WO 02/ 24794 PCT/JP01/ 08187 1 Expanded Pol ypropyl ene Resin Bead And
Process of Producing Same 5 TECHNI CAL FI ELD This invention relates to
expandedwpal2pepraapyl ene resin beads and a process of prod(Si/My1/E8¥e. The
present invention also pertains to & nolded article obtained from 10 the
expanded pol ypropyl ene resin beads. BACKGROUND ART A pol ypropylene resin is
now increasingly utilized in various fields because of excellent
mechani cal 15 strengths, heat resistance, nachinability, cost bal ance,
conbustibility and recyclability thereof. Ml ded, non- crosslinked

pol ypropyl ene resin foans (hereinafter referred to sinply as "PP

nol ding"), which retain the above excellent properties and which have
excel l ent 20 additional characteristics such as cushi oning property and
heat resistance, are tBuBandediBelyPEPPYheRoUReSHppPERAti ons as packagi ng
materials, construction afateroesss deabrodselngi Sameaterials, etc.
Recent|y, there is an increasing demand for PP 25 nol di ngs havi ng hi gher
rigidi?y and lighter weight than the conventional ones. For exanple, in

t he fiel dTEGCHNERICIFEEISuUch as aut onobil es, PP nol di ngs have been used in

various parts 5%BEsagpQ%ﬁE§5n09é§§t$§096 QﬁbﬁndgﬁlF@i?prob?@én@oxes and

floor mats. In view rotection of 30 environnment and saV|Q% of . ener gy,

li ght wei gi6sian®Sa0gh and g BroFePP RSl BrRGECL8GarAMSg eXB8IPERTSREshi oni ng

and shoc Kn@%@&@nnﬁl&roogﬁr&iaaﬁsalte demoneedd hattheef obltdiakd Eapmai ners
e

ol ystir oiftd GHRETAE Hoah EONEr o 135 s ba2 Because of i nferior shock and
heat resistance, WO 02/24794 PCT/JP01/08187 2 however, nol ded pol ystyrene
foans ar e gRekREH@P Ik eused.
A polypropylene resin is now increasingly utilized
in various fields because of excellent mechanical
15 strengths, heat resistance, machinability, cost balance,
combustibility and recyclability thereof. Molded, non-
crosslinked polypropylene resin foams (hereinafter
referred to simply as "PP molding”), which retain the
above excellent properties and which have excellent
20 additional characteristics such as cushioning property and
heat resistance, are thus utilized for various
applications as packaging materials, construction
materials, heat insulation materials, etc.
Recently, there 1s an increasing demand for PP
25 moldings having higher rigidity and lighter weight than
the conventional ones. For example, in the field of
vehicles such as automobiles, PP moldings have been used
in various parts such as bumper cores, door pats, pillars,
tool boxes and floor mats. In view of protection of
80 environment and saving of energy, light weight and high
rigidity PP moldings retaining excellent cushioning and
shock absorbing properties are desired. In the field of
containers and boxes for storing and transporting foods
such as fish, molded polystyrene foams have been hitherto
35 wused. Because of inferior shock and heat resistance,



Therefore, the need for light weight and high rigidity PP noldings is also
increasing in this field. One known nethod for inproving rigidity of PP 5

nol di ngs?‘%&(mgﬁd by nol di ng expanded pol ypropyl ene resi npchgpiinsis?
(hereinafter referred to as expanded P beads) in a nold is to use a high

rigidity polypropylene resin as a raw material. Thus, a propyl ene

honmopol ynmer or a propyl ene copolyner containing a reduced content of a
conmononer such 10 as butene or ethyl ene has been used. Such a high rigidity
pol ypropyl ene resin, however, has a high nelting point and requires a high

tenper at urg, fofe ML NG g SN, S AAAd o b AiOMIPIAINGLIY desugwrpessary
to use.hl% pressure steam and,” therefore, to use a special,, I%; g device
15 havi ng HanigfPstesdifr 99351 anddht o atrtffaﬁjtgjrrflgsltﬁjfrﬁpyci gt nel t
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an i nt 6i nsicl gierge witednded fegentding eirArded IRMPDRARK T FETM the hi gh
t enper at ung Neak ANk 1 S e Sdite 14 he PR YEdanepr esddds) it i s case,

too, it is necessary to use, high pressure steamﬁg therefore,  to use a
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Process fogteté}g ﬂg,paﬁﬁéaj:é)f'oPé, e%c?%?gé?da special molding device
15 having a high pressure resistance, in order to attain
sufficient melt adhesion between the expanded PP beads.
Another known method for improving rigidity of PP
noldings is to use expanded PP beads which show, in a DSC
curve thereof, a high temperature peak of a large area in
20 addition to an intrinsic peak which is present in a lower
temperature side of the high temperature peak and is
inherent to the polypropylene resin. In this case, too,
it is necessary to use high pressure steam and, therefore,
to use a special molding device having a high pressure
25 resistance, in order to attain sufficient melt adhesion

between the expanded PP beads.

DISCLOSURE OF THE INVENTION
It is an object of the present invention to provide
30 expanded, substantially non-crosslinked PP beads which can
form a PP molding having high rigidity and high adhesion
between beads using steam at a relatively low temperature.
Another object of the present invention is to provide a
process which can produce the above expanded PP beads.
35 In accomplishing the foregoing objects, there is



pol ypropyl ene resin beads, conprising the steps of: (a) dispersing
substantially non-crosslinked 5 polypropylene resin particles in a

di spersi we ¢gypdisam contai ni ng an organi ¢ peroxi de to obt RCT/IPIHPEEEr si on
(b) maintaining said dispersion at a3tenperature |ower than the nelting
poi nt of said polypropylene resin but sufficient to deconpose said organic
peroxi de, thereby 10 obtaining substantially non-crosslinked,
surface-nodi fied polypropylene resin particles; and (c) expanding said
non-crosslinked, surface-nodified polypropylene resin particles using a

bl owi ng agestrited thabnoeﬁpandedithubsEaaspabtyoﬁohherpggsﬁnked 15

pol ypropyl ene tesi,n beads.. f?&%psr ﬁéégs%tlbﬂe o 888AhdkAvVent i on

provi des ah exp anded Sibstanti al on-crossl i nked pol ypropylene resin
bead haV|pngP§QpWé@@eré@ﬁéﬁ beadgn Pﬁ@P&ésﬂéglgﬁe WhPPR Réét with at | east

one of the foll qw n91%9@Q'|st:\.h@n%ubgeaﬁ@ia&mgr tbh- c(ca)sseaﬁlkedf said surface
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regi on have suc orrespond to calorific values of Hs and Hi,
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obtain expanded, substantially non-crosslinked

15 polypropylene resin beads.

In another aspect, the present invention provides an
expanded, substantially non-crosslinked polypropylene
resin bead having a surface region and an inside region
which meet with at least one of the following conditions

20 (a) and (b),

(a) each of said surface and inside regions shows a high
temperature endothermic peak, in a DSC curve thereof, in
addition to an intrinsic endothermic peak located at a
lower temperature side of said high temperature peak,

25 wherein said high temperature endothermic peaks of said
surface region and said inside region have such areas that
correspond to calorific values of Hs and Hi, respectively,
and wherein Hs and Hi have the following relationship:

Hs < 0.86xHi;

30 (b) said surface region has a greater oxygen content per
unit weight than that of said inside region.

The present invention further provides an expanded,
substantially non-crosslinked polypropylene resin bead
showing a high temperature endothermic peak, in a DSC

85 curve thereof, in addition to an intrinsic endothermic



initiation tenperature, by micro differential thernoanalysis, not higher
than the nelting point of the 5 polypropylene resin. The present invention
further QPpiAsy @ nolded article obtained by a nethod cpepipesjopdrfilling
t he above expanded beads in a nold, jheating the beads in said nold to
forma nol ding, and cooling said nDIding. 10 The present invention further
provi des a conposite nolded article, conprising the above nolded article,
and a surface layer integrally provided on a surface thereof. The present
invention further provides a conposite nolded article, conprising the

above ”D|§%Qka&bbﬁk%d arda 1%weR t@ﬁ@%&at%&%g@auédth%@m&1migmn*1that at

| east par said insert is, en?}@%ighthereln §h ects tures and
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descrlptlleaﬁathenpmehgmneduambodwnmatsooﬁlﬁﬁenemiamﬂlon 20 which foll ows,
when const et alatR1YsIY, Bhut AS GHAECARRANKR0NANAIB I W ele FI G 1 1S

an initial curv pol'ypropylene bea 2 is a second
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Lhe Dy esenly JdNenl hen Atk Preppiedibnpaniipa aukst ant i al |y non-

crossl i nked pon ene resin artlc e term” "pol ypropyl ene resin"
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The present invention further provides a composite

molded article, comprising the above molded article, and
15 an insert integrated therewith such that at least part of
said insert is embedded therein.

Other objects, features and advantages of the
present invention will become apparent from the detailed
description of the preferred embodiments of the invention

20 which follows, when considered in light of the
accompanying drawings, in which:

FIG. 1 is an initial DSC curve of expanded
polypropylene beads;

FIG. 2 is a second time DSC curve of polypropylene

25 resin particles which have not yet been subjected to
surface modification and which have been once subjected to
DSC measurement; and

FIG. 3 shows uDTA curves obtained by micro

differential thermoanalysis of surfaces of expanded PP
30 beads obtained in Example 7 and Comparative Example 5.

The expanded PP beads according to the present
invention are prepared by expanding substantially non-
crosslinked polypropylene resin particles. The term
"polypropylene resin" as used herein refers to (1)

35 polypropylene homopolymer, (2) a copolymer of propylene



copolynmers (2), or a mxture of the honmopolyner (1) and the copolyner (2).
5 The copolyner may be, for exanple, ethylene- propylene bl ock copol yners,
et hyl enewor@2¢1%ne random copol yners, propyl ene-but ene rR{JGHROEBHET yners or
et hyl ene- propyl ene-but ene random copfol yners. The pol ypropyl ene resin
preferably has a nelting 10 point of at |east 130C, nore preferably at

| east 135C, further nore preferably at |east 145C, nost preferably
158-170C, for reasons of suitable physical properties of PP nolding. For
reasons of heat resistance of PP nolding and expansion efficiency in

pr oduci ngaesipandedrpaeriec cesonererte Nyiypgr 8pPrery1eesi FOpEenér ably has a

melt flowggaleastMsB) mefe053- L0Q i gth@ Mo, ther 8rphetrer algl ¥hd- 90 g/ 10 mn.
The MFR hereii i s as asured in %ccord n%E w%th thg Jap39§se hndustrim
St andard $PBOkYBEES1d76: PEsE TEFNUTEi Q & 267PPOGEEFFed; t AB

pol ypr opykarecppsilgmamy (B¢ .used in conbi nati on of one or nore additional

resins;or one O&Pengéﬁggk%§E0H5§sﬁgzh§g§nggghp%g,tgghﬁ?gh%Lonal resin or

el astomer is prefera nore-t parts by wei g er. 100 parts by
wei ght of PERBYPER§pPSEFke FOPEAYTR T S25 SERYAENES PEPPYRENZIdRPPFGRal resi ns

i ncl ude p@bp@&?mbege p&@?yu%n%u%nt@@eh&g@oﬁe@@bbyym@hﬁebmybengaen@eqium
density Eo ée&hﬁlggeig ow %%PSIEé'p | yvet hyl enes, linear low density
pol yet hyl 8REBY +FRRe&PH-FEFy RO Te FSPC GPyet hyl enes, et hyl ene-vi nyl

: ! : y
acetate copolyn@hezpémyptbpyéaeeaceyhncpaeidrebéalyﬁerg,meltlng
o L E0C FRLARTOE LE 16082 MiRCE; ABFCPRLNPLYLETS LESigR.Bupls a8
pol ystyrefne and ~styréne-mal"éi c anhydri de copqQlyhers. anpl es _of
el ast omer $UEKBREJBOEEN PLEAEIFRAYY Pénd eAFhbar > &t hrshe PEEIEEREAY I ubber
propyl enelsgbutene, r gbkerreasSboysene Inikubad eheshidhbepbropeapteseofubber, :
neopr ene bber,..\WD 02€24794 PCT/JPg&éOB 87 .6_pitrile-rygh
styrene-b%gaﬂpéﬁéngroc °topof§HBr s and=? yﬁ?%b%ﬁ%%%% %?oggcfél%%nghe above
rubbers aaddceppkysers. efficiency in producing expanded particles,

15 the polypropylene resin preferably has a melt flow rate
(MFR) of 0.3-100 g/10 min, more preferably 1-90 g/10 min.

The MFR herein is as measured in accordance with the
Japanese Industrial Standard JIS K7210-1976, Test
Condition 14.

20 If desired, the polypropylene resin may be used in
combination of one or more additional resins or one or
more elastomers. The amount of the additional resin or
elastomer is preferably no more than 35 parts by weight
per 100 parts by weight of the polypropylene resin.

25 Examples of the additional resins include polyethylene
resins such as high density polyethylenes, medium density
polyethylenes, low density polyethylenes, linear low
density polyethylenes, linear very low density
polyethylenes, ethylene-vinyl acetate copolymers,

30 ethylene-acrylic acid copolymers, ethylene-methacrylic
copolymers; and polystyrene resins such as polystyrene and
styrene-maleic anhydride copolymers. Examples of
elastomers include ethylene-propylene rubber, ethylene-1-
butene rubber, propylene-l-butene rubber, styrene-

35 butadiene rubber, isoprene rubber, neoprene rubber,



The pol ypropyl ene resin may al so be bl ended with one or nore additives such
as an antioxidant, a UV absorbing 5 agent, an antistatic agent, a fire

ret ardan{yo ¢y/24944al - deactivator, a pignment, a nucleus agep¢r/ypoifoeisM
controlling agent, a filler, a stabilgzer, a reinforcing material and a

| ubricant. The foamcontrolling agent may be, for exanple, an inorganic
powder such as zinc borate, 10 talc, calciumcarbonate, borax or al um num
hydr oxi de. The additive or additives are used in an amount of 20 parts by
wei ght or | ess per 100 parts by weight of the polypropylene resin. The

pol ypr opylgRe in @SR, | Gtes LA @ rRWpl 3 R Icalynied!s @ production
expanded PP beads accordi ng to éﬁ present |né§§t|on may be _obt ai ned by
any sui t aBYEroRgRIR S BFEFUFES %ﬁﬁl@,OWFer &Sd 806 IBES LYFSRFor opyl ene
resin, which isThgenerdlyipyropyliehe fresinomaypeallkset be aidnded desihr ede
addi ti onal __resi r, 4l 0 addi,t:i cha w~Jn nd
kneaded iﬁraﬁég%t%& eFaﬁkgﬂgﬁ%%ég'e%nhggg%qgiﬁﬁéﬁ’egtpﬁﬁ%&%ﬁ%ﬁ%ﬁ h a die

into 8tragestan@ncentiscteiis maand p@ ydrepyedaedaadina pateilcies. It is

preferreddchatitie o, r angs darrtyenrche’1 dusmedieatgl v ablgr bei ng extruded
for reasons that _the 25 succeed], surfaci:fagoﬂl.fl cation vmt? an _organic
per oxi de, SRR IS AFEtas & i Qfar & Farffer ey Be TEFY- G ESy

per f or redmatleeigierchki rrg Infor iarndar r Ted Hobmbygontnol bilngi agehhemsyrands in

30 The. conréd terr Saarelll il AMoka e ROl RRg: S g A Rl Tl e
each RAvi #gle.| eadchrd spabenatari dogpx0 05 2lgningme hydzioside.-g-Thg, and a
mean wei ghhdah idel 20 i tiRedf er@bhisdd dnl@nMamoling BEFaRWRaghls by an
average of .2 arbitraril | ected particles, 3 e pol ypropyl ene resin
particles W&rlg%%i SperSEF ipr%:a & 573’2( ﬂé%ﬁ?‘ﬁof%og 7 7 dispersing

medi um copbdiyprogydener gasin.per oxi de to obtain a dispersion. Any

di spersing ”Edi§ﬁb”§$19%1%%SQe%% &%@gn particles used as a raw

15 material for the production expanded PP beads according to
the present invention may be obtained by any suitable
known method. For example, the above-described
polypropylene resin, which is generally in the form of
pellets, and, if desired, additional resin or elastomer

20 and additive are charged, mixed and kneaded in an extruder.

The kneaded mass 1s then extruded through a die into
strands and cut to obtain the polypropylene resin
particles. It is preferred that the strands be quenched
immediately after being extruded for reasons that the

25 succeeding surface modification with an organic peroxide,
which will be described hereinafter, may be efficiently
performed. The quenching may be carried out by
introducing the strands in water at 50°C or less,
preferably 40°C or less, more preferably 30°C or less.

80 The cooled strands are taken out of the water and cut into
particles each having a length/diameter ratio of 0.5-2.0,
preferably 0.8-1.3, and a mean weight of 0.1-20 mg,
preferably 0.2-10 mg. The mean weight is an average of
200 arbitrarily selected particles.

35 The polypropylene resin particles are dispersed in a



as it can disperse the pol ypropylene resin particles therein wthout

di ssol ving conmponents of the particles. 5 Exanples of the dispersing medium
i ncl ude weterar9at hyl ene gl ycol, glycerin, nmethanol, ethd{SIJPR9/08H xt ure

of them An aqueous dispersion nmedi dm preferably water, nore preferably
i on- exchanged water, is suitably used. The dispersion is heated at a
tenperature lower than 10 the nelting point of the pol ypropyl ene resin but
sufficient to deconpose the organi c peroxi de, thereby obtaining
substantial |y non-crosslinked, surface-nodified polypropylene resin
particles. dlﬁmmm¢rmaslumkcaﬂmamurﬁgacaem rroutiafn iey peotoppirdspyicermd tragigl n

particles Aar i g e .Qc@btal nogypanded PP
beads. The %%’é%%e %‘%ngﬂh \%er%gf(1 eP‘leg\F%lﬁf ﬁlgg %%n ?r? Ta%r ggei‘étl es and
give a hi gie ritgichn ydipmeit el Hie iRPYRHARY 181§ ﬁéass’-trbé?ﬁ%lcalersel atively |ow
t enper at urg e AW Gf 9B R?i@é@ﬁﬁlr[@i)’cd?@adtﬁeﬁﬁts’ @f thre papostg af. 20 the

present invention as_| s_it decomposes when heat t merature
| over PharFiHPIRT 195 ﬁb% SRETIHE 5oyt opyt euncge r"gagclenla éaﬁrg I of such
or ganl c perloxiales glhwdenden, ms@tnﬂql.pe&@@rmal @5 urmAt e o Hddecanoat e,

a,a' -bis( b _ op
per oxydi C;kﬁ‘ggaﬁg‘?éy}'dl 'S %%g%% é%%& ?ﬁ(ﬁﬁzﬁbeﬂ} WhtSPore
1- cycl ohexsirelerai iy | LRMAX ARG MEdcRivanicatg 1 taily used.

1,1, 3, 3-tetranettnd Ms@emmmmm%ﬁa Henglebatung ylaweod dfrexyl )

per oxydi car.bonat et hoxyet hyl {e
di ( 2- hylalfrﬁ eﬁjc& )%‘?Jc%_’ b eté 2 xy? %e%%o%%odecanoate 35
di et hoxybsumlcpmmym cdebompese WE 027 Paviorl IR, 0d187=bs

di (3- met hyl,s:3: 17t oxybyt yh Pt oxyy) dh SRL DANRS Binkda PUlwi £ 88-Qxyd estecanoat e,

polypropylene resin particles. The non-crosslinked,
surface-modified polypropylene resin particles are then
15 expanded using a blowing agent to obtain expanded PP beads.
The expanded PP beads have excellent fuse-bonding
properties and give a high rigidity PP molding in a mold
using steam at a relatively low temperature.
Any organic peroxide may be used for the purpose of
20 the present invention as long as it decomposes when heated
at a temperature lower than the melting point of the
polypropylene resin.
Examples of such organic peroxides include:
isobutylperoxide,
25 cumyl peroxy neodecanoate,
o, a'-bis (neodecanoylperoxy)diisopropylbenzene,
di-n-propyl peroxydicarbonate,
diisopropyl peroxydicarbonate,
l-cyclohexyl-1l-methylethyl peroxy neodecanoate,
30 1,1,3,3-tetramethylbutyl peroxy neodecanoate,
bis (4-t~-butylcyclohexyl) peroxydicarbonate,
di-2-ethoxyethyl peroxydicarbonate,
di (2-ethylhexylperoxy)dicarbonate
t-hexyl peroxy neodecanoate,
35 dimethoxybutyl peroxydicarbonate,



2, 4-di chl orobenzoyl peroxide, t-hexyl peroxy pivalate, 5 t-butyl peroxy
pi val ate, 3,5,5-trinmethyl hexanoyl peroxide, octanoyl peroxide, |auroyl
per oxi dewo @heaaoyl peroxide, 10 1,1, 3, 3-tetranet hyl but yIPGIewPeK§8187

2- et hyl hexanoate, succinic peroxideg

2, 5-di net hyl - 2, 5-di ( 2- et hyl hexanoyl per oxy) hexane,

1-cycl ohexyl -1 -net hyl et hyl peroxy 2-ethyl hexanoate, t-hexyl peroxy

2- et hyl hexanoate, 15 t-butyl peroxy 2-ethyl hexanoate, mtoluoyl benzoyl
per oxi de, benzoyl peroxide, t-butyl peroxy isobutylate,

di-t- butykﬁmﬂzﬁmeﬁhymﬁ3ﬂm&nhdxyhnnyhperqzy ydicarbonate,

1,1-bis(t- I{Eg;;[%ylcyclohexane

1, 1-bi s(t ecf%ﬁ perpox % }g rge%détér% met hyl cycl ohexane

1, 1- b|s(t-Znﬁqd#ﬁhlﬁ@@bﬁﬂﬂQNkD&ﬁﬁ?Xl '€- bi s(t - butyl per oxy) cycl ohexane,
2, 2- bls(4ﬁLng l Ry BerExyLyedohexyl ) propane, 25

1, 1- bi s(t-but er ox cl od cane, t-hexyl peroxy isopropyl

nonocapboﬁﬁﬁﬁy‘§i Hﬁg%ﬂQI éé% eic acid, t-butyl peroxy

3,5, 5- tHlﬁﬁﬁnﬂ+ummmmthyﬂhexammﬂ§ﬂpqnnxﬁ@eAaurate, 30

2,5- dlnetrgq éﬁé&fﬂéé&%§gagpﬂ per oxy) hexane, t-butyl peroxy isopropyl
u

nnnocarbon ty eroxy 2-ethyl hexyl nonocarbonate, t-hexyl peroxy
benzoat e, lﬁﬂfOMﬂEPQﬁ?ﬁ& 1 -2,5-di (benzoyl peroxy) hexane. 35 These organic

per oxi des §E@h£&yll sesh-gkpae, or in WO 02/ 24794 PCT/JPCO1/ 08187 9
COmD! 81 o353 U2 iy B PSR Ly L onl pper s o 1
su001nlc peroxide,
2,5—dimethyl—2,5—di(2—ethylhexanoylperoxy)hexane,
l-cyclohexyl-l-methylethyl peroxy 2-ethylhexanoate,
t-hexyl peroxy 2-ethylhexanoate,

15 t-butyl peroxy 2-ethylhexanoate,
m-toluoyl benzoyl peroxide,
benzoyl peroxide,
t-butyl peroxy isobutylate,
di-t-butylperoxy-2-methylcyclohexane,

20 1,1-bis(t-hexylperoxy)-3,3,5-trimethylcyclohexane,
1,1-bis (t-butylperoxy)-3,3,5-trimethylcyclohexane,
1,1-bis (t-hexylperoxy)cyclohexane
1,1-bis(t-butylperoxy)cyclohexane,
2,2-bis (4,4-di-t-butylperoxycyclohexyl)propane,

25 1,1-bis(t-butylperoxy)cyclododecane,
t~hexyl peroxy isopropyl monocarbonate,
t-butyl peroxy maleic acid,
t-butyl peroxy 3,5,5-trimethylhexanoate,
t-butyl peroxy laurate,

30 2,5-dimethyl-2,5-di(m-toluoylperoxy)hexane,
t-butyl peroxy isopropyl monocarbonate,
t-butyl peroxy 2-ethylhexyl monocarbonate,
t-hexyl peroxy benzoate, and
2, 5-dimethyl-2, 5-di (benzoylperoxy)hexane.

35 These organic peroxides may be used alone or in



parts by weight of the pol ypropylene resin particles. An organic peroxide,
when heat ed, deconposes and 5 generates radicals which causes three types
of chai nwo orngéser reactions, nanely hydrogen extracti on, PEHIPA{08H7 and
(3-degradation. In the case of the pr%sent invention, the use of an
organi ¢ peroxi de capabl e of generating radicals causing addition
reactions, especially oxygen 10 radicals, is preferred. A carbonate-type
organic peroxide is preferred for this reason. The oxygen radical's may be
organi c oxy-radical (RO where Ris an organic group derived fromthe

or gani ¢ peromtiiche)t iag: wellheagmounsdirfalthe( Oxganficdesirpgddea igh&hf transfer
agent 1y NeAdadd G dJddiroly Ry OO RNGAAN hyPaididitepaonic ni ng

di spersion o previ ousl’y I ncorporated into the pol ypropylene resin

parti cl es PAtEsh&t Fre ke 1 11 P ndirsue % Hf%fv% Ha&%s it organic
peroxi de in conpectdrayamiid perpolder emdreneartesi,n:denpdgesA amet hod in

whi ch pol ypropyl.ene resi n parti.cl.es i vy, pr with an

or gani g péfe&ﬁo%é: hd & lé(:arlosgsvﬁln%(q ncgaq{';ued%j q{ilgé%ﬂets\{ﬁ %Qljntgigrtgi%%l particles

bei ng subseqefial yemettiohst nanakipdredinderhigieradthian + RAdiFeian ng poi nt

of the polypi PHLNRIHSidh [ 0 1de¢haPeseet B 2heOpadaRientPeneehdecand to
crosslink the pol ypropyl ene resin; ng%gﬁ% |§ whi ch a conposition

(2) A
cont ai ni ng-RSHAIFIrYpyaTe i Y QP < R i IRTREd I n an
extruder tradiecanpasaidirey aidphin icorparexdidieorend & spealiecioip oseyddre

pol ypr.apyl ene, . t-hereb i 3 |Lypr |_ene havi ; L [

ol eodPar N Core PR e oA BRI QoA T, RO o1

pol ypr opylishensfiarrsdsier echimifersay- | e FIOER Wach Cad SoFganPE per oxi de
and a  cr oss}ddikd ekl shdidhel rasol tinkrd 631 1k Rat td£f s dejrens5
subsequent |y heat ed "at tenperature | ower than t WO 02/ 24794

PCT/ JPOL/ G@L@We%ﬁ’r@t% HIGPIHELS Y ADPYF Ehef T ¢ e e the

organi ¢ pefaxi de rdndietsd reat,r edutia torgsdeai mgemanatayobe added to

15 the polypropylene resin particles-containing dispersion or
previously incorporated into the polypropylene resin
particles.

Hitherto, the following methods are known to use an

organic peroxide in connection with a polypropylene resin:

20 (1) A method in which polypropylene resin particles are
uniformly impregnated with an organic peroxide and a
crosslinking aid, the resulting resin particles being
subsequently heated at a temperature higher than the
melting point of the polypropylene resin to decompose the

25 organic peroxide and to crosslink the polypropylene resin;
(2) A method in which a composition containing
polypropylene and an organic peroxide is kneaded in an
extruder to decompose the organic peroxide and to
decompose the polypropylene, thereby obtaining

30 polypropylene having a narrower molecular weight
distribution (JP-A-~H03-152136);
(3) A method in which polypropylene particles are
uniformly impregnated with an organic peroxide and a
crosslinking aid, the resulting resin particles being

35 subsequently heated at a temperature lower than the



crosslinking structure into the pol ypropylene resin. The polypropyl ene
resin particles thus having an inproved nelt 5 tension is kneaded with a
bl owi ng weer24793 an extruder and extruded (JP-A-H | -8026E20T/JR04YPSIAT et hod
in which a polypropylene resin is mX%d and kneaded with an organic
peroxi de and mal eic anhydride in an extruder at a tenperature higher than
the nelting point 10 of the polypropylene resin to graft polynerize the
mal ei ¢ anhydride on the pol ypropyl ene resin. The nethod of the present
invention in which a dispersion containing polypropylene resin particles
and an omgatiogpeodxitdefi $hempnilaprepvaeng tenpercamnpee| 66r than 15 the

mel ting p%irgtangfc e cRaliePpLopy kene ntesincBul 38hbi ehanh beaderospose the
or gani ¢ peroxi de, 't hereby obtalnln% bstanti al 'y.non-crosslinked,

>, 't ] S

sur f ace- ME@PFSed NXIE0y SESHFLERE ABLPn ThEr PPLYRLOPYLERGS TEFL i nct™F rom t he
above knowdlR®iroepddeht) red)in 2arkicike phesehtvingenhi anprbkedomgahi c
peroxide I.s__heated t ture-l r .t | {1 N f the
polyprgpngﬁgngsﬁﬁ %&F%gﬁsgﬁgﬁgh# ?%Osﬁggtgggﬂg|?§ gﬁe%ggggggkthgaorganic
per oxi de. ektrivstegr dii@rRedlir0268e / or gani ¢ peroxide is a substance hal f

the amount;,9f ARiGh 25 9L GRARES 8S pMIeH rRiNkaknedsfiar i1 hekedatna
tenperature Th that is not |ower than.the g}ass tnan3|§|§n.50|nt but not
W, ﬁ, |¥ rl

h
hi gher t h&ReRRENWIAD &8F C&irRd &ETP*de REDBRYS-Gp i &sith. The
"Vi cat sofherixtgupimiat ian tdrpepadsert hdpdeir ithan dhei selliiagcopdance with
Japanese | trial ar. S 1 t t rature Th
i's h?éheror%?;%r? H%’ely‘yﬁ:%gﬁtl%o té%s\r%l btc'él ?f]tZé(?):_fJC %%éygo 3%reog$lleeﬁlgﬂ%%gsi n, it
i s difficanhydyisighsinantiealRol yEePEes€e WeS1inor gani ¢ peroxi de at a

tenperature !OW@%et%%%hb@ﬁoﬁekhbnﬁree%h&ti@%ebh@oﬁOEMDWQ@Eheﬂe resin. Wen
t he deconpagsition 35 of

t enper at upé%ww&t}ﬁg%i%%%f%%%%?fgﬁo#%lsg\% E’Iat%%&%ﬂteﬁggﬁél fng poi nt
of the polopaenEyd erroxies ns iz ndedorpbsed aortgapieraferexildeew thaat t ack
not 15 the melting point of the polypropylene resin but

sufficient to decompose the organic peroxide, thereby

obtaining substantially non-crosslinked, surface-modified

polypropylene resin particles is thus distinct from the

above known methods (1)-(4).

20 In the present invention, the organic peroxide is
heated at a temperature lower than the melting point of
the polypropylene resin but sufficient to substantially
decompose the organic peroxide. It is preferred that the
organic peroxide is a substancé half the amount of which

25 decomposes when maintained for 1 hour at a temperature Th
that is not lower than the glass transition point but not
higher than the Vicat softening point of the polypropylene
resin. The "Vicat softening point" in the present
specification is in accordance with Japanese Industrial

30 Standard JIS K 6747-1981. When the temperature Th is
higher than the Vicat softening point of the polypropylene
resin, it is difficult to substantially decompose the
organic peroxide at a temperature lower than the melting
point of the polypropylene resin. When the decomposition

35 of the organic peroxide is carried out at a temperature



only the surfaces of the polypropylene resin particles but also inside
regi ons thereof, so that expanded PP beads 5 obtained cannot give a desired
PP nol di NQOZra%% it is preferred that the tenperature ThPOEJPUAREY by at

| east 20C, nore preferably by at leadl 30C, than the Vcat softening point
of the polypropylene resin. It is also preferred that the tenperature Th
be in the 10 range of 40-100C, nore preferably 50-90C, for reasons of

easi ness of handling. The organic peroxide in the dispersion is desirably
substantially deconposed at a tenperature not higher than, @nore preferably
| ower by ato daster20barhdiie msstt I8 madfdr a1 weo\n@rlywomheél@st 30C t han,

the Vicat re%qa‘ﬂ eniHg d@adﬂpd@fed he- el ﬁ@% RESIIN.athydiheiot the
organi c per in the di S%ré?f on is desir suhstanti.al Iy dec (%rrposed

at a tenp 30 Sty he e per°§y 55 %o F?&rrﬁlc&fest%’
pol ypr opyledrs riesiinle 2 gioms priefrerch| watthett axyperatad €8 dhadds range of

40- 100¢ %H%Satlﬂ% tcearnq{gtyl?gqregoac elfﬁqrreraeatg)%l(gln%am ness in handling of

t he perOX| erm " subst ant i deconpose” "as used herein neans that
at | east 50 % ofT{4fe 1ﬁer3f§<|Hi@ﬁe§ dhsdsdde peaperatiye the Pegree of 25

deconposi tliareofpt ke aregan czmr OXidie lgﬁrea:teﬂa@ﬂ@t kO aum_re%sm gorgbl y at

| east 80 % g%gqprve rabl | 'east, :}‘t res i nvent| on, t he
pol ypropyl ca %to %%r%ﬂléh Or sth? par etrhe

sur f ace- nodi fiisech180 pprcﬁl‘;qarqu:tyltéwé: rds it eparariadives Tdfxrmnde?d tPR beads and
PP myhdi ng, /e Stbsi-anid @ | ypdyen ﬂé@ﬂéﬂl‘&ﬁ%o e d erddr Suhsian i 1y

non-crosslinked" as used herein is as defined bel oW. Sample resin is
i mrer sed i9RSdyieste QAdRIAL8Fene per 1 g 35 sanple resin) and the mixture
is refluxed for Bhagan{theM0AL24 04 HRCH1EPEYABB 1s H2gfivkblye is then

Il mg; ?It :: Lg;;s!ai#dh ¥ thr%ﬁpaosed v rteempneertat(uS ecn'oftI dlg'hner‘]%%%@le,se
more preferably lower by at least 20°C than, most

15 preferably lower by at least 30°C than, the Vicat
softening point of the polypropylene resin. Further, the
organic peroxide in the dispersion is desirably
substantially decomposed at a temperature not lower than
the glass transition point of the polypropylene resin,

20 more preferably at a temperature in the range of 40-100°C,
most preferably 50-90°C, for reasons of easiness in
handling of the peroxide. The term "substantially
decompose" as used herein means that at least 50 % of the
peroxide is decomposed. Preferably, the degree of

25 decomposition of the organic peroxide is at least 70 %,
more preferably at least 80 %, most preferably at least
95 %.

In the present invention, the polypropylene resin,
the polypropylene resin particles, the surface-modified

30 polypropylene resin particles, expanded PP beads and PP
molding are substantially non-crosslinked. The term
"substantially non-crosslinked” as used herein is as
defined below.

Sample resin is immersed in xylene (100 ml xylene per 1 g

35 sample resin) and the mixture is refluxed for 8 hours. The



(1966)). The dry weight of the xylene-insoluble matters left on the wire
net is nmeasured. A crosslinking degree P5 (0) is calculated fromthe

f or mul a: woR2L¥9%( M L) xI OO wherein M represents the wei ghtPqIghP0ypsighe

xyl ene- insoluble matters and L reprBsents the weight (g) of the sanple.
"Substantially non-crosslinked" neans that the 10 crosslinking degree Pis
10 % or less. In the present invention, the crosslinking degree P of the
pol ypropyl ene resin, the pol ypropylene resin particles, the
surface-treated (or surface nodified) polypropylene resin particles,
expanded RPxbeadsiandhPR iGmediditedyi §iptetedabhyosaby 8r /hedd, WibFe

preferab|¥e§ é;ﬁéc k%éa 1HD§%p@5%E%rQHHﬁS%r%%QrSkgﬁgaanJQ%nQBle t he

surface tre doe result in an increase,o h? crosgllnklng

degree P. Tﬂé6ébrfd%%en%HYfW%Hg%EIQB B%?I%%%e?%si%s%%F +EI188 8% are t hen

expanded terebbai RhexpandetebPikeadasuskedg a chbesilngkagentiegPeef &rably,

t he expansion,step.is.carri 0 ventional dispersion nethod in
® o Pantbinig ERariatell Pendtbsnttssen!

whi ch are disperséd in’a dispersing nediumin a cl osed
vessel in the pPed&hedMal.)a180owi ng agent and heated to 25 inpregnate the

resin parijghes thth%s*éh% RcAgRAGht i) @fb%@gx@;&lemeal ned under a
pressuri ze concrh tion and at a terrger ature ffici, egl tO ex n the resin
e

particl es insphEbdespetdiess PEUils SRREGEG oM PhE S §tnosphere
of a pressudigleQWeisubiamntieliyesom-erossiiaksd"vessels, tmhéréb$ obt ai ni ng

expanded PP beads Mhlle th rfa nodifiheati on of the polypropyl ene
reS|nq§arFF8F§ wﬁﬁhgihe orghﬁfc pg$BX|g% a% TSthe subsequent expansi on of

the surface- nodﬁﬁlé@ep@KVQE@ﬁyﬂ@N@ntﬂéguntbérPW@Eéélﬁ%QHEedééFﬁFeg out in

separate ygsgels LT gied that o lexpansisun Step be
carried oé? ﬁ%ko };@%qga 0 gb Foriohy

: CT/ JPOL1/ 08 dis .an,.met hod and
that the é%ﬁ§ﬁ§ﬁ§ﬁ'sﬁéﬁ T TR |é§a%§9 %ﬁrtﬁ&rggﬁf W@ 3' g& reasons of

ef fici encpolypropylene resin particles, expanded PP beads and PP
15 molding is preferably 5 % or less, more preferably 3 % or
less, most preferably 1 % or less. In general, the
surface treatment does not result in an increase of the
crosslinking degree P.
The surface-modified polypropylene resin particles
20 are then expanded to obtain expanded PP beads using a
blowing agent. Preferably, the expansion step is carried
out by a conventional dispersion method in which the resin
particles are dispersed in a dispersing medium in a closed
vessel in the presence of a blowing agent and heated to
25 impregnate the resin particles with the blowing agent.
While being maintained under a pressurized condition and
at a temperature sufficient to expand the resin particles,
the dispersion is discharged from the vessel to an
atmosphere of a pressure lower than the pressure in the
30 vessel, thereby obtaining expanded PP beads.

While the surface modification of the polypropylene
resin particles with the organic peroxide and the
subsequent expansion of the surface-modified polypropylene
resin particles may be carried out in separate vessels, it

35 is preferred that that the expansion step be carried out



Nanely, the surface nodification the polypropylene resin particles and
expansi on of the surface-nodified particles 5 may be carried out by sinply
conduct i wg @2fza79di spersion nethod after addition of a prdf&/BOMHEN anount
of the organic peroxide in the disp&sion. The surface-nodified

pol ypropyl ene resin particles, expanded PP beads obtained therefromand PP
nol ding 10 obtai ned fromthe beads may contain 100-8000 ppm by wei ght of
an al cohol having a nol ecul ar weight of 50 or nore and produced by the
deconposition of the organic peroxide. For exanple, p-t-butylcyclohexanol
may be pregenhei dishersexpangsdodPabdadbatnien EK@@@SFOBuﬁﬁﬁéyé?ohexyl) 15

per oxydi Cé&??&éheoh% li%eq!h%s st 9egaeriic rper @¥kdensi ofPegparekncy- but anol ,
3- et hoxybut anol et hyl hexyl but anol be detected, when

t he corre§§@ﬁéﬁmgthﬁeﬁ6%f@€€i§m@§§dca?&°ﬁr%QEnPOﬁEFFogéﬁggﬁ AE8F-5t he
surface-t paated12@ amdnaﬁpamsmOmhoéa¢heoSMQﬁa@eﬁmnglﬁhedeppahscéﬁSstep,it

IS deglrab|ggt80%%%lé% %% q QQ%.ﬁgglﬁggh%%Eg L $REeLSsRSrs38@Nt which is

finely di ¥rd rgani c or 1 no ganl reasons of_easi ness of
handl i ng, mehdods @t ramddifdrgamitc pewese tiesmgpefeepeynt Pfudfrati ve of

sui tabl e 25 digpepaiRgiagents talreedri@%@rx@how synt hetic cl ay minerals (such
as kaolin, mca,_ pyrope and cla

titania, artn@gg si um
carbonate, basi €18 FEIERCSoRLCE §|€|5#Pr8§¥%885t§e§ Pron OX|§é The
dispersin@x@gambdlyE’gﬁnemawbﬁaxnam|tMea@faWGUHmdbEWDH@Oﬁi@gparts by wei ght
per 30,100, E%%db%r%ﬁ{ fe Yed EﬂFnE§J¥Q%Q%XnEQ%Or%%b@ Rkt 5! €®4ghto

i nprove the |s ersin |C|ency di spersin agent nanmely to
reduce th@fa@@u@tlc@fhot élavdirsgp@ SIrGcademt WaHIhE odt &0hiokg LS BlfRction to
prevent  mRlinedkes 0 &H@:déﬁb 5ﬁ&ﬁmﬁ&ﬂﬁ&ﬁ@ @&r meE$er@x35edlsperS|on

T4 modi um %%’fﬁ%t e 92.@3?9 ﬁé%&%@%ﬁ " BORgARCAT abmstnd capabl e
of bei ng dixgsoldeed M baatdr, iwhean aimonrtt - butylcyclohexyl)

15 peroxydicarbonate is used as the organic peroxide. i-
Propanol, s-butanol, 3-methoxybutanol, 2-ethylhexylbutanol
or t-butanol may be detected, when the corresponding
peroxide is used.

To prevent melt-adhesion of the surface-treated

20 particles with each other during the expansion step, it is
desirable to add to the dispersing medium a dispersing
~agent which is finely divided organic or inorganic solids.
For reasons of easiness of handling, the use of an
inorganic powder is preferred. TIllustrative of suitable

25 dispersing agents are natural or synthetic clay minerals
(such as kaolin, mica, pyrope and clay), alumina, titania,
basic magnesium carbonate, basic zinc carbonate, calcium
carbonate and iron oxide. The dispersing agent is
generally used in an amount of 0.001-5 parts by weight per

30 100 parts by weight of the polypropylene resin particles.

To improve the dispersing efficiency of the
dispersing agent, namely to reduce the amount of the
dispersing agent while retaining its function to prevent
melt-adhesion of the surface-treated particles, a

35 dispersion enhancing agent may be added to the dispersing



of at least 1 ng in 100 m of water at 40C and of providing divalent or
trival ent anion or cation. Exanples 5 of the dispersion enhancing agents

i ncl ude wegnesisam chloride, magnesi um nitrate, magnesi uMRGHPHOI™ES7 al um num
chloride, alum numnitrate, alum numd4ulfate, ferric chloride, ferric
sulfate and ferric nitrate. The use of the dispersion enhancing agent is
desirable to obtain 10 expanded PP beads having an apparent density of 100
g/L or nore. The dispersion enhancing agent is generally used in an
amount of 0.0001-1 part by weight per 100 parts by weight of the
poIypropyhedéume5|ﬁh@adispé351oﬂTmmm¢mmwm@ @gﬁnﬁ rayabel Rer@rgE®di ¢ physi ca

bl owl ng ? p& 2 %%1%“%9%@ ;6 gPRY §keakehl oui matégemh abExamplas of the
or gani ¢ phys &ﬁ agent |nclude al i phatic gcarbons such as

pr opane, Bﬁtéﬁeleﬁéﬁtén@g ﬁ@xéﬁ@ &%dth@EFﬁﬁeataﬁpc§cPP R¥dr ocar bons such
as cycl obyt-anedang deyelehexamerrandlbakogatahedrhydtaoar bofsamspitds as 20

chl or of | uor.onet h tri.fl uor nethane
1,2, 2, t8Frg§Fu§F5?Fﬁ§ﬁ8n e ﬁ?FcHpoﬁﬁéngsePhEﬁgﬁ?gbggﬂgs
nethylenechﬂomude, Ewamp&@ymoﬁlﬁmatganm@gpﬁ§§P@aEU1§ﬁ§@mn@lé@éﬁp§ i ncl ude

air, ni tregga gar b%ﬂuﬂflﬂ’&&ﬂd%’ltr%)ﬁégeB:lu@t'iﬁgﬂl and rwater fethese organic and
i nor gani c g|l

OMAH% agents may be use%ﬁg % 0 £1xture of two or
nore. For CRé8%6AS 0 e§F&G|FP@fa€@n@F8r of** ﬁﬁgﬁren Teh3Ft " of
expanded PRebeadperisQwnCesinainantg bgeadoﬁsoﬂeemmabdenmntabtpnoblen1 the use

O 3 15 %% eBlshaRio sl 3. Cel riad s W epaas ciie il auk 99530900 Y, be 30 that

used ypropy ene resin particles i spersing
medi um Tmeranouhheoﬁlsperbngw aghagehtgnagebe £8i §abeyalyet epad nkd

according oahggn%lgq-@fd@@qJ@ \gngbgg%@g hteég@nqngnpbgﬁ@ebgture and
apparent density of the expande P bea S 6a]produced When ni trogen
is used a¥efREtWO Oiﬁﬁﬂfgﬁﬁﬁ%ﬁ%ﬁﬁfﬂ¢b§f§?n P@r F6Witig agent and when wat er

is used as the dhepernswigg re@ntmmafyobeexanplrgantike paysurt lobleiwtinggen i s
prefeﬁgblégent or an inorganic physical blowing agent. Examples of
the organic physical blowing agents include aliphatic
hydrocarbons such as propane, butane, pentane, hexane and
heptane, alicyclic hydrocarbons such as cyclobutane and
cyclohexane, and halogenated hydrocarbons such as
90 chlorofluoromethane, trifluoromethane, 1,2-difluorocethane,
1,2,2,2~tetrafluoroethane, methylchloride, ethylchloride
and methylenechloride. Examples of indrganic physical
blowing agents include air, nitrogen, carbon dioxide,
oxygen, argon and water. These organic and inorganic
25 blowing agents may be used singly or as a mixture of two
or more. For reasons of stability (uniformity) of
apparent density of expanded PP beads, low costs and
freedom of environmental problem, the use of air or
nitrogen is preferred. Water as the blowing agent may be
30 that used in dispersing the polypropylene resin particles
in the dispersing medium.

The amount of the blowing agent may be suitably
determined according to the kind of the blowing agent,
expansion temperature and apparent density of the expanded

35 PP beads to be produced. When nitrogen is used as the



such that the pressure within the closed vessel in a stable state

i medi ately before the initiation of the 5 expansion, nanely the pressure
(gauge pmaseurd@d4 in the upper space in the cl osed vessel PCT/8PG1818Ae r ange
of 0.6-8 MPa(G. In general, the prd8sure in the upper space in the

cl osed vessel is desirably increased as the apparent density of the
expanded PP beads to be obtained is reduced. 10 It is preferred that the
expansi on of the surface- nodified polypropylene resin particles be
performed so that the expanded PP beads have an apparent density of 10
g/Lto 50(B>lg>M|1ngThieJﬂp:|oaﬂehtwl“daenswatt36r( g/sl asies! @it &hsed ispe rdiiviadi ng t he

wei ght W (g} t*}:—%ﬁ@@%ﬂ% Pl%htéeaa%ul?b{: t&fenﬁr\é@le%msvp@e)feqfam@e

appar ent volune "t her eof ensity = %6?p par ent Iune i s neasured

as fol | owsuchtn thafedd® |9¥§Scs3ﬂqen&’éfthl§bc1}@te é@?ﬁ& d™héads are

al l oned t gtsivard s@tat%?@nﬁnydlzb&enqumﬂdret hée dtrivsphdron arfd theer eaf t er
imersed in_100 .m water ;. aQn d i | is Lheat 23C. From
the i créﬁ%ﬁﬁn%ﬁoqlwnam E%. h%k%%%g%ééﬁa%g% #&%s%%r g%ﬁ%}n1ned It is
pref er r ed uppatr ﬁh@céxpan§ﬂnh et veprsfedo e L snodh fohed 18619RpIcdpyl-éné resi n

particles e @ﬁrfoﬁﬂegeﬁgraa5 EhétpE@@sﬁ%BaﬂHeghEPugﬁégsSEQ&@ thlgh

t enper at ure endot hermi'c peak éf Igiﬁéfurve t hereo in addition to an

intrinsi c GSdGtRSER TRead ot S e a Seehier &5 ERRFE™F the hi gh

t enper at urdepdak; dﬁm@xﬁmde&xmdmid@ toedds divened risidgh sc aretckerrte dof

cl osed,cells and . _3Q extr d b hi ki.gi P nol di ng.
q8 q[ QL ﬁe&wryefdzrgtbalet as g(%%ﬁl%l%n o%htheg SCHI%JD

The hi"gh tenperature pre area corresponding to a
cdomfchQMQ%hmMMW@m&Q@lﬁWﬂh@m@@@%@QPmiW@ahﬁépmﬁmamy

3-65 J/g. {fhen tﬂeh%ﬁ?érﬁ{écf'@ s Qifavt&%rhla%atz@mer@dm eak lis | ess 35
than 2 J/ g, _the co essi on stren th ang shock Z§ b|ng 02/%4%
PCT/ JPOL/ G818FE0C féﬁg - of P§ PPPREFPEENGSPEAGYt d9BE) r £5uBGE1REE RVgh a

calori fic avaliveref tie Wdighhtt enpey)ataf elpealkdandextc &35 efads by the
15 volume V (L) of the apparent volume thereof (density =
W/V). The apparent volume is measured as follows:

In a measuring cylinder, about 5 g of expanded beads
are allowed to stand at 23°C for 48 hours in the
atmosphere and thereafter immersed in 100 ml water

20 contained in a graduation cylinder at 23°C. From the
increment of the volume, the apparent volume can be
determined.

It is preferred that the expansion of the surface-
modified polypropylene resin particles be performed so

25 that the expanded PP beads have a high temperature
endothermic peak, in a DSC curve thereof, in addition to
an intrinsic endothermic peak located at a lower
temperature side of the high temperature peak, because the
expanded PP beads have high content of closed cells and

30 extremely suited to obtain a high rigidity PP molding.

The high temperature peak preferably has such an
area corresponding to a calorific value (absolute value)
in the range of 2-70 J/g, more preferably 3-65 J/g. When
the calorific value of the high temperature peak is less

85 than 2 J/g, the compression strength and shock absorbing



70 J/g requires a high pressure to increase the inside pressure in the
beads before the nolding step. It is 5 preferred that the calorific val ue
of the highoxmnmperature peak is 10-60 % nore preferabl yPOIRIY08E87 of a
total of the calorific value of thelhigh tenperature peak and the
calorific value of the intrinsic peak. The total calorific value is
suitably in the range of 40-150 J/g. 10 The DSC curve herein is as
obtained by the differential scanning calorinetric analysis wherein a
sampl e (2-4 ng of expanded PP beads) is heated fromroom tenperature
(10-400) tow22001 @ &P ataiskiptertenst tonide ogsincad.a FapehéphieC/ nin. FIG 1

shows an exanplie ;15 of1 .8 RRC 19 e IR thi¥le igesiic iendaldagygnior peak 21

at a peak tenperature Ti and a hig terrperature endot herm c , eak P2 at a

peak tenpePatdii%e TEHVITIRS & &bl DY pge&ew &6 AEGFEFE (0 HES%ri fic val ue
t her eof . Blés%fu@@ afn the: haghid egfermat whe pedkliP?y isse20Q déteimi ned as

foll ove. RIS 00 GV & {d 18l B3G LYMe g@é M Ja SoLhenty ¢ peaks

P1 and”P2 &S nper at ures respectiv ) sho 1, a
strai ght deake u:s é»@reﬁﬂjlmg nsEenvaie fevadol mO-20 it tqfe acmqralatofaoc and

the point £z iy iidie oW g 1ate %mﬁﬂﬂe @%}H atd r%&d@n@ﬁaai Wrel TRe i s drawn.
The nelt corrpl etion te er% s repre ent %P‘F é gﬁem nt at which the

high tenpérdiite e %99|ﬂ? a high
t enper at urot—alijdeild\lez)etl,uea id rtmﬁamu}chn st}manmdcﬁ ofi t49-1FHe Didi nat e and

whi ch [passes a nt Gy nq{éét)&q%rqesal%ss %talgjm%rgp Hétjh% drawn. The line B

crosses the line E at a he position of p0| nt BC is such
that the dleﬁf@mertt@xa/ﬂemawrmqﬁlmwwawﬁmlsa@ & Fihidrum  The

area of thepgh tempefatdy ee%iaé%? i ddhiphadethealen dedr nebrby t he

line A, line B and the DSC curve 35°Suchahi h t erature peak P2 is
present i riFRSIAS W 24594 &) J%l%%él%?l ik ﬁéoﬁfﬁ% Ozfsjured first.

Once the expanded RR heatstdave 1cahpiiet el ¥Igel fledhotise ahi gixatnpdper at ur e
peak ﬁg n%ﬁ!%ﬁQﬁ&: curve having an intrinsic endothermic peak Pl at
a peak temperature Tl and a high temperature endothermic
peak P2 at a peak temperature T2. The area of a peak
corresponds to the calorific value thereof.
The area of the high temperature peak P2 is

20 determined as follows. In the DSC curve (first DSC curve)
C having two endothermic peaks Pl and P2 at temperatures
Tl and T2, respectively, as shown in Fig. 1, a straight
line A extending between the point Z1 in the curve at 80°C
and the point Z2 in the curve at a melt completion

25 temperature Tmc is drawn. The melt completion temperature
Tmc is represented by a point at which the high
temperature peak P2 ends and meets the base line on a high
temperature side. Next, a line B which is parallel with
the ordinate and which passes a point B; between the peaks

30 Pl and P2 is drawn. The line B crosses the line A at a
point B,. The position of the point B; is such that the
length between the point B, and the point B. is minimum.
The area of the high temperature peak P2 is the shaded
area defined by the line A, line B and the DSC curve C.

35 Such a high temperature peak P2 is present in the



appears. Thus, when the sanple after the first DSC neasurenent is cool ed
to roomtenperature (10-40C) and is 5 neasured again for a DSC curve by
heati ng wo 22014i n an atnosphere of nitrogen at a rate JfCTIIROI/P§IRT7 t he
second DSC curve does not show suchl@a high tenperature peak but contains
an endotherm c peak attributed to the nelting of the pol ypropyl ene resin,
just like a DSC curve showmn in 10 FIG 2. In the present specification and
clainms, the term "nelting point of the polypropylene resin" is intended to
refer to that neasured by DSC anal ysis of polypropylene resin particles
whi ch havesmotuyse beesuselj ddtred -t 00n6e stn¢ acxPanded i BBt Pords rizaferent Wi th

an organi %091%%%5@?/ meN@RRl, Y £ heMal ghn@ cRRERh Ak el @@anzolpmph@pybﬁ@errem n" is
measured b f

erenti al scannlnrﬁp orinetr éyﬁéé wherein a
sanpl e (25@Pﬁ§r§f p&RyBr opYFBNEIE eS8 l%a?f?%?eE% iglﬁﬁ from room
t enper at Uneacl@e4@E) tie 20022aCtion rapmateoppreteref (A0tHOJEN atdaisate of
10C'm The sa i n_c |~e r r r i C,, and is
neasurgd aggﬁur gfagaﬁébE%%rvegﬁg %g%&e g@nbgggg%ga%% ggba?négpggre of
ni trogen atm@SpéE@eo@fl®@ﬁﬁW@emoato@téﬁﬁea0§eé8n§/msercﬁbﬁeS§§O§Hown in

FIG 2. Thec23ut-omPeiRlUe t Tk tshh@hetad@ltl@w %%plé@@'ﬁu@% leak3But70C in
the second DSC curve as shown i.n Fi

herent oly ropylene
resin and CPBSREEENEE @W@°§$ﬁqmlﬁgpﬁgkn?t ﬁ@dp5py%$8p?@éﬁgnge§
or nore em@@t@@ﬂ@p@q@yﬂehe Miegtitn, b vels driked ai @SEh@usweom@omsclourve, when
for 32 the polypropyl ene resin particles are conposed of two or
nor e ?fferent pol ypropyl ene resins. In this case, the nelting point Tmis
the peak tenper anutéeoforesantpemecifiicel ivas anfle CgrdafesthSesRIRei ght anong

those peaks,e1\Wigly thers e heldaaidop fenl@eilé%ﬂmavu&g i@ nsiane t35
great est peak helgh t hen the It| p0| WO 02/24794 -
PCT/ JPO1/ G§ESE T tﬁh Sﬁe‘ﬁ@nsb atiiP Y&rh?né’sft gLéfpﬁé’é’R’%en‘?he term
"peak hei g'faats'h_nh@h&itrid’leisem&lﬂdh tmerel engt lyes betemeeubtjreted to
15 surface modification treatment with an organic peroxide.
Namely, "melting point of the polypropylene resin" is
measured by the differential scanning calorimetric
analysis wherein a sample (2-4 mg of polypropylene resin
particles) is heated from room temperature (10-40°C) to
20 220°C in an atmosphere of nitrogen at a rate of 10°C/min.
The sample is then cooled to room temperature (10-40°C)
and is measured again for a DSC curve by heating to 220°C
in an atmosphere of nitrogen at a rate of 10°C/min to
obtain a second DSC curve as shown in FIG. 2. The
25 temperature Tm of the endothermic peak P3 at 130-170°C in
the second DSC curve as shown in Fig. 2 is inherent to the
polypropylene resin and represents the "melting point of
the polypropylene resin". Two or more endothermic peaks
might be observed in the second DSC curve, when, for
30 example, the polypropylene resin particles are composed of
two or more different polypropylene resins. In this case,
the melting point Tm is the peak temperature of that peak
which has the greatest peak height among those peaks.
When there are a plurality of peaks having the same
35 greatest peak height, then the melting point Tm is the



top of the peak P3 and a point Qat which a line parallel wth the

ordi nate and passing through the top of the peak 5 P3 crosses the base |line
BL. I n Famo02247%he tenperature Te at which the endot her RET/PYARSIBB ends
and neets the base Iline BL refers t#8the "nelt conpl etion tenperature of
the polypropylene resin". The high tenperature peak P2 of expanded PP
beads 10 generally appears at a tenperature T2 ranging from(Tm+ 5C) to
(Tm + 15C). The endot herm c peak Pl of expanded PP beads generally appears
at a tenperature Tl ranging from(Tm- 5C) to (Tm+ 5C). The endothermc
peak in théghsetopdaBSCempasatamenamofigekpandedcPRsbeatize gegigral |y 15

Co”espond}% f%ﬁ% haéghltn h'%%e%ceeée%cteuaﬂ% oknthg spbeeuééartﬁel ypropyl ene
resin part cles an ener al appears at a teF‘gF ature ran g ? om Tm-

2C) to (THEP O§C¥heA§eé§S@9|B€8 ghBeanti £ ps p r Pe lPﬁaP expanded
PP beads Qave %h@ho&dﬁ.maibalanﬁt pueklng thabuagh hhghtbenpér aharpepeak is

presen a first D rve .ther of n addition cnpeak. A
dlffer%ncg3 GECREER t 3 FFl%ln50|ht %? ? he- p%1 t&%py e%%E%%Q?% %ﬁ
expansi onatempércat trhe lRasloghgraac pﬁﬁku@ﬁc@ndﬁoﬁnﬁhQGEEScéhérPﬁﬁ@ val ue

(peak areglnngthfeEégg %5”Pﬁéabﬂéftp@@%ple%h@ncﬁéﬁ%éféﬁuf§|@ﬁ ©het he high
tenperature_peak o t he expanded PP beads is a f or for determ ning the

nlnlnun1t§ﬁﬁéP§PEWée8ﬁ €&t whi ch provides a saturated steam pressure
required for’ nemhebhﬁdhngemberbeads peakafl 3@ ekbendebnPgeherdk, when the

same poly ggggu%ﬂ% EEpehns a3 erb300 10 95 LAAIALOFLLRC (ff He of the

hi gh e the 1 cones tenperature.
Furt her, 15h@>hrtg>he£frntHeléxﬁan3|ﬁlnet@m@@tlaenmec pehk Bhatf epXbatdds t he

calor'f'cPﬁahg%dgf %x%ngh %@p%%%@e%%tHr%eﬁgé%atwgéoﬁﬁ2iéﬂ 1RgT/ JPOL/ 08187
19 When expanded beads aV|ng a g II alorh val ue o thetglgh

t enper at uﬁéoﬂedf?mare Sused tq He™ T othermic pea

second DSC measurement of expanded PP beads generally

15 corresponds to that in the second DSC curve of the
precursor polypropylene resin particles and generally
appears at a temperature ranging from (Tm - 2°C) to (Tm +
2°C).

As described above, it is preferred that the

20 expanded PP beads have such a crystal structure that a
high temperature peak is present in a first DSC curve
thereof in addition to an intrinsic peak. A difference
between the melting point of the polypropylene resin and
expansion temperature has a great influence upon the

25 calorific value (peak area) of the high temperature peak.

The calorific value of the high temperature peak of

the expanded PP beads 1s a factor for determining the
minimum temperature of steam which provides a saturated
steam pressure required for melt-bonding the beads to each

30 other. In general, when the same polypropylene resin is
used, the smaller the calorific value of the high
temperature peak, the lower becomes the minimum
temperature. Further, the higher the expansion temperature,
the smaller becomes the calorific value of the high

35 temperature peak.



mechani cal properties of the resulting PP nolding are relatively |ow,

t hough the mnimumtenperature required 5 for nelt-bondi ng the beads can be
| ow. On Wwoenzalitvar hand, when expanded PP beads havi ng a BGWPE1/6HBOrific
value of the high tenperature peak #& e used, the nechanical properties of
the resulting PP nolding are relatively high. |In this case, however, since
the m ninum tenperature 10 required for nelt-bonding the beads is high, it
is necessary to use high pressure steamfor the production of PP
nol di ngs. Thus, the nost preferred expanded PP beads would be such that
the calorific vahees ekpthdehi gh btedpehating peakalhecedbrisifarge but the

m ni mum 15t ature, requi | t,zhendi-ag, thg beads is low. The

pr esent i%@%ﬁgpgﬁ ggshﬁggvkggggggﬁugsegﬁgexpandgd PP heads. The expanded
PP beads #ecbriinglt oroRerpiesent thevERELSR18ENEEi PeLld1REgRIRI gidity PP
mol di ng wir-khaut vetsi ngwa khehgherper atiuieust eampe2@ttie expadnded PP beads
providing a DSC.curve havin uch a high 't eratur e sui tably
producdd By~ Wﬁ#ﬁf&?ﬁﬁﬁ&gtﬁgedggﬁgﬁsFSR Egnggihingntﬁggsﬁg?gggﬁgg%ified
pol ypr opyweee eepbndpdr PiPcbesdisnhawegsel latrge fiedorifiigedalvuenpdrature

bet ween a tuce | n 2 [ LAt of the
ponpropngggﬂﬁggiEe??ﬁgg%ggggpégg %Q@tgﬁggfa?agngg&gn@?%gn thgﬁgglt

conpl et i oRTPERAL1IEE Ohe theorEsudpNens br BOLA1PTe R0l a2 Py i‘me of
greferablxn%thSGEa@ED,h@&@kg&abbxnb@ th@Omﬁhﬁm@mdtbﬁ@ﬂradh&ehar?in% t he
i spersion fromt vVess ter,_30,increasing._t e rature of the
dispeﬂ@iOHGHBlﬁegeESHdmeﬁFigﬁ éﬁﬁeF?@u%@aﬁgt%geﬁggkfgggeﬁgture | ower by
15C t han nkkessehkti ng peienhigh plresgolrgpstppiederr ébienpEPriuctid@) ofand a
t enper at ur, i y 1 h I i LAt ppf
PP %oqggﬁﬁg(Teeﬁﬁ%og§h%?ﬁo?? %r@?g?kgé 98p=RQLAt pBf L hES

pol ypr opyl' éne resi 35 necessary, after maintaining the
di sper si omoat-ct ke seebndha0 GPe252d0pERC) PELIE8 PS7 theo Piidked t enperat ure

for a perit%%g@fraith&% Qfeak0 theb@o Ns The @ eatofhehaihiighnt enper at ure peak
nalan5de %%p%rature required for melt-bonding the beads is low.

The present invention does provide such ideal expanded PP

beads. The expanded PP beads according to the present

invention can give a high rigidity PP molding without

using a high temperature steam.

20 The expanded PP beads providing a DSC curve having
such a high temperature peak can be suitably produced by
maintaining the dispersion containing the surface-modified
polypropylene resin particles in a vessel at a first fixed
temperature between a temperature lower Dby 20°C than the

25 melting point of the polypropylene resin (Tm - 20°C) and a
temperature lower than the melt completion point of the
polypropylene resin (Te) for a period of time of
preferably 10 - 60 min, preferably 15 - 60 min and then
discharging the dispersion from the vessel after

30 increasing the temperature of the dispersion to a second
fixed temperature between a temperature lower by 15°C than
the melting point of the polypropylene resin (Tm - 15°C)
and a temperature higher by 10°C than the melt completion
point of the polypropylene resin (Te + 10°C) or, if

35 necessary, after maintaining the dispersion at the second



upon the above first fixed tenperature at which the dispersionis

mai nt ai ned before expansion treatnent, the 5 tinme for which the dispersion
is maint Nonexk4a94 the first fixed tenperature, the above BEHHM/0B18ed
tenperature, the tinme for which the2#ispersion is naintained at the second
fixed tenperature, the heating rate at which the dispersion is heated to
the first fixed tenperature and 10 the heating rate at which the

di spersion is heated from the first fixed tenperature to the second fixed
tenperature. The area of the high tenperature peak increases with an

i ncrease dfixtehe tegtpentatorre ifior & pdwe od iafsttimed ofeddnd fa&kednt-enper at ur es.

The heating rat enls (ALLrA94 feal; d?gtre?t&fexfart%@et %a@%@ﬁ%ﬂ%@pe@fdsheat' ng

unti | theflxedte nperature i s reached) 'in each the heating stage up to

the first m%&heer@&é}va digsind ird SREEh W r?é“a WG tdfe from the
first fi xepi I Ure mdiontdig e b id xagdreiiper aing=nentgendral | y

0. 5-5C_per, nut ui tabl conditions for L La n X anded
PP beafls ﬁa}\?} grfadfegﬁ}%%l (H}%r HRE VAU ot t'Rd” ﬁ‘lgﬁ tenpteclrhgt Sg% peaE

be det er nmifiect by empet nativragy thex pard e e and tﬂi@d@héﬁ%nnﬁr&tm@%bdﬂ@ poi nt S.
The above Jienbergt U f1ANGRS cit éf&érprl@txﬁa&mt%fméﬁ diheHd ghrdgmperature

peak and for the expansion of e polypropylene resin particles are
sui tably aﬁdfﬁded:qmp%lﬁétu%easet%é?eé‘fawq nstgamtc "By ddi® bl owi ng agent is
used. Whep sprigani s piwsisdlcdlaw N mgermiiel useheddtaires uirtiabl e

terrper tur wi || shlft t.0; ow, 30 1 enper atur,e d vary with
the kil g"rﬁ%’ﬁ:rﬁ %t 3% \%}Ed%}u SR OO\?\’AI ng he%ltdcelae expanded PP
beads accdrlm Mgl teg- thexqut d%merammt’ua)rtfm efearcatst yflh@/:ia at |east one of

the fol |l ow ﬁa&q{ t erhgt iy Uifiage +krgeea +of- ot BRsgxpanded PP bead
preferably e{;{% /24 %4 rI%JET/JIC%U %31'8%%1% gl %ﬁas a%rre I ti ;6§O|ant (Trrs) | ower

than the MEIGESRFIOITED @i YnGreate i Hsilde refigh ¥ Meredte Etmddfi ) The

first and second fixed temperatures The heating rate

15 (average heating rate from the commencement of heating
until the fixed temperature is reached) in each of the
heating stage up to the first fixed temperature and the
succeeding heating stage from the first fixed temperature
to the second fixed temperature is generally 0.5-5°C per

20 minute. Suitable conditions for the preparation of
expanded PP beads having desired calorific value of the
high temperature peak can be determined by preliminary
experiments on the basis of the above points.

The above temperature ranges for the formation of

25 the high temperature peak and for the expansion of the
polypropylene resin particles are suitably adopted in the
case where an inorganic physical blowing agent is used.
When an organic physical blowing agent is used, the
suitable temperature ranges will shift toward low

30 temperature side and vary with the kind and amount of the
organic physical blowing agent.

The expanded PP beads according to the present
invention preferably have at least one of the following
characteristics.

35 A surface region of the expanded PP bead preferably



di fference between the nelting point (Tm - Tns) is preferably at |east
0.05C, nore preferably at least 0.1C, 5 nost preferably at |east 0.3C The
melting point24as is determined as follows. A surface rdfilel0eP8i8he
expanded PP bead is cut and about 224 ng of such cut sanples are

coll ected. The sanple is subjected to DSC analysis in the sanme manner as
descri bed previously with regard to the 10 neasurenent of the nelting point
Tm The peak tenperature of a peak corresponding to the endot herm c peak
P3 in the second DSC curve represents the nelting point Tns. The nelting
poi nt Tm his al selweagupednitn (The)sarwemaihen &se mbovéngxpepntt hat inside

regi on of &Rg b8§dahs1%%Ed%n4eé§oﬁokh%9%%§ (rRskkgigaseré the expanded PP

bead haV|n erat ur herm ¢ peak in a _DSC curve thereof,
t he caloﬁ#ﬁﬁ@r@apﬁebﬁ§wﬁﬁntﬁ@ehmﬁﬁtﬂéﬁpépéﬁﬁréT@ﬁdotﬁ@?ﬁl&S peak of the

surface r ggle@er@blyhatb%dslts Opnefer, abloy<2@realrbdl yt hanlebetcal.aftiic
val ue

i arur ndaet.herm ¢ e: L egi on of
the b adeS%hPFﬁégrﬁﬁgyr8||oﬁaﬁ§ ?egaklon |6R?§B%§%d%$§n%n@&9 ié 2
0. 86xHi . Theecksiard Hs doltlieersexpandedi®pe beadl or eder bl yelpaedete 25
fol | ow ng @65%5H09§hbﬁ @%d<£%o%§XdL4 ﬁ%r%fp%ﬁEﬁr@QkYSaﬁﬁlésoaQQXHl for

reasons that t he expanded PP beads can é el atively | ow
tenperatuﬂ@llﬁ§ﬁe@he EBReSABRSBNLS| §ubge§@g§|§% BriefaP?e¥S{hat" Hs"¥s in the
range of Lafrecbtadhn@r @@r@eammﬂbﬁﬁa@rﬁvaoﬁ@l&/@;thumbbamdnmbetpeeferably
3-45 nost refer I or| e face
reg|oi6angeaﬁ§F§ € eg%gﬁxg?th %’gﬁg%& gb %gayéégetgé éPgtéPé

foll ows. 035 aSpekdceoregismeralidd ﬁgl&@eré@ﬁ@ﬁh@ﬁmﬂﬁepéﬁﬁaﬁée&nPP Sead WD

02/ 24794 P%Uo%%oﬁs%%%?cvé?re%%s@ﬁtsa%ea%%laﬁplasgnctf Taiech THE sanpl es

are coll r | i D) nal i in
e%éﬁ%ln%e%%d%tef%l %%Falsgn%égsd%e%gbke%%eds%%e %gn%e% %S S

above except that inside region of the bead is cut and
15 collected.

In the case of the expanded PP bead having a high
temperature endothermic peak in a DSC curve thereof, the
calorific value Hs of the high temperature endothermic
peak of the surface region of the bead is preferably

20 smaller than the calorific value Hi of the high
temperature endothermic peak of the inside region of the
bead such that the following relationship is established:

Hs < 0.86xHi.
The Hs and Hi of the expanded PP bead preferably have the

25 following relationship:

Hs < 0.83xHi, more preferably

Hs < 0.80xHi
for reasons that the expanded PP beads can be molded at a
relatively low temperature. For the same reason, it is

30 also preferred that Hs is in the range of 1.7-60 J/g, more
preferably 2-50 J/g, further more preferably 3-45 J/g,
most preferably 4-40 J/g.

The calorific value of the surface region and inside
region of the expanded PP bead are determined as follows.

35 Surface region and inside region of the expanded PP bead



t he sane manner as described previously wwth regard to the neasurenent of
calorific value of the high tenperature 5 peak P2. The surface regi on and

i nsi de rwg @r4a94 t he expanded PP bead are sanpl ed by cutPCHFPOABIBTa knife
or a mcrotone. In sanpling of the durface region, the outer surface of

t he bead should be cut entirely. Further, the surface 10 regi on nust be
collected fromthe bead in an anmount of no nore than 1/5 but no | ess than
1/7 of the weight of the original bead. The inside region nust not contain
any outer surface of the bead. The renoval of the surface region is

carri ed oudrsuctht tduad sheutedtérmofofrawch ycuf 9Bphes | ¢ dec+egtord

coi nci des with.that, of ghe, adginal; beascs e asPessBlLs 1k addition,
the inside region nmust be collected fromthe bead |jn an anount of, no nore
than 1/4 ofet@elyREess 28 hdedFF§Peal P’b%‘éb‘.’“%}%nw’t%é ﬁ%ﬁﬁ# P “Rfe
surface regeosuaadéer oAstdtoredi onvabhai aedtli« onighet&@pbeadurs | ess than
2 nyg, t5vvo or L& beads are used. The expanded PP bead preferably has a
surface ha@?%go a'nmelt initiation tenperature, as neasured by mcro
differential thePinpasiar§ace, raoion gherinstde treghen t9hgthporranied he

pol ypropyl gpenL8i fre ! BahPEcGOBYERLLONRY RDtEXPardeste PErbgadserbhemael t
initiation_ tenperature I.s. higher by at | east. 5C than the | ti ng point of
the resin. IDTHeR£79 Bff Fa?eg’tli:g?cghjé?%%al e so%BﬁAﬁqugﬁ%r? r med

using a meRe Heddeseoulal behentoanal ysig. syRterhdr, Tygiee 299dd cro Ther mal
anal yzgr " Qoo AuuLOSELUIBR co18RaP, 3R LAC Dedl 2nNER! LAGuRA!S:Ofo 10C sec
900¢C. e ne rati U

from 25C t0 IArfration tenperature herein refers to a
t enper at ureone wWhaehl 45DFAtchpvéessathansbparafi bgefvohghEnef bale |ine

thereof. ForigXAAD! Beads SHOWN Y dd Qﬁjn thigsureldt idbdiadd ey enperature

50, P Shaane DIt D5 hLeh,Lhg PRIA cure Gn st e Leaylng downard
speci fic heag)ofir bm theribdseuti sech that the center of gravity of
15 the inside region coincides with that of the original bead
as much as possible. In addition, the inside region must
be collected from the bead in an amount of no mcre than
1/4 of the weight of the original bead. When the amount of
the surface region and/or inside region obtained from one
20 Dbead is less than 2 mg, two or more beads are used.
The expanded PP bead preferably has a surface having
a melt initiation temperature, as measured by micro
differential thermoanalysis, not higher than the melting
point of the polypropylene resin. In the conventional
25 expanded PP beads, the melt initiation temperature is
higher by at least 5°C than the melting point of the resin.
The micro differential thermoanalysis (pDTA) is performed
using a micro differential thermoanalysis system ("Type
2990 Micro Thermal Analyzer" of T. A.'Instrument, Japan
30 Inc.) at a heating rate of 10°C/sec from 25°C to 200°C.
The melt initiation temperature herein refers to a
temperature at which a pDTA curve starts separating from
the base line thereof. For example, as shown in FIG. 3,
the melt initiation temperature is a temperature Pm at

35 which the uDTA curve Cm starts leaving downward (as a



The reduction of the nelt initiation tenperature in the expanded PP bead
of the present invention is 5 considered to contribute to a reduction of
the m ni mon2/248perature required for nelt-bonding the beB€EJPOHS1IETe] t
initiation tenperature is preferably 2mor less, nore preferably (Tm- 5C)
or less, further nore preferably (Tm - 10C) or less, nost preferably (Tm -
50C) to (Tm 10 15C). Such a reduction of the m ninumtenperature required
for nelt-bonding the beads is particularly advantageous when the

pol ypropyl ene resin of the expanded PP beads has a nelting point of 158C
or nore antsmien ahehexpaded PR danghds MHGH tempatl irepddie Wen
the 15 polyyyopylgne resin of the expanded PP beads has a nelting point of
158C or nore, it is preferred that the nltlatlonte erature be 158C

or less, nore praterdaffyrt igsehrthiede! dﬂlr%a USTESr sty £8be or
| ess, rmstthepreefgﬁraiécy HA bdtb @ f Whid @ﬁé\s&eﬂtovmveﬁmlmelisi nitiation 20

t enper gt urceonosfl eq:eeéq{é aC&e b&{ée @%%cﬁgﬁa&% rﬁﬁnﬁn?wer is the

m ni num t enperature requl re an excessi vel Yy

| ow nel t itembendtone t@wmc@;r@mml%&@éﬂ@%mmwfm fech &R dal
strength, jSUCh@BSorE o Qrstyengtdre afb By P red didgs ohigiaed 25 from

the expanded e ds he expanded PP be referably ha, al u
which is v g‘?ﬁbq’ { AN ti ) St ¢ %S%ol%@b%éﬁ%rﬁe%?%fe%%yﬁﬁg bef or e
the surface It f i catiess wndst herafgeaty Broxi o’ @hdtcv\h[mn +s in the

range ,gf 0 £ 1,50 %/u%gl Iy %edﬁ%t%eo@%fh%r %P‘errecrﬁl “gd 3., oSt

preferably 10- 80 I's also pre R val ue of the
expanded PG ef%lt“ m%]a%“tbqn@lﬁgn*ﬂée brads &%f%@%ib}%]a%r Yeast 1.5

times, m)séd*d%[rﬁf &y hén 3t1§et3p5 pted r&oly s Opyhenexgasddd
no

ticl th f f WO 02/ 24794 PCT/JPC&/O8187
Fz)?lr F:)(r: ﬁz ?@Afpﬁéa{/r—%ur‘? %%ﬁé?ﬁd'é %‘gPa%%é;Jc]% Ar OTF TR 296C usi ng

a heat preesq:arrﬂ@daPBI*keﬁdﬁaWalmga ahigh temperature peak. When the
15 polypropylene resin of the expanded PP beads has a melting
point of 158°C or more, it is preferred that the melt

initiation temperature be 158°C or less, more preferably
155°C or less, further more preferably 150°C or less, most
preferably 110-145°C. While the lower the melt initiation

20 temperature of the surfaces of the expanded PP beads is,
the lower is the minimum temperature required for melt-
bonding the beads, an excessively low melt initiation
temperature will cause a reduction of mechanical strength,
such as compression strength, of a PP molding obtained

256 from the expanded PP beads.

The expanded PP bead preferably has an MFR value
which is not smaller than that of the polypropylene resin
particles before the surface modification with the organic
peroxide and which is in the range of 0.5-150 g/10 min,

30 more preferably 1-100 ¢g/10 min, most preferably 10-80 g/10
min. It is also preferred that the MFR value of the
expanded PP bead be at least 1.2 times, more preferably at
least 1.5 times, most preferably 1.8-3.5 times, that of
polypropylene resin particles prior to the surface

35 modification.



thickness of 0.1-1 nm Pellets or colums are prepared fromthe sheet to
obtain a sanple. The sanple is neasured 5 for MFR in accordance with the
Japanesewmauzsiwed al  Standard JI'S K7210-1976, Test Condit PERJAM/08187 t he
measur enment of MFR, air bubbl es nust 2be renoved fromthe sanple. If
necessary, heat press treatnent should be repeated up to three tines in
total to obtain bubble-free 10 sheet. The expanded PP bead preferably has
a surface region having a greater oxygen content per unit-weight than that
of the inside region. Wen the organic peroxide used for the surface
modi fi cati on of Fhe peagpropygl ethe MER| nths papandedsPPsbeada #ype which

generates g%%gﬁgdrég'ﬁébsc HBQHgbslH8a€e§98998§ﬂtoparbheéttHgv@%gggn
radi cal s a ound to surfaces’ of

gartlcles The anal¥ ¥S|ng an

i nfrared sB@éFkBﬁéFePfeauﬂpﬁeHmmnt%e%H% St Vet TS 1B RIP ?%% ance (ATR
anal ysi s), feématBer fneetotoacBPa2fl EDLdinpjeobtBiaeshripben ex peeriadrdP beads
of the pregentypkNYENLEAR, 30ANE B Shi 0H0CHAA0R0LA! hAR,BL 2aavel ength of

near 1033 ¢m at o 8 ai ned_from conventi onal
expanded PPtaeddsd ThEsK72RE-A4TPe &fstheongéhkoReilnt & B8B83 cm-1 to the

peak hei ghtcgt,1dREnemorlmirR,251ikhgupBsesohubhenBPraRbeeag febmt haepr esent
invention i s reater than that of the conventi onal nDIdlng Further, the

anal ysi s u§?ﬁ8%§ Y5 ET SPEY 51 B0FR S gRTE T DS CopR T EHS) SO T hat a
surface ofrébéaééﬁanﬂedoPEhheadtameerdnngotal theoptesenbubhientiren has an
oxygen, io §§r gn nolar ratio 30 (O/C nolar ratio) is 0.2 whereas an inside
of the bea an O/C nolar ratio of 0.1. Further, a surface of the
convent i onal expﬁh@e@xpﬁnﬁéédPﬁabeéﬂcpﬁﬁﬁaFabéV|BaéfaosﬁrfaTﬁerﬁgéPErred

0/C ratio hgvahgl 8agkeBrds. o&lytgaaugbnla@htv\p@hl ngitowbegheundahythhe theory,
such 35 an oxxgen added sur.face @Rﬂ% §% anded PP bead,is. VWO qg 4794
n

PCT/ JP01/ 08E8%1C25N84AE FEFEG o S Jé%?ﬁjp%r%%%%%“r??yu?%ere‘éﬁ As a
result of ohe efirfheef opeddiingtibar act ehespdyprayiepe resin

15 particles is of a type which generates oxygen radicals
upon being decomposed, part of the oxygen radicals are
bound to surfaces of the particles. The analysis, using
an infrared spectrometer equipped with the attenuated
total reflectance (ATR analysis), of a surface of a PP

20 molding obtained from expanded PP beads of the present
invention shows a stronger absorption at a wavelength of

! than that of a PP molding obtained from

conventional expanded PP beads. Thus, the ratio of the

peak height at 1033 cm™® to the peak height at 1166 cm ' in

25 the case of the PP molding of the present invention is

near 1033 cm

greater than that of the conventional molding. Further,
the analysis using an energy dispersion spectroscope (EPS)
shows that a surface of the expanded PP bead according to
the present invention has an oxygen to carbon molar ratio
30 (0/C molar ratio) is 0.2 whereas an inside of the bead has
an 0/C molar ratio of 0.1. Further, a surface of the
conventional expanded PP bead has O/C molar ratio of 0.1.
The preferred O/C ratio is at least 0.15.
Although not wishing to be bound by the theory, such
35 an oxygen-added surface of the expanded PP bead is



Tme<Tmi; Hs < 0.86xHi; nmelt initiation tenperature- nelting point; and
oxygen- added surface) or as a result of 5 synergetic effect of two or nore
of the fow@gmismge characteristics, the mninum tenperat ur BCEERPI0BEA f or

mel t - bondi ng the beads is | owered whi2fe ensuring high nmechanical strengths
of a PP nolding obtained fromthe beads. 10 The expanded PP beads obtai ned
by the above process are aged in the atnosphere. |f desired, the PP beads
may be treated to increase the pressure inside of the cells thereof and,
thereafter, heated with steamor hot air to inprove the expansion ratio

t hereof . TonkiPRnwnl dicngrieyndse sswarmalpermeisbdilidd Brexeodt-chAst§pe nol di ng

met hod i n . whigh expanded ! gl%e%sf ofln %@ﬁ&%@@érl%fttl@s b(@ﬂaﬂﬁltyl’ eated to

i ncrease the pressure insi of the ce Is thereof) are filled in a nold

adapted {lewdHeattd <arft ¥oBlied Medd ti6ife, pcite d HIE LA tyeEs. 20 After
cl osing “ﬂr%l"ﬂl'r@ riﬂataedi ﬁ}@;ﬁj@ﬂ—%dcmﬂi tsurtflaeaiolot atso sheatsulitnbifat e and

f use- bgngu% Qagerr%? r?oﬂ(@:ec o Ot}eqn cooloefd t%%dht%%eg;% take a PP

nmol di n no dln nac comercially
avai |l abl e. chﬁr@ptms}em,alﬂhﬁ d@@lgﬂléfd tt@m\aézlﬂerqorr@wkr@dzéqresu stance of

0. :11 MPa( @eth—%ﬁﬁ MWPaHa pels 1 & %%V?&@é?ﬁpﬂﬁ%éq%éh&lg@eﬁﬁw y Ca][ ri egl

out using steamhaving a pressure qQ a ar re preferably
0.41 MPa@yche™ g@&qjlgtrﬂﬂ fihg r%r%é Oﬁtﬁdﬁ@éﬁ% rr%(pt?ntl nuous 30
met hod i n yeddh expanded PP beads (if necessary, after being treated to

L ner eralae the pr %Séure%{&ar}l%e%? E;H lﬁe@%sc%lhjtsaltn%%f & )l:h%r %bfo% tp(}o%e@%t h which

is defrned between a conti nuousl runnlng he sane
di recti on aed aged ¢l Hase aﬁﬂﬁé%ﬁﬁhﬁj—’ezonéfaﬁlésér@é‘@l theg nEeaEbﬁri“ﬁé the 35

passage tlough dhey heatina - zone tHdh e edmnded R keads tHR 62124794
PCT/ JPQO1/ 08187 26 are hhﬁted w th _satur te sgsgcoqm and fus,ce bondted to each

ot her. Th&haant iy notfsRPS S0 disRtS

improve the expansion ratio thereof

15 A PP molding may be suitably obtained by a batch-
type molding method in which expanded PP beads (if
necessary, after being treated to increase the pressure
inside of the cells thereof) are filled in a mold adapted
to be heated and cooled and to be opened and closed.

20 After closing the mold, saturated steam is fed to the mold
to heat, inflate and fuse-bond the beads. The mold is
then cooled and opened to take a PP molding out of the
mold. A number of molding machines are commercially
available. They are generally designed to have a pressure

25 resistance of 0.41 MPa(G) or 0.45 MPa(G). Thus, the above
method is generally carried out using steam having a
pressure of 0.45 MPa(G) or less, more preferably 0.41
MPa (G) or less.

A PP molding may be also produced by a continuous

30 method in which expanded PP beads (if necessary, after
being treated to increase the pressure inside of the cells
thereof) are fed to a path which is defined between a pair
of belts continuously running in the same direction and
which has a heating zone and a cooling zone. During the

35 passage through the heating zone, the expanded PP beads



zone, discharged fromthe path and cut to a desired |length. The above
continuous nethod is disclosed in, for exanple, 5 JP-A-H09-104026,

JP- A- HOOwWlD¢PR79and JP- A- HLO0- 180888. The above- nenti onedptigpdigyy; of the
expanded PP beads to increase the pngssure inside of the cells thereof

may be carried out by allowng the beads to stand for a suitable period of
time in a closed vessel to which 10 pressurized air has been fed. The
apparent density of the PP nolding obtained by the above nethods may be
controlled as desired and is generally in the range of 9-600 g/Z. The PP

ol di ng &S 83kl hasrHoReR Gelded HEM ARC UMD R ATUNLRED6 15 70,
Procedure C) of 40 %o

r r ef er abl | ess, ,nDst
pr ef er abl Y& n%)oThFe§§su&5Fn9e§§gﬂgn8flﬁi§ﬂglﬁgcﬁ3n%98Ic?P?éHchs A
surface | ayere, sictharged eﬁnﬁnormimgadiﬁyancbrca e ordatd iveed dyagrdtmmy be

nteoral| vy Gyl ded 90 SR 20 ofs Lie RO R Ml et hod of

produci ng 'such™a co e art ose xanp IS- A-

5928778, UJ& AM%AP#OA% ﬁ%@sﬂiﬁﬁﬂ%@—?ﬂ @M@&Aﬁﬂsl%ﬁﬁ 6,
W98/ 34770, WD98§MR0286vanche HR-iBm3R0 222+ A ti @iepc&lerr@kpbﬁldda@@rat ed with

t he above PP 25 nol.ding such.that at | east Q i S enbedded
Lheraro© Rarstnon drdrbanicine el io e e o ol JIE g oo
for exanphey U&kﬁ&@ﬁ&ﬁ?@guwﬁwa&&mm thHDb@aS&e t:DZbe:Imi g a

JP-B- 3092224 -Jhie fpgﬂl%\ﬁ %q: ! 165 Wlélosfe%{ thersdl 'ebsgjf%o&lthe 30

present i nventi on. rts are . Exanpl'es 1-7 an nparative
Exanpll8s R SEOQiped £i6t qﬂﬁﬁb¥ﬁb¢? %he resin selected fromthose shown in

Table 1 and I nditgat fé(ﬂ)paﬁ:e-fﬁbkﬁer%lw ebherded ablwikky G ipad wf zinc

borate po cell c ntr ing WO 02/.247 CT/ J 01/08 7 27 agent) and
the bl end 5005 T o A T L, AR S s The

strands weyemdraiddi dtrelthe imstrrged wce @ -G Onvat/Er. aEh&SEmeplqmegching. The
cool ed preferably has open cell content (according to ASTN-D2856-
156 70, Procedure C) of 40 % or less, more preferably 30 % or
less, most preferably 25 % or less, for reasons of high
mechanical strengths.
A surface layer, such as a reinforcing layer or a
decorative layer) may be integrally provided on a surface
20 of the above PP molding. A method of producing such a
composite article is disclosed in, for example, US-A-
5928776, US-A-6096417, US-A-6033770, US-A-5474841, EP-B-
4774776, WO98/34770, WO98/00287 and JP-B-3092227.
An insert may be integrated with the above PP
25 molding such that at least part of the insert is embedded
therein. A method of producing such a composite article
is disclosed in, for example, US-A-6033770, US-A-5474841,
JP-A-359-1277714 and JP-B-3092227.
The following examples will further illustrate the

30 present invention. Parts are by weight.

Examples 1-7 and Comparative Examples 1-5
100 Parts of polypropylene resin selected from those
shown in Table 1 and indicated in Table 3 were blended

35 with 0.05 part of zinc borate powder (cell controlling



strands were then cut into particles each having a 5 Il ength/dianeter ratio
of about 1.0 and a nean weight of 2 ng. In a 400 liter autoclave, 100
parts of wicheratsdve resin particles are charged toget her RGEHHOXOYSpart s of
i on-exchanged water, 0.05 part of so#f um 10 dodecyl benzenesul f onat e
(surfactant), 0.3 part of kaolin powder (dispersing agent), an organic
peroxi de selected fromthose shown in Table 2 and indicated in Table 3-1
or 3-2 in an amount shown in Table 3, and carbon di oxide (blow ng agent)
in an anount shown in Table 3-1 or 3-2. 15 The m xture in the autoclave was
di sper sedagieth)sendr thg Pasddheasednesdedt énperacateaudewearndy 5C than the

expansi on Lenparat Ynhe oShewanys . Ta@h@ Stdafds Jwerat ighedfyeeage heating rate
of 3C/ mn and then naintai ned a ure for. 15 m$ Thereafter,

era
t he terrpellé}FEPéluﬁéd\/\éél M3itS&d altt 1t8h§ é)?ﬁa%g‘leBchfL@ﬁper%%r g°atedn average
heati ng r ateaatis3Gemen taveth mmitntiatoegaat:ithats tenpehatting af or 15 min. One

end of th%eﬁ%&%%?ﬁ%%e@%% E%§q80%%n%%o @ dbS% @rgem%g% %%i%%%sb%n to the

at nospher € arn  ‘expande bea I'scharge was “carried out
whi |l e 25 figedi ng nitrogen gas such that the pressure within the autoclave

was naintained ah a poesIykeregudbcliavkhe 10pr essike oifn thite aadtecl ave
i mredi ately before thgr commencenment f th(gn di scr%glngezo The ex ded PP
beads wer &°SilsR8d F1CeRtT iFFGg& a&rg(?da PETREG o™ i sphere 30

for 24 hodb&—fe&chaglgmgi wElterhed&d9 Swprett lodh sweaswr ed f or cal or| fic val ues
of a b 9N JLepRen akule aeak dRekeol it 2 iRkl 19 0Rd B AN i bgperat ure

peaks of sur and - insi regi on thereof asured were MFR and
appar ent ®ensity (6f sPisa sBead 89 T BIUICEYARAE Wﬁ%lld?eéelﬂf‘rtleﬁ Tables 3-1

?nd 3- 2t IR okakhe s2, s'tirlladﬂr 1@1?|Tfab|liez e \é@dﬁ%ﬁ&ﬁ?&%eﬁcﬁ_{n\] Ef@l)/l%Bg_ll 028 |
enper at ur e" nmeans a te ure a I.C a ano (0] per oxi de
decorrpose§ “fheR £He 28 F& g HélatT\ég%lgt 3t RRE tcéir‘ffgjé’rnatqfnp r 1 hour,
while "1 Nbadokahty kigket) in an amount shown in Table 3-1 or 3-2.

15 The mixture in the autoclave was dispersed with stirring
and heated to a temperature lower by 5°C than the
expansion temperature shown in Table 3-1 or 3-2 at an
average heating rate of 3°C/min and then maintained at
that temperature for 15 min. Thereafter, the temperature

20 was raised to the expansion temperature at an average
heating rate of 3°C/min and maintained &t that temperature
for 15 min. One end of the autoclave was then opened to
discharge the dispersion to the atmosphere to obtain
expanded PP beads. The discharge was carried out while

25 feeding nitrogen gas such that the pressure within the
autoclave was maintained at a pressure equal to the
pressure in the autoclave immediately before the
commencement of the discharge. The expanded PP beads were
washed, centrifuged and allowed to stand in the atmosphere

30 for 24 hours for aging. The beads were then measured for
calorific values of a high temperature peak thereof and
melting point and high temperature peaks of surface and
insides region thereof. Also measured were MFR and
apparent density of the beads. The results are summarized

385 in Tables 3-1 and 3-2. 1In Table 2, "1 Hr half life



tenperature” neans a tenperature at which half anmpbunt of 5 the peroxide
deconposes when the peroxide is heated at that tenperature for 1 m nute.
Tabl e 1 Raméaesdand of G ass Vicat MFR Melting No. Resin ACHHRNOBLSA
Softening (g/ Point Point (C) Point280 mn) (C (C 1 Propylene

honopol ymer -21 148 8 163 2 Ethyl ene propyl ene random copolynmer -28 122
4 136 3 Propyl ene honopol yner -20 147 18 162 10 Table 2 Organic Organic
Peroxide 1 Hr Half life 1 Mn Half |ife Peroxide Tenperature Tenperature
No. .(C (O 1 Benzoyl peroxide 92 130 2 Bis(4-t-butyl cyclohexyl) per
oxydi car boeapers8ugz" TieensxparncepePRthsadetwehéchl heed imoanieséel , to

whi ch pressurized.aid. wasf80 32 thah the bRsbdeder essueateef athe cells of
t he beads was i ncreased to a pressure 15 shown in Ta The beads were

, \ ble 3.
t hen ol dédaki tRTRE Iadiudiend FradhDRe-re nikitmem &l M&%e&a&:feﬁgéﬁe: 0.55 MPa(G))
havi ng uppempard thewer mRinds adefdrpiere tilrer ebetiwen aatdl dmomavi ©f having a
size of 250-mm x 20 X, 50 I re _full | gsed. The
beads &erggFipfggxﬁ%erggcf Fﬁ%%%ﬁﬁggﬁhgﬁgng%?ﬁgggghgg §F§¥§%t%§t the two
mol ds wer ¢ ha® 0204794 WRET/LIRPOLY 08187%e-29 not conpletely closed but a gap
of about 1 nm being present therebetween. Then, air in the nold cavity was

Table 1
Resin Kind of Glass Vicat MER Melting
No. Resin Transition | Softening (g/ Point
Point (°C) Point 10 min) (°C)
(°C)
1 Propylene
homopolymer =21 148 8 163
2 Ethylene-
propylene
random
copolymer -28 122 4 136
3 Propylene
homopolymer =20 147 18 162
10 Table 2
Organic |Organic Peroxide | 1 Hr Half life | 1 Min Half life
Peroxide Temperature Temperature
No. {°C) (°c)
1 Benzoyl peroxide 92 130
2 Bis (4-t-butyl-
cyclohexyl) per-
oxydicarbonate 58 92

The expanded PP beads were placed in a vessel, to
which pressurized air was fed so that the inside pressure
of the cells of the beads was increased to a pressure

15 shown in Table 3. The beads were then molded with a
molding machine (maximum allowed pressure: 0.55 MPa(G))
having upper and lower molds defining therebetween a mold
cavity having a size of 250-mm x 200 mm x 50 mm, when the
molds are fully closed. The beads were filled in the

20 molding machine in such a state that the two molds were



substituted with steam After fully closing the nold, saturated steamat a
predeterm ned pressure was fed to the 5 nold cavity to inflate and

f use- bon®@ hz245eds. The nolding was cooled with water sBCTHBRVOSKHY surface
pressure of the nolding was 0.059 M?&(G. Then, the nolding was taken out
of the nold, aged at 60C for 24 hours and cooled to roomtenperature
(23C). The predeterm ned 10 pressure of the saturated steam was the m ni nrum
pressure required for properly fuse-bonding the beads to each other and
determ ned by repeatedly produci ng noldings at various saturated steam

pr essur es nofc rceasi ey o ra 1P sest IWS;(@) e oF. shovtalcrmaoedmd nt erval of

0. 01 MPa(Q@resEhe rﬂﬂ@ﬂ@%t%ﬁee%at urgtad steampeassSHbed( ﬁraﬂwyrmh@rmerature
L0, P 00t Ll RSl Sl ipanced [P beade) Lp,shoun dn fable 1 and
I 0 O r i reakturatdd lgtednO At @I pne(decteafnmr@mi pressdnme 4as £60 ®cOthb® N W co
6 Ln NN B0 e N A8 670 BN ML £5 207D GB°H v m Ln H H O
O p HtomFAOIMWEE IOV FL WNHh ¢eteo v rtmatth%S@ltf.a%merSﬁlur@) N Ln
Ln CN N NANdHH31Eidg wakl 0050 MEakE)Q) T8Rn,r khe molding was
taken out of the mold, aged at 60°C for 24 hours and
cooled to room temperature (23°C). The predetermined
10 pressure of the saturated steam was the minimum pressure
required for properly fuse-bonding the beads to each other
and determined by repeatedly producing moldings at various
saturated steam pressures increasing from 0.15 MPa(G) to
0.55 MPa(G) at an interval of 0.01 MPa(G). The minimum
15 saturated steam pressure (minimum temperature to properly
fuse-bond the expanded PP beads) is shown in Table 3-1 and
3-2.



R D |
- C® < —~ N~
\)nll_EO aHPdMG
= e £
@] —~r - 1 O
memoﬁ4memQ
c g _ +TS_'75
—_ wwﬂa/O cOD
ET8o_" 9506
52Bo3w8yioS ]

o= oNnwdt
>0%s ' oD@ =

J o W, OS6T 079 059 029 08¥%T 0LS (edy) yabueals uorssexaduod
2z4°_ S| Ciig ~ LY €5 85 £6 Gg (1/b) etdwes zo AjTsuep 3Ing
merNh_uMIMPﬁmu EY €s | 8§ 16 Gg (1/b) butpTow 44 jo A3Tsusp Ind
> o4 —[=LIT0S | 6€°0 8€°0 G€°0 by "0 87 "0 ((9)edw) sanssaad Eampmgasaﬂcﬂz
L©~" " .<Oogrio | se°0 62°0 9T 0 62°0 €2°0 ((9)edW) sTIe® FO eanssoad SpPTsUl
£ w)rOD,u__H_H_Armm 3} €2 24 ZZ €2 .om (utw QT/D) spesq 44 pepuedxd IO IR
gO = V|2 EB| G TOT | vTOT [ €°T9T | 7°TOT | 9°19T uothar spIsur| (D,) speesq dd pepuedxe
o — 5O — . VL E 8°09T | 8°09T | 97091 | 8°09T | €°191 UoTbaI soeyIns Jo jutod buTITSK
orsaTos cw.&ﬁmﬂw 9°86 205 8°6¢ LGS L ze commmﬁ SPTSUT . . Smé
~ M - 6% Z Z'¥E L €€ 9°1¢ 7 6¢€ ¢"G¢ | uoybed soegius| yesd sanieredwel ubTy
J70 o9 | ®Baloz 9Ly S VY T°LZ V1S 0°62 aToym Jo enTeA DTITIOTED
.-alo0 THBasts L 8L L8 68 TET L8 (1/B) spesq dd
© T r_ub(OO)ﬂ — ol peopuedxe Jo A3Tsusp jusieddy
ET 0T OgP@ 90 g-g € 5S¢ € € (3xed) OPTXOTP UOQIED JO JUNOWY
ET05050a " —Fppg £ 0°99T | 0°29T | 0°0LT | 0°/9T | 0°L9T (D,) eanjersdwe] uoTsuedxd
on 'a®CPs_ ~Pn T T T T T (1zed) junouy
cwHom,m A 4 ¢ ¢ T “ON SpTXOId
EQ . So® [T 9% o1 0T 0T 0T 0T (utw 01/6) MW setoraed
W e > MMWLW > - - - - : S} QMHMM m>aumumnﬂwﬂww
|W%®H O st g 1 d ‘ -
- e e G b € 4 T oTdwexy
ZOEN- 2 =89 T~ ®TJeL
—1& Lva50. o
= a@OIlO)PMH
228 ax T "53|

@) o°d'T 28
— Z ~ S —_ —_ - C
00 L aTET ' aES

0" %es 70

p — [
ZTY S0t A C



l X
O o 1 @ »
@@7 NG
s Oz M\QH_ 2T >

D~ | 1+« @©
||Pn®o_HH
T ILm -5 (eas) yabuszis uoTsssaxadwo)d
T—-=0,Y5®06L 661 059 01§ 0TvT 0%9 at) u :

A T T€ 7S Y, €6 €¢ (1/B) erdues jo A3fsuep »ind
o=sc_ . m Mj T9 1€ 7S 9% 16 S (1/b6) bBurpTow a4 JO A3TsSusp JInd
M@W_ HHlpomm.o 22°0 GG 0 GG'0 GG 0 9€°0 ((9)edW) 2anssoxd wedls WNWTUTH
Z S o< [ 050 Z1°0 62°0 GE"Q 62°0 6T°0 ((9)edW) sTTIe® Fo sanssaxd aptsul
ST S0 x 8T L 0T TT 0T pE (utw QT/b) spesq dd pepuedxs JO ¥AW
z2T000 [Z5309T | 2°9€T | 9 19T | 9°19T | S°19T | 97091 uotbex 8pPTSUT| (D,) speed dd pspuedxs
FO_ " 07 T w191 | 9° 95T | 6 19T | 8°T9T | 0°29T | 0°09T | uorbex soegans Jo jutod BUT3ITaW
Ta"9oQ>"I 2o 821 L°ZS 8 LY L' 8G 0°G¥ UoThbaI SpTSUT (b/r)
s®-%7=38 w.dm.mm ST v oy 9°1¥ G 1§ g§-0z | uotbex eoegans| 3ead sanjersdws] ybTY
_S>0S8Z%c !lsT oy 72T G 0§ 6 ¥V T°96G Z°6¢€ oToUM Jo enTeA DTIFTIOTED
“no_"2 "Ll e 8% €8 69 T€T G8 speeqd dd
=282 ot 9 °Ps popuedxs Jo AaTsuep jusieddy
— — m@O c M..> m_u‘UﬂN L g g ol € (2aed) opIXOTPp uUOogIed JO JUNOUY
. TOTOo~ ,lo%¢09T | 0°G¥T | GTL9T | 0°89T | §°L9T | S°09T (D,) @anaexzedwel uoTsuedxy
OMWHNLUNWW( _ _ Z — z “ON 2pPTX0I34g
0GE—-o00° T L 0T TT 0T 8T (utw 01/6) ¥aW seTo13aed
czT =z ¢ 4 T T T € "ON ursey

- ‘T oTdwexy 2AT3RIRAWOD
0z~ % has 7 3 7 T T
OMM © .S« L oTdwexd
—

IOmO o'°sT z-¢ °TdeL
| nm l @OH O
g [@ ' =38
Z055°%°%%__=&=
. H@Am/ﬂ_,
d@@ﬂwlPP(@

—_— O —-—— 0 ® O ®©




S~) E-l1-) ~\ , rdtr rl 4-J zs O4-1 a4 w4-1 COa Ord 0 U a
W9 owoP>1(1) 4-1 zs P4 U rd! ZGO-li a) u OWd a) a4 4~

w~l U wigips®s -0 U) -uo00) tr P-Hard U Q -1-) 4 PCTIP01/0gI8])
-HOr{ U] 4-1 Uf?a 0+ x PRCOV) U -H 4) a) (1) O04--3 m-H

E- a 104 s:i rn a) (drl - -Hr, -04- a) tr a) Ea) (1) co r PU-HCO

4-3 Ord -Hs~ TS 4-1 a) 70 (1) =a, rdr i x 1, 1, 1-1 (1) 14 -Ho '0~J E

0 4J -H

PP R-H-1--1 Ord (d,QO.~U) CO-r1-H4Q- (dU PPa4OO04r-i

\'rl @

whet her

ai

or

(0]
4-
0

W a,
I P
0

is

U r-' rloa)rda)x4wrd-|h(l)xw-r-lowUx040+
WWJ ~- - oHZmmu W00 2Je2479d rfgy Jhe1 resdigrm preppuget seadirsgd £RE ni ni mum
pressure regulled, faise BORSIAY Er&@%é&i&ilw émmtmmmtd@r

not the beads Were o erl d to ot her_ was
det er m ned'@ls $fF |RFRS SN%F%LRr %%rb‘f# Ci $or'fd on one of

tzgg t wo I@%’[g@aﬁlrsédj&ss(%mmx 200 m) of a sarrpl e of PP nolding (size:
m, X mm _x C r t he
I ?)ngl tuﬁl ﬁ%ﬁ de;3 rmectfﬁi;w%ﬁggcgf aﬁ'(ﬁaﬁzs%énp eﬁ%&at %%%%ﬁcﬁal ves
al ong the g¢$thes§ed0 dih g Tt 9 aﬁ‘:e’saai‘ll Bh 3K HYE ves have
gfggenfegﬁ(ﬁ@@ i %5 @hser ¥ ego § Gk oxNg o afmﬁptaaiorwr@a:sléécmn@ heindeads

e interface_an V. t d
el 1o VnGIF TR T b a0l TR oot Atk oL S i RE A Tt ogdided av.

havi ng propenpye flsethds hookled beadshal ve Conpanat ilve CExianbiI@ by 3 and 5,
even when [the,. maxi mym aljuwadl & pnespnm i@l Mgk WasugRdn the

15

20

25

30

35

separated is observed to count a total number Cl of the
beads present on the interface and the number C2 of the
beads having destroyed cells. When the ratio C2/Cl is at
least 0.5, the sample is regarded as having properly fuse-
bonded beads.

In Comparative Examples 1-3 and 5, even when the
maximum allowable pressure (0.55 MPa(g)) was used, the
C2/Cl ratios were 0, 0.16, 0.12 and 0.30, respectively,
and lower than 0.5. A higher pressure steam was thus
needed to obtain PP moldings having properly fuse-bonded
beads.

In Tables 3-1 and 3-2, the compression strength was
measured as follows. A PP molding was cut without leaving
any outer surfaces thereof to obtain a sample having a
size of 50 mm x 50 mm x 25 mm. The sample was subjected to
compression test in accordance with Japanese Industrial
Standard JIS 70234-1976, A method. Thus, the sample was
compressed at 23°C at a loading rate of 10 mm/min until a
strain of 55 % was reached to obtain a stress-strain curve.
The stress at 50 % strain represents the compression
strength.

From the results shown in Tables 3-1 and 3-2, it is
seen that the expanded PP beads obtained from surface-
modified propylene resin particles give PP moldings having

good recyclability and high mechanical strength at a
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50 mfmm x 25 nmm The sanpl e was subjected to conpression test in accordance
wi th Japanese Industrial Standard JI'S Z0234-1976, A nethod. Thus, the
sanple was conpressed at 23C at a loading rate of 10 nmmn until a

SErgbngpftééld@%@§l§e§§@eﬁoiglﬁ@t@éﬁp@r&tuﬁés strain curve. 30 The stress
a oSstrain represents € conpressi on tren he results shown
in Tables 3-1 amg P33t %?uiir’s%% ?ﬁ%fo?h%ﬁ é% %% 3 g g%%ds obt ai ned from

surface- nocnpaestpreppkempleesi shpast thhestigeyeaPP abihdbhgshhaving 35 good

recycl abi 'eq{whapgsgogg ESCJEE‘Q'S a%ﬁ@”&éﬁ‘sé‘% ao¥\0e9§é8é¥84p503éé8@1/ 08187
33 relative | ow tenperat ure. ¥|cu | ar, ngﬁrlson of Exanpl e

2 with 5Cbﬁb9r9@19élEX§nﬁPéu§ @ﬁoﬁ@oiﬁa?XPﬁ@QegrBPaPﬁﬁgt € same with
respect tOabﬁgr@@@aﬁ§ﬂ§1@§néft?POﬁoE&@ﬁ@dednaptheadﬁparénthdenahbylflC

| f wh b
Yﬁeu:pgareﬂ aeﬁéﬁﬁggnggzc Pﬁiﬁg Cié%é%grdeEQ%kﬁaﬁﬁmﬁﬁ)é?ééﬂ&%b o

pressure required for properly fuse-bonding th@ beads to each eother is

nore than 5 a [ % d 0 th
case of ExgS ﬁ Pg éﬁ% |ga§?gg§5qbg gﬂEéaHBh?ﬁ%ﬁ??eEgaﬂggi£1wgggg?rgg fo?

f use- thdlMBaﬁﬁé éﬁpﬁhéeﬂa5PPOEegéémBieEganﬁPglﬁaFé Po ﬁt | east 7C
t han t hat m@ﬁlﬁhﬂpaéﬁpbyatﬁxéﬁmEQuire&eforthesﬁebbadunglthbreﬁgahdedf t he

L, 3 expeBLelSFRONPERB eI ol tearorrF B VAL R aF T AechEaRiY E*é%%%?ﬂ?'ee
peaks of thé CewxpandtdvEPEbemgdecofl . Cbﬁ@@xath@éﬂﬁﬁ@m®4%ah %hﬁeﬁg%mﬁl
the PP molding of Example 2 are comparable to those of
15 Comparative Example 1, as expected from the similar
calorific value of the high temperature peaks of the
expanded PP beads of Comparative Example 1 and Example 2.
Comparison of Example 4 with Comparative Example 3
shows that they are almost the same with respect to the
20 apparent density of expanded PP beads, the calorific value
of whole expanded PP bead, the apparent density of PP
molding, and the apparent density of a PP molding cut
sample. However, the minimum pressure required for
properly fuse-bonding the beads to each other is more than
25 0.55 MPa(G) in Comparative Example 3 and.O.38 MPa (G) in
the case of Example 4, indicating that the minimum
temperature required for fuse-bonding of the expanded PP
beads of Example 4 is lower by at least 12°C than that of
Comparative Example 3. Yet, the mechanical strengths of
30 the PP molding of Example 4 are comparable to those of
Comparative Example 3, as expected from the similar
calorific value of the high temperature peaks of the
expanded PP beads of Comparative Example 3 and Example 4.
Comparison of Example 5 with Comparative Example 2
35 shows that they are almost the same with respect to the
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- 15 Comparison of Example 6 with Comparative Example 4

shows that they are almost the same with respect to the

apparent density of expanded PP beads, the calorific value

of whole expanded PP bead, the apparent density of PP

molding, and the apparent density of a PP molding cut

20 sample. However, the minimum pressure required for
properly fuse-bonding the beads to each other is 0.22
MPa (G) in Comparative Example 4 and 0.17 MPa(G) in the
case of Example 6, indicating that the minimum temperature
required for fuse-bonding of the expanded PP beads of

25 Example 6 is lower by at least 6°C than that of
Comparative Example 4. Yet, the mechanical strengths of
the PP molding of Example 6 are comparable to those of
Comparative Example 4, as expected from the similar
calorific value of the high temperature peaks of the

80 expanded PP beads of Comparative Example 4 and Example 6.

Comparison of Example 1 with Example 3 shows that

they are almost the same with respect to the apparent
density of expanded PP beads, the calorific value of whole
expanded PP bead, the apparent density of PP molding, and

35 the apparent density of a PP molding cut sample. However,
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Exanple 6, indicating that the m ninmumtenperature required for
fuse-bondi ng of the expanded PP beads of 25 Exanple 6 is |ower by at |east
6C than that of Conparative Exanple 4. Yet, the nechanical strengths of
the PP nol ding of Exanple 6 are conparable to those of Conparative Exanple
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the beads be eaeRpother iss 9148 MRa( &k fire rExaephe tnangetPoddMPa(@ in the
case of ExanBIe ?“ |nd|cat|ng t hat__t he ﬁlglﬁUﬁlte erature _required for
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desi rall e tedugtasonsoiomindmuadiemenastirgi Howufsenpensatnde ther

f use- bondi agprbhgcqexpandadsPP beads. Conparison of Exanple 7 with
Conmparative Exa | e ,Shows that they_are nost the sane with respect to

5 I
the apparent de 9@??r6F°§xBgn§§Gm9ﬁebga8%tgn8OFHEIEEFHFiFﬁémﬁﬁevélue of
whol e expantedsPPhbeadheVhaugh atthese ekanpbeas wdichf eespectheéocappear ent
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15 value of whole expanded PP bead. Though these examples
differ in the apparent density of PP molding and the
apparent density of a PP molding cut sample, such a
difference would not hinder fair comparison with respect
to minimum pressure required for properly fuse-bonding the
20 beads to each other. Thus, the minimum pressure is more
than 0.55 MPa(G) in Comparative.Example 5 and 0.36 MPa (G)
in the case of Example 7, indicating that the minimum
temperature required for fuse-bonding of the expanded PP
beads of Example 7 i1s lower by at least 13°C than that of
25 Comparative Example 5. Higher mechanical strengths of the
PP molding of Comparative Example 5 are as expected from
the higher calorific value of the high temperature peak of
the expanded PP beads of Comparative Example 5 and greater
apparent density of the PP molding of Comparative Example
30 5 as compared with those of Example 7.

The micro differential thermoanalysis (puDTA) of the
expanded PP beads obtained in Example 7 and Comparative
Example 5 was performed using a micro differential
thermoanalysis system ("Type 2990 Micro Thermal Analyzer"

35 of T. A. Instrument, Japan Inc.) at a heating rate of



di fference woul d not hinder fair conparison with respect to m ni num
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Thus, thgyghinepdym pressure is nore than 0.55 MPa(G in Cpopar@tosys Exanpl e
5 and 0.36 MPa(G in the case of Exagple 7, indicating that the m ni num
tenperature required for fuse-bonding of the expanded PP beads of Exanple
7 is lower by at |least 13C than that of 25 Conparative Exanple 5. Hi gher
mechani cal strengths of the PP nolding of Conparative Exanple 5 are as
expected from the higher calorific value of the high tenperature peak of
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15 results in an increase o C2/Cl ratio, nankely 1ncrea
of the bonding force between beads. A greater C2/Cl ratio
is desirable because the PP molding has a higher

resistance to fracture upon being bent.

Table 4
Example No. Saturated Steam C2/C1l Ratio
Pressure (MPa(G))

Example 1 0.48 0.51
0.49 0.65
Example 2 0.44 0.50
0.45 0.63
Example 3 0.35 0.52
0.37 0.80
BExample 4 0.38 0.50
0.39 0.60
Example 5 0.39 0.53
0.41 0.66
Example 6 0.17 0.60
0.18 0.75
Example 7 0.36 0.54
0.37 0.60
Comparative 0.22 0.55
Example 4 0.23 0.62

20



resistance to fracture upon being bent. Table 4 Exanple No. Saturated Steam
C2/ClL Ratio Pressure (MPa (G ) Exanple 1 0.48 0.51 0.49 0.65 Exanple 2

0.44 0.5Q®eAha764 63 Exanple 3 0.35 0.52 0.37 0.80 Exanpbet4dré/e38s70. 50
0.39 0.60 Exanple 5 0.39 0.53 0.41 @766 Exanple 6 0.17 0.60 0.18 0.75

Exanple 7 0.36 0.54 0.37 0.60 Conparative 0.22 0.55 Exanple 4 0.23 0.62
20 WD 02/ 24794 PCT/JP01/08187 37 CLAIMS 1. A process for the preparation
of expanded pol ypropyl ene resin beads, conprising the steps of: 5 (a)

di spersing substantially non-crosslinked polypropylene resin particles in
a dispersing nedium containing an qrgaMs peroxide to obtain a dispersion;
(b) maintaining said dispersion at a tenperature |ower than the nelting
poi nt of said pol ypropylene resin 10 but sufficient to deconpose said

or gani c per oki d@, prrbeeelsy fobt aihei pgepalbstarni alfl gxpemdedoss! i nked,

surf ace- inf |\, lL.e resi I i - han andi ng sai d
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non- cr 0ss ce-no i ed polypropylene resin particles using a

bl owi n§ agent t d215GEPLLT 1E8p SHPSF 2SdBH AN TPRICF OFGr1E¥ESs | i nked

polypropylene resin particles in a dispersing medium
containing an organic peroxide to obtain a dispersion;
(b) maintaining said dispersion at a temperature
lower than the melting point of said polypropylene resin
10 but sufficient to decompose said organic peroxide, thereby
obtaining substantially non-crosslinked, surface-modified
polypropylene resin particles; and
(c) expanding said non-crosslinked, surface-modified
polypropylene resin particles using a blowing agent to
15 obtain expanded, substantially non-crosslinked
polypropylene resin beads.

2. A process as claimed in claim 1, wherein, in step
(b), said dispersion is maintained at a temperature not
20 lower than the glass transition point but not higher than
the Vicat softening point of said polypropylene resin.

3. A process as claimed in claim 1 or 2, wherein said
blowing agent is a physical blowing agent.

25
4. A process as claimed in claim 3, wherein said
physical blowing agent comprises at least one inorganic
blowing agent selected from nitrogen, oxygen, carbon
dioxide and water.
30

5. A process as claimed in any one of claims 1 through
4, wherein step (c) is performed so that the expanded
polypropylene resin beads have an apparent density of 10
g/L to 500 g/L and a high temperature endothermic peak, in
36 a DSC curve thereof, in addition to an intrinsic



pol ypropyl ene resin beads. 2. A process as clained in claim1l, wherein, in
step (b), said dispersion is maintained at a tenperature not 20 | ower

than t hewg @$m7d4 ansi tion point but not higher than the Vpeape@isi@ni ng
poi nt of said polypropylene resin. 3g A process as clained in claim1l1 or

2, wherein said blow ng agent is a physical blow ng agent. 25 4. A process
as clainmed in claim 3, wherein said physical blow ng agent conprises at

| east one inorganic blow ng agent selected fromnitrogen, oxygen, carbon
di oxi de and water. 30 5. A process as clainmed in any one of clains 1

t hrough énd%ﬁé%inﬂcsbéﬁk( gbchs eBettorNedyee thabdre uepaidrd of
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and a hi gfR®t nb t GFEPEXGSTHEr M6 Xpeak, in 35 a DSC curve thereof, in
addition to an intrinsic WD 02/ 24794 PCT/JPC&/08187 38 endot hermi ¢ peak

ocated at & ouep LERREr AkuLeashd] oh csaud 9%&%@1@{ aLylerRgak. 6. A

process as clained rn c in sal t enperature -endot her i c
peak has SGERCAATHIEa SNEOLNEIPESAPRG Kt Hag é&F@r@piérﬁélue in the range of

2-70 J/ gcotreBpPhagass tas aCl-ailmed fiik &ay uenenofhel aamgyel dihneuygh 10 6,
wher ein tg? expanded pol ypropyl ene resin beads have an MR value which is
not small&f9han that of the non crosslinked pol ypropyl ene resin particles
before step (b) and which is in the range of 0.5-150 g/10 mn. 15 8. A

process as a'ﬁeg gggggy %n@lgﬁpghahﬂsa% % %Q clalﬂﬂeﬁe%ﬂr%ugﬂrface

regi on of the ex pol ypropyl ene res ting point |ower
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Crosslinked polypropylene resin particles before step (b)

and which is in the range of 0.5-150 g/10 min.

15 8. A process as claimed in any one of claims 1 through
7, wherein a surface region of the expanded polypropylene
resin bead has a melting point lower than that of an

inside region thereof.

20 9. A process as claimed in any one of claims 1 through
8, wherein each of said expanded polypropylene resin beads
has a surface region and an inside region, wherein each of
said surface and inside regions shows a high temperature
endothermic peak, in a DSC curve thereof, in addition to

25 an intrinsic endothermic peak located at a lower
temperature side of said high temperature peak, and
wherein said high temperature endothermic peaks of said
surface region and said inside region have such areas that
correspond to calorific values of Hs and Hi, respectively,

30 and wherein Hs and Hi have the following relationship:

Hs < 0.86xHi.

10. A process as claimed in any one of claims 1 through
9, wherein said organic peroxide generates oxygen radicals
36 when decomposed.



has a surface region and an inside region, wherein each of said surface
and inside regions shows a high tenperature endotherm c peak, in a DSC
curve therepfy76 addition to 25 an intrinsic endotherm cppeglolRest ed at a
| ower tenperature side of said highspenperature peak, and wherein said
hi gh tenperature endotherm c peaks of said surface region and said inside
regi on have such areas that correspond to calorific values of Hs and Hi
respectively, 30 and wherein Hs and H have the following relationship: Hs
< 0.86xHi . 10. A process as clainmed in any one of clainms 1 through 9,
wherein said organi c peroxide generates oxygen radicals 35 when
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pol ypropyl ene resin be dcggyin%>%ﬁ§urface region and an inside region

whi ch mee® Wittt Ot 984S P ORE SPYHRE®15 $61M 'owi ng conditions (a) and (b),

(a) each of said surface and inside regions shows a high tenperature
endotherni ¢, peak, Jdh & ISGLUNAdRLLE0 i AL 1A L AR nNiSEliRsT ©
endot herm cpéak Focated at, a lower tenperature side of said high
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said surface region and said inside region have such areas that _
and 1 have Bhe MOITHATF el ORI 1 D R 84 b) “sai d surface
r egi on hasd yrreatererox \igesi rc drgeehthgpeing a surface region and an

inside region which meet with at least one of the

15 fellowing conditions (a) and (b),

(a) each of said surface and inside regions shows a high
temperature endothermic peak, in a DSC curve thereof, in
addition to an intrinsic endothermic peak located at a
lower temperature side of said high temperature peak,

20 wherein said high temperature endothermic peaks of said
surface region and said inside region have such areas that
correspond to calorific values of Hs and Hi, respectively,
and wherein Hs and Hi have the following relationship:

Hs < 0.86xHi;

25 (b) said surface region has a greater oxygen content per

unit weight than that of said inside region.

14. An expanded, substantially non-crosslinked
polypropylene resin bead showing a high temperature
30 endothermic peak, in a DSC curve thereof, in addition to
an intrinsic endothermic peak located at a lower
temperature side of said high temperature peak, said bead
having a surface having a melt initiation temperature, by
micro differential thermoanalysis, not higher than the

35 melting point of the polypropylene resin.



unit weight than that of said inside region. 14. An expanded, substantially
non-cr ossl i nked pol ypropyl ene resin bead show ng a high tenperature 30
endot her &, HEd in a DSC curve thereof, in addition to pagpdifdsigisi C.
endot herm c. peak | ocated at a | ower gpenperature side of said high
tenperature peak, said bead having a surface having a nelt initiation
tenperature, by mcro differential thernoanalysis, not higher than the 35
mel ting point of the polypropyl ene resin. WO 02/ 24794 PCT/JPOL/ 08187 40
15. An expanded bead as clainmed in claim 13 or 14, and having an apparent
density of 10 g/L to 500 g/L. 5 16. An expanded bead as clainmed in claim 13
or 14, wherein said high tenperaturi endothernhc.ﬁeig has ﬁuch 8” ar ea
that corresponddnt 6XR2p5E6r PERE 88l GEaiRShd r GhgeTof > 9£76%3/ §7%10 17. An
expanded bgadnas agl abpadent cleaistity3ofwher ei/n the 509unf/ace region has a
melting point lower than that of the inside region. 18. An expanded bead
as clainmed in claim 14, and having 15 a surface region and an inside

regi ony whetei nAphexpantigce bepdgipgn chasmgdmint CA§1PoilAt OFowdr than that of

the insi dgpch@gh0Rai49hifAnelded rartirel @reRitaierad dbyeca kmpakodueanpni sing 20
filling the expanded beads accordi ng %ﬂ CL%LH]lB or 14 igl a nDId,fheating
the beads 3Ff2s &N tntPd TESPPTAR &6 G X dTd VadSE g S48 TROS& Ry, 20. A
conposi t ezrolpdegggarticle, conprising a nolded 25 article according to
claim19, and a surface layer integrally provided on a surface thereof.

21. A conposite nolded article, conprising a nolded _article according to
cl ai MAQ9, ahd- ahn sgpendest dgest @ 30 imeer R CRadOCA v hategeiPedSe part of
said inse%ﬁr&%ceeE%%QQﬁﬂhh@ﬁ%ehﬁlting,point lower than that of the

inside region.

18. An expanded bead as claimed in claim 14, and having
15 a surface region and an inside region, wherein the surface
region has a melting point lower than that of the inside

region.

19. A molded article obtained by a method comprising
20 filling the expanded beads according to claim 13 or 14 in
a mold, heating the beads in said mold to form a molding,

and cooling said molding.

20. A composite molded article, comprising a molded
25 article according to claim 19, and a surface layer
integrally provided on a surface thereof.

21. A composite molded article, comprising a molded
article according to claim 19, and an insert integrated
30 therewith such that at least part of said insert is

embedded therein.



