:}~e3&i 6T)r DESCRI PTION METHOD FOR PRODUCI NG EXPANDED POLYPROPYLENE RESI N
PARTI CLES 5 TECHNI CAL FI ELD The present invention relates to a nethod for
produci ng expanded pol ypropyl ene resin particles, wherein expandabl e

pol ypropyl ene resin particles containing a physical blowing Zo agent are

rel eased and expanded at reduced pressyre fromthe inside of

pressure-tight vessel to give expanded particles . Mire parngmmwmmmwmme
invention relates to a nethod for produci ng expanded pol ypr

particles in which the particles are prevented from fusing togeth®5% n the
step for 15 expanding the resin particles, and the resulting expanded
particles fuse together better wh ded particles atmmﬁm’mMﬂ w
BACKGROUND ART 20 Mol di ngs conpriggﬁgaggﬁégﬁgpylene resin fo|| | |m w
desired shape (hereinafter referred to as expanded particl e nol dicog®) enjoy
t he advant ages of properties such as inpact resistance and heat insulation
w t hout sacrificing the 2 outstandi ng_properties inherent to

pol ypropyl ene resin, and are MHRHOR BRR yPRRRYCINGhackagi ng materi al s,
construction materials, heat insulation materials, and the |ike. Conpared

t o unexpanded resi n FRRANDER  PAPRRRRULEND REP ENPABIACRES are nore
| i ght -wei ght and are | ess expensive starting naterials, and they are al so
endowed with properties such as inpact resistance and heat insulation,
maki ng them even better in terns of cost performance. On the other hand,
al t hough eXPCHNECABaFIELDes and nol ded articles are to |ight-weight, they
are bulky, resulting in the problemof high transportation costs.
Particul arly whaneeppasdad pavéntien nmE ks friood ued shodfwiaptroded ing Japan
are shipped for sale overseas, the extrenely high transportation costs
result in expanded polypropylene resin particles, wherein expandable
polypropylene resin particles containing a physical blowing
10 agent are released and expanded at reduced pressure from the
inside of a pressure-tight vessel to give expanded particles.
More particularly, the invention relates to a method for
producing expanded polypropylene resin particles in which the
particles are prevented from fusing together in the step for
15 expanding the resin particles, and the resulting expanded

particles fuse together better when the expanded particles

are molded.

BACKGROUND ART

20 Moldings comprising polypropylene resin formed into a
desired shape (hereinafter referred to as expanded particle
moldings) enjoy the advantages of properties such as impact

resistance and heat insulation without sacrificing the



the ['dss of the exceptional cost performance inherent to 15 expanded
particle noldings. Thus, in order to minimze the costs associated with
transport, expanded particle noldings for sale overseas are generally
produced there, fromthe production of the expanded particles to the
production of the expanded nvol di ng. 2o0,However, such overseas production,
fromthe expanded particles to the expanded nol dings, often results in the
probl em of considerable variation in the quality of the expanded particle
nol di ng products due to differences between 3 production plants. In a
commonl y used nethod for produci ng expanded pol ypropyl ene resin particles,

resin particles dispersed in.agueous nedi um are_inpregnate it h | ow ng
agent ir1zf%fﬁﬁ%ﬂéﬁﬁé}ﬁﬁ%ﬂ%ﬁq95%%epgfﬁgﬁﬂésoaﬁoaﬁpggP 38%%a%89§hé gggin
particles inpregnated with the bl owi ng agent are then rel eased apd expanded
in a reduéﬂgyp? %%uVéd%}ﬁngﬁﬁgrésfﬁﬁﬁ'ﬁéiQ%aWQﬁ? 1 %?nﬁgfg PRt ure
which is at |east_the softening tenperature of the resin particles. The
primary ndtaremialisdipab insphatpepduetroiade -eRpndd® JdkScles are the
bl owi ng agent aqueous nmedium and pol ypropylene resin particles, but a

di spersant is afespared: e aqeaPAndad i 1as e Ehibngs | oe¥PaRERe t he
softened resin particles fromfusing together or fromadhering to the inner
wal | ofs t Ipantebskd moddingstdwee soap Liglibrwéerbaht agd aee desisneppensdéves in
the vessel. Wien a dispersant is added to the aqueous nedium a portion of
t he di sperstanttid@materiadd , adhértdey arehal sordraiewent wiiltk peeperthgs
expanded particles, but if too much adheres to the surface of the expanded

particl es)sddie d€sithpadly exppdcatcPadnd Chest 2nshldt Dok, f MaRihggehbar when
nol ded. A resulting problemis the | ower mechanical strength of the

expanded paFdd Wet tBY dnNE8rhBabs a6 &s 0P fvhdiceDIoh Rtes deheexpandsd
particles . Studies by the inventors have shown that the m ni nrum anount 4
of di sper sgi{ndudhCepLLEYE SAPLIE188CHRE MB1AEAY AR il 1R Gftd
10 light-weight, they are bulky, resulting in the problem of high
transportation costs. Particularly when expanded particle
molding products manufactured in Japan are shipped for sale
overseas, the extremely high transportation costs result in
the loss of the exceptional cost performance inherent to
15 expanded particle moldings. Thus, in order to minimize the
costs associated with transport, expanded particle moldings
for sale overseas are generally produced there, from the
production of the expanded particles to the production of the
expanded molding.
20 However, such overseas production, from the expanded
particles to the expanded moldings, often results in the

problem of considerable variation in the quality of the

expanded particle molding products due to differences between



parti ¢l es fromfusing together during the production of the expanded
particles) vary considerably fromplant to plant overseas, where the

di fference between plants using the | owest 5 and greatest anmounts of

di spersant can be as nuch as 5-fold. The use of different anmounts of

di spersant fromplant to plant can resglt in different anmounts of

di spersant adhering to the expanded particles fromplant to plant . Such

i nconsi stenci es between the anounts of dispersant adhering to expanded lo
particles and the anmounts of dispersant used may be the cause of
differences in the quality of the expanded particle noldings that are

obt ai ned Qﬁéqgldin th eéganded particles . In an effort to resolve the
dr anbacks RFEEIT e B VRS an obj ect of the present invention is to provide
a met hod for 15 _produci ng expanded _pol opyl ene resin particles for

mol di ng, which &M ofs "é%!'%‘éﬂfﬂé’d Bsed anébnol” £0K; prafrcdRs i e¥PegIRd
produced in a consistent manner at any production plant, with |ess,

vari at i on BOLYDRORVARRE & oFfinPaFdicdifts + Ffs 1y pagddglesddineezsednis
adhering to the expanded particles. 20 DI SCLOSURE OF | NVENTI ON The present
i nvent i on dguepwethedinnr agbt dmpregrdqsthdebtpant bdlogdnigy agemini hpy 2

pol ypropyl ene resin particles 5 inpregnated with a physical bl ow ng
agent , swhimtesmviee betghteaessle il snghwash aan atheolayaednd) bheg gesin

di spersant, to be rel eased and expanded at reduced pressure fromthe

i nterior gdamtixbssimprieignlatedestteh thEhielpwisgrtgentveneitdrerd ealleneseds t he
use of an aqueous nediumw th an el ectrical conductivity of fromnot |ess
than 0. 00 4 Bxipanddd R'$ rfdduiteddpResebir® aémbiphagdentsm Mekide the

m croparticul ate i norgani c substance is used as the dispersant in the
present i Nyeddd PNatPLf &bl YaBurd NghaknbasPdat Nak@ah crisdibgbareaing
conprising an io alumnosilicate such as kaolin based on silica-alumna. A

di spersi ont%@%_fg{&fé oFUflle 33 sahUTA PH: SULT i @@@maﬁqn&)@ewgﬂs Leed

reinforce t spersion power of the di spersan An” i nor gani ¢ bl ow ng

agent gUch; 2,3 é:én{iu%@i?f?%@LQ%%QS&}HH&&&%%StﬁQ%l §l&agellow ng

agent 1 n the pre Inventi anded particles wth an apparent
o er hor A iS8hE ket R, 1Y L HdobP1 880 FRLER' WAEAUASL - BLE a
dispersant is added to the aqueous medium beforehand to
prevent the softened resin particles from fusing together or
from adhering to the inner wall of the vessel during the step
15 for heating the resin particles in the vessel. When a
dispersant is added to the aqueous medium, a portion of the
dispersant that is used adheres to the surface of the resulting
expanded particles, but if too much adheres to the surface
of the expanded particles, the resulting expanded particles
20 will not fuse together when molded. A resulting problem is
the lower mechanical strength of the expanded particle

moldings that are obtained by molding such expanded particles.

Studies by the inventors have shown that the minimum amount



obtained in the nmethod of the present invention. The expanded particles
obtained in the present invention should have an endot herm c peak on a DSC
curve, as determned 20 by differential scanning calorinmetry, of at |east
2, and the heat quantity of the endotherm c peak on the high tenperature
side of the endotherm c peak should be4fron1not |l ess than 2 J/g to not nore
than 20 J/ g. The anount of dispersant adhering 6 to the surface of the

bl owi ng agent particles should be fromnot |less than 50 ng to not nore than
200 nmg per 100 g by weight of the expanded particles (the sum wei ght of the
wei ght of the expanded particles thenselves and the weight of the 5

di sper sant rin S f 1 I met hod
of the pre%%n eslpr?\f%nat%%oklggﬁ@%\éﬁg‘g%%meox%}ng)é%%%gfg?%feés‘&%%g?cﬂforr‘%?'%f use
toget her to be, optained w thout .increasi t.he unt _af di,spersant that is
usad when RHEELSPRRMP A £ T afhets TRE BeofugtihE i dhstod 10
particles to be_obtained without the use of nore dispersant, resulting in

| ower anoupFRaRfeqdi BREELGHPS haNaFYn§ons idsd aliist feewiPiaRt ekBaRdagt
particles, so that the resulting expanded particles fuse together better
when nol deRVexs&ds g whegenthe didferencnbeivAge Rhant HuEsLRe "SFE%HQWP(%I
strength 15 and the like. As a result) the anobunts of dispersant that are
used arid téed gmmatesbfampiwpgs ofnflisghaseny conchpasiemgineas §-&9ldre nore
consistent fromplant to plant, allow ng expanded particles and expanded
particl e nbheiusgsobfdiniferearonamsuartts gfiadidpersame froodptadt tegdamitl e, in
nmet hods where 20 the anount of dispersant is increased to obtain expanded
particl es ¢dmtredmltotinf ASLfé0get @tournits iof deéepasaantt @adhaesinghs theul ting
expanded particles to reduce the anount of dispersant adhering to the
surface ofekhen@&@Priarh PIdd ifdofSplant 7td 1A dr0AS Gudhs ihBahstiBe ehdSierg
properties between the expanded particles nmust be inproved by

hi gh-1 enpeg &t yéén Sitdam ¥AslneXPH¥Ied 1BRklsen® MREHERIRgANE PeRpdn@daisi ng
expanded particles with |arge amounts of dispersant adﬁerl ng to the
10 particles and the amounts of dispersant used may be the cause
of differences in the quality of the expanded particle
moldings that are obtained by molding the expanded particles.
In an effort to resolve the drawbacks described above,
an object of the present invention is to provide a method for
15 producing expanded polypropylene resin particles for molding,
which allows expanded particles of consistent quality to be
produced in a consistent manner at any production plant, with
less variation in the amounts of dispersant that are used and
the amounts adhering to the expanded particles.
20
DISCLOSURE OF INVENTION

The present invention is a method for obtaining

expanded particles by allowing polypropylene resin particles



5 surface. However, since the expanded particles do not need to be washed
when expanded particles are obtained by the nethod of the present

i nvention, the costs associated with washi ng and wast ewater di sposal are
elimnated, allow ng better expanded particles to be obtained at a | ower
cost. Because 10 of the | ower anpunt og di spersant adhering to the surface
of the expanded particles, there is no"need to use high-tenperature steam
during the production of expanded particle noldings. The nolding cycle can
t hus be shortened, and productivity can be increased. 15 BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 illustrates a first exanple of a DSC curve chart

for expanded pol ypropyl ene particle ained in the esent _inv on; and
20 Figure ’énﬁﬁp?q}gtrea‘f&l sﬁgc%mf’e%sh& Ot T’%@lgur‘\%lt?:ﬁafrl?v?oﬁgékpanded
pol ypropyl ene particles. . 8 BEST MODE F P%@ggg:NG OUT THE ON The

A [, NVENT.
present | MRASDRAIANT WHdledRaPASLONS BESE f GéFBFF?aﬂﬁ'agﬁebﬁs

mediumwi th an electrical conductivity of 5 fromnot less than 0.00 nS/ mto
not nore tifkeasrd@Entberpandedegti FedneetnPERESYR Sof TOMe thPedBRET LAY ent i ON.
Al t hough the nmechani sm by which the specific results are brought about when
the el ect ratad nuoarREne viightfvesrehqUthr sPresient 18venthehn £A8tEEBFe range
is not yet understood, it is believed that io fewer inpurities (primarily
met al isonsjhansedossah vague ot ® nedhl wy wadis anedilaptwichlncohduekayikical
conductivity range specified above) resulting in better dispersion

di sper santof uKdn GYt Yidss thancdd obom$ye ftar getamoumet shah di0spér m8vitm, so
that the anmount of dispersant adhering to the surface of 15 the expanded

particles &@Qh@es\%@@éué e ih@v.eh ntitatopddt i\t a s aveiigdnie: pabstahes from
fusi ng toget her en the expanded particles are nolded. Water with an

el ectrical; £QRAWCAE WHeY a2 pb £ 88K B0 kBESp#dwdn £ 10Q-oHY/ 1B OpRekeFabeyt han
20.00 nS/mis usually used 20 as the aqueous nedium Water with an
el ectri Calacorﬁﬁ%fa\ﬁuﬁ'ased inorganic substance comprising an
10 aluminosilicate such as kaolin based on silica-alumina. A
dispersion reinforcer such as aluminum sulfate can also be
used to reinforce the dispersion power of the dispersant. An
inorganic blowing agent such as air or carbon dioxide is
preferred as the physical blowing agent in the present
15 invention. Expanded particles with an apparent density of from
not less than 100 g/L to not more than 500 g/L are preferably
obtained in the method of the present invention.
The expanded particles obtained in the present invention
should have an endothermic peak on a DSC curve, as determined
20 by differential scanning calorimetry, of at least 2, and the
heat quantity of the endothermic peak on the high temperature

side of the endothermic peak should be from not less than 2

J/g to not more than 20 J/g. The amount of dispersant adhering



outside the range of fromnot less than 0.00 nS/ mto not nore than 20.00
nS/ m nust be adjusted to within that range in order to achi eve the object
of the present invention. A purification 9 met hod such as ion exchange,
distillation, or reverse osnbsis can be used to ad just the electrical
conductivity of the water to within thg aforenenti oned range. At |east one
type of water purified by such a nethod can be m xed with underground water
5 to adjust the conductivity to within the aforenentioned range. The use of
water with an electrical conductivity higher than 20.00 nS/ mwi |l result in
the need for adding grater anounts of dispersant in order to prevent the
expanded particles fromfusjng.together when the .resin . Scarl
expanded, 1 & 3Iutrifﬁ§ei ﬂgg#lé‘gtbef Jl’ﬁﬁnﬁgsen% p(ﬁrg:plec(r?l'seasntsli)%é’f%ed(r: Hlégffaigﬁt he
surface of the resu]ting expanded partic]|es, t hat t expanded rticle
mol di ngs dRGIRES spaﬁuf?%mgtemt B&?ﬁ&n‘dganpﬁ‘?i"@l 8§rwiP§P $eY, HF&?B r to
poor fusion between the expanded particles and thus poor_ mechanical

strengt h, @f cthe@xpandedantigles hethesswy webghtt PEsthet vedahparEi cl es
during the formation of the expanded particles, an electrical conductivity
cl oser to ithe 0expanfeds pantdales rthemselwies e apdothe/ welghdy f nshe
desirable, but an electrical conductivity less than 0.01 nS/mw || be
extrenmsl y d&kgmemssart adhe2dngonsittiersurHace b ft tike copandadpactdcdesand to
ensure better fusing between expanded particles when the expanded particles
are nol ded, the Tdlecnéthodlofcohdptdasarity inkeunltdobeahlovsasiodepanBed and
even nore preferably at least 0.02 nS/m The 10 maximumis preferably no
nmore than daer©0c 6% Mhab di6 Vviest "Bl Se PE€FEt RS Yt 80bBDOBtERABAl Fihons/ m As
used in the present Specification, the electrical conductivity is the val ue

obt ai ned by, dEassi Syerhei Bm8GAE B2NEE sWelrid anfte IR0 | DO @9e& @heft kheal
conductivity in JIS K 0101 (1979). The base resin for the pol ypropyl ene

resin parté%&édéﬁesai:@ﬁe*ﬂ@s”s}laogr fulR@ Pl 14 HVEDLLRB eﬁpaaaea

pol ypropyl ene resin  such as a propyl ene honopol yner or a propyl ene

copol yyer épga’{é’féé%%‘e%%%%gIo%é‘i!‘é&ﬁe}f/i*\?ﬂﬂoi?@ e %'&@ﬁ%ﬁ»e"hé?bgﬁ}&%ﬁ@‘?

containin Yo pr opyl ene conponent, and anot cononorrer .

Exanpl es of other coponqners which can pe .copal nize Lih praop ne
i ncl ude a-%‘l“%‘#‘f‘%ﬂ%t her qtoﬁ'aeﬁ R EheO T s 0 B§§¥7‘ %?tutaeé}e%%ﬁ'?%eﬁge%é% and

I-hexene.  Thee LOPYLene COpOlUIRLa "BY-PEoBeb! "3LY hfa COBRLY TBLuTHT RS 2
expanded particles fuse together better when molded, giving
expanded particle moldings with better mechanical strength

15 and the like. As a result, the amounts of dispersant that are
used and the amounts of dispersant adhering to expanded
particles are more consistent from plant to plant, allowing
expanded particles and expanded particle moldings of more
consistent quality to be produced. Meanwhile, in methods where

20 the amount of dispersant is increased to obtain expanded
particles that do not fuse together, it is necessary to wash

the resulting expanded particles to reduce the amount of

dispersant adhering to the surface of the expanded particles.



propyl ene- but ene copol yner, or a ternary copol yner such as

propyl ene- et hyl ene- but ene copol yner. Propyl ene copol yners nay al so be

ei ther bl ock copol yners or random copol ynmers . The pol ypropyl ene resin nmay
be cross-linked or uncross-|inked, 20 but uncross-linked types are
preferred for recycling purposes. The gelting point or nelt flowrate (MFR)
of the base resin of the expanded particles are not particularly limted

11 in the method of the invention) but in consideration of the productivity
and equi pment costs during the nol ding of the expanded particles, the
tenperature in the case of propyl ene honopol yners, for exanple, should be
at | east 5C, nore 5 preferably at | east 155C even nor referahl y at

| east 158C PAREARBaFFFRAT Itz’gs%(uiéﬁﬁ.pﬁ%e%&?%&ﬁ 9% 8%p%}|{%?n|9§&usual ly
about 170C. When the base resin of the expanded particles is a pr | ene
homopol ymRaT il aFesbuPe BEPFPERANGY Pagd ?ﬁ?ﬁ???mﬁt?EWewggén 70
9/10 mn for the sake 10 of the_effects in further |owering the steam

t enper at urexparded) POrFicdanBolAHrEsi RS @R y u§inghee¥ranfefing

nol ded el enment. The nelting point of propyl ene random copol ynmers shoul d be
no nore tiEardBsl)s andtnokarge cdroumts oF ghispersant adharindg £o HBe nore
than 155C. When the base 15 resin of the expanded particles is a propyl ene
r andomscopoiyfhere . tHmwédFdtr shaince behd rexpamnded egarthahesd. ot pohoneadre t han
12 g/10 mn, and even nore preferably fromnot less than 4 to not nore than
10 g/ 10 nito berwddised Fhehestsarnded paradicie st &iee loddia imesi By artcemethbhe
expanded nol di ng and the 20 expansion efficiency during the production of
the expandsd #1 prdsemt TheeMtRonef @he tostBea¥abutatedswiel wasghingest
conditions 14 of JIS K7210 (1976). The dispersant should be a

i cropartigid al@stBeaddn Caisgds SUDAANCEL hiNafedBaNDwind ebdicagrt er of
fromnot less than O . 01 to not nore than 50.00 hum The di spersant should

0
be poorly solublé&al fﬁfaﬂé§p€65$9”o@F§iHQ& 20dat D6, 8kspEEsaNBeRaLLEC! €5
shoul d not be susceptible to aggregating together. The

10 of the lower amount of dispersant adhering to the surface of
the expanded particles, there 1is no need to | use
high-temperature steam during the production of expanded

particle moldings. The molding cycle can thus be shortened,

and productivity can be increased.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a first example of a DSC curve chart
for expanded polypropylene particles obtained in the present
invention; and
20 Figure 2 illustrates a second example of a DSC curve

chart for expanded polypropylene particles.



5 dispersant is dispersed in the formof colloid particles in the aqueous
medi um which have a surface charge that is the sanme positive or negative
charge as the other particles. Al though the nmutual attraction based on nass
between the colloid particles tends to act in such a way as to cause the 1lo
particles to aggregate, when they havesthe sane charge, they are kept apart
by mutual repul sion. The dispersant function is believed to be the result
of the formation of energy "valleys" and the constant distance that is kept
between the colloid particles. 15 In nethods where a m xture of the bl ow ng
agent -i npregnat ed pol ypropyl ene resin particles) aqueous nedium and

di spersant_js r S d e r enperature that is at
| east the Bs"%ﬁlf Jﬁ#% E;e)(gsf %A%faﬁ(g ?@él ﬁﬁgaﬁ?gﬁggo&o obt ai n expanded
pol ypropyl ene resin particles, 20 inorff i C disggrsants gre rsfﬁrted
because of thefRegBHASERF etR¥CRRYCRNET SF PLBEFFEY. P9 e?%%b §Foh™bet ween
the inorganic colloid particles is believed to prevent the resin particles
from fusi i@kt her . 13 Anong the inorganic dispersants descri bed above
m ner al - based i norgani ¢ substances conprising an aluninosilicate based on
si | i ca-al uni na &he agatepusy Med iy Wdftdy rany ke afisirak RVt ikt HePhod of
the present 5 invention because | ower anmounts of dispersant can be used
when conbifmssn width lagse dbe nn@diodnmisaw 19 aptemerer tbaboR8u80i mBYp &6 from
not less than 0.00 nS/mto not nore than 20.00 nS5/m and because | ower
amount s ofugb&dar thet iadBert €ohoof the pirfeaen tofinvea tdomandddhpaghi thes . An
advant age of using an inorganic 1o blowi ng agent as the blow ng agent or a
bl owi ng ageskh&resad biyhet 2610 the sPatikovare AN bredrohgherabit wAgnbe used
when using a mneral -based i norgani c substance conprising an
al um nosi l i@t hAsetb LN Hrlduc-B} Y vF theBgheduksOmeasivhm HBIREShM
carbonate di spersants, for exanple) m neral -based 15 inorgani c substances
compri 51 Mo iR AIVE NASidd cal e | Vet Eothdré fo8@00: i $Pepsioavahl thatresin
particles en used 1 n an anmount 1/ 3 that of basic magnesi um car bonat es.
Exanpl.es o ] 1] e . 1 Na- SLL I RS t or

B i L LER CRoLRRELED RLELE0RL) £Pe BEpHOFVEE' 4hEH

synt het'ic ‘clay m S suc ao

the aqueous medium within the electrical conductivity range

specified above, resulting in better dispersion dispersant

function, with no need to use large amounts of dispersant,

so that the amount of dispersant adhering to the surface of

15 the expanded particles can be kept to a level that will not

prevent the particles from fusing together when the expanded
particles are molded.

Water with an electrical conductivity of from not less

than 0.00 mS/m to not more than 20.00 mS/m is usually used

20 as the aqueous medium. Water with an electrical conductivity

outside the range of from not less than 0.00 mS/m to not more

than 20.00 mS/m must be adjusted to within that range in order

to achieve the object of the present invention. A purification



20 with a nmean particle dianmeter of no nore than 50.00 ~.mto avoid
damagi ng the surface of the expanded particles. The nean particle dianeter
should be at least 0.01 ~.m nore preferably at least 0.05 Vim and even
nore preferably at least 0.10 ~m 14 to ensure better dispersion of the
expanded particles w thout aggregation9 The maxi num shoul d be no nore than
30.00 Vim and preferably no nore than”10.00 ~,m A portion of the Si4+ of
alum nosilicates may be ion exchanged with the sane type of 5 netal ions
such as Fe3+, or a portion of the A13+ may be ion exchanged with the sane
type of netal ions such as Fez+ or My2+ but the anmount should be no nore

than 20 wt%.qf the total, netal.ions ..The.higher the proporti .Lon
exchange ,m?tﬂp%ﬁé’g%‘e?stlﬁé‘ PERSRAPAS: ?h%g%mgﬂh%%' ets %&vé%%gfe ﬁﬁgg%ﬁ\%enti on
will not 1o be adequatelé achi eved, Althggag diagersan%s gﬁgﬁ as %itanium
oxi de, al it/ B58U&0 BAIPEL el 8LieGird S oRaRBUChAEIEY A H Y BERE: €,

cal cium carbonate, and iron oxide can be used, they should be used while
bl ended withwikBias the pEamesesnt Anef RESEE At d£25t ORR P SV eheTanount
m xed should be 15 no nore than 30 wt% relative to the total anount of

di sper santputifi¢d byssychThaetdmd sant be i xpd witdy updergroyns: ¥atey neans
of the particle dianeter and the nunber of particles based on the particle
si ze disst ritdatijos toiiieacneduch ivhid yblas wd tofint hlze afiolremenft ivayaed thageusi ng a
sedi mentation type of particle 20 size distribution analyzer. A dispersant
whi ch i s arhe naveabfbwaedriwbtlyan e ledixtiarade coadpeitsivigyahighen hbanl i cat e
based on silica-alum na should be used in an anount of from not | ess 15

t han 0. 0042 ¢ 0 m@is P wa 11h28sh1@00n Weh @ e BrforP@addit® weagler pmbuatagqueous
mediumin the nmethod of the present invention in order to obtain expanded

particles ¢ tdlég@rts%rntf Ui OadF AREPLeoentless dipihdbdPhrwaicgids Babin Wil |
result in |ess resin particle dispersion at a tenperature over the

sof teni g Al g Ol JAEHeES | IngA! Litfd Ces W GdiEIe§0NPT Bhbanabh, ON the
W e

ot her hand, run t ri sk of nore dispersant adhering to the surface of

the e)&%andzegs&fEHl&lfﬁ'gf@aé’éf%ﬁéuﬁ‘pg ézpoafspersant adhering to the

surface of the resulting expanded particles, so that the
expanded particle moldings obtained by molding such expanded
particles will be inferior to poor fusion between the expanded
particles and thus poor mechanical strength, etc. For the sake
15 of the fusing properties between particles during the
formation of the expanded particles, an electrical
conductivity closer to 0.00 mS/m is more desirable, while 0.00
mS/m is even more desirable, but an electrical conductivity
less than 0.01 mS/m will be extremely expensive. In
20 consideration of the costs, therefore, and to ensure better
fusing between expanded particles when the expanded particles
are molded, the electrical conductivity should be at least

0.01 mS/m, and even more preferably at least 0.02 mS/m. The



t he amount shoul d be at |east 0.010 weight part, preferably 10 at |east

0. 030 wei ght part, and even nore preferably, for the sake of good resin
particle dispersion, at |east 0.050 weight part . The maxi num shoul d be no
nore than O . 400 weight part , preferably no nore than 0.350 wei ght part,
and even nore preferably, to ensure t | ess di spersant adheres to the 15
surface of the expanded particles, no re than 0. 300 weight part. A

di spersion reinforcer for reinforcing the dispersion power of the

di spersant may be added as needed. Such di spersion reinforcers, which are
i norgani ¢ conpounds capabl e of being 20 dissolved in a proportion of at

| east 1 er 100 cc 4QC er, are_inarganj b nces Jjn which_at | east
ei t her t[Eb%%ﬁTﬂﬂ;ﬁﬁ'pES%8ﬁ§%gV BR™CBRp n%féﬁgwggﬁknFn YPPVEPERL .
Exanpl es of such i norganic substances include nagnesium ch] oride, 16
magnesi umBF XL 1 Hdth Q5 AT at B 0% B Rurf B P8P d&® EPEnPREREAFt rat e,
alum num sul fate, iron chloride, iron sulfate, and iron nitrate. The

di sper santSpegifipations tbed edeqkrigdhncosdusddmity od81 the 1vedus wei ght
part. This is 5 particularly effective for further reducing the anmount of
di sper santohtminedhecby| ensgrement is giccogmdanscehasidd drheii gectionsonssuned
that, when a dispersion reinforcer is further added to the aqueous nedi um
t he di sperelent si/ciknededocesvitar §pdIT6 Kuoilledr (A9a99ed, t hereby enhanci ng
the io electrical repul sion between the dispersion elenments as well as

enhanci ng t he elget bagal deeiw Foan tiss Wweslyphepyieper sésiinapdrtheles
pol ypropyl ene resin particles, so that there is nore dispersant covering

the area gygudd ihhetheSiMbAd | 6Eesté PrdisdrnCenvehltadin agdhsr ivy wo the
surface of the resin 15 particles, and the stronger electrical repul sion

bet ween t fxeoi,gﬁt P44 CLES1RT QYRR Sad & pesby1Bak! iHOMpI IR Ust e
e

t oget her insi e pressure-tight vessel. Accordingly, in the nethod for

produci nwlfﬁq? Egegpghgﬁem therd5 et | BYBBLRBrst hesibhod tBe

aqueous persion 20 systemis nost “effective when at or

near the isoelectri i i I : e

ooty SPELEFRLE AohEbpRhetd St Doy Ao FaALeVS o€ BEoBG1LE
component, and another comonomer. Examples of other

comonomers which can be copolymerized with propylene include

o-olefins other than propylene, such as l-butene, l-pentene,

and 1l-hexene. The propylene copolymer may be a binary

15 copolymer such as a propylene-ethylene copolymer or a

propylene-butene copolymer, or a ternary copolymer such as

propylene-ethylene-butene copolymer. Propylene copolymers

may also be either block copolymers or random copolymers. The

polypropylene resin may be cross-linked or uncross-linked,

20 but uncross-linked types are preferred for recycling
purposes.

The melting point or melt flow rate (MFR) of the base

resin of the expanded particles are not particularly limited



resin expanded particles obtained by the nethod of the 17 invention
should be fromnot I ess than 50 ng to not nore than 200 ng per 100 g by
wei ght of the resulting expanded particles (the sumof the weight of the
expanded particles thensel ves and the wei ght of the dispersant adhering to
the surface of 5 the expanded partlclefi (henceforth, sinply expressed as
fromnot |less than 50 ng/ 100 g to not nobre than 200 ng/ 100 g) for the sake
of better fusion between the expanded particles when nol ded. Mire than 200
ng/ 100 g di spersant adhering to the surface of the expanded particles wll
result in poor fusion lo between the expanded particles when nol ded. Wen
expanded particles t ter nts o i sper.sant .adh €109 o0 hem are
used in notHitE o §Qﬁ%r§$8dlgygg lBPés&HS ﬁug?nﬁéd §se8% Féndlng to
result in drambacks such as nmoldings with irregul ar denshéx % ﬁ

fusion or RFERFLAYHH 3nd LqERPLM sePHE? lﬁﬁrgnﬂigﬁﬁr’gﬁ 38h8 é to the
particles will result in good fusing properties between the expanded

parti cl es e¥Randed nagidiedas pibei EPBROAREVRE HRANY Rask PF HBPPXFLFBW
favorabl e expanded particles to be obtained because the expanded particles
tend to f usemépabyiers dufdngekhmpdeep shoulagr bhtat nlagsthd46Xpannede
particles . Even nore preferably, the anmount adhering should be from not

| ess than 50 CO{%{%Q&%P&M 1%8FE | tdiAth hale P 0 st%ewésm@w@wth an

electrlcal ity o rom not | ess than 0. 00 18 not nore
than 20.00 nt5/ m shoul d be used, and fromnot |ess than 0.004 to not nore

than 1. 000PR®i gfeapa¥t aki A@aft bLeQE | nbrgaRPrEi By Mt 1% BPTRF ndSan

al um nosilicate based on silica-alumna per 100 wei ght parts aqueous nedi um
shoul d be dsusELy i aboudern 7w6Cenghea timd baseamesin aff dilspeegaandadheri ng
to the resulting expanded particles is fromnot |ess than 50 ng/100 g to

not nore thape 200e 805l Q0pGopyhenanRERbpolyflbshet 88 MFRAERIUTW HeD £irbam
surface of the ponpropyFene resin expanded particles can be quantitated in

lo the fol Ao\ N\gs fBPNES - 1d"8S ASt hbBel €8HAL HHIgPRbYRLAPELEN@he sake

10 of the effects in further lowering the steam temperature

during molding and improving the rigidity of the resulting

molded element. The melting point of propylene random

copolymers should be no more than 165°C, and more preferably

from not less than 135 to not more than 155°C. When the base

15 resin of the expanded particles is a propylene random
copolymer, the MFR should be from not less than 0.5 to not
more than 12 g/10 min, and even more preferably from not less
than 4 to not more than 10 g/10 min, in the interests of
improving the heat resistance_ of the expanded molding and the

20 expansion efficiency during the production of the expanded
particles. The MFR refers to the value measured under test
conditions 14 of JIS K7210 (1976).

The dispersant should be a microparticulate inorganic



resin expanded particles are dried for 24 hours in a 60C oven, and the
expanded particles are then taken out of the oven and i medi ately pl aced
for 72 hours in a chanber set to a tenperature of 23C and a rel ative

hum dity of 50% . The weight 15 of 100 g expanded particles determ ned
precisely to the third deci mal place (,younded of f the third decinmal place
) in a chanber set to the sanme conditi'ohs is used to determ ne the wei ght
of the expanded particles with dispersant adhering to them F (g) . The
total amount of the expanded particles used 20 to determ ne the wei ght as
descri bed above is innersed and washed in 5 L of 1 N hydrochloric acid
aqueous sol yti.on, en imerse L _dei,oni z er t S ff the
hydr ochl ord Safc’f'bcesa’l i BA"e3Ty PAT, %}‘ﬁﬁﬁ}ﬁ?&‘&tgﬁd ﬁ/a%ﬂ%'a ot qef Eh fof 1IN
hydrochloric acid aqueous solution, and is then i mersed |n 5 L of

dei oni zed R ktotnpmoneditian RO - §@dP@mﬂWﬂéﬁP§€saPﬁe§]é°Bb€r‘%ﬁ PBA%1Er e
repeated twi ce, and the total anount of expanded particles is then dried
for 24 howslublédia HXCdaeparsabpd niddium alead the ddfspelrsantepaahdcles

i mredi ately put for 72 hours into a chanber adjusted to 23C and RH 50% .
The wei ghtsyuBxpabeetb®aklistept ibdld €8 ddbitefdyinigt aogetatks .n hehamber
set to the sanme conditions: S (g) . The difference between the weight F and

the wveisghtq 3 &rd dipr 9&1 et iln0 tGUeSE%&\ﬁ\aB&‘ adhebiagphetibaesuihace of
t he expanded ‘particles, |s t he val ue used to cal cul ate the anmount

adherin Hﬂ“ﬁ L3 h [oS het,l 0 em One
or nnregtgggékgﬁugﬁy5|ca Q@}gaﬁhéﬁggéﬁ%g%hggkggggggg%fﬁgtﬁgaﬁgﬁﬁoghgor
produci ng n icle o] hysi ca
bl owi ng a S%{?é 8?%% %lgn%&aﬁ %aﬁﬁh% hy g’nsnchsﬁsjc a‘?p?égg%g&e%ut ane)
hexane, al i cycli.c dr.o bon h_as ¢ a
cyclohexaggrgﬁﬁﬂ%haFBﬁy&P§8§Qb5h§5§ﬁ:1%& %ﬁ%%&o uof%%%?ﬁgE% &n Qﬂe
trifluoronethane, 1, 2-difl uagroethane, %0 2-tetrafl oroethan
chiori de, SHyPrdmartiftes fenas iy 858 LR 5??Be WRAY &5 | §’aiur?c?r Sgﬁ

bl ow ng agents such as nitrogen, ygen, air, carbon d|0X|de g wat er ,
but fdrP t RAEEkELeS tt%éggﬁﬁgPGMWPe&thg?if%?‘{/e they Sple Cha

are kept apart by mutual repulsion. The dispersant function

met hyl

is believed to be the result of the formation of energy
"valleys"” and the constant distance that is kept between the
colloid particles.

15 In methods where a mixture of the blowing
agent-impregnated polypropylene resin particles, aqueous
medium, and dispersant is released at reduced pressure and
a temperature that is at least the softening point of the resin
particles to obtain expanded polypropylene resin particles,

20 inorganic dispersants are preferred because of their good
effects and their availability. The repulsion between the
inorganic colloid particles is believed to prevent the resin

particles from fusing together.



20 agents such as nitrogen, oxygen, air, carbon dioxide) and water, or

bl owi ng agents based thereon, are preferred. Anong inorganic blow ng agents
or blowi ng agents based thereon, air is preferred for the sake of the

envi ronment because expanded 5 particles with a |ow rate of expansion
havi ng an apparent density of from not 4ess than 100 to not nore than 500
g/L are readily obtained. The use of at is preferred as the inorganic

bl owi ng agent because uni form expanded particles with a |low rate of
expansi on can be obtained with no unexpanded 1o particles. Carbon dioxide
is preferred as the inorganic blow ng agent to obtain expanded particles
with a high rate of exgﬁnsion having aﬁ_aﬁgaren de sit%ﬁgodor fore and

| ess than 100 gPfe™dat &Pecahi"BEdany LSBPHRFRG S agBRE SRR n&°]YGeous i 5
mediumis water. In the present Specification, a physical blow ng agent
based on &Hﬂ@ﬁﬁ%ﬁ#ﬁ%ﬁ%lomﬂﬁ@raﬁéﬁp meafiebstancest sEMRMTE G he 2Bt al

bl owi ng agent is an inorganic blow ng agent . Mre preferably, at |east 70
mol d of tHelymiaeshligrtmi Rgsademn 28ilscanatnBiganiaE ol Bﬁfﬁgcaééﬁﬂ-ybecause
it is less of a burden on the environnent and poses a | ower risk of

expl osi on.piékeomedintasof dbsperagnigentn | $hget vethadd of ddesi Beegersn of
the type of base resin, the type of bl ow ng 21 agent ( and the |ike
accor disng imvérneiombercdad er hdwe ofamenperss 0 6 rd idp e heareik gamded ymad wbeas, but
is usually at nost about 10 weight parts per 100 weight parts resin
particl es.coh@in&siwithabaguebas méditm pawhedtan Blectrde candunthvdey5
various additives as desired. Exanples of such additives include

ant i oxi darngs,£Adh #0NRARE hadnd i 6d ahs fm AGSH: orE theina2danios msywt, al
i nactivators, pignments, dyes, nucleating agents, or foamregul ators.

Exanpl es 0f, § QB R BYRESahoGh & 2 BQ%?@E's%nI%O&Eﬁé§e5H9 heras saic@clor at e)
talc, calciumlo carbonate, borax, and alum num hydroxi de. The content, in

terms of the &Qf g%pgﬁﬁu pﬂtf&fe@d%lrf 'al\é%%nlt'&gtehgf residlg Rl E.h%l.r%%,nl%hom d

be no nore than arts preferabl’y no nore than 5 wei ght

parts, oper%f&g%é{‘% Q%éngnea e e%lt%w:l.glécgeq%qldc' toI V%.Sbigul %%(?lq: Tbg.stelale reSI n

partl nresin In an e when t

resin thereon is that lower amounts of dispersant can be used when
using a mineral-based inorganic substance comprising an
aluminosilicate based on silica-alumina. Compared to basic
magnesium carbonate dispersants, for example, mineral-based

15 inorganic substances comprising an aluminosilicate will
result in good dispersion of the resin particles when used

in an amount 1/3 that of basic magnesium carbonates. Examples

of aluminosilicates based on alumina-silica include natural

or synthetic clay minerals such as kaolin or clay, preferably

20 with a mean particle diameter of no more than 50.00 um to avoid
damaging the surface of the expanded particles. The mean

particle diameter should be at least 0.01 um, more preferably

at least 0.05 um, and even more preferably at least 0.10 um



particles are fornmed, for exanple, by cutting strands extruded fromthe
extruder. In the nethod for produci ng expanded particles in the present

i nvention) the anount of blow ng agent |oaded into 20 the pressure-tight
vessel may be determ ned according to the type of blow ng agent that is
used and the intended apparent densitybpf t he expanded particles, but in
cases ) for exanple, where nitrogen is used as the bl ow ng agent and water
is used 22 as the aqueous nedium the pressure (gauge pressure) in the
space inside the vessel should be fromnot less than 0.6 to not nore than
1.4 MPa, and preferably fromnot less than 0.62 to not nore than 1.1 MPa,

when the state is st i yredi at el Lo i ich i
the ‘st ate ThoRRrer YR sEeraeA e of P MbeReil Rl R tnalte OO 1 ©

are kept heated w thout expanding inside the pressure-tight vessel. The
pressure iFggrRIapken. The naxipamelkeeld deypognpeesehar 1Yy Gh WheaBdsi s of
the following. 1o That is , when the target apparent density of the

expanded pardf i1 aso heere SEhan 10€00r gAsunepoirtiba SFacthd rsi‘deothe
vessel should be at the higher end of the aforenentioned range in cases

where the IaUPEIALIT fod 5 dfay e RIRE ekcBlanidd@ RAILRL t%eéﬁmhhﬁgﬁreag!ém ly

i ncreasing dianeter of the pi'pe is 15 greatest) connected to the rel ease

compongn! et dPiod OURIa S itrese 10r IHILPEE el end Taifenapase LBal de the
en t e connect e

vessel . e tenperature’in the tu ed to the release conmponent

is kept | atii vel v. hi. th i n_th i NSJ deat I
Shoul d be SHOMHETO R kRS P ETPRHEE nist A EoRBREG 33, £+ IR 6T Re
t t in the tub dtoth I t i Kk t
conbtant  (BHb&PS: APRIRE A I B §° MazirtREP 7044 RArHO 1 HobokBle  han
80C, then the pressure in the space inside the vessel should be higher,
23 the | owedn§ h&heahdahezparcptoRRRti ey F 497k e&chandsy SRe: PTPBE®Tand the

pressure in the space should be Iower% t he higher t he target apparent
density oftheicislhihaddtpsrintepded effects of the invention will not

10 be adequately achieved. Although dispersants such as titanium
oxide, aluminum oxide, basic magnesium carbonate, basic zinc
carbonate, calcium carbonate, and iron oxide can be used, they
should be used while blended with the aforementioned
aluminosilicates, in which case the amount mixed should be

15 no more than 30 wt% relative to the total amount of dispersant
that is used. The mean particle diameter is calculated by means
of the particle diameter and the number of particles based
on the particle size distribution obtained on the basis of
the number of particles using a sedimentation type of particle

20 size distribution analyzer.

A dispersant which 1is a mineral-based inorganic
substance comprising an aluminosilicate based on

silica-alumina should be used in an amount of from not less



In the nethod of the present invention, the apparent 5 density is
preferably fromnot |less than 100 to not nore than 500 g/L in order to nore
effectively prevent the dispersant fromadhering to the surface of the
expanded particles . The expanded particles should have an endot herm c peak
on a DSC curve, as determ ned by diffeiﬁntial scanning calorinetry, io of
at least 2 , and the heat quantity of e endot herm c peak on the high
tenperature side of the endotherm c peak ( referred to bel ow as high end
endot herm ¢ peak) should be fromnot less than 2 J/g to not nore than 20
J/g in order to enable the nore efficient manufacture of expanded particles

havi bet t 5 fusi i,th oth d ticl . ded. ticl
Wt an appd: O R pok Bafh ot et e (UL ey PR me ROPRER-BEE o L °°
and a high end endot herm c, peak heat uantit% of . fromnot less than 2 to
not nore tRERESEWELYF Medigw, i F%eeﬁﬁéﬁﬂgd foFBPnBESRPRE bBYERELOD

conpression strength relative to density 20 as well as exganded mol di ngs
with hi gheln cREAEY &BsOhdigh expanded pagtirlpsamidh tPRUEST dfH§LBPcl e to
be shortened because there will be no need for a step to increase the air
pressure ipropertikesndess pdarhar|led Mewedighth pastpaiddd rgsutlitchias 1gse 24
nol ded. When the base resin is pol ypropyl ene resin, the apparent density is
pr ef er @bl yrdésimmpaatt lcdesdibparidontat motemperathas &GOS ghle safitenhnghi gh
end endot herm ¢ peak heat quantity is preferably fromnot |ess than 5 to
not nore tpeind db the, réevimspint bblas n Mopeantkannbl d00geenghit patter
fusing properties between the expanded particles. The aforenentioned high

end endot hex Fhe PERde Raal, Guiant by vl gklr hopadidipd st Rdhetihg not
nore than 50% nore preferably fromnot less than 2 to not nore than 45%

and even npg @nl §hL8F 20k b rlenkdipdiied pastikaRs3 iR vikiw 8Brthd BaBvVEQ%
relative to the sumof the high end endotherm c peak heat quantity b and

the intringsi i N ki to antit
nﬁﬁ%ﬂaﬁﬁ%ﬂ HB&ld’ed?é(ala(c gJé We 0N oTodWes ght Eg‘ftﬁ baksBeabigy y

of the hig ermc peak and the intrinsic endotherm c peak should

o115 ke 1000,k o LAY 40 e DRI

endot her eat quan nd Intrinsic e
;gfsg: Lf} Id Oﬁlsf)a}icere] ot gogaexs‘gginipnavretqéloen dt:)L%tprérrsei\.fo%r, :[':19 ]t.g'aes@ rB)Lbnth %feila%%t
part. The maximum should be no more than 0.400 weight part,
preferably no more than 0.350 weight part, and even more
preferably, to ensure that less dispersant adheres to the
15 surface of the expanded particles, no more than 0.300 weight
part.

A dispersion reinforcer for reinforcing the dispersion
power of the dispersant may be added as needed. Such dispersion
reinforcers, which are inorganic compounds capable of being

20 dissolved in a proportion of at least 1 mg per 100 cc 40°C water,
are inorganic substances in which at least either the anions

or cations of the compound are divalent or trivalent. Examples

of such inorganic substances include magnesium chloride,



the value of which is expressed as an absol ute val ue. An apparent density
of 30 or nore and less than 100 g/L, 20 an endotherm c peak on a DSC curve)
as determned by differential calorinetric scanning of the expanded
particles, of at least 2 , and a high end endotherm c peak heat quantity
fromnot less than 5 to not nore than J/g are suitable for 25
efficiently obtaining expanded particles to produce expanded nol dings with
hi gh fusing properties between expanded particles at a high rate of
expansi on. Wen the apparent density is 30 or nore and | ess than 100 g/L,
and the high end 5 endot herm c peak heat quantity is less than 5 J/g, the

expanded nol din obt al ne fron1such expan arti.cl es I he risk
of a Ioweﬂqgﬁﬁ)e55|on 3¢ nng |vengggE§$|P1um w%m%riggébg

absorption,. etc. An a arent nslt Ies n sult in
expanded rﬁnlr‘H'i"rfBQ“\APtl P(Sﬁer aglg %‘i’% f&qset'r e?'lﬁ lé:f"'l 1old8Rsity,
| ower energy absorption, and the like. Expanded partlcles w th an apparent
density ofSABRRYF L 33 A5PE BRBTALAr ghP e SBRIGIARY R e Heds BEsftity
over 60 J/g may result in the need for a step to increase the air pressure
in the expdhddd aneantciods apendr 8- pﬁ@leiﬁaﬁdédOPSWB&SPtcPé§tarEhﬁﬁldéd
which may result in a longer nolding cycle. Particularly when the base
resin iss arextigulamelyprepfeehive afidomtugpdlemeredudiangphe eamodrhspfy
shoul d be 30 or nore and | ess than 100 g/L and the high end endot hermc
peak heat djspérdantsiwhdrd the blomingt abest fihaamif(0® i bastedroneatiltan 30
J/g in order to obtain expanded noldings with better fusing properties

bet ween expandedtpard i £4 @smednthat shehkar amalidipyr i ere Iinfoecernise t he
apparent density d of expanded 26 particles ) first approximately 5 g (

from not |@sstideNadded 569 tKe N@guedie hddluk, SORe Jdisypandet pgsteml es are
obt ai ned and checked wei ght precisely to 0 . 001 g ( the fourth deci mal

place is rﬁ%ﬁﬁﬁ%&(%ﬁArégdOQEaEGrEB%fN@HHFgéa(EﬂhégeﬁyeeEKQQBﬂﬁg ®he

particles. The vol une of the expanded particles is
10 electrical repulsion between the dispersion elements as well

as enhancing the electrical repulsion between the dispersion

and the polypropylene resin particles, so that there is more

dispersant covering the area around the resin particles at

a distance without adhering to the surface of the resin

15 particles, and the stronger electrical repulsion between the

resin particles prevents the resin particles from fusing

together inside the pressure-tight vessel. Accordingly., in

the method for producing expanded particles in the present

invention, the pH of the aqueous medium in the dispersion

20 system is most effective when at or near the isoelectric point
at which the dispersant has no charge.

The amount of dispersant adhering to the polypropylene

resin expanded particles obtained by the method of the



cal cul ated based on the graduated scale to which the level rises when the
expanded particles of known weight are then poured into water in a
measuring cylinder holding 100 cnB8 of 23C water, and it is converted to
liter units and expressed io as the apparent volune L (L) of the expanded
particles. The weight S (g) of the expﬁpded particles determ ned above is
then divided by the volume L (L). The 'high end endot herm c peak heat
guantity of the expanded particles is the heat quantity of the endothermc
i 5 peak b appearing on the high end side of the two or nore endothermc
peaks found on a DSC curve (Figure 1) obtained when fromnot less than 2 to

t th d t | ted f | ent
L empor at urk (e SADCREU S BBt BPR 105 MAF LAY SO0 1S it AP BARPng
Che. i gh GHP BBGBSE A0 ROSBaGaNt oF g e ftaé&“qﬁs?%%"mt RPrReERLSS”

foll owi ng manner, for exanple. First, a line aé3 is drawn connectlng poi nt
a 27 corfditm of thegweishtt pé bhe expardafdpasticles EhemaelreE curve
corresponding to a tenperature TE after the fusion of the expanded
particl es.and |thee Wesiahvtawd fhealdlispersantic adberiipg taxitheopurfacgrafh from
point y on the DSC curve in 5 the valley between the aforenentioned
intrinsi c ehelekpanded peakialesil (headefprtdnd sémpdyhexprespedlashframd t he
poi nt where the line intersects line a~i is a. The area of the high end
endot her mmopdaksd thant B6 agea00f g tte nudr moare tphant 200 migdded gy $sbant ed
lines in Figure 1 ) surrounded by the curve of the 1o high end endothermc

peak b on ¢k sARE 68t Fasdloh balWekbhNEhy axpdtiddd partdsledshea t he
hi gh end endot herm ¢ peak heat quantity. Endothermc peak a in Figure 1 is

the intri r}ﬁéfd&?akMGPér@ﬁ&ﬁndbﬂgmb(?lb'@e Jetspdisqubedadértggt Be ftusi on of
the base resin. 15 The high end endotherm c peak heat quantity of the

endot her m{}upf%é IRl gQPhﬁng C{;Q@teesésnhifvle&w@ BIeG A BEsi¥R OF

nore endotherm c peaks o curve, as determned by differentia

scannij9 GBI IR e ObxblRa8EPBALRY AYS! Wil ImSTALR. | #hehObRbaidRE! ' 1Y Of

heat

particles with greater amounts of dispersant adhering to them
are used in molding, the saturated steam pressure must be
increased, tending to result in drawbacks such as moldings
with irregular density or uneven fusion or dissolution. Less
15 than 50 mg/100 g dispersant adhering to the particles will
result in good fusing properties between the expanded
particles when the expanded particles are molded, but will
not allow favorable expanded particles to be obtained because
the expanded particles tend to fuse together during the step
20 for obtaining the expanded particles. Even more preferably,
the amount adhering should be from not less than 50 mg/100
g to not more than 150 mg/100 g. Agqueous medium with an

electrical conductivity of from not less than 0.00 mS/m to



20 endotherm c peak on the side with the tenperature higher than the
intrinsic peak corresponding to the absorption of heat during the fusing of
t he base resin. Although the high end endotherm c peak b is found on the
28 first DSC curve nmeasured in the manner described above, it will not be
found on a second DSC curve obtai ned, ter the first DSC curve has been
obt ai ned, by | owering the tenperature]f om not |ess than 220C at a rate of
10C/ mn to around 40C, 5 and then increasing the tenperature again at a
rate of 10C/mn to not nore than 220C, at which tinme only the intrinsic
endot herm ¢ peak a corresponding to the absorption of heat during the
fusion of the base resin w ]l bhe, foynd. cause the_value for the high end
endot her m®° Hd%E S &dtet (I}Oqupaf{ntr? A (#’?%‘P%a‘ﬁ%%%' p%\?ai EF%@ Wf:l f%l?y
dependi ng prinariuy on t he expansijon tenBerature during the oducti.on of
the expanddtfhd14%4 &9 3/E PRESatBAR: 1 of 08| BGFABtaBBAE Thﬁ?rgi'%éa? it is
necessary to establish the conditions of expansion such as the expansion

t enper at urilQFERTHHD TP PFaNee AR HLS HE AN t 2L YuiRepi i FAt AaP§SEEsPRNg in
order to obtain expanded particles with the target high end endot hermc
peak heat sjiaita-talunbing pgrt AEOneatghtrpantofaqurous giedinm shovlidebai ¢ peak
of the expanded particles by differential scanning 20 calorinetry in the

af or ensnt el ineondst twhenseaaehtlpst tthel amowenyhst ddéspertsant?adherinyger al
particles with a total weight of fromnot |ess than 2 to not nore than 10
mg shoul d the tieedtestltinly ERpafBaduperedtlesWhentsmn hgiariidss ehaai gbs from
not 29 less than 2 to not nore than 10 ng, one particle should be used
for measungfEndo @ neb Wheh Reed PR&KI 2bO WE/gbs ®wure than 10 ny, one
particle should be cut into several pieces to use one piece weighing from

not less than 2rhe 8RLuAPRI St b ekl antTlaher ifRAEH! €HE Hur £ Ve We thal NCe
the cut sanples are obtained by cutting a single expanded particle using a

cutter or ﬁé‘fyﬂf&?ylérr@ Rt Ekﬁaﬁﬁ%ﬁl gaP@iEYEsi Sas W R0 e in

10 the following manner. That is, the resulting polypropylene
resin expanded particles are dried for 24 hours in a 60°C oven,
and the expanded particles are then taken out of the oven and
immediately placed for 72 hours in a chamber set to a
temperature of 23°C and a relative humidity of 50%. The weight

15 of 100 g expanded particles determined precisely to the third
decimal place (rounded off the third decimal place) in a
chamber set to the same conditions is used to determine the
weight of the expanded particles with dispersant adhering to
them: F (g). The total amount of the expanded particles used

20 to determine the weight as described above is immersed and
washed in 5 L of 1 N hydrochloric acid aqueous solution, is
then immersed in 5 L deionized water to wash off the

hydrochloric acid solution, is then immersed and washed in



when cut, the original surface of the particle remains wthout being cut
off, so that the cut sanples each have the sane shape 1o as nuch as

possi ble so that the intact surfaces have the sanme area as nuch as
possi bl e. For exanple, if the expanded particles each weigh 18 ng, the
particle can be cut horizontally in agjven direction through the vertical
center of the particle to obtain two cut sanples of virtually the 15 sane
shape wei ghi ng about 9 ngy, and each cut sanple will have the original
surface of the expanded particle, the surface area of which will be
virtually the same on both cut sanples . One of the resulting two cut

sanpl es s d be, used.to asure_the high end e herm e i he
manner degg;ﬂ‘ b%’g Jalgo %dFoﬁgf%éﬁ ?ﬁ:e"gi A %Sgrlﬁ%c stﬂrlgla\:ntqujg{'ag%%? ?% gﬁ?ﬁ t he
expanded particles should usually be produced under .conditjons resulting in
a heat quait®e5set 7 o% %O?El §g§Xpﬁ5ﬁ82wta SFottordtash h%’ﬁéz ‘3/50?6““'
ascertain the sujtable tenperature for 30 expansi gn. We S%e i porgani c
bl owi ng adtfirexider fhesg oReEHRL1PRE AXG ZRBEA LSS Y LFES %’h‘gdzl b8 Bloduced
under conditions where the high end endotherm c_peak heat quantity on a DSC
curve for ampund efhdetpgndad Ranticles obs fohenr cdsiedfos 24 BOREE #Bre than
60 J/g. Expanded particles with a high end endotherm c peak on a DSC curve
obt ai ngd hy eb°cf efent,i ahdseneni sgkeal outnefryhefoeapaadadipmetiaktedycan be
obtained by a nmethod in which resin particles) a dispersant, and a bl ow ng

| in uhich re i | . and !
agent are fi SReSed hBud Ui RRE" 5 OflafBlL U ol O PTLSRU R RENGpYCSSE

are then heat to any tenperature wt e range from not
| ess than the | ting_point (Tm of .the resi articles mnus 15C tq | ess
than a tenptt % %‘tb‘gfcﬁﬁqaﬁié{etcgjﬁﬁé?é‘fzgfé bf %Féﬁéﬁ&yoﬁe??@l\’}me? hout
heating the contents to the tenperature of conplete 15 fusiQ Te). The
t enper at ur¥ BsChaBReR et 0 the sane.ceaditdpsrabr® ( e flﬂj?f Telreabl e
period of time, preferably about 10 to 60 minutes, the contents are then
adj ust ed tRetwgen chperveight (Frpnd nthecveigat $rbs hbe vedghtnhaf the
melting point (TmM mnus 5Cto not nore than the tenperature of 20 conplete
fusi oo Tedigpemss&T adherting testhe sanfiaciecef dihe expansad pPaskirAssde t he

vessel and expanded at that
and is the value used to calculate the amount adhering per

100 g expanded particles with dispersant adhering to them.

One or more types of physical blowing agents can be used

in the method for producing expanded particles of the

15 invention, such as organic physical blowing agents, including
aliphatic hydrocarbons such as propane, butane, hexane, and
heptane, alicyclic hydrocarbons such as cyclobutane and
cyclohexane, and halohydrocarbons such as
chlorofluoromethane, trifluoromethane, 1,2-difluoroethane,

20 1,2,2,2-tetrafluorcethane, methyl chloride, ethyl chloride,
and methylene chloride, as well as inorganic blowing agents
such as nitrogen, oxygen, air, carbon dioxide, and water, but

for the sake of the environment and safety, inorganic blowing



tenperature (Tb) or after the tenperature has been held at that tenperature
(Tb) for a suitable period of tine, 31 preferably about 10 to 60 m nutes.
The extent of the high end endotherm c peak heat quantity of the expanded
particles depends primarily on the aforenentioned tenperature (Ta) and the
time for which the 5 resin particles hel d at that tenperature during
the production of the expanded particl'es, as well as the aforenentioned
tenperature (Th), the tinme that tenperature is naintained, and the heating
rate. The high end endotherm c peak heat quantity of the expanded particles
tends to be io greater the |Iower the tenperature (Ta) or (Tb) in the

tenperature retentiaon range.and the | onger the retention,ti Th eating
rate i s ortfHGRYg @u(?l? ofF Nt tFRI.™ ¢ h8AYH®E ¢ 8ot cr?lﬁ%eor} h%.}lé}g%%f ngngepeat ed

prelimnary testing with the abov oi nts taken into consideration wll

al | ow t he WHRE ¢ i°6n?lPUfm$5a%‘?'b'Elﬁ§?%gecE>F§‘§r’F&é’d‘ parei BF & e§58\ﬂn"ném?ﬂg
desired high end endotherm c peak heat quantity to be readily ascertained.
The t enperidterEanim hd oW g 2geut aiIF B1PYindsagenbs PassmhePereod r e when
an inorgani c bl owi ng agent such as carbon dioxide or air is used as the

bl owi ng adenprefemred £on the sakesofiHdre eayismopment breausg e3Papead s
used, the suitable tenperature range will be I ower than the aforenentioned
t enper &t urprahgkesicebthli aglow rhée Pfpexpacsdiopuitawisegl. alThapparent

af orenentioned nelting point (Tm) is the tenperature 32 at the apex of

t he base r@&asigityntef NSream ansiothes s thaeako® founct onotéetbBanobd0DSCLcur ve (
exanple in Figure 2 ) which a.s obtained when a 2 to 10 ng resin particle

sanpl e i s dsedrénailyf bpranhieal. IBRNNIsY 68l airmekr piufdiredan® gREhod
used to 5 obtain the DSC curve for the expanded particles described above,

and the t efiFgdnd € Wiow P! £5ént UséOauéd inifoihcekpanaeat paetnbeast he
base of the intrinsic endothermc peak a returns to the baseline (a - (3)

position qp g PbPhalteNPE AYHE i¥F€an be obtained with no unexpanded

10 particles.

Carbon dioxide is preferred as the inorganic blowing
agent to obtain expanded particles with a high rate of
expansion having an apparent density 30 or more and less than
100 g/L. Water can used as the blowing agent when the aqueous

15 medium is water.

In the present Specification, a physical blowing agent
based on an inorganic blowing agent means at least 50 mol#%
of the total blowing agent is an inorganic blowing agent. More
preferably, at least 70 mol% of the physical blowing agent

20 is an inorganic blowing agent because it is less of a burden
on the environment and poses a lower risk of explosion.

The amount of blowing agent is determined in

consideration of the type of base resin, the type of blowing



1o Expanded pol ypropyl ene resin particles obtained by the nethod descri bed
above can be aged at atnospheric pressure, then pressurized in a
pressurized air atnosphere to provide the particles with internal pressure,
and then heated with steamor hot air to bring about further expansion so
as to 15 produce expanded particles vwi£1 an even higher rate of expansion.
In a batch nolding ( in-nold form ng) ‘et hod enpl oyed to obtain expanded
particle noldings using the above expanded particles, a nold which can be
heat ed and cool ed and whi ch 20 can be opened and closed in an air-tight
manner is filled with expanded particles ) steamw th a water vapor
pressure of fromnqt,  less than 0.15 t t nore _than 0. 59 a N

suppl i ed t@eb%ﬁrsEnah@%ibﬁﬁm%‘f%q%&&qﬁlf’ﬁgn%?dr?%et%tgg’ﬁ%% %/léﬁpand

33 and to fuse together, and the nol ded product %f t hen cool e agd Baken
out of th&Tdihe SXRAMRY BRAFHIHSS nod?if i L E R b PP batReE by Oa

conti nuous nol ding nethod (such as those disclosed in Japanese Unexam ned
Pat ent Appi9ight AT iKdRer )160 HeeighboBarts.- 168d27Paxkd G485 1 80888), in

whi ch expanded particles with internal pressure that has been increased as
needed are cont Theoxesin pedtislwscof Jdie presantitienyion sdmingbsde and
below in a pat hway, the expanded articles are expanded and fused while
passi ng t hraxigus aféhtiveat ed idesdimeal. t Begmplest bén pesecaddhtdvgh a
cooling area and cool ed, the resulting noldings are taken out of the

pat hway, airtIddy anteoxeqaaisi, iV wbevirbeatishecantess tetic ayprits Widamehe
internal air pressure of the expanded particles is increased, the expanded
particl es sdwusdhbes pleeeth | thacpiescore; tpifhevessedlyed) wheleathay shoul d
be kept for a suitable period as pressurized air is fed into the vessel, to
al l ow the Jy&sss! i 3ed fjdm t Pe§ENELH2ES IHUaMPIE e¥pardrth PRegLthesrs

Al t hough the density of the nol dings produced in the nmanner described above

can be sel ' isng i S@a12 ,deasktym20 of
can be sel Al g% faRjdiat geedtngubh Abe iy sedetdiseal’ deaztikm

nore than 500 g/L, and preferably from not

| ess than hap_z0 (S ef err, r r | ectin
t he dé%sif§£%§&#é§%1ggéf%%ta?ﬁgdg%gﬁgpg?pg e |£§%Tcﬁ§g ?ﬁﬂﬁﬁéebrggent °

Inventlon'terms of the total amount of all additives in the resin

particles, should be no more than 20 weight parts, and

preferably no more than 5 weight parts, per 100 weight parts

resin. Such additives can be added to the resin particles by

15 being kneaded into molten resin in an extruder when the resin

particles are formed, for example, by cutting strands extruded
from the extruder.

In the method for producing expanded particles in the

present invention, the amount of blowing agent loaded into

20 the pressure-tight vessel may be determined according to the

type of blowing agent that is used and the intended apparent

density of the expanded particles, but in cases, for example,

where nitrogen is used as the blowing agent and water is used



34 Expanded particle nol dings obtained using the expanded particles
produced as descri bed above shoul d have an open cell rate of no nore than
40% preferably no nore than 30% and even nore preferably no nore than
25% based on Procedure C5 in ASTM D2856-70. Ml dings with | ower open cel
rates can be obtained by ensuring that,fhe high and endotherm c peak heat
quantity of the expanded particles is wthin the aforenentioned range and
by avoi di ng overheating during nolding; the |ower the open cell rate, the
greater the 1o nechanical strength. The present invention is illustrated in
the foll owi ng exanples and conparative exanpl es. Exanples 1 through 6, and

Co t ml 1 th Q.05 '

added to 4 G RSEBILATAIE - SAGoRr S350 SrpaRge P mﬁ?z%?%}{éﬁé‘cé%ﬁéoﬁ’iﬁt
tent | t t 1450 VER t 1

ant | ox da%epa%e“?,qf’s%'eq”egﬁ@epws% shardh b ?féﬂn( Pt teRa 79, BsukPght

part erucic amde 20 (lubricant), and 0.2 weig ﬁ)‘art agent for Brow di ng

weat her abifq% Jiozienghangt i Mhr s ans Qrﬁéletralpﬂéfaﬁﬁa iPOL 888 BF& Cafd t hen
extruded in the formof strands fromthe extruded, and_the strands_were cut
to an expdiRl@@tpmeTecihan 133 MPanwthay thegs hateatis ssablgoimmeddateilyi ng
resin particles weighing an average of 2 ng per particle. 100 weight parts
of the saf dvefhere | orpans e nipdegen eswhiokOisethyat spatesinavbichi thet he

el ectrical conductivity given 5 in Table 1, 0.2 weight part surfactant

(sodi um dartesin pnrteitsled fimpatenna tidd wdi tdp drhea bil osdiamgn aigenTtalbire kepltaol i n:
mean particle dianmeter 0.40 ~,n), and a dispersant reinforcer (alum num

sul fate) wes&t&darpesbhdtexpardd@nd w06k avre (PPedapersightr eeskedcer was
added in Exanples 3 1o and 6 or Conparative Exanples 4 and 5 ) , and the

contents weRé preaisthd OnaxHeBpacal 1hi8€ thal G¥skbe sxpandivaskaepeeat ure
given in Table 1 while stirred and then held for 15 mnutes at that
tenperaturg, fhe bheYsNgragRAL £81YBRihG.Tabl e 1 was
10 That is, when the target apparent density of the expanded
particles has been set, the pressure in the space inside the
vessel should be at the higher end of the aforementioned range
in cases where the temperature inside the pipe (at the point
where the gradually increasing diameter of the pipe is
15 greatest) connected to the release component is kept lower
relative to the temperature in the space inside the vessel.
When the temperature in the tube connected to the release
component is kept relatively higher, the pressure in the space
inside the vessel should be at the lower end of the range
20 described above. When the temperature in the tube connected
to the release component is kept at a constant temperature,

specifically, from not less than 40 to not more than 80°C, then

the pressure in the space inside the vessel should be higher,



fed into the vessel immediately after the tenperature 15 retention was
begun, and after 15 mnutes the pressure in the vessel was adjusted to a

| evel 0.098 MPa (G |ower than the vessel pressure given in Table 1. The
contents were then heated to the expansion tenperature and hel d at that
tenperature for 15 m nutes. The foam agent shown in Table 1 was fed into
20 the vessel imedi ately after the tgﬁ%erature had t hus been held, the
tenperature was held for 15 m nutes, and the pressure in the vessel was
adjusted to the vessel pressure given in Table 1. After the contents had
been held at the expansion 36 tenperature for 15 m nutes, one end of the

aut ocl ave S ened, and the resin particles an ter re d at
at rmspheri%\?eprgggﬁfe t8° alti@h9Sthe 2R Fﬁnﬁar&?% Jégy}tl\%’fgxﬁgﬁd,e%géﬁ??lﬁng in
expanded particles. The material was released as the | oM ng _agent shown
in Tabl e PAHSFRP i A the RIRIRIZS &1 & ?uﬁﬂaﬁeviﬁlo‘fﬁ%ﬁje[ Vr]\rné’wglresgﬁ?e in
the vessel during the release of the resin particles fromthe autoclave was
hel d at tﬁgmghep%%s% APRFANY Aergity af thfexpanterBaekbahaed
particles were washed and centrifuged off and then allowed to stand for 10
24 hours at at m3opldei merhoss ofe the RResemd ineerkirmdethpapPPerestyere
then neasured for apparent density, high end endotherm c peak heat

guant i sy, dewsinpus pokfdirspdystnom abiteliess thanhtd08urd et morehtharpanded
particles (ambunts of adhering dispersant in Table 2), with the results

gi ven s5 isndlapile id obderditspmvseoafpeoperveilgspobvehe thpadilepgepannitc| es
are given in Table 1. The resin particles in Conparative Exanple 2 fused

t oget her ifrdhadidOitiave thedstidrecabbe expassdpdnpant pakeictibes tael d not
be obt ai ned. 37 a~ b E 00 NNOvHoOvONu~., ~. M-ONwr 0 0, 1yoON~dOO bOGLHW-

' kaOv0~a0 expddded gI¥deTdd BhoulR i Oedothermic peak on a DSC

curve, as determined by differential scanning calorimetry,
10 of at least 2, and the heat quantity of the endothermic peak
on the high temperature side of the endothermic peak (referred
to below as high end endothermic peak) should be from not less
than 2 J/g to not more than 20 J/g in order to enable the more
efficient manufacture of expanded particles having better
15 fusion with other expanded particles. Expanded particles with
an apparent density from not less than 100 to not more than
500 g/L and a high end endothermic peak heat quantity of from
not less than 2 to not more than 20 J/g will result in expanded
moldings with better compression strength relative to density
20 as well as expanded moldings with higher energy absorption,
etc., and will allow the molding cycle to be shortened because
there will be no need for a step to increase the air pressure

in the expanded particles before the expanded particles are
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molded. When the base resin is polypropylene resin, the
apparent density is preferably from not less than 100 to not
more than 500 g/L, and the high end endothermic peak heat
quantity is preferably from not less than 5 to not more than
5 15 J/g, so as to obtain expanded moldings with better fusing
properties between the expanded particles. The aforementioned
high end endothermic peak heat quantity should be from not
less than 1 to not more than 50%, more preferably from not
less than 2 to not more than 45%, and even more preferably
10 from not less than 3 to not more than 40% relative to the sum
of the high end endothermic peak heat quantity b and the
intrinsic endothermic peak a shown in Figure 1. The total heat
quantity of the high end endothermic peak and the intrinsic
endothermic peak should be from not less than 40 to not more
15 than 150 J/g. The high end endothermic peak heat quantity and
intrinsic endothermic peak heat quantity referred to in the
present invention both refer to the amount of heat absorption,

the value of which is expressed as an absolute value.
An apparent density of 30 or more and less than 100 g/L,
20 an endothermic peak on a DSC curve, as determined by
differential calorimetric scanning of the expanded particles,
of at least 2, and a high end endothermic peak heat quantity

from not less than 5 to not more than 60 J/g are suitable for
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10

15

20

efficiently obtaining expanded particles to produce expanded
moldings with high fusing properties between expanded
particles at a high rate of expansion. When the apparent
density is 30 or more and less than 100 g/L, and the high end
endothermic peak heat quantity is less than 5 J/g, the expanded
moldings obtained from such expanded particles will run the
risk of a lower compression strength relative to density and
lower energy absorption, etc. An apparent density less than
30 g/L will result in expanded moldings with lower compression
strength relative to density, lower energy absorption, and
the like. Expanded particles with an apparent density of 100
g/L or more and a high end endothermic peak heat quantity over
60 J/g may result in the need for a step to increase the air
pressure in the expanded particles before the expanded
particles are molded, which may result in a longer molding
cycle. Particularly when the base resin is an
ethylene-propylene random copolymer, the apparent density
should be 30 or more and less than 100 g/L and the high end
endothermic peak heat quantity should be from not less than
5 to not more than 30 J/g in order to obtain expanded moldings
with better fusing properties between expanded particles, and
a shorter molding cycle.

To determine the apparent density d of expanded
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particles, first approximately 5 g (from not less than 4.500

to not more than 5.500 g) expanded particles are obtained and

checked weight precisely to 0.001 g (the fourth decimal place

is rounded off) to obtain the weight S (g) of the expanded

5 particles. The volume Y (cm®) of the expanded particles is

calculated based on the graduated scale to which the level

rises when the expanded particles of known weight are then

poured into water in a measuring cylinder holding 100 cm® of

23°C water, and it is converted to liter units and expressed

10 as the apparent volume L (L) of the expanded particles. The

weight S (g) of the expanded particles determined above is
then divided by the volume L (L).

The high end endothermic peak heat quantity of the

expanded particles is the heat quantity of the endothermic

15 peak b appearing on the high end side of the two or more

endothermic peaks found on a DSC curve (Figure 1) obtained

when from not less than 2 to not more than 10 mg of the expanded

particles are heated from ambient temperature to 220°C at a

rate of 10°C/min using a differential scanning calorimeter,
20 and corresponds to the area of the endothermic peak b on the
high end side (not necessarily 1). It can be determined in

the following manner, for example.

First, a line o is drawn connecting point «



N~;~. OXMN~Or oXWVOM 11 I M- 1 Xrl OroHroCL Ni ii ~i @i ii ii iOUulN~et' aOXOW
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a...1 ~2! row~a® ~b ~~~ N~Ho a~~+ ~4." , ,.~t~Db, ~b1 N"~ .~ a~
,~ OWWo wWN (~"Nrl_N"1,6 L~ ~~J ~'d OvG | Onb a~~b"o ror rob+~
a~N 39 The follow ng types of water were used as the aqueous nediumin

the exanpl es and conparative exanples. Water A underground water with
el ectrical conductivity of 53.30 nS/m5 Water B: reverse osnosis water with
el ectrical conductivity of 0.85 nS/mWater C. deionized water with

el ectrical conductivity of 0,05 nBb/m ,
corresponding to 80°C on the DSC curve and point B on the DSC

curve corresponding to a temperature Ty after the fusion of
the expanded particles. A line is drawn parallel to the
vertical axis of the graph from point y on the DSC curve in
5 the valley between the aforementioned intrinsic endothermic
peak a and the high end endothermic peak b, and the point where
the line intersects line aff is o. The area of the high end
endothermic peak b is the area of the portion (portion shaded
by slanted lines in Figure 1) surrounded by the curve of the

10 high end endothermic peak b on the DSC curve, line off, and

line yo, which corresponds to the high end endothermic peak
heat quantity. Endothermic peak a in Figure 1 is the intrinsic
peak corresponding to the heat absorbed during the fusion of
the base resin.

15 The high end endothermic peak heat quantity of the
endothermic peaks referred to in the present invention among
the two or more endothermic peaks on the DSC curve, as
determined by differential scanning calorimetry of the
expanded particles, means the total quantity of heat of the

20 endothermic peak on the side with the temperature higher than
the intrinsic peak corresponding to the absorption of heat
during the fusing of the base resin.

Although the high end endothermic peak b is found on the



Water D 9:1 mxture of Water B and Water A) with to electrical
conductivity of 6.62 nS/mWater E: 8:2 mxture of Water B and Water A, wth
el ectrical conductivity of 12.20 nS/m Water F. 6:4 m xture of Water B and
Water A, with electrical conductivity of 21.90 nS/m 15 Water G soft water
with electrical conductivity of 67.90 5’?’ m The aforenentioned el ectrical
conductivity is the value obtained at @ roomtenperature of 25C using a
"Kasutanii ACT 20 pH neter D 24) nodel 9382-10D' of HORIBA, LTD. with an
el ectrode having a cell constant of 1.071 x 100 m1. The expanded particles
of Exanples 1, 2, 4) 5, and 6, and Conparative Exanples 1 and 3 were packed
) without inter 40 pressure treatpent, | . i 0 x 200
nm x 50 m’# lrr%?%ir‘%%c scp%léve (n%ﬁslﬂf]é sjp%c{@;i%\a/\h"éanﬁé]%’g é%%g%éﬁg&f grgfglag'noglrpds wer e
fully clanped) while the mal e and fengl | ds were . not fully. clanped but
| ef t open%:'t% NP 19 oG e AnEER OF eﬁ1sg0f’u558u?giaﬂrﬂfd! #FEF gﬁ@
interior of the nold had been evacuated with steam the male and fenuale
nol ds wer £ $%8 ¥ PSE apee hagnbeep o idted PYakowRT e the ReBPERALHES ng t he
saturated vapor pressure given in Table 2. After being nol ded, the nol ded
mat eri al wasomositedess thanhmn 2010 a¢xparstomfHpleéS€ymenoto GIHMdA AWNRa ( G )
, the noldings were taken out of the nold and aged for 24 hours at 60C, and
they were Jhgrneaol & é&s:[x?@'@htee@ﬁﬁéirﬂ{:ﬁrezﬁgﬁl a9 ¥at el H€ 1foei/ARnr at e
and the evaluation of the tusing properties of the expanded particles in
the resultjng expanded particle moldings, 15 I.n Exanpl e 3 and Conparative
Exanpl e 4,t9n2Phe™3FRer 229 %e é%baﬁﬁéﬁﬁpﬁﬁwﬁcfﬁggﬁe?%etFaﬁféggﬂg
provide themw th internal pressure (particle pressure of 0.1 MPa (G), the
expanded perdethermigrpephokeeornesrondinghboi e 28bsarPkiopoofmheato nm
nol di ng space (nol di ng space when the male and 20 female nolds were fully
cl anped) winting hthenfesiod 6€nthe bekés resia wdtllf dd fadraiped but | eft
open with a slight gap between them ( about 1 mm) . After the interior of
the nol d had be@ecauaeuahedraildd forethe Hilyh palcemdolthermiie padidbeadr e
fully

10 quantity of the expanded particles will wvary depending

primarily on the expansion temperature during the production

of the expanded particles and the amount of blowing agent that

is used, it is necessary to establish the conditions of

expansion such as the expansion temperature and amount of

15 blowing agent through preliminary testing in order to obtain

expanded particles with the target high end endothermic peak
heat quantity.

During the measurement of the high end endothermic peak

of the expanded particles by differential scanning

20 calorimetry in the aforementioned manner, when each particle

weighs less than 2 mg, several particles with a total weight

of from not less than 2 to not more than 10 mg should be used

as such for measurement; when each particle weighs from not



41 cl anped, and the material was nolded with steam having the saturated
vapor pressure given in Table 2 . After being nolded, the nolded nateri al
was cooled to an in-nold expansion pressure of 0 .059 MPa (G , the

nmol di ngs were taken out of the 5 nold and aged for 24 hours at 60C, and
they were then cooled to roomtenperatjyye. Table 2 gives the fusion rate
and the evaluation of the fusing properties of the expanded particles in
the resulting expanded particle noldings. The dispersion properties of the
expanded particles and to the fusion properties of the expanded particles
in the expanded particle noldings shown in Table 2 were evaluated in the
fol |l ow ng jmtanner.. Di.spersign proper.ties, of exp e { cl 1
expanded e]leeﬁ’ﬁenii%ar\l/\ezfrelc G aitdo oyrege hegé: eld&f"r'%'m(?rﬂée] g?lgﬁ%éi%f S@Q%gﬁdgg

ticl t h had b d. . Th ded el ts. ref d h
Toan cach S EImeRBHERPSRR: CARbATOR BROHIREL Habe MU= B nb0RBsi o

bet ween the 20 expanded particl]es, and nean each expanded el ement of fused
particl es 1t BGs@nePagtishgeanpilf Be LUt JaHp SEyaTfdr PLECSSe tPeHSEo as
fused particles ) , whether a plurality of expanded particles have fused
t oget her iane Ipides megighdng finen no lessHehas, 2atpl prkl Meyeotharpafded
particles have fused together randomy, or a plurality of expanded

parti clses mg e fpoi mezhsyrengt { | Howeyerasi pinget dref oent ofsanplerisapet ween
t he expanded particles. 100 such expanded el enents were 5 exam ned to
eval uat e tdietalisgihy ontploper tsiieyglef ekpendegdaopactiipietusing aacobkdrng to
the following criteria. A: Qut of 100 expanded el enents, either no fused
particles éxf e Moike ! e Patded epahioudlldE beC @il iai Bgchwa ezxpabHed,
particles fused together, but no fused particles 1o conprising 3 or nore

expanded paidd eues £n6FilgagRtingarrhbdigRthegppexetletenadmandednparticle
di spersion B: Qut of 100 expanded el enents, fromnot |ess than 3
being cut off, so that the cut samples each have the same shape
10 as much as possible so that the intact surfaces have the same
area as much as possible. For example, if the expanded
particles each weigh 18 mg, the particle can be cut
horizontally in a given direction through the vertical center
of the particle to obtain two cut samples of virtually the
15 same shape weighing about 9 mg, and each cut sample will have
the original surface of the expanded particle, the surface
area of which will be virtually the same on both cut samples.
One of the resulting two cut samples should be used to measure
the high end endothermic peak in the manner described above.
20 When the inorganic blowing agent is air, the expanded
particles should usually be produced under conditions

resulting in a heat quantity of from not less than 2 to not

more than 20 J/g to ascertain the suitable temperature for



to not nore than 20 fused particles conprising 2 fused expanded particl es,
and/or fromnot less than 1 to not nore than 5 fused 15 particles
conprising 3 fused expanded particles, but no fused particles conprising 4
or nore fused expanded particles, indicating good expanded particle

di spersion C. Qut of 100 expanded el enents, fromnot |ess than 26 to not
nore than 50 fused particles, and/or fused particles 20 conprising from not
| ess than 4 to not nore than 6 fused expanded particles, indicating
accept abl e expansion dispersion D. Qut of 100 expanded el enents, from not

| ess than 51 43 to not nore than75 fused particles, and/or fused

particles conprising or._nore fused anded particles, .indicati, poor
expansi on R "s‘?‘b‘nWé?nLg?egénPﬁggﬁlﬁ’:éf?ﬁ‘%g AFF éif&f“f%ﬁ%?ﬁé?ge vessel
5 and left inside Fusing properties of exganded articles in gx anded
particl e noteli $HRANGERAIN A ST RrEd iy dPﬁ%gugﬁ?aPﬂgﬂriﬁ°3 226°Hﬁ1x 200
mm x 50 nmm nold were tested by cutting the nnlding approximately 10 mmin

t he t hi ckrieeens sthelikigh jenf gfndeEhemnse npeakt heatcavert ik PB &n8SChen
manual |y breaking the nolding at the cut to assess the fusing properties of
t he expandewirparfior|tde Expanded pasitdinies dec dimtimaato helss ftgilalf’o\ﬁi %9
criteria. O Qobservation of the broken surface of the nolding reveal ed nore
t han 5@% aiot heoe&pahded 6pard/iql eaxpamnidéd opernt@clesserivdt ianhbght kedbr oken
surface of the nolding 20 revealed fromnot |ess than 30 and 50% of the
expanded paiddthesmbadpbarken X BEbCetuziveonbifainesl pkanfsarbatcdadf the
nol di ng reveal ed | ess than 30% of the expanded particles had broken 44

| NDUSTRI Als Adiihd £4\Bt 41 dfidderyes NoskPandiBe pacsesliesngant benobthaned
favorabl e expanded particles that do not fuse together to be obtained,

by a method in which resin particles, a dispersant, and a
blowing agent are dispersed in a dispersion medium in a
10 pressure-tight vessel, the contents are then heated to any
temperature within the range from not less than the melting
point (Tm) of the resin particles minus 15°C to less than a
temperature below the temperature of complete fusion (Te)
without heating the contents to the temperature of complete
15 fusion (Te). The temperature is then held at the selected
temperature (Ta) for a suitable period of time, preferably
about 10 to 60 minutes, the contents are then adjusted to any
temperature (Tb) in the range from not less than the melting

point (Tm) minus 5°C to not more than the temperature of

20 complete fusion (Te) plus 5°C, and the resin particles are
released from inside the vessel and expanded at that
temperature (Tb) or after the temperature has been held at

that temperature (Tb) for a suitable period of time,



and the resulting expanded particles have good fusing 5 properties between
t he expanded particles, giving expanded particle noldings wth excellent
mechani cal strength and the like. As a result ) expanded particles and
expanded particle noldings of nore consistent quality can be produced in
each production plant. Mreover) sinc ﬁxcellent expanded 1o particles can
be obtained at a | ower cost and the nofding cycle can be shortened by the
nmet hod of the present invention, productivity can be increased. 45 CLAI M5
1. A nethod for produci ng expanded particles by all ow ng pol ypropyl ene
resin particles inpregnated wwth a 5 physical blow ng agent ) which have
been heated on ith an epus dium and a di spersant, to be rel eased
and expand&df ?rébiﬁuﬁbp?ﬁe uF@ ?Bgﬂ%Pﬁ%anterior of a pressure-tight
vessel, wherein_an aqueous nmediumw th_an electrical conductivity, of from
not |ess than 0THE $XFeRt 8fndie RaOE 1A snAe A6 T TRP A 1&88a3¥1gﬁe
aqueous nedium 2. A nmethod for producing expanded pol ypropyl ene resin
particl es &t cotle ngexpariad m parfmhelesn %‘?é’eé!déct Ricmarbhtucevi £)eof the
aqueous nediumis fromnot less than 0.01 nS/mto not nore than 20.00 nS/ m
15 3. A netfaxenient iomed ctenpesatwred( pa) yprdpyhentinesfarpuhichl sbe
according to Claiml, wherein the electrical conductivity of the agueous
medi umsi s festin nparkésdeshare). RdldSam tthabt tewperatamrel A O0img/ thed. A
met hod for produci ng expanded pol ypropyl ene 20 resin particles according to
Caiml, wWeseactide elfecthecaéxpandadtipatryioleshe asjuackl nadi uhes from
not less than 0.02 nS/mto not nore than 13.00 nS5/m 5. A nethod for
produci ng £rPeahett Poh P eRYdEreturd6(Te¥| NtRartihkeshaeceedpagatare ai m 1,
wherein the di spersant conprises a m neral -based inorgani c substance
conpri si ng; fmadlntdined,| haat ehdderd: i3y FhlteCaTRL UH iR en@ eAdBRhBRMiEOT
produci ng expanded pol ypropylene 5 resin particles according to Caimb5,
pherein thedit NREAL- BASRE QOGN L. SURSLAREE AR Adhds LEpNgS! |1 cate
based on silica-alum™na consists of kaolin. 7. A nmethod for producing
expanded l,ene i rii in i rein the 1o
P 41%_ bg@%%&’{é’f’y tH iS’é%P R4le g%ﬁg#g;&ﬁg@anﬁw G2l gy IET €hR

m ner a I nor gani ¢ subst ance

temperature retention range and the longer the retention time.

The heating rate is ordinarily from not less than 0.5 to not

more than 5°C/min. Repeated preliminary testing with the above

points taken into consideration will allow the conditions for

15 producing expanded particles showing the desired high end
endothermic peak heat quantity to be readily ascertained.

The temperature range described above is a suitable

temperature range when an inorganic blowing agent such as

carbon dioxide or air is used as the blowing agent. Thus, in

20 cases where an organic blowing is agent is used, the suitable

temperature range will be lower than the aforementioned
temperature range according to the type and amount used.

The aforementioned melting point (Tm) is the temperature



al uni nosi | i cate based on silica-alumina is used in an amount of from not
| ess than 0.004 weight part to not nore than 1.000 wei ght part per 100
wei ght parts aqueous nmedium 8. A nmethod for produci ng expanded
pol ypropyl ene 15 resin particles according to Claimb5, wherein the
m ner al - based i norgani ¢ substance conpg45|ng an alum nosilicate based on
silica-alumna is used in an anount of"fromnot |ess than 0.010 wei ght part
to not nore than 0.400 wei ght part per 100 wei ght parts aqueous nedium 20
9. A nethod for producing expanded pol ypropyl ene resin particles according
to Caim1, wherein the physical blow ng agent conprises a bl owm ng agent
based on an_ inorganic blow ng agent. 47 10. A. et hod [ pro LN
gi(pa_nded peb %/ b%p dee?fleo e%ﬁ%g%aa%ilfﬁsglna%:%%rrld?%bct%n BflﬁﬂrT,ECV\ﬁé(rﬁe:L% a I
ow ng agen ased._on an inorganic oW n ent is used _as e.physica
bl owi ng agetnd & tRenPREPRF- nge‘&“’fﬁ%r%agﬁb’ﬂ fﬁtgém? 8§nﬁ'§ﬁ1§|hn§¥an
al um nosi lc:tgi?te bars’&d on |83| £| cg(é)al um na_riéslpéustgigqfﬁs th%fqi Ziggerggg: ap%l. A
net hod f oroRFHHRRS ek FardEd bdINPRSHA o ! by gto
CIaiw}g(Né;é%#mmeéf%Q t he inorgggic gégyjng aggnt COHSiﬁéiégf air# 10 12
A net hod f&FEfRRRR soanidad cpdloypreiiveRE £heisammame ugehit®i ng to
Claim9 or 10, wherein the inorganic blow ng agent consists of carbon
di oxi de. I®htaimethedD$Or cprudufiomg tivepangethdad ypaobitbase descmipedti cl es
according to Caim9 or 10, wherein the 15 inorgani c bl owi ng agent
conpri ses abhsvandasdr bne dempedetutd. of meirpde tfeorfyrimhuc{ Tig) expantied
Fﬁlpropyy;:ihies!n particliiﬁgfporQing tg Claig11&.wherein air ;s Efed as
€ physi Ctempe £t ife PN ,t adise bF thedinsrtiheidi spabshetrmiangeakun num
sulfate is used as a dispersion reinforcer. 20 15. A nmethod for producin
; . . . P 9
expanded pol yREAPKLENS 5k NbRBEEI eSS RCCOT) “?oéi’tﬂ:ﬁ' Bnl. tHbehggR the
expanded particles have an apparent density of Tfromnot |less than I00 g/L
to not norge than 500 g/L 48 16. A method for produci ng expanded
poIypropyl%ﬁﬁ??%@?ﬂr%a?f?%res according to Claim1, wherein the endothernic
peak of the expanded particles on_a DSC curve, as detern ned
di ffer¥ntial scitRandeaP8lvREPPYLene E?SFBa%?rE?Cgﬁﬁ ‘Tl?ﬁea’sn?‘ucgé’[y Gh&ntity
of the endotherm c peak on the high tenperature side of the endothermc
peak is frogthed deseribet aboye aan M6t ag8ce athatmeePRegici PressSiEethod f or

produci ng expanded pol ypropyl ene
then pressurized in a pressurized air atmosphere to provide

the particles with internal pressure, and then heated with
steam or hot air to bring about further expansion so as to

15 produce expanded particles with an even higher rate of
expansion.

In a batch molding (in-mold forming) method employed to
obtain expanded particle moldings using the above expanded
particles, a mold which can be heated and cooled and which

20 can be opened and closed in an air-tight manner is filled with
expanded particles, steam with a water vapor pressure of from
not less than 0.15 to not more than 0.59 MPa (G) is supplied

to cause the expanded particles in the mold to thermally expand



resin particles according to Claim1) wherein the anount of 10 di spersant
adhering to the surface of the expanded particles is fromnot |ess than 50
ng to not nore than 200 ng per 100 g by weight of the resulting expanded
particles ( the sumwei ght of the weight of the expanded particles
t hensel ves and the weight of the disp sant adhering to the surf ace of the
15 expanded particles). . A A(.A(. A A AUCCA CA(CAC-AC-A(CT A A A(Y. Ay A

CACLA; AR AL AL AL A( A( ACCACCA A CACCACCA(LA(LA A(LA R A AR AR A
2. A A(y. A(. A(. AN A(. A; . A(. AaY&MO NA~
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Examples 1 through 6, and Comparative Examples 1 through 5

15 0.05 weight part foaming regulator was added to an
ethylene-propylene random copolymer (2.4 wt% ethylene
component content, melting point: 145°C, MFR = 7 g/10 min)
containing 0.12 part antioxidant, 0.05 weight part calcium
stearate (lubricant), 0.05 weight part erucic amide

20 (lubricant), and 0.2 weight part agent for providing
weatherability, the ingredients were melt-kneaded in an
extruder and then extruded in the form of strands from the

extruded, and the strands were cut to an expanded particle
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reinforcer (aluminum sulfate) were charged into a 400 L
autoclave (no dispersion reinforcer was added in Examples 3
10 and 6 or Comparative Examples 4 and 5), and the contents were
heated to a temperature 5°C below the expansion temperature
given in Table 1 while stirred and then held for 15 minutes
at that temperature. The blowing agent given in Table 1 was
fed into the vessel immediately after the temperature
15 retention was begun, and after 15 minutes the pressure in the
vessel was adjusted to a level 0.098 MPa (G) lower than the
vessel pressure given in Table 1. The contents were then heated
to the expansion temperature and held at that temperature for
15 minutes. The foaming agent shown in Table 1 was fed into
20 the vessel immediately after the temperature had thus been
held, the temperature was held for 15 minutes, and the pressure
in the vessel was adjusted to the vessel pressure given in

Table 1. After the contents had been held at the expansion
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10BZ[ 7[s0[ [h¥awiing alfEBft- sh@¥n in Table 1 was fed into the autoclave in

such a way that the pressure in the vessel during the release
of the resin particles from the autoclave was held at the vessel
pressure shown in Table 1. The resulting expanded particles
were washed and centrifuged off and then allowed to stand for
10 24 hours at atmospheric pressure to age, and the expanded
particles were then measured for apparent density, high end
endothermic peak heat quantity, and amount of dispersant
adhering to the surface of the expanded particles (amounts
of adhering dispersant in Table 2), with the results given
15 4in Table 2. The dispersion properties of the expanded
particles are given in Table 1. The resin particles in
Comparative Example 2 fused together in the autoclave, and

favorable expanded pafticles thus could not be obtained.
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of 0.05 mS/m
Water D: 9:1 mixture of Water B and Water A, with
10 electrical conductivity of 6.62 mS/m
Water E: 8:2 mixture of Water B and Water A, with
electrical conductivity of 12.20 mS/m
Water F: 6:4 mixture of Water B and Water A, with
electrical conductivity of 21.90 mS/m

15 Water G: soft water with electrical conductivity of

67.90 mS/m

The aforementioned electrical conductivity is the value

obtained at a room temperature of 25°C using a "Kasutanii ACT
20 pH meter D-24, model 9382-10D" of HORIBA, LTD. with an
electrode having a cell constant of 1.071 x 100 m?t.

The expanded particles of Examples 1, 2, 4, 5, and 6,

and Comparative Examples 1 and 3 were packed, without internal
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- pressure treatment, into molds having 250 mm x 200 mm x 50
mm molding space (molding space when the male and female molds
were fully clamped) while the male and female molds were not
fully clamped but left open with a slight gap between them

5 (about 1 mm). After the interior of the mold had been evacuated
with steam, the male and female molds were fully clamped, and
the material was molded with steam having the saturated vapor
pressure given in Table 2. After being molded, the molded
material was cooled to an in-mold expansion pressure of 0.059

10 MPa (G), the moldings were taken out of the mold and aged for
24 hours at 60°C, and they were then cooled to room temperature.
Table 2 gives the fusion rate and the evaluation of the fusing
properties of the expanded particles in the resulting expanded
particle moldings.

15 In Example 3 and Comparative Example 4, on the other hand,
the expanded particles were treated to provide them with
internal pressure (particle pressure of 0.1 MPa (G)), the

expanded particles were packed into molds having 250 mm x

200 mm x 50 mm molding space (molding space when the male and
20 female molds were fully clamped) while the male and female
molds were not fully clamped but left open with a slight gap
between them (about 1 mm). After the interior of the mold had

been evacuated with steam, the male and female molds were fully
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evaluation of the fusing properties of the expanded particles
in the resulting expanded particle moldings.
The dispersion properties of the expanded particles and
10 the fusion properties of the expanded particles in the

expanded particle moldings shown in Table 2 were evaluated

in the following manner.

Dispersion properties of expanded particles
15
100 expanded elements were randomly selected from the
groups of expanded particles that had been prepared. The
expanded elements referred to here mean each expanded element
in cases of expanded particles with no fusion between the
20 expanded particles, and mean each expanded element of fused
particles in cases of expanded particles fused together
(referred to as fused particles), whether a plurality of

expanded particles have fused together in the form of a string
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5 examined to evaluate the dispersion properties of the expanded

particles according to the following criteria.

A: Out of 100 expanded elements, either no fused
particles or no more than 2 fused particles comprising two
expanded particles fused together, but no fused particles

10 comprising 3 or more expanded particles fused together,
indicating excellent expanded particle dispersion

B: Out of 100 expanded elements, from not less than 3
to not more than 20 fused particles comprising 2 fused expanded
particles, and/or from not less than 1 to not more than 5 fused

15 particles comprising 3 fused expanded particles, but no fused
particles comprising 4 or more fused expanded particles,
indicating good expanded particle dispersion

C: Out of 100 expanded elements, from not less than 26
to not more than 50 fused particles, and/or fused particles

20 comprising from not less than 4 to not more than 6 fused
expanded particles, indicating acceptable expansion

dispersion

D: Out of 100 expanded elements, from not less than 51
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resin particles according to Claim 1, wherein the physical
blowing agent comprises a blowing agent based on an inorganic

blowing agent.
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13 A method for producing expanded polypropylene
resin particles according to Claim 9 or 10, wherein the
15 inorganic blowing agent comprises air and carbon dioxide.
14. A method for producing expanded polypropylene
resin particles according to Claim 1, wherein air is used as
the physical blowing agent, kaolin is used as the dispersant,
and aluminum sulfate is used as a dispersion reinforcer.
20 15. A method for producing expanded polypropylene
resin particles according to Claim 1, wherein the expanded

particles have an apparent density of from not less than 100

g/L to not more than 500 g/L.
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by differential scanning calorimetry, is at least 2, and the

5 heat quantity of the endothermic peak on the high temperature

side of the endothermic peak is from not less than 2 J/g to
not more than 20 J/g.

17. A method for producing expanded polypropylene

resin particles according to Claim 1, wherein the amount of

10 dispersant adhering to the surface of the expanded particles

is from not less than 50 mg to not more than 200 mg per 100

g by weight of the resulting expanded particles (the sum weight

of the weight of the expanded particles themselves and the

weight of the dispersant adhering to the surface of the

15 expanded particles).



