoclave having an internal volume of 200 L was
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7.9 nol % and a nelting point of 109C. [0102]
(Production Method of Resin 7) A stirring autoclave
having an internal volunme of 200 L was 56 substituted
sufficiently with propyl ene, and then 45 kg of
sufficiently dehydrated |iquefied propyl ene was
subspirotededuBUCient 1G0. E2thol profyiené soluty! then 45 kg of
al um nuni n- hept ane solution, 2.3 kg of ethylene, and
sufBi @idn(in deiydrofed dlikme: ¢ t@angaricsd ale) i9ftroduced. 500
hydrogen were added thereto, and the interna
mL {ENpRredur @ Mg ikepbutdtlh 30Gmi e n-0e2? ste( 5B 1LeNMB, 1.7 kg
of solid catal yst conponent) of a nmetall ocene

of POlyrErd zalion catal sl daepaed By e imethadgarg state) of
described in the productlon nmet hod of the resin 1

hydf¥ e N Eadéﬁgﬁ)@e Q, a!éxto% tgﬂg' ﬂhﬁéf‘ﬁgjs femperature was kept

pol ymeri zati on, eat e 0C over 30 m
e Ahe0 S %ﬁgﬁmzfz %rﬁ%'e%tso@f:od (e Mpgbrent) o o
metJ#%ggéﬁgé py%fgg%n$n%a%a§ e n%sgby%ﬁegwthoggescrlbed

a po ehe pol yier

in SRR R SRR ?h%'rg%esib% 2 TRt o 1 argon Lnto
content, of 5.6 nol % and a nelting point of 120C
it t[%i@éflﬂ(ﬂl@r BaL¥PEEHZRELAB] BRIRRRFHE®)LR &1°Cr pvRg 40 minutes
ayt ocl ave having an internal volunme of 200 L was
t?iﬁ EETEGFFRCEEN IRy WELR tEAS éne, 1dRdmirefess 100 mL
sufficiently dehydrated |iquefied propyl ene was
ethqr}ﬂlr Haa@é%ﬁe%@berﬁ%o@ T2 radinptef theiesobiitgrl- The remaining
al um nuni n- hept ane solution, 1.2 kg of ethylene, 3.6
gas wgsgfuzgasy end,2hnd kg, f |2 pphypenmleﬁe\mmr was obtained.
standard state) of hydrogen were added thereto, and
Thist lwpensttdiomalvast emperdaedr © wasideeito ati v80@ bHE¥en rekilD 4.
g (in ternms of solid catal yst
This resin had an MFR of 7 g/10 min, an ethylene content of

4.3 mol% and a melting point of 125°C.
[0100]
(Production Method of Resin 5)

A stirring autoclave having an internal volume of 200 L was
substituted sufficiently with propylene, and then 45 kg of
sufficiently dehydrated liquefied propylene was introduced. 500
'_ mL (0.12 mol) of triisobutyl aluminum/n-heptane solution,.0.9 kg
of ethylene, and 3.0 L (in terms of volume in standard state) of
hydrogen were added thereto, and the internal temperature was kept
at 30°C. Then, 0.90 g (in terms of solid catalyst component) of a
_metallocenepolymerizatiéncatalystpreparedbythenethoddescribed
in the production method of the resin 1 was pressed with argon into
it to initiate polymerization, and heated to 70°C over 40 minutes
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conmponent) of a netall ocene polynerization catal yst
prepared by the nethod described in the production
nmet hod of the resin 1 was pressed wth argon into it
to initiate polynerization, and heated to 60C 57 F"
over 30 m nutes and then the tenperature was
and nEiert ai e d dnare G0 BN LS ma it ie etftanalc was radded 100 mL
thereto to termnate the reaction. The remaining gas

etha¥as] pukgetde @nthe2k thit 6ft ol Ry epyl ene-PRLY MeITHMES emaining
obt ai ned. This operation was repeated 5 tines to give

gas ¥akaAsSEr§&s) RindB20 TNiig beSd goﬁﬁﬁréﬁngﬁeoj{)ofyﬂéﬁq\fam Botained.
1.3 no u

an et hyl ene content of % a 1-butene content

Thi@foﬁerjaﬂ%r%wa?é"d:%)é@é&@ ﬂqgég @gug{iéfg%)% B0 ecin 5.

(Production Method of Resin 9) An ave made o

st%hﬁk§§%sﬁkeﬁgdegHi%gﬁdofﬁiQ%ﬁgiﬁﬁﬁ{ Fﬁﬁgkﬂ 180 coatent of

i nternal 'volunme of 5 L was i ¢l eéntTy substitute

with a propylene gas .at ro enperature, and 210 L
2.4 ﬁoja”erﬁfgfaai &ﬁe%‘}dlggd)eodﬂtdioztgﬁ%l- ﬁgxane was i ntroduced
(01 % a polynerization solvent. Then, 220 g of diethyl
al'um numchloride, 350 L (in terns of volunme in

standard state) of _hydrogen, and 20 g of a
(PKQ§QQ%%QQ-N%F?5K?ﬁﬂgﬁﬁ%FF% i on catal yst prepared by
twi_ce repeating the nethod, described in the
pr SdGEEFSA A HBACORVENRAY &8RP BT T Hdd &P luiferof £RE L was
condition of tenperature at 45C. VWile the interna
substdiydest upeL i cinpt bt dél Bve R WEE at andsCthen 45 kg of
ropyl ene was fed until the pressure becane 0.7 MPa
suffigiengdy dehigdrenednas aduedigd propkgehe @ad 1lnbupdneed. 500
was fed at 5.7 kg/hr, to initiate the polynerization
mL  (Oedét mon) Wi Feieshphené ahdmidubrbheneptene fetluaion, 3.6 kg
constant speed, propylene was fed at a pressure
of ethylene, and 7.0 L (in terms of volume in standard state) of
- hydrogen were added thereto, and the internal temperature was kept

at 30°C. Then, 0.40 g (in terms of solid catalyst component) of a
metallccenepolymerizationcatalyst preparedby themethod described
~in the production method of the resin 1 was pressed with argon into
it to initiate polymerization, and heated to 45°C over 30 minutes
andthenthe temperaturewasmaintained for 60minutes. 100mLethancl
was added thereto to terminate the reaction. The remaining gas was
purged, and 21.0 kg éf a polypropylene polymer was cobtained. This
operation was repeated 5 times to give a base resin 6.

This resin had an MFR of 4 g/10 min, an ethylene content of
7.9 mol% and a melting point of 109°C.
[0102]
(Production Method of Resin 7)

A stirring autoclave having an internal volume of 200 L was
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of 0.7 MPa, to polynerize the m xture for 150 m nutes.
As a result, the total anounts of the fed nononers
were 95.0 kg of propylene, 2.5 kg of ethylene and
14.3 kg of 1-butene. 58 Wiile the autoclave was cool ed
to 25C, the unreacted gas was released and the
sub ol yuiesrd Zatifan cwes: tlier nMivhahedbradhel dresul tindy t8EHITYs kg of
was transferred to a next chanmber equi pped with a

sufsididitng, ddagesa @ 150nle MRthane, mas added.i fheudde . sco

m xture was stirred at 55C for 30 mnutes, 0.5 L of

ml 20 mt %oalqu%qu%ﬁ‘i@o%@tl}ﬂd%@ﬁh@ﬁum?ﬁl—HEbQﬁn\éa§OQQQ?L@n 2.3 kg
and stirred for 30 m nates, and 200 L of purifi

of é%ﬁﬁﬂéﬁﬁasaéQgQﬁ(ﬁﬂg (St AL %%szE %gﬁﬁﬁe ChhthﬂHSQHsstate of

| ayer was and separate at al yst

hydf&%r?#%gg2§d%§g%@reﬁwe a§1|cp{: d&flﬁc{facte%ﬁzev%aturae was kept

exane was rem)ve e m Xture was

d 3 th d t 60C, t
cr G5 oS, pobgrg%z'goam' Bl Forfgenc) o
et PR ) SREELETC R, 1Ol YE 8, DRSSP B
. { % 1- but tent of 1. 7 nol %
i SRSl it ol 2 AR En EontenL oL 4 ook,

Met hod of Resin 10) A stirring autocl ave haV|ng an
it tiondetkaPteoPakEnef 12001 phwadnd sdted tted BGf PVeireRf | pinutes

with propylene, and then 45 kg of sufficiently
and Hmﬁﬁ%itéalpﬁra@@ﬁfﬁéw Propytehee dast oRmHgduc. 300 mIngthanol
(0.12 nol) of triisobutyl alum nunfn-heptane sol ution,
was gdgegdhegfetio gt epeninate £ regichivar nsThe nepadmeiniqngas was
standard state) of hydrogen were added, and the
purdedt,eendl 28 edrpay atfunepwbgp kepy L ate 30C. ymekher,s 3b6@iged. This
(in ternms of solid catal yst conponent) of a '
opertialn eeenecppaltydeni zdtieen teatydvesta praepared by t.he
nmet hod described in the production nethod of the
reShislremsnpressed NFR o Agen 1ionkheni, t ahOethylene content of

5.6 moi% and a melting point of 120°C.
[0103}
{Production Method of Resin 8)

A stirring autoclave having an internal volume of 200 L was
substituted sufficiently with propylene, and then 45 kg..of
sufficiently dehydrated liquefied propylene was introduced. 500
mbL {0.12 mol) of triisobutyl aluminum/n-heptane solution, 1.2 kg
of ethylene, 3.6 kg of i-butene, and 4.5 I (in terms of volume in
standard state) of hydrogen were added thereto, and the internal
temperature was kept at 30°C. Then, 1.30g {in terms of solid ca-talyst
. component) of ametallocene polymerization catalyst prepared by the
method described in the production method of the resin 1 was pressed
with argon into it to initiate polymerization, and heated to 60°C
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initiate polynerization, and heated to 60C over 30
m nutes and then the tenperature was maintai ned for
60 m nutes. 100 nL ethanol was 59 added thereto to
term nate the reaction. The renaining gas was purged,
and 21.8 kg of the pol ypropyl ene polynmer was obt ai ned.
oveTBD sriopereatd ohtheas heapegieat thidd nRS mbdngkveecd RASE0 minutes.
resin 10. This resin had an MFR of 5 g/ 10 nmin, a
100 Inbutternebonientadied &He rad Horand canlddanG HeOirda @fion. The
124C. [0106] (Production Method of Resin 11) A

rem$iniig RGAULRCHAYGeARVA MY zan k@nbﬁrﬁ@olwml‘gn@%%ﬂymer was
was substituted sufficiently with propylene, andt

obt#Hn &g, O%h1%UE£EQE§EBBWNQ§E%%%%Q%%!ﬂﬂ&ﬁgéQQ>§£98X$%%%e resin
was i ntroduced. 500 nL nol) of triisobutyl

g. alum num n- hept ane solutlon 1.4 kg of ethylene, and
6.5 L (in terms of vol une in standard state) of

hVQﬂggﬁQéga gkggthpﬁrggd%ﬁ£¢ﬂ)%p?bln eet%yleperﬁgntent of

t enper ature was
SO|Id cat | yst co onent pet al |,ocene
1. 39&P'der|za?1gﬁxkat§ﬁy prepgrgdm8§ fhgnﬁe?hgaltlng point of
120 gescrlbed in the productlon nmet hod of the resin 1 was
ressed with argon into it to initiate
[Oziﬁﬁlynerization, and heated to 62C over 40 m nutes and
en the tenperature was mai ntained for 120 m nutes.
100 et hano| was added thereto to termi nate the

Oﬁjéléé'ﬁoéh Mephod sfaifi™ig *Jas was purged, and 51.0 kg
of the polaéropylene pol ynmer was obtai ned. This

opéFafl6ROMaY or Bpeat 84 sLeinbsseoshpod aubispedesinh stirrer
11. This resin had an MFR of 25 g/10 min, an ethyl ene
haviggntent tefrnad. YorpnessndCa Inekei mgffbmmn@ty s2BCtituted with
[0107] [Production of Polypropyl ene Resin Foaned
a prBpadsficAgbasetr esbm shomarahufapl end 2hd D. 06 @ahiydbyted and
wei ght of zinc
deoxidized n-hexane was introduced as a polymerization solvent.
Then, 220 g of diethyl aluminum chloride, 350 L (in terms of volume
in standard state) of hydrogen, and 20 g of a Ziegler—Natta
polymerization catalyst prepared by twice repeating the method
described in the production method of the resin 2 were added under
the condition of temperature at 45°C.

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

As a result, the total amounts of the fed monomers were 95.0

kg of propylene, 2.5 kg of ethylene and 14.3 kg of l-butene.
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borate relative to 100 parts by weight of the base
resin were fed 60 r to a single-screw extruder of 65
m and nelt and kneaded under heating, and the
kneaded material was extruded in a strand state
through a hole of a mouth ring attached to the end of

t hemexlds udey aafdctaokeshs Wdd a1 wWatBsedhathe @itk gMted gas was
with a pelletizer to give resin particles in a weight

rel@ds@Ppandi mMakelps 1ymdli At boral et ¥asihigted 0 thBe resulting
extruder using a master batch. 100 kg of the resin

sluPy i @%ardAQ Arof rWakefiex 80 s r kaflighe A%i&h a stirring

di spersant, 200 g of sodi um dodecyl benzenesul f onat e,

pladdd &y o of @luEMsW LateMere chakgedkitQ.al s stirred
aut ocl ave equi pped with a stirrer, 8 kg o% car bon

at aESX%%% %%Sgﬁgﬁt%%es eg hn%gngb %%%aagggghggsggggﬁapﬁaroxide

thée mxture was héated er stirrrng

sol%iﬁi ) %%%“%Sdég%% ! iI@Qldﬁﬁzl:% 3%”%1%&té§9énhf28§§g§9f purified

r conditions ~ shown | bl"es an
equl ati a_hi.gh-te rat ure peak _calorie, and then
watqy e IR PRI THE BT Oddve UBY f of RastiRifferiaver was Left
at nospherjc pr ure to.give polypropyl ene foaned
and Ratpetad e S S g =fo 2608l Whd F8007g o The slurry
kaolin were used respectively, and in Conparative ,
was EXgmhrd BithRE Qo IS ReRascudas. ramy s dared the mixture
beads in Exanple 3 were obtained by introducing, in a
was ggpes mer, 3 hperparitll esdhainagnashappaterfiC°@enst give 50.3
of 72 g/L in Exanple 2, then pressurizing themwth
kg ofi ¢ poPPIdenewrel wien. (radc)G Thisnepiengtithenps repeated
~heating themw th a heating steamat 0.03 MPa (G for
twices Secande d hag-rstsdge %-oani ng machine, to give
f oaned beads having an apparent density of 42 g/L.
Th&hiist eesah préssurdrbfof He of/ddmed nheadsefhsfienaf tentent of
~ pressurization with air was 0.3 MPa (G . The various
4.7 pbys) cal -bptepeddresnsUeh 185 APParLY a GRNSI g BREnt of 129°C.

average cell dianeter of the resulting foaned beads
[010ane shown in Tables 2 and 3.
(Production Method of Resin 10)

A stirring autoclave having an internal volume of 200 I. was
substituted sufficiently with propylene, and then 45 kg of
sufficiently dehydrated liquefied propylene was introduced. 500
mL (0.12 mol) of triiscbutyl aluminum/n-heptane solution, 6.6 kg
of l-butene, and 4.2 L (in terms of volume in standard state) of
hydrogen were added, and the internal temperature was kept at 30°C.
Then, 3.60 g (in terms of solid catalyst component) of a metallocene
polymerization catalyst prepared by the method described in the
production method of the resin 1 was pressed with argon into it to
initiate polymerization, and heated to 60°C over 30 minutes and then

the temperature was maintained for 60 minutes. 100 mL ethanol was
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[0108] 61 [Production of Polypropyl ene Resin Foaned
Bead Mol ded Article] The foanmed beads obtai ned by the
nmet hod descri bed above were charged into a nold of 250
mmin length, 200 mmin width and 50 nm in thickness,
and subjected to nol di ng under steam heating
addedntietrieans o sdanmd e fablresic iand 3The @mvd nd i &edas purged,
article (however, a nolded article could not be
and @bt aiest khe ConrgiraillenSxdbe Ha b Bothencheat TRYs operation
met hod, both drain valves of the nold were opened, and
was | fepédit &d st at Bne Steaese 2 i 96 pegipui@s in an
exhaust process, followed by one-side heating at a

pr essik erd OWerm Yy £ UM (E_C':‘)g/il'ﬁ) the heatingtene 'cogtent of

pressure, then reverse one-side heating at a pressur

5.5 Qwes by 0, é%ﬁt$g> éé?n{fbff¥b$ﬁﬁt‘”9 pressure, and
mol d "heat

heat | ng at ng steam™ pressure shown in
[o10@ples 2 and 3. After heating was term nated,
pressure was di scharged, and cooled until the surface

f t.he | ded article became 0 04
(Prmﬁ%ﬁ,ﬁ%tn%“?ﬁo? %eeSlV\r}asl pened to release the
|.ded .art.icle. The resulting nolded artjcle was
Curbd For 19 REGPSLAHCARSBIER A1 Boce: therEbyits A@oq L was

ol ypropyl ene. resin foaned bead nol ded article. The
sub te‘?ffy&élﬁgilﬁ}e&ﬁ&y eVhatbatR P ediat end hehen 45 kg of

resul ting foaned bead nolded articles are shown in
suffaad Iy gedvsir qterodii durdhied propyRescExasEiatErvdupes. 500
Exa Exa Exa Exa Exa Unit nple nple nple nple nple

mL {Pplle mole Mfl Eriprebrplé aluminymgnghgpgagelgolRespn,-1.4 kg
544789 10 11 4 4 Foamng tenperature C 138 128

of eipgler®, 128575127 (129t¢2Rs128 volume in standard state) of

hydrogen were added thereto, and the internal temperature was kept

at 30°C. Then, 0.49 g (in terms of solid catalyst component) of a

metallocene polymerizationcatalyst preparedby themethoddescribed

in the production method of the resin 1 was pressed with argen into

it to initiate polymerization, and heated to 62°C over 40 minutes

~ and then the temperature was maintained for 120 minutes. 100 mL

. ethanol was added thereto to terminate the reaction. The remaining
gaswaspurged,and51.0kgofthepmlypropylenepolymerwasobtained.
This operation was repeated 5 times to give a base resin 11.
This resin had an MEFR of 25 g/10 min, an ethylene content of
3.7 mol% and a melting point of 128°C.
[0107]
[Production of Polypropylene Resin Foamed Beads]
A base resin shown in Table 1 and 0.05 part by weight of zinc
borate relative to 100 parts by weight of the base resin were fed

60



Pressure in pot during MPa 2.8 2.8 2.8 2.8 3 2.8 3 2.9
2.8 2.8 foamng (G Apparent density of foanmed 9/L 77
72 42 72 72 69 72 85 72 72 beads ppm Anopunt of ash
by 680 630 660 670 650 800 600 700 1570 2760 wei ght
Average cell dianmeter pm 160 150 180 150 120 160 160

to a0 gla0 sthew d:-nherdit o p@aknied roo ﬂnél@&néﬂ&e@@:le’ii%@@eﬂﬁeating,
49 52 44 51 53 53 foamed beads Hi gh-tenperature peak

and Jitge &rfedled mae6iQ16whs eatendedofn foamtheads A lthrough a
endot herm c peak total J/g 74 59 59 52 54 58 50 60 59

hol®Dr eahetitesiofg beamedbeads:Reakhd srperatdier@ic £ cooled
136 136 136 135 145 135 137 136 136 high-tenperature

witip@aka EXpansipnahatdor 3l & 35 Miaride /18 §ife G D Ralticles
2.1 2.32.32.92.8 (G Pressure of nolding heatin

in a'\@ég@rtlég Qﬁ/%lﬂ“ogignétg;l%flzl Hg:.l-z Zpirilctzbgrége%a]s Pe&%out}‘]e‘lextruder

st eam ( ded arti €l e apparen
using a master batch.

100 kg of the resin partricles, 220 L of water, 300 g of kaolin
as a dispersant, 200 g of sodium dodecylbenzenesulfonate, and 10
g of aluminum sulfate were charged into an autoclave equipped with
a stirrer, 8 kg of carbon dioxide gas was pressed into it as a foaming
agent, and the mixture was heated under stirring to a foaming
temperature shown in Tables 2 and 3, and then kept under conditions
shown in Tables 2 and 3, thereby regulating a high-temperature peak
calorie, and then the content in the autoclave was released under
- atmospheric pressure to give polypropylene foamed beads . In
Examples 9 and 10, 90C g and 1500 g of kaolin were used respectively,
and in Comparative Example 6, 1800 g of kaolin was used. The foamed
beads in Example 3 were obtained by introducing, in a container,
the particles having an apparent density of 72 g/L in Example.Z,
then pressurizing them with air for 12 hours at 0.4 MPa (G), removing
them, heating them with a heating steam at 0.03 MPa {G) for 15 seconds
in a 2-stage foaming machine, to give foamed beads having an apparent
density of 42 g/L. The internal pressure of the foamed beads just
after pressurization with air was 0.3 MPa {G). The various physical
- properties such as apparent density and average cell diameter of
the resulting foamed beads are shown in Tables 2 and 3.
[0108] |
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g/L 50 50 30 50 50 48 50 58 50 50 density Secondary
MPa Eval uation foaming (G 0.18 0.14 0.14 0.12 0.14
0.12 0.13 0.1 0.14 0.14 of foamed pressure bead
Fusion MPa noldability conpletion (G 0.16 0.12 0.12
0.12 0.12 0.12 0.12 0.1 0.13 0.14 pressure Appearance

[Prod@ciOidéh oD BoDyProoPleyakaaih ONo Sospresst omo1d®d0nbricle]
O0O0O0OO0OO0OO of nolded properties article Heat 0 0 O

0 Ore ERmeObekasi shaateed Bhlfhe Mabhed &3 -£0501 GWRe were
Canp Conp Conp Conp Conp Conp Conp Unit arative

cha®dad MR ALakhbYe aFabtyenaridf 1¥e@hat b¥e Ahalh“eidth and 50 mm
arative arative Exanp Exanp Exanp anp Exanp Exanp

in oI 1| | Lt
PR ES ErarDech g s Sobcbybarnd e bl on

sholPTRETAbYEE £ 3lpd ok 3 489aLld0 g@? 1R A2 molded
Pressure I n pot during a foam ng ? 7% 218208 2.

art%gcogbl%%loﬁ’?dbe %{aari%netd %%n%o%aq:fatq/v% E%;a?n?plé? 67)2 In the
heating method, both drain valves of the mcld were opened, and in
this state, steamwas fed for Sminutes in an exhaust process, followed
by one-side heating at a pressure lower by 0.04 MPa {(G) in the heating
pressure, then reverse one-side heating at a pressure lower by 0.02
MPa (G} in the heating pressure, and heating at mold heating steam
pressure shown in Tables 2 and 3. After heating was terminated,
pressure was discharged, and coocled until the surface pressure by
fomnofthenmldedarticlebecame0.04MPa(G),andﬂjnadiewasopened
to release the molded article. The resulting molded article was
~ cured for 12.hours in an oven at 80°C, thereby giving a polypropylene
resin foamed bead molded article. The apparent density and
evaluation result of the resulting foamed bead molded articles are
_éhown in Tables 2 and 3.

[0109]

Table 2
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r

f oamed beads ppm Anount of ash by 700 650 700 640 660

3200 850 850 800 weight Average cel
180 160 170 160 150 200 220 120

of J/g 79 72 71 47 54 50 55 61 41
Hi gh-tenperature peak J/g 10 13 16 16 1 6 16 6 3

calorie of foamed beads Al

di anet er
I nherent peak calorie

f oaned beads

endot herm ¢ peak total

pm 190

J/g

89-85-87 63-55-56, 1167 44 _calories of fo Jgé%ads
X Exa a |~ 4 Exa Exa
Peak tenperafure bﬁfhlg! dr 3¢ ur 8°pe&F € ﬁts 59 = |
158 136 137 [135"154P15EP] 26 ){?9 ns Tp&?n ol | B Mg {grele | mole
1.01.01.1 0.2 3/5"2/9%1)2%1.18%3.12 5 MPa° () " Preésur & 10
of ®8Pdi ng MPa -heat f ng éteaﬁ1(GV 0.3 D.82|0°36 0.244 4
F@mitDeniper@@e 0. P4°0. 16380| OB Mzdsceds drtzc| esrappan ¢nee ¢/ s | 128
Praurdpotddding0  bUaFa0l 60~ b0 ST nsi tly Second ra/ Pa
Evakwat i on fpag ng tQ) ¥ §22033° 0. 6 0284, 0° 0B 9 {420 | 20
N 24 N .14 0O--NO f b dl N~ Ad oy haona Faabkr Aanl NDA
Appa\'éntﬂé'hmﬁnfh‘dméﬂ J I U T U LLA>AY] [JI CTaoUuUl T A U T UTI VIr Al
afl. 77 72 42 72 72 69 72 85 72 72
beads
ppm
Amount of ash by 680 830 660 670 650 800 600 700 | 1570 | 2760
weight
Average cell diameter pm 160 150 180 150 120 160 160 190 150 150
Inherent peak calorie of
Jig 66 53 53 45 49 52 44 51 53 53
foamed beads
High-temperature peak
. Jig 8 6 6 7 5 6 6 9 6 6
calorie of foamed beads
All endothermic peak total
) Jig 74 59 59 52 54 58 50 80 59 59
calories of foamed beads
Peak temperature of
. °C 147 136 136 136 135 145 135 137 136 136
high-temperature peak
Expansion ratic at 0.15 MPa
- 17 2.9 26 2.5 28 21 23 23 29 2.8
G)
Pressure of molding heating MPa
018 | 014 | 014 | 012 | 012 | 0.12 | 013 0.1 0.14 | 0.14
steam (G)
Molded article apparent
. o/L 50 50 30 50 50 48 50 58 50 50
density
Secondary P
a
Evaluation foaming ) 0.18 0.14 0.14 0.12 0.14 0.12 0.13 01 .14 0.14
of foamed pressure
bead Fusion MP
a
moldability completion ©) 016 | 012 | 012 | 612 | 042 | 0.12 | 0.12 0.1 0.13 | 0.14
pressure
Appearance - O O O O O O O O O O
Evaluation | Compression
) - O O O O O O O O O O
of molded properties
article Heat
. - O O O O O O O O O O
resistance
[0110]
Table 3
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v

nol dability conpletion (G 0.3 0.32 0.36 0.22 0.09

0.22 0.22 0.16 0.09 pressure Appearance - 0 0 0 0 x X
0O 0 0 Evaluation Conpressio 0 0 0 0 x x 0 x x of
nol ded n properties article Hcat OO OO0 0 A OA X
resi stance [0111] [Evaluation of Foaned Bead
Mol dability] 64 1 In evaluation of foaned bead
mlnlnlnili#\lin‘l’ﬂ'ﬂ'f\b 2 Aand 2 the mol dina—steam
nmoruaorTT oy Tomp' | C‘b’r’h[f -Corip [ Comp_ | “Comp |, Comp | Comp | Comp
pressure was chan nmet al nol di n s carried “ouff ,
. R gralll\.r?1 arative | arative aﬁa % ratw% gratlv?n Fua(ga arative | arative
several ti mgsynitan @ resml i'ng fo E > )E _ c
articles were obSEMYeESRdEEPRI FEMB ¢ BX2RP | FE™P oIFrH| Fipmp | Exame
manner. [0112] [ SElond&Py | FBAm | n§*PieSSur ekbThele? | &8 | le9
m Resum formi ng presslire al véhi ¢h 4 he fooamed bead 3 6
Foanog ereratugl t | CP@ 1 S140DT aismed 1wdd h @esSMOGLN| ST ACess | 148 12
Pressuréih ot Wribgd T bmbaf varredbeads—ont-he—surfage—ofthe
m?c] ded arti ﬁ" [ 0243] 2§ Fuskdn|Coppl eson Peessure] =2 3.4
ni_mum £ 67 1ng pressure at [which the|foanmgd bead
Ap‘fﬁfptd’%r&'ty “Urticle having & mtesial ;destruction fagjo|ok, | ,,
f®%4 ksedsnor e | upon; breakage| of the nolded article is
obt ai ned. [ Olnbd]
Amount of ash by 700 650 700 640 660 | 3200 | 850 850 800
weight
Average cell diameter um 190 180 160 170 160 150 200 220 120
Inherent peak calorie of
Jig 79 72 71 47 54 50 56 &1 41
foamed beads
High-temperature peak
) Jfg 10 13 16 16 1 6 16 6 3
calorie of foamed beads
All endothermic peak total )
_ Jig 89 85 87 63 55 56 71 67 44
calories of foamed beads
Peak temperature of
_ °C 153 159 158 136 137 135 154 155 126
high-temperature peak .
Expansion ratio at 0.15
- 1.0 1.0 1.1 1.2 35 2.9 1.2 1.8 3.2
MPa (G)
Pressure of molding MPa
) 032 | 032 | 036 | 024 | 009 | 022 | 024 | 016 | 0.09
heating steam (G)
Molded article apparent
_ g/l 50 50 30 50 50 50 60 50 50
density
Seconda
. . Y MPa
Evaluation foaming (G) 0.32 0.32 0.36 0.24 0.08 0.14 0.24 0.16 0.09
of foamed pressure
bead Fusion VP
a
moldability | completion ©) 0.3 032 | 036 | 022 | 009 | 022 | 022 | 016 | 009
pressure
Appearance - O O O O X X O Q o
Evaluation Compressio 5 o - 5 N
- X X X X
of molded n properties
article Aeat
_ - O ) o 0 O A O A X
resistance

[0111]

[Evaluation of Foamed Bead Moldability]
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[ Eval uation of Ml ded Article] Evaluation of the

foamed bead nol ded articles in Tables 2 and 3 was

performed in the follow ng manner. [0115]

[ Appearance] The surface of the foaned bead nol ded

article was visually observed and eval uated under the

f ol Trowvegl it itcey iod. fBamEbebsuafacedabilheyndl detbles 2 and 3,
article is snooth to reproduce a die shape. A The

the swlfdicey et daeprebdedeant b Cligahged) igfHd Y et rdNdas carried
dented, but nearly reproduces the die shape. x: The

outfﬁﬁééﬁéﬂ(ﬁldéﬁ et cartdsel1@ iing @%@%e@n%eg@nh§Qdéﬂdart1cles
fails 65 pi t'o reproduce the di'e shape. [0116]

werd (PR S8st amProperidas] GoNpLessl OnLpfap erﬁatr’lr?ecﬁ% were
eval uated on the basis of the arrival factor

ro1CPPression stress at 50% strain of the foamed bead
nol ded artlcle relative to the standard conpression

e fornula bel ow. The
[Seégﬁmw ssion §H%ess atl%%96strain of the foaned bead

L:Eg‘& g%%%n%ln& &Fm & 1 y a}:Lruees SOLJP It ealal%e vd\rh stéh? Z\a?n?ecil % 4 mo lded

conpreSS|on St
straln = 03,. praovid D
are i i < %m#waahﬁ oJor B 10757 A=t it Bk oamed beads
ded rt|cI The arrival factor at 50% strain
on %H% o ¢ é: ﬂﬁlﬂ%ﬂ ot Sssi on stress is 80% or

nore. A The arrival factor at 50% strain relative to
[01k¥He standard

[Fusion Completion Pressure]

The minimum forming pressure at which the foamed bead molded
article having a material destruction ratio of 70% or more upon
breakage of the molded article is obtained.

[0114]
[Evaluation of Molded Article]

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

[0115]
[Appearance]

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

O: The surface of the molded article is smooth to reproduce a die
Shape.
. A: The surface of the molded article is slightly bend and dented,

‘but nearly reproduces the die sghape.

- X: The surface of the meolded article is bend and dented and failis
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conpression stress is 70%or nore and | ess than 80%

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

standard conpression stress is |less than 70% [0117]

[ Heat Resi stance] A heat resistance test at 110C by"

D nensional Stability Method B at Hi gh-Tenperature”
to repddSkd 7T 1909 svaspearri ed out, and heat

resi stance was eval uated under the following criteria:
[0106] Heati ng di nensional change ratio is |less than 5%

.A: Heating dinensional change ratio is 5% or nore and
[Coth®BSs 4 e Apertedieati ng di mensional change ratio is

10% or nore. [0118] 66 Lt In Conparative Exanples 1, 2

and: o b SAIe Bho e M8l Lhng peINLL O dtgf gﬁéeﬁgg§5nof the

is higher thanthe nelting polint specifie y the

' [ .eyen . i t eam-wi, t turation

T e & P 0 o N ha (G Gy endnieng Db the roanea
oead UPILRP O RHESSHLE 0f LNe o Pl YSLah D24 83R0.LAANBH seress

ing apparatus’is introduce
ds e _not. foa econdary foam ng) and fused _ ,
det Qs taT B et TR e o L S0t PEAEEP G strain
bead nolded article cannat , be ohtained. [0119]_ The
of CRERGBRE T LT GeT o CBRar 08 Y2155 Ol SHUFLBYNER BedRT 1092
Is 53%%LQ Conparative Exanples 4 and 5, but the foam ng
(I8¢ erdt'ure at the tinme of manufacturing the foaned
beads is low in Conparative Exanple 4 and thus the
enddEREERdc cpaRK csalion esrasst HEPs) datobORi ghrain = 0.0742 x
, tenperature is too high, and nol di ng heating steam
D® +ppe8ddre Pstasd.hd ghrasvidded WPas (Qe ,appairdhe doastdy (g/L)

bead nolded article is inferior
of the foamed bead molded article.

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

compressiocn stress is 80% or more.

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

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

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

compression stress is less than 70%.

[0117]

[Heat Resistance]
AheatresistanqetestatllO°be“DimensionalStabilityMethod

B at High-Temperature” in JIS K6767-1999 was carried out, and heat

resistance was evaluated under the following criteria:

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

x: Heating dimensicnal change ratio is 10% or more.
[0118]
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in flexibility, and in Conparative Exanple 5, the
foam ng tenperature at the tine of manufacturing the
f oamed beads is high so that the endotherm c peak
calorie at the tinme of high tenperature is too |ow,
t he shrinkage of the foaned bead nolded article is too
hi ghn @mrdoa tdiei vwo | Rledn@t ¢ s cl 2 Tamdt3 rieprieduee 3,hehe melting
nold form and any foaned bead nol ded article cannot

poibe ebtdienedse[ 0420f e isgr® teshNtRS ndl EXBNHESI12 specified
3, 9 and 10 has been used in Conparative Exanple 6,

by dnK ptreechenperat tif én pfarddhevahnDs el ati cht hesdd i ofon vapor
foami ng is not regulated, and the tenperature is 100C

pre9§ufBIEs 0anduph Ve hhghusuaha AMHNE 0528 s4bSPEF8aBtre of the
the foaned beads obtained by discharge from an

pol%%ﬁ?ﬁ%ﬁé’d%é.sirﬁgggﬁég ﬁ@é&'%dlﬁ&n@;@ﬁggrghﬂﬁt%Q%rﬂ%@éﬂ“ced, the

I spersant 1S I ncreased. resu

foarﬁ@@lﬂgacg ag'%hngg f&ﬁnes‘&"(fsae%%ng;aéntwh%og%%%gt Qggdist%s%d évith Qne

beconmes 30 ppm or nore, an eatl ng eamo

- 0 IS cessar and the_shrinkage of
ano%ﬁ% fgng)%l)téleerdm g?{ii%&deaxgg%igrerzge Fdifsre ]B?lisl]mo%ﬁg%n%ﬁjr%]ge cannot
oint_of the base resin in Conparative Exanple 7 is '
be ébF??ﬁ?%@lting poi nt range specified in the present
j hwvention, but there is concerned that the physica
(0% $%perties of the nolded article because the QA sen
flexural nmodulus is |ow, the physical properties
det’el§ GRS O S%s Y5edvedted ddieame LREgR  péak dcarer L6, has been
However, because the high-tenperature peak calorie is
useq dgé [cgRargké venbranageheat 3 St darh phesfaraing hsmperature
high as 0.24 MPa (G, and the desired object of the
at theestne ahventifentoanngt the el beads] 0322w TheComparative
nmelting point of the base resin in Conparative Exanple

Exanglies 4 and kédwusetbe rendugihrmiangeaspegl driees iat the side of high

present invention,
temperature is too high, and molding heating steam pressure is as

high as 0.24 MPa (G), and the foamed bead molded article is inferior
inflexibility, and in Comparative Example 5, the foaming temperature
at the time of manufacturing the foamed beads is high so that the
endothermic peak calorie at the time of high temperature is too low,

the shrinkage of the foamed bead molded article is too high, and

~the molded article cannot reproduce the mold form, and any foamed

- bead molded article cannot be obtained.

[0120]

The same resin as in Examples 2, 3, 9 and 10 has been used
in Comparative Example 6, but the temperature of the atmosphere at
the time of foaming is not regulated, and the temperature is 100°C
or more, and given the usual amcunt of an dispersant, the foamed
beads obtained by discharge from an autoclave is adhered mutually
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but the nol ded article which satisfies conpression
properties and heat resistance is not obtained
because the O sen flexural nodulus is |ow. The peak

tenperature (i.e..apex tenperature) of the
hi gh-t enperature peak of the foaned beads in the base

andrgsis ihe Compar atfi vecExaapkesntsinoinetmded 0 anda result,
hi gher than 130C and cannot forma nolded article

the satd ity idy aphy shcahepPEOPEL EE esT ik Rained edasisae@omes 3000
Industrial Applicability [0123] The pol ypropyl ene

ppm [c@Sindré pairkl abeadsi o sthenPs esent vpAVeN b¥mo b8 fsnecessary,
can give a foaned bead nol ded article excellent in

and MOh&l SIOPHOEMEL 10N £l A OWd®! g g T eNPer QL €, 1 SR A,
di mensi onal stability, appearance such as surface

[o13fpot hness and in nutual fusion of foaned beads, and
the resulting foaned bead nol ded article has excell ent

Corﬁﬁ{i?&ilt élgprgﬁg%% gl %ifa%% and;heat &Sfﬁ{@g%gi@gge Example

e
Furt beads =~ of the present i

;A its I Lcle are also.excellent _in easy. .
! lscgﬁﬂﬂg F%?Fi5%-§§%$§&§§“¥%€€§F&§§F9t§3 ‘%presen% invention,

| ypropylene resin fo d heads of the present
o A O b STl oot Wb ) Ay e ffuFge molded
at. the tinme of nolding,_thereby enabling significant ,
artlrce]u‘?&%%ﬁ% %}?er%]f%gsﬁl%‘?ﬂﬁ WY B3 cOfpabkd Physical
with the conventional nolding of polypropylene resin .
PLORSTas BEEES 1 tiOmit ¥ et ye ittt | by fuseh opeakegpiorie.
at | ow saturation vapor pressure during nolding, and
Rowawfifs PREZEFENPITNG Iphesstipe réf- ugenpeak e Iracie Ae teamigh, the
be reduced and the thickness of a nold can be nmade
moldikichheg tihat stepe prk e e niec kisnbighdas He. 2bIMPacdFibeand the
designed conpliant at |ow pressure, and therefore,
des iinsek périsiare ode $ihgn pirs sfeeds il verit omlcdinmgpt fraciddiiieassd.
and existing facilities for nolding of polystyrene
[0122dsin
The melting point of the base resin in Comparative Example
8 is in the melting point range specified in the present invention,
but the molded article which satisfies compression properties and
heat resistance is not obtained because the Olsen flexural modulus
is low. The peak temperature {(i.e. apex temperature) of the
high-temperature peak of the foamed beads in the base resin in

Comparative Example 2 is not equal to and higher than 130°C and cannot
form a molded article satisfying physical properties and heat

resistance.

Industrial Applicability
[0123]
The polypropylene resin foamed beads of the present invention
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f oamed beads are usabl e for pol ypropyl ene resin foaned
beads. 69 J CLAIMS 1. Pol ypropyl ene resin foaned
beads conprising a polypropylene resin having a
melting point of 115 to 135C and an O sen flexura
nodul us of 500 MPa or nore, wherein the anmpbunt of ash

can gn viehe foantdcesad ob lokel £ oamete keadd lies1t3; A0 Ipprebyoduction
wei ght or less (including 0), the foamed beads show

at lomemol dimy e cenpdotdtermd ,cmpeaksidlas i eyl RG =31 1983K appearance
tenperature in a tenperature region not higher than

such hes neldiang Peicthmefsst hed asl fhuand 10/ s8hnMBEefoamed beads,
endot herm ¢ peaks (Pb) having a peak tenperature in a

and t REREEAL U 8 oIRAINRMY e8I AFd ke : PRLH N x O Un Ok LBession
resin and not |ower than 130C, in a first DSC curve

progt@) ned Jhyiheal h G o QS%fi@EQa%fcer' YRELRYL eng, g t%g)ia?ned beads

f oarred béads “when heate rom room t enper at ure

of tﬁl%ggrgltsgi}tr x?ex?tfi&?'%i’l%f @ttlérﬁolﬁjeaeagiclpga% glrl]\évio: Iﬁjzégellent

ITferential scanning cal orineter,
: Le.of _th 0 1.C.-peak .(Pb) s in the
ln'e%% gEOﬁgP85&§%9%E§I%6$ F%?ﬁéﬁ%ﬁﬁﬁgFgﬁyléneb§85 %iyproPylene
f 0 ccording to clai.m 1, wherein.the .
rESJ§§pangF%§%g§9?oO BT ﬁﬁ%ﬁ&ﬁuﬁﬂ%ﬁ?ﬁﬁﬂ%iQ9aglﬁaWP&dlB§ at low
eat i pg/ expansion particle.ratio before heating) by ,
molo il | RGP REELS ool b S iF Rt (T DRHOLTBr oSbires enapling
. Q.15 MPa %g% is 1.3 to 3.5. 3. The, pol ypropyl ene resin
SIITAJ RS ThEadeC Gt Adi S TYY Qositniluiiey P 1AiKEr &% fop@red with
average cel | dianmeter of the pol ypropylene resin
the convegtieadd melddngoosspohyraoprYhengor§ptbpfPaned beads and
. resin foamed beads according to any one of clainms 1
simuld ageopidyes okl ¥ed bef efstit prbetwesnsaher & sen vapor pressure
flexural nodulus of the polypropylene resin and the
durimgl nphgipei ndthubethesilammsiatg phicesutrhecf @ holingg machine
fornmula (1):

can be reduced and the thickness of a mold can be made thin so that
the molding machine and the mold can be designed compliant at low
pressure, and therefore, inexpensive design is feasible in molding

facilities, andexisting facilities formolding of polystyrene resin

foamed beads are usable for polypropylene resin foamed beads.
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(Adsen flexural nodulus [MPa] + 1400) /15 > resin

nmelting point (C) 70 i.R >_(dsen flexural nodul us

[MPa] + 1750)/20 (1) 5. The pol ypropyl ene resin foaned

beads according to any one of clains 1 to 4, wherein

the pol ypropyl ene resin is a copolyner of propyl ene

and et hyl ene and/ or a-ol efdlI¥sving 4 to 20 carbon

atons. 6. The pol ypropyl ene resin foamed beads

accbr #phgptopgll anmrek,! infrexred dibthe s redntdmig ipej Abodlpropylene
t he pol ypropylene resin is 115C or nore and | ess than

resi30Gvihg Ehacpelivipr ppyhenst resi i d aaned Hedds, olsen flexural
according to claim 1, wherein the nmelting point of

modi hes pal yPo opd ependesi fnkseld0be tRck32 G f &ston the surfaces
pol ypropyl ene resin foaned bead nol ded article which

of tre MYLRA edaby 7Bl 9i DY0LHSm PO) WAL QRN &Ne 18S giméﬁéqng 0y,

beads according to any one of claims 1 to 7. 71
the foamed beads show one or more endothermic peaks (Pa) having a
peak temperature in a temperature region not higher than the melting
point of the resin and one or more endothermic peaks (Pb) having
a peak temperature in a temperature region exceeding the melting
point of the resin and not lower than 130°C, in a first DSC curve
obtained by heating 1 to 3 mg of polypropylene resin foamed beads
when heated from room temperature to 200°C at a rate of temperature
rise of 10°C/min with a heat flux differential scanning calorimeter,
and the total calorie of the endothermic peak (Pb) is in the range
of 2 to 12 J/g.

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

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

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

(Olsen flexural modulus [MPa] + 1400) /15 = resin melting point (°C)
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/A

> (Clsen flexurzl mcdulus [MPa]l + 1750) /20 (1)

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

| 6. The polypropylene resin foamed beads according to claim
1, wherein the melting point of the polypropylene resin is 115°C

or more and less than 130°C.

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

to 135°C.

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

to any one of claims 1 to 7.
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