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* PRE- EXPANDED PARTI CLE AND | N MOLD EXPANDED ARTI CLE THEREOF 1.171J7' 5
TECHNI CAL FI ELD The sent invention relates to a pol ypropyl ene resin
pre-expandeﬁW“HMﬂ“ﬂW@@@nd an in-mold expanded article thereof. Mre

“speci fical | M nt invention relagjes to a pol ypropylene 1o resin

pr e- expanded patbi@t e whi ch can suitably be used for preparing an in-nold
expanded article of polypropylene resin used in cushioni ng packagi ng
material, returnable containers, IDESGRIPTI@Nerial or bunper core of an
aut onobil e, and an in-nold expanded article nmade of the particles. 15
BACKGROUND ART Conventionally, a nethod of preparing pre-expanded particles
by di spersing pol ypropyl ene resin particles in an aqueous dispersion nedi um
al ong wi t h RGI0AAROPHGENE, RESIN PiREHeXPANREDe PARTIC LB DgIN-MOL2ssur e
and tenperature constant to i npregnate the foam ng agent in polyolefin
resin particles and, then di B¥RANDER ARDCE THERRLOE at nosphere, is

known. Regardi ng the foam ng agent, disclosed are the nmethods of using a

vol ati | & or gani ) nt such as propane or butane (JP-B-56-1344) and
using 25 inorgamu mmmmmmummras carbon di oxide, nitrogen and air

(JP- B- 4- 64332, - B-.4- 64334) . HIEGHNICAL BELD or gani ¢ foam ng agents are
expensi ve and v - 2 so costs will rise. Also, volatile organic foam ng
agents such as propahBcaPresanbhniaivention heclet¢ecto & poOlyerpoyking resin

pol yol efin resin and_ though high expansion ratio can be obtained, due to

t he pl acti cPEg¢&peidad K Parldele ard ppavlienmoddcsxpandad j aufielg jthereof.
controlling the 5 expansion ratio and crystal structure of the pre-expanded
particle. VWereuspagliiGrdbyathe presentcinventdanpmlagedioda, palxpuysiensd
air, because the inorganic gas is difficult to be inpregnated into the

pol yol €4 n ?ee%lFlnPrQI§§£’lan4%BP§E}ﬁléﬁ WhHChiean satitaiiyee abes: for prepRpREssur e
of approximately 3 to 6 MPa. As a result, the to inpregnating vessel .for

i npr egnat i @t H&- A% nEXREBACY nettielse Bbl ?BﬂBéI?FQPHﬁEE—Fn el Ha%ed nhilBh
pressure resistant, properties and so.there is the problemof high facility
costs. As acﬂﬁ%mq%)r %fc‘%mgc%W%ﬁ&é?%&l%ﬁ%cﬂ%ﬁ%ﬂ?&i Hngl*‘é@téﬁﬁanded
particles which can suyitably be used for pr ring ,an 15 i n-nol d expanded
Brticle andMAiPFEl o BURBGE COFe Ml AUOReRIE SRR THICEXRANHEHd f or
t he di spersion diuma f oani agent has been suggested. A nethod using
water as a ?Hﬁﬁﬂﬁﬁ“ﬁ%%ﬁ?t ﬂﬁﬂghggsbeen suggested is the method of

prepari crystalline polyolefin polyner 20 expanded particles, which
conprises dispersing crystalline polyolefin polynmer particles containing 10

to 70 % by wei ght of an inorganig \fA f er which is the dispersion
mediumin a seal ed vessel, i mre%ﬁgﬂf%}gi?@@va ef which is the dispersion

medi um under pressur i.Ch.i j,gher he, s I % r e of
the 25 dispersion Ii ;et?:é@)eanﬂs‘?ael%’ergt ur%lgaql\/\%‘iricﬁ)fi ?%tpaa%glg% Sﬁg" ?T}gé%lﬁﬁéapoi nt
of the crys ! I Ik | : [ i:nt aj.nj i gh
pressure raggghgﬁﬁéﬁgiéﬁﬁﬁ%ggngﬁgﬁggﬁgé?g%hfgggg%g?##g%ggfﬂ &h éagegﬁ%ich
crystal li zagj h r i pr o hep :di.s¢ch i ng
Che o sper el reion o ROLHIE| BSRE TR NEOTOAIEE BBGRY) Tuiglie Tk
because,d he % éggﬂ?eqn RiddC ned d4yt i tal r ggt

deal of i no?éégﬁieg I ’ey , ch‘ﬁ #Fg”g?%sﬁg@g 5dr<{ak>1<t Fgelr%wl\g}é?é{gﬁl (fadrgsp%r{&cgﬁl
ratio tendsithprb8aaf® thedfdAfthd \He? irs polpSiRfiRP PeSA RS tiRIES BRDaAkLR2!
properties such as conpressive strength when made into"an in-nold expanded
article arednoth#righihbGnedllow peédirdBimedpiire Nid&ndveen Regeedisd the the
met hod 10 of preparing propyl ene random copol yner resin expanded particles
whi ch conpr feefhifly SRR, MisBIcded 8RethkhieeABdkasa—IHEROYVYIRIler §83dhic
particles containing 1 to 12 %by weight of ethylene into water in a sealed
vessel , thefbdifgdHEmysuoRrfapirepaas 6O biRkect (P-P-86S 1B MM did \dihg
vessel at least 5 kg/cnR2G heating to a tenperature which 15 is between the
mel ti nyoi HorgfartibeyaoPati By cdbtsom dpekides g tropiesh 20€ dirghprBihBun I e,
melting point and discharging the dispersion liquid in a |ow pressure

at nospher e JPaBahes4€3Paj.ent No. 1880374). However, according to this
nmethod, in order to inpregnate with water, high tenperature and high
pressure conditions MHotveber, valatikd oeghhiorfoarndthg aggnpearedxpetsive and
productivity is extrenely low. Also, the fluctuation in expansion ratio of
t he obtai ned pre-expanded particles is not of a satisfactory |evel. Another
nmet hod whi ch has been suggested is the nethod of preparing polyolefin resin
pre- expanded particles, which conprises 25 dispersing polyolefin resin
particles containing a hydrophilic polynmer and an inorganic filler into
water in a sealed vessel, then heating to at |east the softening

e o Y a1 o v o,



- 4 containing polyolefin resin particles, and then discharging the
*dispersion liquid in a | ow pressure atnosphere (for exanple JP-A-9838048,
JP- A- 10- 306179, JP-A-11- 106576). By this nmethod, polyolefin resin

pre- expanded particles having a high expansion ratio 5 can be obtai ned
*under |ow pressure in the vessel, conpared.to the case of using inorganic
gas such as carbon dioxide, nitrogen and air as a foam ng agent. In
addi ti on, mai ntenance of high tenperature and high pressure for a | ong
period i s usoecestsamyillamriseacondsd cablatikdweghaic i foapeisd tlgentdsstieh ke
obt ai ned pol yolefin resin preexpanded particles, fluctuation in expansion
rati o and cprbpdharmi@buitaneinbve dhe effeso of fplattivizng pulydkdin appiepaatdce of
the in-nold expanded article are favorabl e. However, regarding fluctuation
i n expansi othoaghohigid exphinsibameatter cahhiee lodbtained, dereandthaplhetietwmnlg gher
than in the past. 15 Even in the nethod of preparing polyolefin resin

pr e- expandedffpat,t ithles layreugirodplomlsy duafh nas edifficquety i ol esontmtlBngi nipea
hydrophilic polynmer and an inorganic filler and using water for the

di spersi®n espaonsies ratfioandngrysdehstirwctsss ohtlwhipeh-dtpamded ipartiaie.
expansion ratio and cell diameter do not satisfy the |evel of demand are
ari sing 20 and furthdYhenpisingimorgagicdegasrsath Werarboncdicstidennitrogen
expansion ratio is large, there is the problemof large fluctuation in

wei ght whenamsldein, mesaarse thedhdrgxpingas iardiffi¢elt tonbedoepregneated, infwal i ty
standards for products have becone nore severe and in order to cut down on
t he man houthepélyolelengrasiax amswally ompregnation- milst bepeedduciediat @
pre-expanded particles having smaller fluctuation in expansion ratio_than
in the past higle prcgswehdol appmximatedi 8i éa, 6f MPRer Aspreoviemit, ithein
demand as fluctuation in cell dianmeter causes unevenness in col or and
danageslq n HppEgeaAtiag (Yesseb logsempregnatingndihe dRpaaegd agenitcirta dher ed
by including pignent or, dye, particularly in the case of an in-nold 5
expanded ar ppé%rfgleéléa B YA M E@R,e high, BRSNS Fesistant PIORsFEeh AN Sl e
than in an in-nold expanded artic¢le which is uncol ored and white and

t herefore déﬂﬁﬁﬁlﬁéheﬂﬁﬁ&§9€hﬁ f1gh facilityueeston of cell dianmeter is strong.
to DI SCLOSURE OF | NVENTI ON Thetﬁgject of the present inventjon {s to,

provi de pre- expandedAFaft FRFEOhAOT RPANIPEGALY (RECPATBE PAYOFHNGTefHEY er
and expansion ratio and decteased, unevenness iqgcolor

f1 uct uat i onPRAETRRARESH M tirles iWhithy cakph sHEaPE b Ged fox Redeasing pn
oan ntSqotn Rl exeatifed af gl BReLSy L e AP ErAbovS B BYen PoTGSHnd 08 v
o WS A A L B

i ﬁventi on mg%%cgfgr%ﬁéﬂe%e%?ﬁé' pPesgﬁt P%venti on relates to g pol ypr opyl ene

resin pre expanded ;! H&éh%&mﬁ%%g%raasaa Pc?érﬁnég)sd%r@ REARIORY '5}%%?1

resin conposition contaihing polypropylefie Tesin a compoun avi ng
a triazine j . | azi
aicel et on anshegEs P I8 U SR othitiadhe e Bl pAChICId FIIRS
al so coppri L LG ol ‘el O :aho resin
pr e- ex pg@degﬁggﬁ Ieﬁ@btﬁgé}é{}m Wl%g%a? rﬁge%%%g&f‘%ﬂg ééﬁ’rs' ]{B %1%&! (E/%gly%cﬂt@ ﬁ(r)]f t he
compound (Blolymer particles containing 10 to 70 % by weight of an inorganic
filler into water which is the dispersion medium in a sealed vessel,
impregnating the water which is the dispersion medium under
pressure which is higher than the saturated vapor pressure of the
25 dispersion liquid and temperature which is at most the melting point
of the crystalline polyolefin polymer particles, while maintaining a

high pressure range which is under the temperature conditions in



having a triazine skeleton and nol ecul ar wei ght of at nost 300 per triazine
»skel eton unit based on 100 parts by wei ght of polypropylene 5 resin (A).
The above pol ypropyl ene resin pre-expanded particle preferably contains
0.01 to 20 parts by weight of the hydrophilic polymer (C) based on 100
“parts by wei ght of polypropylene resin_(4). The above pol ypropyl ene resin
pr e- expanded particle nmay 1o also conprise inorganic filler (D). The above
pol ypropyl ene resin pre-expanded particle preferably contains 0.05 to 10
parts by wewglithoéryidtalliziiganse thel pelyni& prasrded pripRebsés Saby weEeght of
pol ypropyl ene resin (A). In the above pol ypropyl ene resin pre-expanded
particle, técHarohyHePYighersieti iqGA ihsa dbw passs@re raﬁg‘ee(m&g-a@ted
fromthe group consisting of ethylene-propyl ene random copolyner, propyl ene
but ene- 1 rapdgy) copdbyever abdcaiizy! ene- prorxpRirtdiliRidles a0 IneAPehy Mer ,
or a conbination thereof. In the above pol ypropyl ene resin pre-expanded
particle, ttitis2evporquaiadn(B) gheat nkad bf iiasrgentk €ilgéncanddimmeset ks

wei ght of at nobst 300 per triazine skeleton unit is at |east one nenber

sel ect ed frextricheelyr supaltoopiest icell odtioetamineao beoogmnliigh anddfasidn,
mel am ne i socyanurate, or a conbination thereof. In the above pol ypropyl ene
resin pre-espafadedappehrahee dre M@échydicglhptropenitds sach( & deamprefsivabl y
an et hyl ene iononer resin obtained by crosslinking ethylene-(nmeth)acrylic
aci d copol ystmengthh whéal imadealintonan in-moldhexphodedpalntiplepyrenaatesi n
pre-expanded particle preferably has two nelting peaks in the DSC curve
obt ai ned bysdffidienénti al scanning calorinmetry. Furthernore, the present
invention relates to an in-nold 5 expanded article conprising the above

pol ypropyl ene resi n Anedhpaniethpdrwhidle haBEBEehObEgECR cCARRYhBIGNStHodHE

| NVENTI ON The pol ypropyl ene resin pre-expanded particle of the 1o present

i nvention cohtpaepar{ty mpoipypeopytaartomesopohndet Bie sin caxpanded hparmgles
triazine skel eton and nol ecul ar wei ght of at nost 300 per triazine skeleton
unit. Exanpwédchf compmseyplispereing myopyleng-aibydene rarndemesomolymeant i on
are propyl ene honopol ynmer, a-ol efin-propyl ene random 15 copol yner and

a- ol ef i n- pr BpSinepRr titlgsicapiganime d . toThe e hyayeightuakethurlene isto water in
conbi nati on of twg or npre kinds. Particularly, ethylene-progylene random
copol ymer, atsfAledaassshythsr intradicing Hrrgande #asy e malge the pressure
propyl ene-but ene- 1L random copol yner exhi pit good foam ng properties and nay
be suitabl yWisda the Vegsel ableast oS T i e NERSHIRIER BptaTRPEFaBUESW&rBnt i n
foam ng properties and nol dability a?d excell ent in nechanjcal strength and
heat rek st EnPetWaen thedaelting neint of ABeFapgismaresinirardicles anghdveC

Rt R IR A R X I
vaLee) o O Sohprnhee S biEheF TP SoRACHAIERAK el Rt o>
i gher .t hanSS6SEAR £o QURCEIHCRy 1t QEXBAr el gArEPBEESV i PHSn HB T
cxPans! on, LGSl G0 g A L AL SR Be MR AR e
010 thur € ol it o B PV IERG cReF el 1%, G aRePSEhSAHET
ratio of thg RLESABRYEH BV Y 5B AL pte-AGSHEed ' PiHicles is not of a
satisfactory level.
Another method which has been suggested is the method
of preparing polyolefin resin pre-expanded particles, which comprises
25 dispersing polyolefin resin particles containing a hydrophilic polymer
and an inorganic filler into water in a sealed vessel, then heating to at

least the softening temperature of the resin particles to make water



Here, melting point is the peak tenperature of the 1o endotherm c peak in
*the DSC curve obtained by heating 1 to 10 ng of pol ypropyl ene resin from
40C to 220C at a rate of 10C/ m nute, then cooling to 40C at a rate of
10C/ m nute and then heating again to 220C at a rate of 10C/ m nute using a
“differential scanning calorineter. Furthgrnore, M value is the value when
nmeasured 15 according to JIS K7210 at a tenperature of 230C and a | oad of
2.16 kg. In the present invention, a conpound having a triazine skel eton
and ol ecul @sn¥indAE PolpbleTRSt réYG Pearticledzi ARASkleet 0RidtHdriBYy the
(hereinafter, may be described as tri‘azi ne conpound) is used. 20 re,

nol ecul ar waiHHrspeh liduiRk ine Ed«elgﬁte%@ultelétm§s§Hera§f&%9§ﬁ$1eQWW-9- _

di vi di ng the nol ecul ar wei ght by the nunber of triazine skel é&ons contained
in one nol eggRe48TheIRrA-a2)-BOEINPOUNH-ANCT SFES7ENe W er tERNt eidtHd,

pol ypropyl ene resin conposition particles, provides polypropyl ene resin

pr e- expandegoBailfial fsiAaytergxgandicdhp&xpales! Ravingt A highdefisen i ehfiect of
controlling fluctuation i'n expansion ratio and cell diameter. However, in
the case thaantbhe dBtagaed ainWet dBiv PREs§tit@ZhNeh & kek8ERNcarhigaredcasdn e300,
the effect of _ g _increasing water content and controlling fluctuation
i n expansi opas@lofusing Rlrgatiian@isesuch a9icagbbhi @ioeﬁabynemgéht gdd ditre

nol ecul ar wei ght per triazine skeleton unit is preferably 100 to 200.
Exanpl es of as he fahmiagt agent.nels codditivh afrtaimtéaghoe & higietee@pe e
1,3,5-triazine-2,4,6-triamne), anmeline

(1, 3, 5tri azand- Ridly presgude Goai arfong) periodeis denecessary and economical

(1, 3,5-triazine-2, 4di hydr oxy- 6-am ne), cyanuric acid

(1,3,5-tri aprodu2tién6-isrpossiblesodymrfori thamhkained polyolefin resin pre-
(1,3,5-triazine-2,4,6(1H, 3H 5H) -trion), acetoguanam ne (

1, 3, 5- t 10 azexpagdéddarticlessflmethation i) ekpansipmmatiorend cell diameter is

1, 3,5-triazine-2,4-di am ne-6-phenyl), tris(nmethyl)isocyanurate,
tris(ethyl)sswdyaandatadsos riuibot Wnd ssuyfacer ppearance of the in-mold
tris(2-hydroxyethyl)isocyanurate and nel am ne i socyanurate. These may be
used al one expandedndithelei are fdvanabler nore kinds. Particularly, nelanine,
i socyanuric acid and_15 nel ami ne i socyanurate are preferably used as the
ef fect of increasi ngHeweven giwgending dutmation inExpansioat Tafio iandgginsi on
ratio and cell dianmeter is high, In order to obtajn a nore uniform and
favor abl e c8iamstencthe devehel glisspand, hasi becewgpbigheptbaar ibithenrgskn
average 20 particle size of 0.1 to 800 umnore preferably 1 to 100 ~, m and
the nor¥ unEvpmiphdhgampthedsps epreprring @lyeledimpresinhareaggpandsd, in
order to prevent caking, 0.1 to 1 % by weight of netal]ic soap such as
magnesi um sPa&HSIES DYaRping podvelefin sesin: RREtiGSsFaBtaengss Hedranpibiended
into the triazine congound, 25 Fyrthernore, the triazine cqonpoynd
preferably p@f&@proaﬁﬁr NIy BRI h‘gﬁ%’f @é?éjsé-ilfﬁljgt WRAleF gpﬁré‘%ﬁéﬁpﬁ’f‘%ﬁ% i ng
pol ypropyl ene r.esin conposition particles. Wien . the conpound has -, 10 a
Tl 11 ng. poi AediNE 2% Pt IORGTIRE AECRS, BREFSIABYHICH Bt en Shmansing

dd i havi | ti ' he d iti
Femper at ur of f B0 A GAbAATCtFE A8 nDsBRtiRatRnis! oG HESHELR B AN HBEbove
conpoung havkgg a5 triazine skeletgf and, mol ecul ar wei ght of at npost 300
per tris%i nBngkBiEthsy improvemapt ndasitifariy Iinited but usually, the

limt of th t d. | f bly..6 .parts_b i ght.,
orererably 3 parts by fEnghichialEn h teaspRoraiS 8 anBe ot W' ene™" ©
I I ' Moy f . | S bl
b 05" 10" par BrBhTeiar ghd e g Y, AelBnTIHED, Hiadl HE6 g IR Y
e th . L oh . . . .
expansi on 1 SFPBIIS GFICler abdh teqrtnuEarS BulisrR iR atdY Gt D,

s greater {30 foRRkSelbNelalit o RIidABALS Yo LoRUS IR 8RR AR

di ameter becCones fine a open ce 10 rises. e polypropyl ene
resin p -e¥§@?g L eg: @ﬁﬁﬂ %ﬁﬂ? )

hydr Ophlﬁfi C po yﬁg}rlp?%%hﬁ@z{#%} gztegl?m[:lhe gcﬁr}%p I «%cigﬁrr)g%e, rﬁa‘()ggiﬁtﬁgﬂbegi used
in the presentticlVeHd AR gAEmARY MRIctEMA thNexBahSIRPAATAUR FHChaS
ethyl ene 20 acrylic acid-nmal efic anhydride terpolyner,

et hyl ene- (mplal)} 3Geyin Bedsdddcopol ymer or iononer resin prepared by
crosslinking ethylene(nmeth)acrylic acid copolyner with nmetal ion; polyam de
such as nylon 6, nylon 6,6 or copolynerized nylon and thernopl astic

pol yester el astoner such as a bl ock copol yner of pol ybutyl ene terephthal ate
25 and pol ytetranet hyl ene gl ycol. These nay be used alone or in a

conmbi nation of two or nore kinds. Particularly, ethylene iononmer resin
prepared by crosslinking ethylene-(nmeth)acrylic acid copol yner - m wth

. o o . o o
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the amount is greater than 20 parts by wei ght, decrease in heat resistance
-and nechani cal strength tends to becone |arge. Furthernore, the

pol ypropyl ene resin pre-expanded particles of the present invention nmay
contain inorganic filler (D). 5 Exanples of the inorganic filler (D) to be
“used in the present invention are clay_sygch as talc, mca, kaoline,
nmontnorillonite, bentonite, attapulgite, laponite and sepiolite, natural or
synthetic silica, natural or synthetic cal cium carbonate, titani um oxide

and zinc oxide. ThesgnnaddieidsSedniatRBe mprovent@RPi fat iAN Sdmiy ohgmore
kinds. 1o Particularly, talc having an average particle size of 1 to 20 um

m ca havi ngflagtaseioagm pelltdirfe tdrz@a@ed urvéA HE8sSMELORIH £n 8l SfmBgKsng an
average particle size of 0.1 to 10 hum kaoline having an average particle
size of 0. lir appRaaneet dIyintHeetase sF hinCiar-heylidnek pain d¥aragr18dolodE byl z€
of 0.1 to 10 umand the sane with nodified surface, dry 15 synthetic Silica
having an aksrlagénpapigmleatsbzedpé, paificuilarl: Qb e addlsd hef samEnvwhidld

nodi fied surface, preclpitated cal cium carbonate having an average particle
si ze of . Oéxpanded wmrtivdel eokuretiada mddck) atnevéntéss tieresibr ief hid
bentonite having an average particle size of 1 to 20 Vim attapulgite

havi ng an ametizgabparthiatl énsameirpindldexpanidedd abticie avldidhaponiheoloaetdng an
average particle size of 10 to 200 ~. m provi de favorable cell structure and
can be usedandi Wity anidethaivofcrei dengand cfofri ithprowdmenacirs fAsctaiatédh of

nucl eati ng agent and assists uniformcell formation. Though using the

i norgani ¢ fctllelianseteotisnstmdagory, by using it, expandability are 25

i ncreased, that is, pre-expanded particles having high expansion ratio
becone easier to obtain. The anobunt to be used of the inorganic filler is
not particularly limted, but the upper limt of the - 13 5 anmount to be
used isl0l0 parts by weight, ROPELOIBUREROE INVIEENTEONy wei ght based on 100
parts by weight of the polypropylene resin. The lower limt of the anmount
to be used is preferdbeywlecost g pregentdhyemntiomis doprevidepteegpandsdrt by
wei ght. Wen the anmpunt is greater than 10 parts by weight, nechani cal
strength anBartiglgst hawgsilaae dlygfaiatiare ipreelb diameder pad espassiore ratige
into an in-nold expanded article tend to beconme small. The pol ypropyl ene
resi n conpo@ngli decreaspeli UnaeReess incoker padyweighh Bustuation Wﬁ/\yp made
conpound hayving a triazine skel eton_and nol ecul ar wei ght of at nost 300 per
triazine skiéMetan innmeld prpamdedoarticlgiingthmenss et pEepasingRely pepPY lese
polymer (C) and inorganic filler (D), is usually nelted using an extruder,
kneader 15 BaFuyPhi-sEPapfed Rawtiolys by wsing wakk’ a9 gplogminghagentpr ocessed
into resin particles of the desired particle shape such as.a cylinder,

el liptic cylinder, sﬁ‘ﬁe?er,esé’gtbgfﬂ%"log‘“c‘i é’ﬁ@ﬁ%ﬁﬁ‘ﬁ r3HEVe fihhR &0Rhd 1t H&s

wei ght of each i article. i.s 0.2 to, 10 .preferably 0.5 to 6 , hore
refor anl y- Dt ERap tRebbobe R owieenild Beathidid & ittt 25 2bRes Finagant
i ncludi ng carbop bl ac antistatic agent, flamne reﬁardg t . antioxidant, and
WV st abi i 28r PAJEHOPHEPS eS Tt ckPRBBRAR | BRSRATS K RS G COMPOBE ced
for prepari t he pol copyl ene r,esin e- expande arti.cl es, of the present
ovent ool BvinS a Rt PRI ERE SIS pENRRBRR it iR i Bhe BYSSAIET hou
whi ch ¢ rises .charqging a seal gd vessel with an aqueous dispersion nedi um
cont ai nf(ﬂg {Ihv§r§b%é’9§%g?ﬁlp38Eq ‘cl es, dispersant and auxiliary dispersant,

D2l s T RERILTEE AT T8 SRS L
car bon di OXéﬁﬁéﬂﬁgﬁ BQPtiE‘fet E8?:§:Sl-li%i\§\1;§r 33 aaﬂgﬁ@'ﬁesﬁ?ﬂ? gb@ﬁg?éggll%gxg' PL&in

at nosphere I'n ressure t han at’ 'w vessel ,

oot o SR AR bR Lsplalrect AR e

tenper at ur eql 395681 skOIBohAkAA HMCOXRATTENNY BT i ABLLIRIE JUicleably T's

mai nt ai ned at to 10 y vapor. Furthernore, using a flowrestricting

devi ce yhi chrpiA¥ENLsisaseadi ng of the contents within the seal ed vessel
when di schar gi ng, anﬁlcg?fiding t he di scharged substance into a collision

board are preferabl etag l&'b%véxﬁéﬁ%@(gQ%ﬁé Ge8Fh Lo SABE Shattitle ma

fluctuation in expansion rati o can be”obtained. "The seal ed vessel to be
used i s not aRRY EbgiPridd nymgg)hgg: p8lyrABY(@s it withstands the pressure and
tenperature within the vessel when preparing the preexpanded particles and
an exanple is an autocl ave type pressure resistant vessel . 15 Exanples of
the dispersant are hardly water sol uble inorganic conpounds such as basic
calciumtertiary phosphate, basic nagnesi um carbonate and cal ci um carbonat e
and exanpl es of the above auxiliary dispersant are anionic surfactants such
as sodi um dodecyl benzenesul f onat e, sodi um n-paraffinsul fonate and sodi um 20

o - N R T S oy . .



to good nechani cal strength and heat resistance can be obtained. Here, the

-DSC curve of the pre-expanded particles obtained by differential scanning

14

calorinmetry is the DSC curve obtained when 1 to 10 ng of pre-expanded
particles are heated from40C to 220C at a heating rate of 10C/ m nute using
a differential 15 scanning calorineter. &he pre-expanded particles having
two nelting peaks can easily be obtained by setting the tenperature within
the pressure vessel when pre-expanding to a suitable value. Regarding the
tenperature within tflepr ebouee paypedpyleasal tesihheptreerpahdedt pariicle
adjusted to a tenperature which is at |east the softening point of

pol ypr opyl epecfeesbly, cahiains §.002 toabnpaotspbyeweigiit phehpotyprmpyhén@@)r esi n
conposition, preferably to at least nelting point Tm nore preferably to at
| east (Tm +h&ytard tpleeire aleletan lagwkmoleamlaheveigihiti ofac anpketdGh peai nt
Te, nore preferably at nost 25 (Te-2)C. Here, the nelting conpletion point
i s the tenptriaziure skieletioen wrtié Hasedonmol 00 hearts| by weighalofgpollypeoPgeneur ve,
obtained by - 16 heating 1 to 10 ng of pol ypropylene resin from40C to
220C at T reg$ino)10C/ minute, then cooling to 40C at a rate of 10C/ minute
and then heating again to a 220C at a rate of 10C mnute using a )
differential scanni ndh€al abpWet apolyprepyleset orasin bpreekpendedi t pantiole 5
the high tenperature side. In the nethod for preparing the pre-expanded
particles, Reeferably conieniasd:-ad tp&0 parts Boweight ekthevbydropkilierralypero to
30 mnutes, while maintaining the adjusted tenperature. \Wen the heating
time is shotekbPasedhenslAdRads byswarght el pelyprapylensasesindA)0 ratio per
batch tends to decrease and when the heating tinme is |onger than_60

m nutes, the batch cyéiCe2BO¥6nRRIYPEARRIENEn deHito RISLXRATYIe RRFticde dBedease.
Furthernore, the pre-expanded particles of the present invention are
preferalfly BlsperEdprise Hquganie ddleti{P)wi t hin the vessel 15 set to at | east
0.6 MPa, nore preferg@%y ag | east 1 MPa. \Wen the pressure within the
vessel is less than MPROVEr IMPYRECRYIERCasT$PBt r REG E¥Rapdegdhparticle

fl tricti i ce. (. i fi tend to. Th i mit_of

b ok BrefER bhR0BLEOY I AEBat I bRARREHE o Mo BRSC AU

t t 5 ti I I t t, 4. M ti hi gh

Fequires i gAsaa DY Sout B niieh pf PbimsbRyhe e PN panded parti ol es

btai ned in thi f bly h tent of 1t 0 %. t h

vator content i3 | eetRitfeabou ROV ErAG S o Ek pan R aRd Sretcliaig

hi gh ' tio tends tq.be difficult d wh h t ent

R B e BRI B i
u X i on.

Fosin pre- copaniulles o7 Ei B e rob¥idhg TrafioR SR Niner o PBRPYIIET ¢

thi . e q . . ¥

I Y, CoBuEaRle FoRh |l P aied AHGhe BoBicaRiatiaenallY

conpri ses |pgﬁatg?}dﬁyé%&%rp%ggétgﬁgﬁ@g&p@ﬁtth%}ggf-vm th inorganic gas by 5

pressurizing w nic’ g y applying a pre-determ ned pressure

2 et hod ahi ch conpr { Batitpe 23t FOBIyALHe oSl Bk eliinrd 4 kit e (2)
ressurgnt osfi L AEO Ayt t] Lk 2l he
Iroesi | e%)ce S{Dh%%%u%gr(t@cﬁggﬁ}a%% EII?} E{id?n%%{ﬁ% \%\’h?gﬁ ?%blgg%‘{rri 'sw(;aelslé%l? lol'?lQant; t he

pr e- expandeg p Bogl B&r ithidzife MkdlePbh ROt RNNt PELst bea! ﬁ%@ﬁbémeﬁéa;e@ﬂ]ley

melting by steam Th ol ow ng nethods are preferable enbodi ments o

f
present inYﬁVHﬂlorthelgé’rdifIBt%oB)éié!ﬁ’hghtofOmeFHrMHﬁ@,pWs@B?ah%ﬁrw 68yd hawidng a
nmelting point of 130C to 165C and a M value of 0.5 to"30 15 g/ 10 m nutes,

0.05 to 6 paidlankiheVidiitarfirdte0 ey ebhebidtion TRleagbne or nel am ne
i socyanurate as the conpound having a triazine skeleton and nol ecul ar

wei ght of at nost 30@npgre hbbaéip’@ﬂ%fﬁﬁi@}&éﬁé resin pfrB)exgpthded @atbicRgrite by
wei ght of talc as the inorganic filler (D) are m xed. The mxture is

ext rudegk i nhydrepHilidpolmex(CLidepredechbsiiyteal etipdenddondmedrhe st bginhed e

cut into cylindrical resin particles of 1 to 5 ng. The conpound having a
triazi ne skbyetrasstinkinglethylate-aedhiacoiliatacio sopddinee withi dikaliemekeal et on
unit (B) and inorganic filler (D) are preferably added as a master batch
prepared ini@atdvance. The autocl ave pressure vessel was charged with 100 to
500 parts by 25 weight of water, 0.1 to 15 parts by wei ght of basic cal ci um
tertiary phosphate as the dispersant and 0.0001 to 0.5 part by wei ght of
sodi um n-paraffinsul fonate as the auxiliary di spersant based on 100 - 1s
parts by weight of the resin particles. This is heated to a constant
tenperature of Tmto TeC and after pressurizing to a constant pressure of 1
to 3 MPa by air, pre-expanded particles are prepared by discharging into

~r~N a2 A NN PN ey -



A 0.35 n8 autoclave was charged with 100 parts by wei ght of the obtained
‘resin particles (65 kg), 200 parts by wei ght of water, - 19 0.5 part by
wei ght of basic calciumtertiary phosphate and 0.01 part by wei ght of

sodi um n-paraffinsul fonate and while agitating, the contents of the
“autocl ave were heated to the inner tenperature shown in Table 2. Then, the
pressure within the autoclave was increased by 5 conpressed air to the
pressure inside the vessel shown in Table 2 and the tenperature within the

vessel was mai ntai ne¢nhkor o8Gyen gﬂilgﬁlt'oe}ﬁrlléﬁleverés?ﬁat Oc-lékeéﬁaeliov‘ﬁértﬁ’ gt of

t he autocl ave was opened and th ts of the a ave were di scharged

i nto satur appstey: HRisTRaRN ehelPhe LBELLE N UgHE ap sepeR Afd fdt?t%iﬁéd?’bg,
merr] to obtain lo pre-expanded particles. As properties of the obtained

pr e- expandedifpérerit¢dleScawyRaneadorihadtry, the nunber of nelting peaks in the
DSC curve obtained by differential scanning calorinmetry, open cell ratio,

average cel | di anet erurthefieat] @Rel praidt HRieh relhtdd vatd®Inlold
expansion 15 ratio and water content were neasured. The results are shown
in Tabl & 2. eXPANBEES adticte 7 cBhepa¥RBNdRLE PAbOVE | polyOPyIRhEl R&sin e
same manner 20 as in Exanple 1 except that the anount added of nelam ne
(product nagepalvbedmpagticlevai l able from BASF Ltd.) was the anmount shown in
Tabl e 1 and properties were neasured. Expansion conditions and results are
shown in Table 2. 25 EXAMPLE 8 Et hyl ene-propyl ene random copol ynmer (nelting
poi nt 145C, nelting conpletion point 160C, M value 10g/ 10 m nutes) - 20
was used as the pol BESPMODE FGR CARRYINGBOWDHTHERINMENTIONI am ne
(product nanme: Mel ami ne, available from BASF Ltd., deconposition point:
3000) having a nol eclhar paiygropgieribremen tprieagzkpensled gbarticiei tofaghehe
triazine conpound, 0.15 % by weight of 5 talc (average particle size 8 u,m
as the imorpeesent i inwmtaod ZdntHiby JA) gpolydrapylboe biesir asnd héBpohkori ng
agent were conpounded so that the total equals 100 % by weight. The m xture
was nelt mi gethpoumd3tavinge tiiagime sketatoanardtmoterylagweightdfi att mosstr ands
froma cylindrical die of 2.2 nmmferr] in dianeter, cooled with water and
cut with 103@0cper ¢riazinolskeletonesinit.particles of 1.8 ng/ particle. A 0.35
nm8 autocl ave was charged with 100 parts by weight of the obtained resin
particles (65 kg), 28xamapies ofthepgliprspyleneresn tApusedin thei prasesft
basic calciumtertiary phosphate and 0.01 part by weight of sodium

n- par af f i nsinvesHaes ane REPPEleay themegpolymer] sowdafianpsopyletiee ramdinayve
were heated to the inner tenperature shown in Table 2. Then, the pressure
wi thin the eopebirace and ¢rlelaspropyleasmpleck cppelymer.t hBhgpesm@ve bensi de
t he vessel shown in Table 2 and the tenperature within the vessel was

mai nt ai ned F8FA38l9R6 Afedn wm&alnetm@cg& dVQuton FrOTokERdsar tPaitigWarly,

aut ocl ave was opened and the 20 contentg of the autoclave re di scharged
into satur aﬁélwlwﬁopr%mé%dem mﬁym%u@?hé(#%-@fowﬁm%@%ﬁe@-é
mijerr] to obtain pre-e>f anded rticlesl. As ﬁggfgerties f the obtained

pr e- expandetPPaPit c[CeP° ns?Bf rREIRylepseb &1l of 2REPTH NG K216 t he
DSC curve 25 t.ai ned di.f ferenti scanni ng cal or.jnetry, open cell

ratio, aver S%ng%@lgOQHE RE RIQRA &S %qulﬁ Pe S&ﬁlt?:@ye‘?{?e‘% uctuation in
expansion ratio and ter .content, were neasured., The raﬁlts areg}shown in

S 21 THble 2. EXAVPLESSEIED 1 Priiny PARFEPPRIPAC PR TR BEYHH P the
fgfg JrBnnet fSading " proBaRligs 8 B SRb1d Bt B P e A O T BBL A TE 81
strength and heat resistance when made into an in-mold expanded
article, the above polypropylene resin preferably has a usual melting
point of 130° to 165°C, more preferably 135° to 155°C and a usual
25 melt index (hereinafter MI value) of 0.5 to 30 g/10 minutes, more

preferably 2 to 20 g / 10 minutes.

When the melting point is lower than 130°C, heat



nane: Mel am ne, available fromBASF Ltd.) and talc (average particle size 8
-u, M were the anount shown in Table 1 and properties were neasured.

Expansi on conditions and results are shown in Table 2. to EXAMPLE 14 Resin
particles and pre-expanded particles were obtained in the sane manner as in
“Exanple 8 except that 0.5 % by weight of gnmel am ne (product name: Mel am ne,
avail able from BASF Ltd.) as the triazinée conpound and 0.45 % by wei ght of
mca (average particle size 15 8 Vim as the inorganic filler were used and
properties efiedids Wkl mEXRARIEAN sERRHh 003 o0 eeatl LBideR SNRYehn
Tabl e 2. EXAMPLE 15 Resin particles and Ppre-expanded particles were

obtai ned 20yl f8tiSFTHRANGE RAfpHdr RBAP! P68 @XChoRit Adhelion %8P YpMel ght
of nel am ne (product "nane: l\/ﬁam’ﬁ%_e, avai | ag?e_‘?’rom BASF L?d.) as %/%e_
triazine Coé?%é.'ﬁ_&ea”q;é}-ti@e%l) G)ﬁr‘i‘ﬁgghﬁ—rﬁBl&a@kpaﬁs(&Yeh?&I%liﬁgr kbaHs tbze

0.4 u.m as e inorganic filler were used and properties were neasured.

Expansi on cpagbiicodifiatdt (6 aelhisrar ensievitheMT #8l8e Is 19 BXAWRLE 2p1fesin

particles and pre-expanded particles were obtai ned - 22 in the sane
manner as ithibxaes) pré-expeaiied partiClds KabihgBighexphntedaFalt 41 Rdrgt
nane: Mel am ne, avalilablée fromBASF Ltd.) as the triazine conpound and 0. 45
% by wei ghttobbkgiri Agd weRiothd I pARMR graater tBaN $Hlg 20 nairaideghltRef rom
Hoj un Kogyo Co., Ltd.) as the 5 inorganic filler were used and properties
wer e nmeasuregpafidpdnseds w@erdlitol basaRnehgibs Wi tdee opeavwaellnrdidbl 6f Zhe
EXAMPLE 17 Resin particles and pre-expanded particles were obtained 10 in
the sane mappelexpmridedpampictes tendeo béedme. bigh.by wei ght of nel am ne
(product nanme: Melam ne, available from BASF Ltd.) as the triazine conpound
and 0.45 % by wei ght Hefrepr endlpirtgat pdirttal isi whec apéakaten(prraduce mdnehe
Brilliant-1500, avail able from Shiraishi Kogyo Co., Ltd., average particle
si ze 0.® huemdasheéhmic peadain thé ID$ErcUryevebminsddahe apimpértol 88 mgrod
nmeasur ed. Expansion conditions and results are shown in Table 2. EXAWMPLE 18
Resi n parti pbbprapylene-mqinnftedn pho ¢ cloe 2208 Ce avba aiatedofd G°F /rhinstaye
manner as in Exanple 8 except that 0.5 % by wei ght of nel am ne (product
nane: Mel anthmen cavdingatd 4 0FCoat BASEelafdl §°Gimihate rirak thendurgsongdigaid 0. 45
% by weight of wet synthetic silica (product name: N PGEL AZ-204, avail able
from Ni ppontsi220¥C | atiastratel ofol0°Cy minuwieetisgeg par difé¢rerdizle stamning) as
the inorganic 25 filler were used and properties were nmeasured. Expansion
condi ti ons ealwriewiers diurthisswoenen Mdbvalue is theyalpgavhen 1merssirgd
particles and pre-expanded particles were obtained in the sane manner as in
Exanpl eldl esceprdifigato 111%1552\1\& gha tempewtpasel 230eC angrotnast o2t 6

NEO- CHLOR Cyanuric acid P, 5 avail able from Shi koku Chemi cal s Corporation,
deconposi ti 88- poi nt: 330C) having a nol ecul ar wei ght of 129 per triazine
skel eton unit was used as the triazine conpound and pro%erti es were .

measur ed. Expansi on E@nle iRFeSCRAGIVENIIQR, & 05mRYRnA, pybng o trigzine

EXAMPLES 20 to 22 Pre-expanded particles were obtained in.the s manner
slt«:eleton and oalecu ar weight of at most 3%0 per trlazr}ne Sk&icton

unit (B) (hereinafter, may be described as triazine compound) is used.
20 Here, molecular weight per triazine skeleton unit is the value
obtained by dividing the molecular weight by the number of triazine
skeletons contained in one molecule. The triazine compound
increases the water content of polypropylene resin composition
particles, provides polypropylene resin pre-expanded particles having
25 high expansion ratio and has the effect of controlling fluctuation in
expansion ratio and cell diameter. However, in the case that the

molecular weight per triazine skeleton unit exceeds 300, the effect of



as in Exanple 8 except that isocyanuric acid (product nane: NEO CHLOR
-Cyanuric acid P, available from Shi koku Chem cal s Corporation,
deconposition point: 330C) as the triazine conpound 15 and talc (average
particle size 8 u,n as the inorganic filler were used in the anmunts shown
in Table 1 and properties were neasured. Expansion conditions and results
are shown in Table 2. EXAMPLE 23 20 Resin particles and pre-expanded
particles were obtained in the sanme nmanner as in Exanple 8 except that 1 %
by wei ght Oifnd}%la.éml\%ewﬁé&cmﬁéﬁ*teaﬁﬁv@bh@i@lﬁnfgr PRANSSATh GheRkpansion

| ndustries, Ltd., -440) which has a nol ecul ar wei ght of 115 per triazine

skel et on unidtigsarhdedll daghitees QBPsHN dudfidictthp ckrtivitwel IhthOfmbad Q1185
(average particle size 8 um as the inorganic filler were used and

properties WeightirpasrRGinEdiaNstdi 1Gl0as tdreferaild 163 ¥btz0@r e shown in
Tabl e 2. - 24 MPLE 24 Resin particles and pre-expanded particles were

obtained in the sanmeExamigles2sfitheEaddiweetBagitreRbmipatind Yrdymeeasiiheof
acet oguanam ne (avail able from N ppon Synthetic Chem cal I|ndustry 5 Co.,
Ltd.) Wy chidhasmicdIol galer 1V8jSktiagind-254 pitridrhizd)ne agkeidind yni3,53s the
triazine conmpound and 0.45 % by weight of talc (average particle size 8

u, M as thetriagirEaRiByfrbkerd 6edtamsre), and apifiedidd es g8 S Teiasined, 4-
Expansi on conditions and results are shown in Table 2. to EXAMPLE 25 Resin
particl es adthypimaxpaadsdeepart tghasiriver eaehd ai rfeq3 jSrttibeirse®e4 (Gutnil),as in
Exanpl e 8 except that propyl ene-butenel random copol yner (nelting point
148C, nel tiispoyamireti on poiaeidl15 161 (C3,BHtnakine-2,4,6(1H)3H,bl)etx)ionl t he
pol ypropyl ene resin, 0.5 % by wei ght of nelam ne (product nane: Ml am ne,
avai | abl e facetdgABdindng as t he tri afiln® Sconpeint 234dddmhédbmetdiviht of
talc (average particle size 8 Vim as the inorganic filler were used and
propertites heneogeanamethe Expansi on cddddiS-triszanet2,dsdiamine-®-phemyl),n 20
Tabl e 2. EXAMPLE 26 Resin particles and pre-expanded particles were

obt ai ned i ntrtibenstimgl)ismcyanuasten Exanpl e 8 except triséethstlligbey@npsate,
propyl ene- but ene-1 random copol yner (nelting point 148C, nelting conpl etion
poi nt 161C, tris(baatiyligs8cyanutater nut tp(2hydrexyetlypl) mogyemainagei n, 8ngd % by
wei ght of nel am ne (product nane: - 25 Melam ne, avail able from BASF
Ltd.) as thmalpminensocyapainade and hEsesmumybhe msieghalagie enlie qoanbingidon
particle size 8 u,m as the inorganic filler were used and properties were
nmeasur ed. ERD&WS Oh reerriikingss tiadarlys metamnpan iserypdprecacid and
COMPARATI VE EXAMPLE 1 Resin particles and pre-expanded Parti cl es were

obt ai netp | nmelaminceisegyaguradegreprEgiprably vredms thaetfectpbingrsamingof
2,6-di-tert-4-(4, 6-Dbi s&oct%l thio)-1,3,5-triazine-ilamnaqg)phengl to, (product
name | RGANCKa465 CORLENE A1¢ condrolting llgstsiasian, imsanangionaatio gnd rellhi ch
has a nol ecul ar wei ght .of 589 per triazine skeleton unit was used as the
triazine cofffBsdcaid eBperties were neasured. Expansion conditions and
results are shown in_Table 2. 15 COVPARATI VE EXAMPLE 2 Resi.n garti cl eﬁ and
pre- expanded particl 88 QEAET oift LRGN A (HAETS B iEANerEs frvoTeklgpcell

5 )
except that sgru@t%e\,/\etlh%htab%fve triazine compound preferably has an average

20 particle size of 0.1 to 800 um, more preferably 1 to 100 um, and the
more uniform the particle size, the more preferable they are. Also, in
order to prevent caking, 0.1 to 1 % by weight of metallic soap such as
magnesium stearate, barium stearate and calcium stearate may be
compounded into the triazine compound.

25 Furthermore, the triazine compound preferably is solid
particles at the processing temperature when preparing

polypropylene resin composition particles. When the compound has



1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) 1,3,5-triazine-2,4,6 (1H, 3H,

-5H)-trion (product nanme | RGANOX 3114, available from C ba 20 Specialty

1

Chem cals Co., Ltd.) which has a nol ecul ar wei ght of 784 per triazine

skel eton unit was used as the triazine conpound and properties were

measur ed. Expansion conditions and resul{s are shown in Table 2. 25
COVPARATI VE EXAMPLE 3 Resin particles and pre-expanded particles were
obtained in the sanme manner as in Exanple 8 except that 1 % by wei ght of

- 26 2, 6- di theltin &nﬁ,-méﬁggwi%tbbrﬁtiﬂs,ﬁ;effeicéb@zwwaétalreom.phwén
(product name | RGANOX 565, available from C ba Specialty Chem cals Co.,
Ltd.) whi chthescempuatd! decosighdefwiBdurehdvihgzanenskehgt ?Biﬁlﬁi thas the
triazine conmpound and 0.15 % by weight of talc 5 %average particle size 8
u, M as thedecongmyitioh térapernatwraiseprafedaplyperieass 289°€. measur ed.
Expansi on conditions and results are shown in Table 2. COVWPARATI VE EXAVPLE
4 1o Resin particl esTaedapi@iek pandedigat of cihes abeve cingonatd ilmatihg aanme
manner as in Exanple 8 except that 1 % by wei ght of

1, 3, 5-t A s(®iazidie skeletom wnd thytbcadgbemeight af RtSatosta300eper 4rfadifl, 3H,
5H)-trion (product nane | RGANOX 3114, available from C ba Specialty

Cheni cal s Gekelettod. Ynithisamothparticutd iy limitedevghtisuialFg4heSapper timiazifne
skel eton unit as the triazine conpound and 0.15 % by weight of talc

(aver age pathie aheoswnt ¢o deuisgd as proferabby Gapartsfbhy weighermous gdeferbly
properties were neasured. Expansion conditions and results are shown in
Tabl e 2. As3ipakitsdveavdighExbapedori 10 paaradbySyeightnofattd pplyymmdghene
resin conposition which conprises ethyl ene-propyl ene random copol yner as
pol ypr opyl| eresinesihhe¢ Apward imi(cmfptitm@maumgtoaﬁﬁruwdrb prefecably &nAS

mol ecul ar wei ght of at nost 300 per triazine skeleton unit (B), is used as
t he subk} r apark &y nwejglet, expereddreferablyl 8s1 oparhebyiewreight.exphhshotheat i o
can be obtained w thout 25 worsening the open cell ratio and al so,

f1 uct uat i onampwRt |isdlegsetbanaQd0exparisibyn weight, theseHect ofueentnoling, as
i ndicated by Exanples 8 to 18 and 20 to - 27 24, when using in

conbi nat i onflWctHakiopy einjeeBpaAnSten afdtior andi wellgadiameten eferydy  to be
pre- expanded particles having higher expansion ratio, small fluctuation in
cel | di anet Brsuliisienpand¥ benrthe aragunfelsoBregitadthang paghischyeweight,
Exanpl es 25 and 26,  in the case that propylene-butene-1 random copol yner
and et hyl en@q;}ﬁabﬁl@héengén@ decrerpfrspidl WisMeleE Rreangs fya?mfgaéﬁene
resin, preex andtsei gar.ti cles with small fluctuation in cell dianeter and
expansi rQPFB E&thTBEOHSSPned. 10 On the other hand, as indicated by
Conpar ati ve Exanpl es

d.2 wh d_havi i azi I

and ol ecul ar wei ght T%’?anrﬁﬂlgb{ ﬂaﬁpeé?ﬁ)cr%gg? girﬁ'zqav’?%}g‘p(%‘il Ea%’é%élﬁﬁiest S‘?kfg tg‘gggd,
ded ticl i £.h _hi gh i i : bt.ai ned
Pl uct uati onPraveet | Sadhbide S cRhsronthin  SSRUSRRBE. WogHEES 65
i ndi d by Co i | es . 4 d_havi
{1 a7 ne. skERELOR AT 1ocEIAP RGOSl C) (HaREIBG part FhFagiapent
skel eton unit and an ingraanic filler. are added. ,thouah the exp%ﬁsigon ratio
becores. somWEtPE S PORARED AARAMITE B ol EIEreh 8P NE? F Uy s er
q : Lo ' i ent I S

compost il onde i pid TRBRis A EHERSepmalRer, PUIVRRTRARYSFAEAYBS il
No. Pol in 02 ' ' T
arount {1 o EYSRERGR: PP 19t Reth o REOBRERT Bt St RS Sy A o
Copol yrer el A RED a5 SSupC B ith metal igpi pohigmide sugh s ylon
copol yrer . 4gt D%f%f‘d}?‘@,@ %%%F}ﬁf@r% ‘r?yléha%gfr?r:;m thermoplastic polyester

copol yner 5Et h ne- propyl ene am ne3--2.75ran

copol yrer 6EL Ny 18 Ree P RN %@eg{bﬂ)ﬁﬁkﬂ%éBb?yrﬁ@?rkﬁogblybutylene terephthalate
copol yner 7Et hyl ene- pr opyl eneMel am nel0- -"2. 5r andom

copol ynes 8EL ?&yw@%@c hand13e8] 08 Talegl- AbA BARKYA alone or in a
copol yrer Et hyl ene-propyl eneMel am né0 08Tal c0. 452."5r andom

copol ymer . 105h{piriteo R’ P YwensMhare ek dslal PQrtfié‘ala»':r‘lgP‘éQHglene ionomer
copol ymer . 11Et hyl ene- propyl eneMel am ne0 . 5TalcO . 4 52 . 5random
copol yner 12t &iy] pRepafap ByesrddinittingOe thidkfé2nbé e)deylic acid copolymer
copol yrmer 13Et hyl ene- propyl eneMel arr Lne0



5Tal ¢32. 5random copol yner . 14Et hyl ene- pr opyl eneMel am ne0 . 5Mca0 . 4 52 .

-5random copol yner 15Et hyl ene- propyl eneMel am ne0 . 5Kaoline0 . 4 52 . 5random

copol yrmer 16Et hyl ene- pr opyl eneMel am ne0 5Bent oni t e0. 452. 5r andom

copol ynmer . 17Et hyl ene- propyl eneMel ami ne0 5Cal ciunD . 4 52 . 5random

copol ymer . car bonat e18Et hyl ene- propyl eneMg| am ne0 . 5Silica0 . 4 52 .
5random copol yner- continued - N - contl nued Pol ypropyl ene resin
conposi ti onEx. Tri azi ne conpoundl norganic fillerAmunt of No. Pol ypropyl ene

resi nAnount gEninhlieon Blaak Tire(Saoy Wi gbtias] “diy drel Shdasstally ion is

wei ght ) 19Et hyl ene- pr opyl enel socyanuri c aci dl--2. 5random

copol ymer 205t &eraBee PASPI §iRNIQ6Y abbd Curtkf 1dghtdnt 1dd ekpadaability.
copol yrmer 21Et hyl ene- propyl enel socyanuric acidlTalcO . 4 52 .” 5random

copol yner 22Eufvh eA@oREP¥tieyIRneOCbtheE 265THl Tpkeaar&d albgrorerosslmkmg
copol ynmer 23Et hyl ene- propyl eneMel am ne i socyanur at elTaI cO . Bbrandom

copol yner 24tiylgnengmpthpidrotie Aseiddgeapalymerl wadle QJotaésﬁ,u% i ~digm

copol yrmer 25~' oPYIl ene- but ene- 1Mel am ne0 . 5Talc4 5 02 . 5random

copol yney . Ephytien¢aflyopsdfensbRohstiepeotides a larger average cell diameter.

randomvel am ne0. 5Tal c0. 452. 5copol yner Com Et hyl ene- pr opyl enel RGANOX 5651 -

-2.5Ex. | random copoMheerdioovet hyleophilioppbmmeRGANGX 3dfisilas a2 water

5Ex. 2random copol yner . Com Et hyl ene- pr opyl enel RGANOX 56515 1 Tal ¢ 02

5Ex. 3r andonabspoptioer agEam dhdytreneghy ropiyige nhe REAEXpRillcd Holimeal ts QGibt

5Ex. 4random copol yner. . TABLE 2 Expansion conditionProperties of

pr e- expandethguad atatyesBy. Lisiveg Fite sssupaaipebilityl hrédverageased, that is pre-

cel | Fl uctuati onFl uctuati on i n\at er No. t enper at ur ei nsi de

vessel E~~si explaniledr tardnilesehaving ddighe epaasision ondBat batome( telasian) db

peaks(C) (MP

a) (% ()i anbtairr.at As(dpsasbedose (Bariagmonrsd ¥ort?, g826c%5220461. panidizss1220

. 4270006. 341542. 81420. 6300006. 851542. 81620. 8340008. 661542. 81821. 2380~(9. 571

542.82022. 1hegixg 0.Isigh expansion ratio can also be obtained from a

, 81542. 81220. 6160002. 191542. 31020. 5120~C2. 0101542. 81620. 5240006. 111l 542. 820

20. 6200~~5. ROXBIREERL0re3i?0 COFPASitBP  Grntzingey - Shpd ramiidics pRdpnea200~5
.2151542.81720. 423000%. 1161542 81720. 623000k6. 3171542. 81820. 4220006. 1181542.

81920. 42100882 an dewreanee filler, duHt thaeluatupiien dn cshdidinartespand es

of pre-expanded particl esEx. | nnerPressureQOpen_cel |, Average

cel | Fl uct uaEXBARSIRR Uativ s nolasmalloeReHEE: atBY disigigd:n combination with

vessel Expansj onNunmberrati o di aneterin cell ansi onconhent ratio_(t.ines) of

peaks( (thg) v(rg@zmerr)c&rgpg apr%-(a;spfgchqgg aving sufficiently

180000C%. 920&?;11? 1320. 6 1600007. é1542 01020. 5 12000~7. 0221543. 017 1 0

9000007. 1232 YU tingh s 3meten pand) (KRN H951 FPSIB 2020,

20000006. 1261572, 82020. 4 2100005. 2Com 15 42 . 8220 . 5 3 8 OXx0 . 3Ex.

1Com 1542. 89261 %B0XX0. 4Ex. 2Com 1542. 8420.5 210DD0. 6Ex. 3Com 1542. 8420. 6
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havi ng a o ecb“fh? t?éﬂeduge ) Oh A Y R R i B RSP T 187
triazine cogpaup ot dggxx%h‘érliﬁ%?éra%{y Q%ﬁgr GAiP R tﬂlea%ﬁoﬁ%ttﬂ&ebé‘ﬂ&rd ng

agent were co The "m xture m xed m- Si ng e screw

extrudegs exd sw&slrp} Qre’i%h@a&?'x%l 'EH@IBV@‘ePMMﬂfo'tﬁ%'ar‘ﬂ'o%nﬁftozb@u@%ﬁ is0.3
di aneter, cooled wth r and cut with a cutter to obtain resin 20

particles obaltHyW/eipRtl| WBen the amount is less than 0.01 part by weight,

the effect of improving expansion ratio tends to become small. When



A 0.35 n8 autoclave was charged with 100 parts by wei ght of the obtained
-resin particles (65 kg), 200 parts by weight of water, 0.5 part by wei ght
of basic calciumtertiary phosphate and 0.01 part by wei ght of sodium

n- paraffinsul fonate and while agitating, the 25 contents of the autoclave
“were heated to the inner tenperature shown in Table 4. Then, the pressure
within the autoclave was increased by conpressed air to the pressure inside
t he vessel shown in Table 4 and - 33 the tenperature within the vessel
was mai nt ai ' u%%§ ed.al, b I t:..0 e

aut ocl ave mggggggggggé%%?aﬁﬁgeggﬁFg%Fg) tﬁegguﬁgﬁ a%ee&gﬁ% |§€h%§3§d

into sat ur atRdsvanes adldRedNIAISical OO EaNgl B8 eqag%é.ce of 3.2 mm-

to obtain 5 pre-expanded particles. As properties of the obtained

pre-expanded parti cl pgrifcRABSEON that | PolppiHeler Adsife! tHride gedn the
DSC curve obtained by differential scanning calorinmetry, open c ratio,
average celpafliara! of .tHed Wrkydht AAveRtid Imdia8®h &dina o fdigicURT e h}; 1o
expansion ratio were neasured. The results are shown in Table 4. EXAMPLE 28
100 partss bgxwehglels of tHad HdrgRere I\%@)Qd@é‘d@%ﬁ@ﬁﬂi&?&sérﬁ'ﬁﬂddﬁti@ﬁ' nt
146C, nmelting conpletion point 160C, value 9 g / 10 15 mnutes), 2 parts
by wei ght ohretdlglherachonmaale eshitvd, pkadlicle, Naion trhbhilloditSD b onite,

avai l able from Mtsui Dupont Poly Chemi cal Co., Ltd.) obtained by

crossl i nki ngttapuliesi4pehiteadndsepialite] ool e symtHetéc pllics shatniadn as
t he hydrophilic polynmer, 1 part by weight of isocyanuric acid (product
nane: NEO Gbt CRyfytedtic i cabkduth PcaZibonste,l aitiagitid nofit &k oktid Caene cekile.

Cor poration) having a nol ecul ar wei ght of 129 per triazine skeleton unit as
t he triazi nehesapaaydbe Qiddd pdohe iy iveisgbdmdiinaaion cdvevaige mattikirlsi ze 8
wr) and 2.6 parts by weight of carbon black as the coloring agent were
conpounided. Pahgculaatlyy ¢aleabarhg am aedrage parfichensiz nfllets @Oenwnextriader ,

25 extruded into strands froma cylindrical die of 2.2 nm- in dianeter,

cool ed wi t hhamireg aandveragavpartizle sizeoftlo toRGiumy evichlgide tmidee haofing. 8 ny
[ particle. - 34 Pre-expanded particles were obtained and properties
wer e neasurad avenage pamtichmsngg ofD.ilnt&Exdhpine, XaoliTiee haysngtan saveragewn in
Table 4. 5 EXAMPLES 29 to 33 Resin particles and pre-expanded particles
wer e obt ai npdriinle hizesaf®. ka0 pm,i webaymphetizg sdicre pavihgtan evegagant to
be added of ethylene iononer resin (product nanme: H mlan SD 100, avail able
from M t sui paxfela sizsl §f Chkikp cH) nos and the)sagpeavitbompdifigdceswefaicenkirsig

et hyl ene- (et h) acrylic acid copolyner with a potassiumion, isocyanuric
acid (proodusyn € sifca cHrarR Iy anupveragy papticls sizeapf €99 dnioshi RBm
Chem cal s Corporation) and talc ,gaver age particle size 8 wn) were the
amount showAlfAnthespane with maskided ¥4rigeee pregmiteted ¢alcIHg garbomateshown
in Table 4. 15 EXAMPLE 34 Resin particles_and pre-expanded particles were
obt ai ned i nhEKENG AR FEehage Ranticlexsizs) ef 330 deplL-9 hem rﬂr@ 3 aVeriags

T o A beE e SRl Bt a RSB ol
et S A WK NE TN YR
Tabl & 40 ' to 55 it BRReREHAVsE TR AV G AEn P A abAOpS TOUMIE wer e
obtai ned i Nyt 0g RAPR, JTAE cefstrboRi AR TnCtE Wled BRleaff! ned bentonite
The above inorganic filler also acts as a cell nucleating
agent and assists uniform cell formation. Though using the
inorganic filler is not mandatory, by using it, expandability are
25 increased, that is, pre-expanded particles having high expansion

ratio become easier to obtain. The amount to be used of the

inorganic filler is not particularly limited, but the upper limit of the



(product name: BEN- CEL-23, available from Hojun Kogyo Co., Ltd.) 5 was used
-as the inorganic filler and properties were neasured. The results are shown
in Table 4. EXAMPLE 37 Resin particles and pre-expanded particles were
obtained 1o in the sane manner as in Exanple 33 except that |aponite

" (product name: Laponite XLG available fypm N ppon Silica Industrial Co.,
Ltd.) was used as the inorganic filler and properties were neasured. The
results are shown in Table 4. 15 EXAMPLE 38 Resin particles and

pr e- expande L i I Bt j 3
Cxcept hat ieru ey oR: M R PRR By e ROBTE ISR SRR B
from N pponyRibhe alsedUsh NGY paPts blyiWeightVel @EEpBRIPropytett 48sin 3 THE Was
used as the 20 inorganic filler and”properties were neasured. The results
are shown i powaplien#. offEeAMie 139t REBE MR 1 ﬁfé‘ér&lﬂg @I@@P&%ﬂ%?%@?g}lﬂ, cles
were obtained 25 in the sane manner as in Exanple 28 except tha

preci pi tat eehsd @refora®IPan e gatt sk Gheighite: Whieh! tROtaholht AVartakde
from Shirai shi Kogyo Co., Ltd., average particle size 0.2 ~,mM was used as
- 36 the i 6RABAD0 dritk! I8y vasighR! eRetid Rz aleitee iRES Wl imPaRtresidtbh o e
shown in Table 4. MPLES 40 to 42 5 Resin particles and pre-expanded
particl es wertterohbhai fredekpahlie dSpartioRynare asadd ifk@apl ih-280kkegphntded!

et hyl ene i ononmer resin (product nane: H mlan 1707, available from M tsui
Dupont Pol yattieté eethd Go. beddthe) sfetlBi ned by crosslinking

et hyl ene-(nmeth)acrylic acid copolyner with a sodiumion was added as the
hydrophilic polymer Mhd o pbéyprapylenghowesin Talbmpdsatridnpr opemiprésinger e
nmeasured. The results are shown in Table 4. EXAMPLE 43 Resin particles and
pr e- expandegoppmtimylenevsssEnoft)aisnedmpoiindt havasga tragnte skeletobxamd e 27
except that nelam ne (product nane: Ml am ne, available from BASF Ltd.,
deconposd t i omoleciiar BOREE ehiachmosts 306Goper dtiazimei didlettdn h26itpdd) tnidazi ne
skel eton unit, was used as the triazine conmpound and properties were

measur ed. Thentaminigs vehen sheeessaryTdydrophilic PRIWRIEE @) Resi inpaganid es
and pre-expanded particles were obtained in the sane manner as in Exanple
28 except t fidterm@Dhnineugpaligunteltedreusivg an rextrader) dbieadernpnBBadrnm d. |
deconposi tion point: 25 300C) which has a nol ecul ar wei ght of 126 per,
triazi ne skohizeon(toademarkd esedllas The compesion dappianessed brtopeesines
were neasured. The results are shown in Table 4. - 37 EXAWVPLES 45 to 54
Resi n parti dlagsicles qfr thexgesided particld shape susth &sned cyhindes, sslhetitanner
as in Exanpl e 44 except that the anount to be added of ethyl ene iononer
resin (ﬁodﬁ&llnm§P%Wl gHbsmrEstangalar paspdeleriped 2aadithouwsightref v
Chem cal Co., Ltd.) obtained by crosslinking ethyl ene-érret h)acrylic acid
copol yner weBRhareSihPATGIAlE b Ond tRelihims, @ebsally n8m tove Bignaore

avai |l abl e from BASF Ltd.)t:_) wer e t he ajjount sho i.n. Tabl e 3 and prqperties
Were measur BAETENADLY st B o ARGREAING traBredsaddisives such as a'coloring

agent including carbon black, antistatic agent, flame retardant,
antioxidant and UV stabilizer agent may be added.

20 Conventionally known methods may be used for preparing
the polypropylene resin pre-expanded particles of the present
invention. For example, the pre-expanded particles are prepared by
a method which comprises charging a sealed vessel with an aqueous
dispersion medium containing the above resin particles, dispersant

25 and auxiliary dispersant, heating to a constant temperature while
agitating to add water to the resin particles, maintaining a constant

pressure by inorganic gas (excluding carbon dioxide) such as nitrogen



EXAMPLE 55 Resin particles and pre-expanded particles were obtained in the
-same manner as in Exanple 44 except that ethyl ene iononmer resin (product
nane: H mlan 1707, available from Mtsui Dupont Poly 15 Chem cal Co.,

Ltd.) obtained by crosslinking ethylene-(nmeth)acrylic acid copolynmer with a
“sodiumion was used as the hydrophilic plcgﬂ ymer and properties were
measured. The results are shown in Tabl e 4.” EXAMPLE 56 20 Resin particles
and pre-expanded particles were obtained in the sanme manner as in Exanple
44 except hgh pRORYHCARCMUBNEY ih80 LA SGROLHTRS | b

mel ting conpf}etii)lgn poi nt Cl%lg %/I1 val ue 8 gé 1 r‘rélﬁlﬁ}{e??gaglg}ﬁgseéégfgrt he
pol ypropyl efigsf 64t ¥R ARe el I pegﬁléﬁf% T i : S AfLe in
Table 4. 25 EXAMPLE S%es?rﬁ Saratié%}%ssggrid pre- xgaﬂg‘eh{j?ggﬂr ?téﬁgsdém‘g(ragn

Dt nod — ;
ot hyl enepr ofSan it rhagis B BEEnRTe of B B fmtde * TR | Bressire
conpl etion Qﬂh@%g}l@}gls Mre‘l’&@lﬁ?ﬁnﬂu{ta}ﬁema{’éﬂ ﬁzéh ‘_‘Fﬁg;éég?g}ﬁlé ih '?)Prdgr &Loun

pol ypropyl ene resin and properties were neasur ed. ts are

i n Tabl & 4. - 5XANPleFe RBaReRIN rRfibt 4G 80RO S rRt&-91Pandadi palihkal £500ekE
obtained in the same manner as in Exanple 44 except that nelamne to

i socyanur at @oOpc%ueélqlaaa.rm: AitRB AR reavidihghl ﬁo&rtﬁg@t%l:néﬁ@v)cé"ﬁ'ikﬁ@hhas a

nol ecul ar wei ght of 3 per triazine skel'eton unit, was used as the

triazine copporyitks2RProaaies tofesh¥esen fBASUREthin tBer 88HldE v@ik8eERPMBNI N
Tabl e 4. 15 EXAMPLE 59 Resin particles and pre-expanded particles were

obt ai ned i ndislwz(frgi%g_'ﬂ&@ﬁ?boﬂﬁirfg Bardisehdged capbstdide 190 KapGllistoAci d
(product name: NE LOR Cyanuric acid P, available from Shi koku Chem cal s

Cor por at i onposhd clarbaprafemiisieuly pei-ghpadidet?9ppeticiée tHadzigheslagleet on
unit, was used as the triazine conpound in the amount shown in Table 3 and

propertices fleceuatiasuiredxpiimdiofsuticcanehbs bbtined. Talfhe dealEdAAMYSE]1G0 25
Resin particles and pre-expanded particles were obtained in the sane manner

as i n Exanpbe f8edxiephot hpdrtiehkriynelifptatiurs loange asVit awithstaadai Ithkl e
from BASF Ltd., deconposition point: - 39 300C) which has a nol ecul ar
wei ght of I1gfesmurd anaztempskatetreowitinirt theaessskoizen tpreparirag ithe me@¥pound
in the amount shown in Table 3 and properties were neasured. The results
are shown iexfpahted4pabtiCMPARAT AL R6ANPLE iS af00aphocinviey tywe ghtessfure
et hyl ene- propyl ene random copol ymer (nelting point 146C, nelting conpletion
poi nt 160C, rddistahtzessel / 10 minutes), 2 parts by weight of ethylene
i ononmer resin (product nane: Himlan SD 100, available from M tsui Dupont
Poly Chiénical Co., LExamplesobefaithed dippersanti aké nhasdhy| watex neohikierylic
acid copolynmer with a ) ) ) )
inorganic compounds such as basic calcium tertiary phosphate, basic
magnesium carbonate and calcium carbonate and examples of the
above auxiliary dispersant are anionic surfactants such as sodium
dodecylbenzenesulfonate, sodium n-paraffinsulfonate and sodium
20 o-olefin sulfonate. Of these, the use of basic calcium tertiary
phosphate and sodium n-paraffinsulfonate are preferable in view of
obtaining good dispersion properties. The amount to be used of the
dispersant and auxiliary dispersant depends on the type thereof and
the type and amount of the polypropylene resin to be used but is
25 usually 0.1 to 3 parts by weight of dispersant, 0.0001 to 0.1 part by
weight of auxiliary dispersant based on 100 parts by weight of water.

Also, in order for the dispersion properties of the resin



potassiumion as the hydrophilic polymer, 0.15 part by weight of talc
-(average particle size 8 wn) as the inorganic filler and 2.6 parts by

wei ght of carbon bl ack were conmpounded. The m xture was nelt mxed in a 50
mm~ single screw extruder, extruded into strands from 15 a cylindrical die
“of 2.2 mm- in dianmeter, cooled with watefsand cut with a cutter to obtain
resin particles of 1.8 ng/ particle. Pre-expanded particles were obtained
in the sane manner as in Exanple 27 under the expansion conditions shown in
Tabl e 4 and,RrAREd 1£Sv RS dBR e e (o] in . 20
COVPARAT! VEPRIARELE S e - °g§r ??ﬁﬁgg%ﬁwg@@%gﬁ{ eéé;@aﬁ?f 5 ngpwée@dt
obt ai ned i Nyt hesSARRrFRINEL R84 dh GUH Yot d ggl:pg t ,ca
(aver age pa?ti c?e g?%e 8 ~, r?) was used%§s£% E&‘Fﬁ gaﬁfgﬁﬁfﬁgrpggﬁglt%
properties ywaeg neasured. The results are shown in Table 4. - 40
COVPARATI VE EXAMPLE 7 Resin particles and pre-expanded particles were _
obtained in the sanmer T GPR=Y aldae@ggggefésv 25aer! & éai%&?lﬁftprte?@faﬁlgo' i ne

(average particle size 0.4 Vi was as the i1 norganic I"er an

properti£s Wake RaSHAHnThaakasiht hewpyd 4 (;gzmaﬁgé E
EXAMPLE 8 Resin particl e?ga%da%?’e%ﬂex%aeﬁ%épart ié(:Irbe‘rsls-t%l\%érg((:a1 lc))%t al ne F%Mt he

same nmanner sagnhin £0RM A My EXarmh/heriePt thBaldiffeléned bo bedt epbt e
(product name: BEN-CEL-23, available from Hojun Kogyo Co., Ltd.) was used

as the inorg@lting ipeb® tenheRhORREs E@E}fé@éﬁbl?aéﬂlﬁbt Toecr egHl tige @a@eshown
in Table 4. COVPARATI VE MPLE 9 15 Resin particles and pre-expanded

particles wetigt afbtedipredexpahbieds paptidhiyeiavas two GABREHA! p¥ekEXamPhio18
except that ethylene iononer resin (product nanme: H mlan 1707, avail able

from Mt sui ekppasioPehyldateiitgds good, and ) irpkheidedphrdedassidiekiaidng

et hyl ene-(neth)acrylic acid copolyner with a sodiumion was used as 20 the
hydr ophid i cgpotymechamical speridthsamerieeaerssisethecd banr Bé Whtaimed. shown in
Tabl e 4. COVWPARATI VE EXAMPLE 10 Resin particles and pre-expanded particles
were obtained 25 in HeresanhenmdD8€&r earver Gfnmpheatpresekpangiee Spaxtielels t hat
propyl ene- but ene-1 random copol yner (nelting point 148C, nelting conpletion
poi nt 161 Cpbkhineal uky 8différertial mdaasingascaleetinatryt he the 4ASC curve

pol ypropyl ene resin and properties were neasured. The results are shown in
Tabl e 4. COvbA®AK/EHeGANPLE 101 ntg BE gire-qapanded particlps earexhaatidt from
particles were obtained in the same manner as in Conparative Exanple 5
except that 46fGyteR2Popyl ®hediingratd ofahdW®y ndpeitymesingrel differepdiait
148C, nelting conpletion point 161C, M value 8 g / 10 m nutes) was used as
t he pol iBr opgasnéng exilarianetes: operti es were measured. The results 1o are

shown in Table 4. COVPARATI VE EXAMPLE 12, . _
The pre-expanded particles having two melting peaks can

easily be obtained by setting the temperature within the pressure
vessel when pre-expanding to a suitable value. Regarding the
temperature within the pressure vessel, usually the lower limit is
20 adjusted to a temperature which is at least the softening point of
polypropylene resin, which is the main component of the
polypropylene resin composition, preferably to at least melting point
Tm, more preferably to at least (Tm + 5)°C and preferably to lower
than the melting completion point Te, more preferably at most

25 (Te-2)°C.
Here, the melting completion point is the temperature of

when the bottom of the melting peak of the DSC curve, obtained by



Resin particles and pre-expanded particles were obtained in the sane manner
-as in Exanple 28 except that 2,6-di-tert-4-(4,615

bi s(octylthio)-1,3,5-triazine-ilam no)phenol (product name | RGANOX 565,
avai l able from G ba Specialty Chemcals Co., Ltd.) which has a nol ecul ar
“wei ght of 589 per triazine skel eton unit;gvas used instead of isocyanuric
acid and properties were neasured. The results are shown in Table 4. 20
COMPARATI VE EXAMPLE 13 Resin particles and pre-expanded particles were

obt ai ned i NhEREngAMR O MEN ofpolypEBFHIe i t °
1,3,5-tris(3,5-ditert-butyl- 4-%}?%‘? oxybehgyri%)g’lﬁ?%ﬁ(ﬁgg? r12¢32-02,c4,at6€l riate

H, 3H, SH) - t 1 6PN 028 [(RILGHST t KR JRENEX 430 o tay Faltalife1 v Qmiin ialty
Chem cals Co., Lt d/.) whi ch has a nolecul ar wei ght aofém78£bp%r tr:%gcg?%ga
skel eton untiemeBedtiog apaigath Gf JFOWY WL ¢ad€ict ADICHHARAILE Rsing a42
were neasured. The results are shown in Table 4. As indicated by Exanples
27 to 33, 4Qifferehfiialb8caAndly dalotifgeteaseetinals thahpr 8asxipasdqrsbifant bal es
are prepared from pol ypropyl ene resin containing 100 parts by wei ght of

et hyl ens 5 thepighnempesmareopiddeymer as pol ypropyl ene resin (A), 0.05 to
10 parts by weight of isocyanuric acid, nelamne or nelam ne isocyanurate
as the conpound havi hy thd mhethod fekepstpariagdtie| meierpanwdiedhpaotichds,nost
300 per triazine skeleton unit (B), 0.01 to 20 parts by wei ght of ethylene
i onomer r esheapmrgpss ednductedsfdn Bkion GOl mienitgkemrotargirkjaabll i 1O aoi 80
copolynmer with an ion as the hydrophilic polyner (C) and O to 10 parts by
wei ght of taliawsss hehileongaimitaiding ehe( &¥justeet axpgrededupar t iWhes ahet he
desired expansion ratio can be obtained and fluctuation in cell dianeter
and expansi bpatiatg ¢irns smshlortds tAksop asinutdscatebilbyy xarhd expahgion33,
40 to 55 and 58, by adding 0.05 to 6 parts by weight of isocyanuric acid,
mel am n¥ or rab gimbatcdvigadartatdecrsashandnpoemdhiedveatyng timiesisi loavger
skel eton and nol ecul ar wei ght of at nost 300 per triazine skeleton unit
(B), not onthaga®Ofmisudesi shei hatah [cyglarhacomendoagsarsndnpreduetivityt he
20 obt ai ned pre-expanded particles be kept small, but also the open cell
rati o can btcrdstesdeareasg@rt hernore, as indicated in Exanples 36 to 39, in
the case that mca, kaoljine, bentonite, |aponite, silica or calcium
carbonate is used asFHEher@Ogani e inreeexpapindedxpanticlesp®it e epregient 25
smal | fluctuation in cell dianmeter and expansion ratio can_be obtained. In
the sane neHHgntigs anedprefesabln PERpAR G ith thedpsasune wHbindhe vesgel
propyl ene- but ene-1 random copol ymer or et hyl ene- propyl ene - 43 butene-1
random HopoP§hép 4tsleastdOfs NRa, sapipassistaily rakisnstyl dbsanddhemithec! es
with small fluctuation [n cell dianmpter and expansion ratiqQ can be

obt ai ned. CRTERRER AEEhHARE HesPeldit e thﬁ“cgrﬁ)al\dgﬁi’ RIBISHRR sdich gst o

POUELON NIE NG TR T L e

b o~ expandeANTaHBPEF UG of 4HioPros Sop i Tath the Yeansh s cion paghcutery

S Compound b B Profireb IR at st SAR Ry PRctP Wty e FBE; Ran 500
U TN N ST
comat son 10 S g8 2Fk o3t bt B b U5 P
Oa-tuad="0' n19¢ W Rler ST 0P ko) %.OOW%%EIB BedtZOMn is less than

auai ~do. ~d- aual ~~~ a~I uol uago0’ ~ ounu~~aosi .
QS=au~i doa yz@pu alialb~dP=qs ' = F9! | o i F ol ~1.0); I LT
nznue~aosl %fo%o’i gBFa%gﬁgﬁg%%xg’%gipdﬁa aulaclléﬁlo}lls'e(lzl‘flg1 aﬁiéﬂg&%?%nogg}”\?l i 0
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25 shrinkage of the pre-expanded particles tends to become large due to

coagulation of water after expansion.

The polypropylene resin pre-expanded particles of the



.0" 100l QS~a~i doa nopu~~ auaj ddo. zd-auai ~f~~9'ZS i 'Oals. L0 16Z1lpt~
-aunu~~aosi .0' 100l QSia~idoa uzopu~i auai~fdo~d-auaj~~.~""'o0

s' pta~'' ~a~l doa nopu~.zZE9 ZS i Ol ,LI 06Z iounue~aosl .S 000l

QSauai ~i dosd- auaj ~~~9' ZSl ' Oal s, LG 06Zi pTa~ aunu~~aosl , 0' ZOO QS~a~i doa

“uzopu~. z aual ~do. zd-auaj ~~~1E9' ZS | ' _(I)_?; ~,LS" 06Z i pt~ ounus~aosi 0' ZO0OI
(Ssari doa zaopuui auai ~dosd-auaj ~~~'"'"'pTau'i a~t odoa nopu~.z9 Z10 Ool s, LO
16Z | aunu~daosi .0 Z00 i QS auai ~dosd-auai ~r~~6Z9' ZS | ' 00Ts, LO" i6Z

| p~a~ aunw~%@&ht idverfBh (Htaideddnf tHid be mad
auai ~doi d- auaj ~f ql LgZ' ' pi au’ ~a%}| gdoa nopus-~ %?{ll %E?Zla ea‘éﬁﬁe"" aos?]O()lgOOl

QS auai ~doi dxaHaidedS¥ticte bY) aednvbitidRaByi h W HEDATZ REr exam

| u~i amadd, ad~f ~, ~uj gLunouno, ~j naai oy~~unony ui sa~ auaj ~doi d~j od ~o~ Boqnea
~a~j d ~X~~Op| dHHRE SR mcwﬁ@ww%&Oa?reaqu;e&sn@tﬁeaowﬂéw%iﬁ Fié%%a
uTSa. z aual ~fdoi d~f Tod 3'1g~"' ~L - panui ~uoo ' ~a~ ~l doo uzo

impregnating the pre-expanded particles with inorganic gas by

5 pressurizing with inorganic gas, thereby applying a pre-determined

pressure into the particle, filling into a mold and thermally melting by

vapor, (2) a method which comprises pressing the pre-expanded

particles by gas pressure to fill into a mold and thermally melting by

vapor utilizing the resilience of the particles and (3) a method which

10 comprises filling the pre-expanded particles into a mold without any
pre-treatment and thermally melting by steam.

The following methods are preferable embodiments of the

present invention. 100 parts by weight of polypropylene resin (A)

having a melting point of 130°C to 165°C and a MI value of 0.5 to 30

15 g/10 minutes, 0.05 to 6 parts by weight of isocyanuric acid, melamine

or melamine isocyanurate as the compound having a triazine skeleton

and molecular weight of at most 300 per triazine skeleton unit (B) and

0 to 10 parts by weight of talc as the inorganic filler (D) are mixed.

The mixture is extruded in strands by an extruder and after cooling,

20 the strands are cut into cylindrical resin particles of 1 to S mg. The

compound having a triazine skeleton and molecular weight of at most

300 per triazine skeleton unit (B) and inorganic filler (D) are

preferably added as a master batch prepared in advance. The

autoclave pressure vessel was charged with 100 to 500 parts by

25 weight of water, 0.1 to 15 parts by weight of basic calcium tertiary

phosphate as the dispersant and 0.0001 to 0.5 part by weight of

sodium n-paraffinsulfonate as the auxiliary dispersant based on 100
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pressure of 1 to 3 MPa by air, pre-expanded particles are prepared by
discharging into vapor atmosphere of 90° to 100°C, through a flow-
5 restricting device having an opening of 2 to 10 mmy¢.

Hereinafter, the present invention is explained in detail by
means of Examples and Comparative Examples, but is not limited
thereto.

The composition of the polypropylene resin composition of

10 Examples 1 to 26 and Comparative Examples 1 to 4 is shown in Table 1
and the expansion conditions and properties of the obtained pre-

expanded particles are shown in Table 2.

EXAMPLE 1

15 Ethylene-propylene random copolymer (melting point
145°C, melting completion point 160°C, MI value 10g/10 minutes)
was used as the polypropylene resin and 0.03 % by weight of
melamine (product name: Melamine, available from BASF Ltd.,
decomposition point: 300°C) having a molecular weight of 126 per
20 triazine skeleton unit as the triazine compound and 2.5 % by weight
of carbon black as the coloring agent were compounded so that the
total equals 100 % by weight. The mixture was melt mixed in a 50
mm¢ single screw extruder, extruded into strands from a cylindrical
die of 2.2 mm¢ in diameter, cooled with water and cut with a cutter to

25 obtain resin particles of 1.8 mg/ particle.
A 0.35 m® autoclave was charged with 100 parts by weight

of the obtained resin particles (65 kg), 200 parts by weight of water,
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As properties of the obtained pre-expanded particles,
expansion ratio, the number of melting peaks in the DSC curve
obtained by differential scanning calorimetry, open cell ratio, average
cell diameter, fluctuation in cell diameter, fluctuation in expansion

15 ratio and water content were measured. The results are shown in

Table 2.

EXAMPLES 2 to 7
Pre-expanded particles were obtained in the same manner
20 as in Example 1 except that the amount added of melamine (product
name: Melamine, available from BASF Ltd.) was the amount shown in
Table 1 and properties were measured. Expansion conditions and

results are shown in Table 2.

25 EXAMPLE 8
Ethylene-propylene random copolymer (melting point

145°C, melting completion point 160°C, MI value 10g/10 minutes)
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25

triazine skeleton unit as the triazine compound, 0.15 % by weight of
talc (average particle size 8 um) as the inorganic filler and 2.5 % by
weight of carbon black as the coloring agent were compounded so that
the total equals 100 % by weight. The mixture was melt mixed in a
50 mm¢ single screw extruder, extruded into strands from a
cylindrical die of 2.2 mm¢ in diameter, cooled with water and cut with
a cutter to obtain resin particles of 1.8 mg/ particle.

A 0.35 m® autoclave was charged with 100 parts by weight
of the obtained resin particles (65 kg), 200 parts by weight of water,
0.5 part by weight of basic calcium tertiary phosphate and 0.01 part
by weight of sodium n-paraffinsulfonate and while agitating, the
contents of the autoclave were heated to the inner temperature shown
in Table 2. Then, the pressure within the autoclave was increased by
compressed air to the pressure inside the vessel shown in Table 2 and
the temperature within the vessel was maintained for 30 minutes. A
valve located at the lower part of the autoclave was opened and the
contents of the autoclave were discharged into saturated vapor
atmosphere of 100°C through an open orifice of 3.6 mm¢ to obtain
pre-expanded particles.

As properties of the obtained pre-expanded particles,
expansion ratio, the number of melting peaks in the DSC curve
obtained by differential scanning calorimetry, open cell ratio, average
cell diameter, fluctuation in cell diameter, fluctuation in expansion

ratio and water content were measured. The results are shown in



TABLE 4 Expansion condition Properties of pre-expanded particles Ex. |nner
-Pressure No. tenperature inside vessel Expansion Nunber QOpen cell Average
cell Fluctuation in Fluctuation in (C) (MP a) ratio (times) of peaks ratio
(%9 ~~eter (~.un) cell dianmeter expansion ratio
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0401562. 69234600D411562. 61023160~00421562. 61223150000431562. 61222300441562
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conti nued - - continued Expansion condition Properties of pre-expanded
particles Ex. Inner Pressure No. tenperature inside vessel Expansion Nunber
Open cell Average cell Fluctuati @XxAMPLESt®abip®m in (C (MP a) ratio
(tinmes) of peaks ratro ( /o) dianeter (~.m cell dianmeter expansion ratio
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met hod by whizeh8t hm)pwepertheesambéunbheslprenepdiedsdd paand cpespenties exaleuat ed
is indicated bel ow (Expansion ratio) After measuring the weight of the

pr e- expandethgasuiad.esExpanséonctanditicess apdstasadtdpre glregnan Tgbld Rh
ethanol in a 100 m messcylinder and the true density value was found. The
expansion ratio was cal cul ated by dividing the density of the resin
particles of the polypropylene resin conposition by the true density val ue.
(Nunberl®f melting peaks in the DSCESMELIHLE ned by differential 1o
scanni ng cal ori et ryiQ The nunmber of nelting peaks were read fromthe DSC
curve obt ai ned when Resiniparticles pré-rsgarnandssr preticleswieseelatadnetlr om
40C to 220C at_a heating rate of 10C/ m nute using a differential scanning
cal ori net er in the( syae sEnnenescn Brampls 8dexesnt thatuRed Wy oreighs of

pre- expanded partjcles was found using an air conparison chnoneter (930
nodel , nadeMKlapaigigrtrod3ict name; ,MF]r?énéfll%aWbﬁlﬂ@gr&'@'@ﬁ%t%‘géﬁdlztdnb%\mﬁ of
the sane sampl es was additionally found, and the ogpen cell ratiq was, found
20 from Opelflagine Famppyng ang @{AS-%\WM weight of myga (a¥erage ppekclesizer ati o
i ncreases, decrease in, nol dahil | when 25 conducting jn-nold expansion

mol di ngl%f gu&ngﬁé-@s@pmrﬁsrﬁlﬁ WETE PR RAPIONCTSIESHET H NaRHHERA-

conpressi on_strength when, nade info an .in-nold expanded. article is caused.
o br Gt { oERHAEHPR COGIORS gt FeSMIES G SAeBH I TARIARH |ty and
mechani cal strength, the open cell ratio is preferably at nost 6 %
(Average cell dianeter) 30 pre-expanded particles were randomy picked out

of the 5 obtained pre-expanded part'gg{f@ tEpgscell di anet er was neasured
according to JI'S K6402 and the aver éPIL1 irfameter (d) was found. The
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expansi on ”%éiia?ﬂiﬁee(ﬂ%&?ctdﬁﬁﬁféslﬁelamine, available from BASF Ltd.) as the

triazine compound and 0.45 % by weight of kaoline (average particle
size 0.4 pm) as the inorganic filler were used and properties were
measured. Expansion conditions and results are shown in Table 2.
25
EXAMPLE 16

Resin particles and pre-expanded particles were obtained



(Fluctuation in cell diameter) The ratio (cell diameter fluctuation U) of
-the standard 15 deviation (Q which represents fluctuation in cell dianeter
and the average cell dianeter (d) was found by U (% _ (Q d) x 100. 20 The
smaller Uis, the nore uniformthe cells are. In nost cases, when the val ue
"of Uis at |least 20 % unevenness in colgs tends to becone noticeabl e and
as the value of U becones |arger, unevenness in color tends to increase.
The val ue of U was classified and eval uati on was conducted according to the
foll owi ng cin tthei samzbn{éMner alsuier Bxathple Besscépgtathd00® Wabyevaight dfs at

| east 10 % and | ess than 20 D. value of Uis at |least 20 % and | ess than 35
- 52 X : vaielantindfprodatctl waste: Meldrhires uataidablenfrexp BrsSBritdat 49)he. 3 to
1 L of the obtained pre-expanded particles were sieved by a JI'S Z8801
standard si eniez{rge kongsowhidhrkd 044 5% 1 weigldt oOrdined bkh torste) (panddotom
the weight ratio W and expansion ratio K, of the pre-expanded particles
remai ni ng i narhe: S8ENeGRIRE 3yeaghilatle fpams iHojuay degyo 1Cd i, oLt€h) sendhe
expansion ratio standard deviati on amwas cal cul ated by 1o Ks" = E (K~ X
W) Qm =5' ~inotganicKaller wikirg A1sed asi prppdreses wereescasupahsi BExpeatsion
fluctuation V was calculated by 15 V (%9 _ (am~ Kw ) x 100. The smaller V
is, the smatbeditihasfdndrestiltnare sbopansndiablat20 is. The val ue of V was
cl assified and eval uati on was conducted according to the foll ow ng
criteria. 20 ~: value of Vis less than 7.5 O value of Vis at least 7.5 %
and less than 10 D: value of Vis at least 10 %and less than 12.5 X :
value of Vis at least 12.5 % and | ESAMPLE 19 X X : value of Vis at |east
15 25 (Water content of the pre-expanded particles) After dehydrating the
surface of the pre-eRediaceariiclescand prasypandey partclesy wesgpebtdiogdby an
airflow, the weight (W1 ) was - _53 neasured. Furthernore, the weight
(W) afi®r Hyhggsame pranpsnasdey BExamnply Ssexenptithab (3 ‘erbwiveight ¢t 80C
was neasured and the water content. was cal culated from5 Water content (%
(w1 - vemelampine fereduyaiouarm: Alelempingagyailatlegom BAFFdid. ) asithe

pre- expanded particles which have as_ a base resjn, pol ypropyl ene resin
conposi t i ontU8AINE HHYPIYN D ARG Q¢+ y ondygmreight dbﬁa PHESIRItRE cadeinma)

and a conpound, having, a triazi ne skel eton an | ecul,ay . wei ght of at npst
300 per triS2FRenake @rgAyvshi pams: iﬁfaﬁa@\frét-e)gt@ggr%aa%{vw Jeomt Shirpihi
foam ng agent, haye spall fluctuation in expansion ratio and cell djaneter
o ogr ooe Kpab Lot FHASRELIRlE ST Drauds) (s Hop SPORRERGRUER nt o
an 15 in-nold expanded article. Furthernore, (5) 'bncl udi.ng hoydci'? hilic

15 ~were used and properties were measured. xpansiofl conditions and

results are shown in Table 2.

EXAMPLE 18

Resin particles and pre-expanded particles were obtained

20 in the same manner as in Example 8 except that 0.5 % by weight of
melamine (product name: Melamine, available from BASF Ltd.) as the
triazine compound and 0.45 % by weight of wet synthetic silica
(product name: NIPGEL AZ-204, available from Nippon Silica
Industrial Co., Ltd., average particle size 1.3 um) as the inorganic

25 filler were used and properties were measured. Expansion

conditions and results are shown in Table 2.



polymer (C) and/or inorganic filler (D), the expansion ratio inproves
-further. - 54 CLAIMS 1. A polypropyl ene resin pre-expanded particle
conprising as a base resin a pol ypropylene resin conposition containing: 5
(A) a polypropylene resin and (B) a compound having a triazine skel eton and
"nmol ecul ar wei ght of at nost 300 per triag ne skeleton unit. 2. The
pol ypropyl ene resin pre-expanded particle of Caiml, to which further
conprises hydrophilic polymer (C). 3. The pol ypropyl ene resin pre-expanded
particle of daim1l or 2, wherein sgxxAMenmuad (B) having a triazine
skel et on and nol ecul ar wei ght of at nost 300 per triazine skeleton unit is
contained 15 in an aResih Pirtdcles d0dpRaekpabyledepabtichase@dreroBflneadrt s
by wei ght of said pol ypropylene resin (A). 4. The pol ypropyl ene resin
pr e- expandeih phvet sahe: ehafharna invBeaeiples i ekdutelr chpdt 11i &6 1t weigh¢©f i s
contained in an anmount of 0.01 20 to 20 parts by weight based on 100 parts
by wei ght oissgiahyudty preigy (preiuesinaind):.. NEOTOR[HORY [Cypylieie addi P,
pre-expanded particle of daiml or 2, which further conprises inorganic
filler (D).agailébldfisomodikalpylEhenriealsnCprpeextiandeacpaipositmmboihai m 5,
wherein said inorganic filler (D) is contained in an anount of 0.005 to 10
r - 55 par8808¢)vieayimg bhassxleonldi0vagight ofby2%epehttrimzinai skgletymropit ene
resin (A) . 7. The pol ypropyl ene resin pre-expanded particle of daiml 5
or 2, wher ewassaisgdpasb yihreo pyibeiree rresnpoAd asdapropesties neere measseddct ed
fromthe group consisting of ethyl ene-ﬁr opyl ene random copol yner,
propyl ene- bED(@wSionatmm&tmlaynbrem setreysrownpiroffigbda&-.but ene- 1 random
copolymer. 10 8. The pol ypropyl ene resin pre-expanded particle of Caiml
or 2, wherein said conmpound (B) having a triazine skel eton and nol ecul ar
wei ght of at nost 300 per triazine skeleton unit is at |east one nenber
sel ectetP from the group consi sti BKANMPEERANE 22%50cyanuric aci d and
mel am ne isocyanurate. 15 9. The pol ypropyl ene resin pre-expanded particle
of Claim2, wherein PiEc*nardpdinadiqles ywege pbjainedain shayasne memaras
resin

as in Example 8 except that isocyanuric acid (product name: NEO-

CHLOR Cyanuric acid P, available from Shikoku Chemicals
Corporation, decomposition point: 330°C) as the triazine compound
15 and talc (average particle size 8 um) as the inorganic filler were used
in the amounts shown in Table 1 and properties were measured.

Expansion conditions and results are shown in Table 2.

EXAMPLE 23
20 Resin particles and pre-expanded particles were obtained
in the same manner as in Example 8 except that 1 % by weight of
melamine isocyanurate (available from Nissan Chemical Industries,
Ltd., MC-440) which has a molecular weight of 115 per triazine
skeleton unit as the triazine compound and 0.45 % by weight of talc
25 (average particle size 8 um) as the inorganic filler were used and
properties were measured. Expansion conditions and results are

shown in Table 2.



obt ai ned by crosslinking an ethylene-(nmeth)acrylic acid copolynmer with an
-al kali nmetal ion. 20 10. The pol ypropyl ene resin pre-expanded particle of
Claim1 or 2, which has two nelting peaks in the DSC curve obtained by
differential scanning calorimetry. 25 11. An in-nold expanded article
“conprising the polypropylene resin pre-eypanded particle of Claim1l or 2.
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in the same manner as in Example 1 except that 1 % by weight of

2,6-di-tert-4-(4,6-bis(octylthio)-1,3,5-triazine-ilamino)phenol

10 (product name IRGANOX 565, available from Ciba Specialty
Chemicals Co., Ltd.) which has a molecular weight of 589 per triazine
skeleton unit was used as the triazine compound and properties were

measured. Expansion conditions and results are shown in Table 2.

15 COMPARATIVE EXAMPLE 2
Resin particles and pre-expanded particles were obtained
in the same manner as in Example 1 except that 1 % by weight of
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)1,3,5-triazine-2,4,6 (1H,
3H, 5H)-trion (product name IRGANOX 3114, available from Ciba
20 Specialty Chemicals Co., Ltd.) which has a molecular weight of 784
per triazine skeleton unit was used as the triazine compound and
properties were measured. Expansion conditions and results are

shown in Table 2.

25 COMPARATIVE EXAMPLE 3
Resin particles and pre-expanded particles were obtained

in the same manner as in Example 8 except that 1 % by weight of
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COMPARATIVE EXAMPLE 4

10 Resin particles and pre-expanded particles were obtained
in the same manner as in Example 8 except that 1 % by weight of
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) 1,3,5-triazine-2,4,6 (1H,
3H, 5H)-trion (product name IRGANOX 3114, available from Ciba
Specialty Chemicals Co., Ltd.) which has a molecular weight of 784

15 per triazine skeleton unit as the triazine compound and 0.15 % by
weight of talc (average particle size 8 um) as the inorganic filler were
used and properties were measured. Expansion conditions and
results are shown in Table 2.

As indicated by Examples 1 to 7 and 19, when a

20 polypropylene resin composition which comprises ethylene-propylene
random copolymer as polypropylene resin (A) and a compound having
a triazine skeleton and molecular weight of at most 300 per triazine
skeleton unit (B), is used as the substrate resin, pre-expanded
particles of the desired expansion ratio can be obtained without

25 worsening the open cell ratio and also, fluctuation in cell diameter
and expansion ratio is small.

Furthermore, as indicated by Examples 8 to 18 and 20 to
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109& ()-K ~| |||}~ _@10tt ,#10% & ()-!, #1090 T& ()-f10% & ()- 10 10

10: & 109 (patio,l8urall fluetyati¢ph9in@ell diameter and expansion ratio can be

10t ! f 394109 ()-!\ 3%t10%& ()-s#10% & ()-!1s#10%& ()-#10% & ()-! X#109%& ()-\r
S4 18&10% &bYainbals & ()-y&10% & ()- 10 10

10! p2#10%&. () - ! k#2#10%& () - AJEr S4

18&1010% & () -! 10% &AS) irkditeded’ by- Bkapiples( RS atiDB@, (- the case that

10% & () - OddEr S4 1&&10Y%40% & () - f #y#10% & ()-s! 9! 10% & () -
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1881058 10% & ()-610% & ()-/9! 10% & () - - #10% & () - .

+10% & () - s@wanes & randaipy gepelyrsm (vseeused @1pobggopylene resin, pre-

expanded particles with small fluctuation in cell diameter and
expansion ratio can be obtained.

10 On the other hand, as indicated by Comparative Examples
1 and 2, when a compound having a triazine skeleton and molecular
weight of more than 300 per triazine skeleton unit is added, pre-
expanded particles with high expansion ratio cannot be obtained and
fluctuation in cell diameter and expansion ratio is large. Also, as

15 indicated by Comparative Examples 3 and 4, when a compound
having a triazine skeleton and molecular weight of more than 300 per
triazine skeleton unit and an inorganic filler are added, though the
expansion ratio becomes somewhat larger, improvement in the

fluctuation of cell diameter and expansion ratio is not sufficient.
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6100668 () 9y3 6100/@ &E (%rg%é%% of the Poly SrdlfioNe R &Enbdsioh of
Examples 27 to 60 and Comparative Examples 5 to 13 are shown in
Table 3 and the expansion conditions and properties of the obtained

pre-expanded particles are shown in Table 4.

EXAMPLE 27

100 parts by weight of ethylene-propylene random copolymer
(melting point 146°C, melting completion point 160°C, MI value 9 g / 10
minutes), 2 parts by weight of ethylene ionomer resin (product name:
10 Himilan SD 100, available from Mitsui Dupont Poly Chemical Co., Ltd.)
obtained by crosslinking ethylene-(meth)acrylic acid copolymer with a
potassium ion as the hydrophilic polymer, 1 part by weight of
isocyanuric acid (product name: NEO-CHLOR Cyanuric acid P,
available from Shikoku Chemicals Corporation) having a molecular
15 weight of 129 per triazine skeleton unit as the triazine compound and
2.6 parts by weight of carbon black as the coloring agent were
compounded. The mixture was melt mixed in a 50 mm¢ single screw
extruder, extruded into strands from a cylindrical die of 2.2 mm¢ in
diameter, cooled with water and cut with a cutter to obtain resin

20 particles of 1.8 mg/ particle.
A 0.35 m?® autoclave was charged with 100 parts by weight
of the obtained resin particles (65 kg), 200 parts by weight of water,
0.5 part by weight of basic calcium tertiary phosphate and 0.01 part
by weight of sodium n-paraffinsulfonate and while agitating, the
25 contents of the autoclave were heated to the inner temperature shown
in Table 4. Then, the pressure within the autoclave was increased by

compressed air to the pressure inside the vessel shown in Table 4 and
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Pivel locatdd e éN8wer part of the autoclave was opened and, the

contents of the autoclave were discharged into saturated vapor
atmosphere of 100°C through an open orifice of 3.2 mm¢ to obtain
pre-expanded particles.

As properties of the obtained pre-expanded particles,
expansion ratio, the number of melting peaks in the DSC curve
obtained by differential scanning calorimetry, open cell ratio, average
cell diameter, fluctuation in cell diameter and fluctuation in

expansion ratio were measured. The results are shown in Table 4.

EXAMPLE 28

100 parts by weight of ethylene-propylene random copolymer
(melting point 146°C, melting completion point 160°C, MI value 9 g / 10
minutes), 2 parts by weight of ethylene ionomer resin (product name:
Himilan SD 100, available from Mitsui Dupont Poly Chemical Co., Ltd.)
obtained by crosslinking ethylene-{meth)acrylic acid copolymer with a
potassium ion as the hydrophilic polymer, 1 part by weight of
isocyanuric acid (product name: NEO-CHLOR Cyanuric acid P,
available from Shikoku Chemicals Corporation) having a molecular
weight of 129 per triazine skeleton unit as the triazine compound,
0.15 part by weight of talc (average particle size 8 ym) and 2.6 parts
by weight of carbon black as the coloring agent were compounded.
The mixture was melt mixed in a 50 mm¢ single screw extruder,
extruded into strands from a cylindrical die of 2.2 mm¢ in diameter,
cooled with water and cut with a cutter to obtain resin particles of 1.8

mg / particle.



6109%6& ()-9y3 610%6& ()-9y3 610%6& ()-9G & G3#)06y3 610%6& ()-9_?y3
- 610%6y3 610%6& ()-9y3 610%6&' ()-9y3 61096& ()-9y3 610%6& ()- 9y3
6109 6& ()-9y3 6109%6& ()-9{[; ?y3 610%6y3 6109%6& ()-9y3 610%6& ()-9y3
6109%6& ()-9GF & G3#)06y3 610%6& ()-9_?y3 610%6y3 6109%6& ()-9y3
T 610%%6& ()-9y3 6109%6& ()-9y3 610M6& ()g49y.3 610%6& ()-9y3 6109%6& ()-9{[;
2y3 61096y3 610968& ()-9y3 61096& ()-9y3 610%6& ()-9G[ & G3#)06y3
610968& ()-9 ?y3 610%6y3 610%6& ()-9y3 6109%6& ()-9y3 61096& ()-9y3
610968 () - 9y3 610%BES (hpRil Rl YUr6iR1de wiirk: Ay ifibA%AY pRIHRS (erdy3
6109 6& ()-9y3 610%6& ()-9¢F & (B#)06y3

measured in the same manner as in Example 27. The results are

shown in Table 4.

5 EXAMPLES 29 to 33
Resin particles and pre-expanded particles were obtained
in the same manner as in Example 28 except that the amount to be
added of ethylene ionomer resin (product name: Himilan SD 100,
available from Mitsui Dupont Poly Chemical Co., Ltd.) obtained by
10 crosslinking ethylene-(meth)acrylic acid copolymer with a potassium ion,
isocyanuric acid (product name: NEO-CHLOR Cyanuric acid P,
available from Shikoku Chemicals Corporation) and talc (average
particle size 8 um) were the amount shown in Table 3 and properties
were measured. The results are shown in Table 4.
15
EXAMPLE 34
Resin particles and pre-expanded particles were obtained
in the same manner as in Example 33 except that mica (average
particle size 8 um) was used as the inorganic filler and properties were

20 measured. The results are shown in Table 4.

EXAMPLE 35
Resin particles and pre-expanded particles were obtained
in the same manner as in Example 33 except that kaoline (average
25 particle size 0.4 um) was used as the inorganic filler and properties

were measured. The results are shown in Table 4.
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in the same manner as in Example 33 except that refined bentonite

(product name: BEN-GEL-23, available from Hojun Kogyo Co., Ltd.)

5 was used as the inorganic filler and properties were measured. The

results are shown in Table 4.

EXAMPLE 37
Resin particles and pre-expanded particles were obtained
10 in the same manner as in Example 33 except that laponite (product
name: Laponite XLG, available from Nippon Silica Industrial Co., Ltd.)
was used as the inorganic filler and properties were measured. The

results are shown in Table 4.

15 EXAMPLE 38
Resin particles and pre-expanded particles were obtained
in the same manner as in Example 33 except that wet synthetic silica
(product name: NIPGEL AZ-204, available from Nippon Silica
Industrial Co., Ltd., average particle size 1.3 um) was used as the
20 inorganic filler and properties were measured. The results are

shown in Table 4.

EXAMPLE 39
Resin particles and pre-expanded particles were obtained
25 in the same manner as in Example 28 except that precipitated
calcium carbonate (product name: Brilliant-1500, available from

Shiraishi Kogyo Co., Ltd., average particle size 0.2 pm) was used as
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EXAMPLES 40 to 42
5 Resin particles and pre-expanded particles were obtained
in the same manner as in Example 28 except that ethylene ionomer
resin (product name: Himilan 1707, available from Mitsui Dupont Poly
Chemical Co., Ltd.) obtained by crosslinking ethylene-(meth)acrylic acid
copolymer with a sodium ion was added as the hydrophilic polymer in
10 the amount shown in Table 3 and properties were measured. The

results are shown in Table 4.

EXAMPLE 43
Resin particles and pre-expanded particles were obtained
15 in the same manner as in Example 27 except that melamine (product
name: Melamine, available from BASF Ltd., decomposition point:
300°C) which has a molecular weight of 126 per triazine skeleton unit,
was used as the triazine compound and properties were measured.
The results are shown in Table 4.
20
EXAMPLE 44
Resin particles and pre-expanded particles were obtained
in the same manner as in Example 28 except that melamine (product
name: Melamine, available from BASF Ltd., decomposition point:
25 300°C) which has a molecular weight of 126 per triazine skeleton unit,
was used as the triazine compound and properties were measured.

The results are shown in Table 4.
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g ) fnS f}‘%( o enyicn) ﬁé%L%-%@Qm%&%g@%ﬁﬁ%@%&%ﬁ%ﬁé@ﬁfi
i N mM109268& - mMAQY k#) -.0i 4yml10%26&' - mMi10926&" (.).- 109%6& -
e L00e6a () CAPREeT TR S W S S Vﬁﬁéﬁ’é‘%%@@mﬂ%ﬁ%g@q TN
0%6& - mM109%6& - mM109%26&' - E 10926& - [ O#H6& - md10
ra0e () - maobl RRerties WartohmRe el ) TS Tk IR 2 Shokin TR (DY by
410996& () - nymd109968&’ () - mymd109%6&' () - mym10%6&' () - mymt10%96&" () - mymi109@
6& () - m-A>X/ ymi 109968y 109268 () - mymi109%268& () - nymb10%96& () - mymd10996& ()

-mA0% k#) - 0i 4_X/ ymi1l09®26&ymi109%%6& g - UR6& ()-nymilo%@6& () - mynil0%6

& (?- nymi1l09%%6& (?- nymil09%%6& (?- nj %‘#ﬁ 9%°68& () - rrymlef%?G&' () - mymi10%

Ay 09BBE () - mymi ORISR (1 m R IR [ R RR TOob AT L 50 Ty SuABh R fodeos
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)b [y 10vBRan ) AR b R R S WA Bron BB b

10996& () - 9 PR R 390 - TR ABY ' : UP68&

) - nynm(()g/@g}z)%@&né%n/%g’%g%m% %%/gab&m )%oﬁj[’: ymﬁllé%?/%%# 1é6iBH BT O (
&1096&' () - 640 ; ~{1}e Q ' 9 ~ 1N ™ 1096

Y109 6, & () Cpatoshe (s B roararar (y e R rme e RA Bhaty e reemh

(1 | 10968 Gl oel SOUANTIOMELAUL ()ndQLBLIQ! B1cShBlud #18%1AL&L0) -

[ #1092672& () - yXU10%& ()- y#109%& ()-eY|[: bUymil0 y #10%65& () -

6#10965% () - ysSMLOYB& () - Yy#10%5& ()- #10%6, & ()- y@#109%6& ()-vUidynmil0

y (1109%R6& ()- vy, 10%6& ()- yyl0%R6& ()- 101 611016110161 #10% 61 & () -

#109665& ()- & s5|[:vUaAymdl0 v yM 16O FDE B7Y: ! 109R6& () -y y: ! 1096& () -

y 109R6& ()- yT10%6& ()- yz109%6& ()-5qt|[:vUWymil0 v vy, ): ! 109%6& () -y

y& 109R6& ()- Yy YLFREMGLrtidtesyahd 9PdRe&paird edVbiUBeSs Were obtained

YY#109R6& () - @z>|[: vWAynmd10 v yy6#10%R6& (f—y y4M 1096& () -y y2

10946& ()- yLOMLOYRGE ()- yf-109R6& ()- y +:!109R6& ()->opqgryvWymil0

y&9!'10% 6& ()- v 3 10%6& ()- yL@10% 6& ()- yy&l0% 6& ()- 1L0R610R610R6
y81l09R6& ()-@|[: vUdymdl0 y y#10% 6& ()-y v 10%6& ()-y y L10%6& ()-y
y10% 6& ()- Yy, #10% 6& ()- y9'10% 6& ()-,s |[:vWlymil0 v y9' M 10% 6& ()-y Yy
Y% 10% 6& ()-y yy# 10%6& ()-y yl0% 6& ()- yL!10% 6& () -
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y 0 109R6& ()-MVB|[:bUs10 y yZ 109%R6& ()- y 109%R6& ()- y, 9! 109%R6& () -

. VO 1 109R6& ()- yF 109R6& ()- yfZ 109R6& ()-3l 2°t][:bUA10 y y!Z
109R6& () - yA10%R6& ()- yM 10%R6& ()- yy#10%6& ()- y: ! 10%6& ()- y
109R6& ()- t $]|[:bU410 y y5 10%R6& ()- yy310%R6& ()- y@ m 10%6& ()-

- yf L- #100R68 () - y% ! 109%R6& ()- yy##100R6& ()-]! " #$+vU410 yS9! 10% 6&' () -
y10% 6& ()- 10R610R610R6 y: M 109%R6& ()- y8 I109R6& ()- yf 6#10%R6& ()-
I[:vUAL0 y y -10% 6& ()-y y% ! 10% 6& ()- y#10% 6& ()- }#10%j, & ()-

#10% 6& () -in YEd 0% e (hrdAMEMVEL10n Y bl §L 4% exc £t that ethylene-
y&10%26& () - 10X, 6X10X, 6X10X, 6X @ #109% 6X&' ()~ (@ #1095, 658 ()

@#10% , & ( rcﬁﬁleﬁ%@te‘ﬁé“f‘yﬂé@%ﬁﬁ grrﬂhy ﬁ%éfigo(ﬂt 148P00NeNEN) -
#10% 261 & ( CH100%6& ()- 1. - #1098 S0 Y B hobeg 0)-

y1l09%6& () - é&‘h tl@ﬁ"&&h@f P@I°®#m%a’l@1fe88(§{ 160mlRte ) a%akb)used as the
VY%#10%?6p& ()-m .| obUA10 ys ] 10°/<9x69& ()= 107610761076 yM 109%96& () -
yy#109%°6& (poly b@g@ﬁ%&e@)n 6ticé)werk AT 10The results are
ys@" 610%9x69 61090X69&" () 61099698’ ()- @  610%0x698& ()- @ 610%0x

69& ()- @ 6§1@8/&X16&&”I(a)b19\éahy CbU410

ys@ 610%0x69& ()- @ 610%0x69& ()- @ 610%0x69& ()- @ 610%Ox69& ()- @ 610%0x
69& ()- @ 61099x69& ()-xX8ChU410

@ 61090x69&' ()- @ 610%0x69& ()- @ 610%0x69& ()- @ 610%0x69& () - J

C?{! & *3\6_?bU410 EXAMPLE 58

@ 610%9x69& ()- @ 610%9x69& ()- @ 610%9x69& ()- @ 610%9x69& ()- @ 610%9x69
& ()-@ 610%9x69& () Résb peidiclys cldd@edékpanded particles were obtained

C?{! & *3\ 6@ 610%9x69& ()- @ 61099x69& ()- @ 61099x69& ()- & ?bU410

@ 610%0x69% (YheySAADYONBARIEY -48  H10PSatoBsle )44y cREEPOXHIR (neBHriheyOx69
& ()- @ 610%0x69& ()- & -4GZ] _?bU410

@ 61098 69i%oCya@yitEe YExeesict) n@m el 04eksaisid,) agrilebiecx6as BASEY L6d)90Ox69
& ()- @ 61099x69& ()-]"cj sx|\<?bU410

@ 610W9x69wm;ch@a51eom1@9&1® W@igb1 ok b8 g1 tripzB10sBebgen undy, was

C?{! & *3\ 6x}_?bu410

@ 61090x6985¢Y-a@ theOwinang ¢9mEPUE1d b PLOPET S STEND MBoRsUeday " Ehevox69
& ()- @ 610%9X69& () - W ?bUA10 @ 610%X69& ()- G

c?{! &] * 3\ 6 @ BUtsBEOEhoYVIEN & ¥69& ()- @ 610%0x69& ()- _?bU410

@ 610%9x69& ()- @ 610%9x69& ()- @ 610%9x69& ()- @ 610%9x69& ()- @ 610%9x69
& ()- @ 61090x69& ()- !" _CbU410

@ 610%9x69&' ()-@" 610%9x69& ()- @ 610%0x698& 9 @ 61099x69&' ()- @ 610%9x69
& ()- @B10%Ox698& ()-"# . 49xX8ChbU41BXAMPLE

61099x69& 61099x69& 61090x69& 61099x69&
C@;{ | &] *3( 69= Bﬁ/)o‘r[@")bB&f/g]?l( part(lgles@'an preXexpa e@'partlc es wer ot%:[ained

2 R R e i
@{@;‘1310WQX 0 a%!ﬁ(J) %b?‘%@g%é’f%%}ﬁ%%ﬂ‘?)@ x‘Cb 92 \%‘?’ ikOKE1 0omx
g e %%ﬁ%gé"?)’o@é@g)@% has g BASENELSIER) & AAUEE () -

81008k 6o B RFIG IS EAB AN TY - ST IS8 BBERS SHPHT61ERERR 15 & divxco

o 6 oon CBBIAE SEaFREIES Table 2. ang RERRFTHES GV ETD IBESHTES: @ TBfovexo

?:‘g{!(éi %\ 23@@%@??&%‘9%&9&- ()- @ 61099x69& ()- @ 61090x69& ()- _

2bU410

G@  610%9x69& ()- @ 610%9x69& ()- @ 610%9x69& ()- @ 610%9x69& ()- @ 610906
9& ()- @ 61099x69& ()-9%7J_?bU410 o

G@" 61099x69& ()- @ 61090x69& () - N &9 ()- @ 610%9x69& ()- @ 610%9x6

9&' () 61099x69& ( . 4
@ 610‘%x69& O)-@° 6)50%%@%&&8 %‘g Og/lé%(éeggapded particles were obtaine

C?{! &] *3\ 6@n QE@%%&n@m?éﬂ‘ éﬁ%&ﬁl le 28 except that melamine (produ
@ 610%0x69% ()~ G 6LOIBX69E () - @ 6100DXE0& () - @ 61090x60& () -G 8105mx69

& ()- @' 610%@%@9&Mble[m?ﬁémjéila@étﬁéo?@iﬁgﬁﬁ(gﬁ‘qm decomposition point:
C2{18] *3\ 6@ 61000x65% () - @ C10V8X69& ()- @ 61008%69& ()-QGrd@  61008X69&
()- @ 610%x69& ()- @ 610%X69& ()- @ 610%9x69& ()- @ 61099x69& ()- @ 610%®
X69& ()- @ 61090x69& ()-{[; gGr4@" 61099@" 610%9x69& ()- @  6109@x69&' ()- X
C2{1 8] *3\ 6@ 61090x69& ()- @ 61000x69& ()- 2+4@ 61090@  610%9x69& ()- @ 61
09BX69& () - @ 610%9x69& ()- @ 610%9x69& ()- @ 61090x69& ()- @ 610%0X69& () -
dD+4@ " 61090@ " 61099698 ()- @ 61090698 ()- @ 61090698 ()- @ 61090698 ()
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C?{! & *3\ 6@ 61090x69& ()- @ 610%0x698& ()- @ 61090x69& ()- @ 61099x69& ()- @
+ v  61090X69& () - @ 61090x69& () - | nmt uvwxdH, G

@ 61099x698&' ()- @ 610%9x69&' ()- @ 61099x69& ()- @ 61099x69&' ()-x@ 610%0x6
9& ()-6G C?{!&] *3\6xyzpT4{

" @@ 61099x69& ()- @ 61090x69& ()- @ 610HOIX69& () - @ 61090x69& ()- @ 61090x
69& ()- @ 6109%9x69& ()- @ 6109%0x69& ()-| DS@ 610%0x69& ()- @ 610%0x69& () -
@ 61099x698&' ()- @ 61099x69& ()- @ 61099x69& ()-G C?{!& *3\6p(J

C?{! & * 3\ 6@OOIOPHE9E Has @rh@;w@&@%igm@f‘m@%mwzme B@EISLHANGI& () -
@ 610%0x69& ()-|[;{ C?{!& *3\y410% ?6' & ()- @ ML0% ?6' & () - 106106106(
@F109%6& ()whs@Hed QHENE tria@inb PMK69&d In thkkdinount shown in Table 3
y410% ?6' & ()-y410% ?26' & ()-y410% 26’ & ()-y410% 26" & () - (y410% ?26' & ()-y410
% ?6" & () - y4dQ%ripetties ¥R rhEakttre g4 1MELOISGS &ire) styddQ%n? % adlé B G

<Cl#' 14y410% ?6' & ()-y410% ?26' & () - +. 068: > ?/;

y410y410% ?26' & () -y410% ?6' & () -y410% ?26' & ()-y410% ?6' & ()-y410% 26' & ()-y
410% ?6' & () - >EHIPQecC ;

y410y416% 76" & () -y410% ?6' & COMPARKTIFERERAMPLES?6' & () -y410% 26' & () -y
410% ?6' & () - ehi kmn{[ ?C/ ; y410y410% ?6' & ()-y410% ?6' & ()-y410% ?26' & ()- G
<Cl#' 14y410% ?6' & () 10pgrdnk Ky, weight of ethylene-propylene random copolymer
y410% ?6' & ()-y410% ?26' & ()-y410% ?6' & ()-y410% ?6' & ()-y410% ?6' & ()-y410%
' 26" & () - yAboeltiztg ot kKBkK/ melting completion point 160°C, MI value 9 g / 10
y4y410% ?6' & () -y410% ?26' & ()-y410% ?26' & ()-y410% ?6' & ()- G <Cl#' 14 _?/;
y4y410% ?6' Blin)ites)] Bpastkby) weiglved etigyleneyibnmes résin) {yrbthest?6a8id:) - y41
0% 76" & ()-; ?/; y4Q

<Cl#' 14y4101%m§1'ya& 8P Y900 mvadaklg from Mitsed Taipynty RPolpCrengiocnl GarpLtd.)
y4109% ?6' & ()-y410% ?6' & 8 410% ?26' & (( -y410% 26" & () - y410% 26" & () - y410%
' 26' & ()0 y4abwainedgby )crppalinking ethylene-(meth)acrylic acid copolymer with a
y410% ?6' & ()-y410% ?26' & ()-y410% ?6' & ()-y410% ?6' & ()-y410% ?6' & () -y410%
' 26" & () - y4Romsmsum {on @sggm hydrophilic polymer, 0.15 part by weight of talc
y410% 26" & ()-y410% 26" & ()-y410% ?26' & ()-y410% ?26' & ()- G <Cl# 14 _24;
y410% ?6' & (@veyagepatigle( $iagad o ax thy- ywrgwme' feller apgh Qb Bats(byy410%
176" & ()-+,-; 724, :

<Cl# 14y4109stghte qf) conhon, biagk (were wmpeugded.y Ihgusmigtare) was) melggk+:
y410% ?6' & ().- y410% 26' & ()-y410% ?6' & ()-y410% ?6' & ()-y410% ?6' & () -y410%
26" & () - yAHHBESdNgA OQ guming $99@f‘lc@)st?§‘ﬁ1$§9/§’?@“~t§lq irgo strands from

S aT00% yib 006 W HAASER] ;08 P YT Beaor) PR Lo BEn A aRey ATV & ()
V41008 yas 0ol & (YO {GoR IR TSP ABHAES 1 ] -5 FRHPIUEIS) -y 4100 26 & ()
0% 26 & (- \ G ui08 09 28 8 ) N80 ) A28 0
/4100 268 ()-QVAO 26 &0 MO8 S, Lid Ak b i b yo10
g%igf 3)2%{;/ 35 4%%353%:‘”%8@\%%%3%21 19 4B Sbyrindatle () yar
<CL# 147410% 26" & ()-y410% 26 & ()-y410% 26’ & () -y410% 26' & () - gK+:

410% 76' & ()-y410% ?6' & () - & L& () -y410% 26' & () - y410%
1360 () -yal0n 36 & () - - eI AT ar e g Oy
<C1#' 14y410% 26' & 0f 26" &' L)y 4100 26 & (s -2 .

y410% yZlO% 26' & (Q%%El)‘&ﬁ?%ﬁé‘éf % ??‘ﬁé‘%@'ﬁﬁﬁéﬁ@eﬁﬁﬁ‘@l%@S&W(e)r?y‘ﬁkit@o‘/(f‘?g' & ()

-y410% ?6' & $ea 207 o . . 1 :
JA10% vasonibEhg sl atdnner as in Comparative Exampls 5 excent that misa, o
J410% 76 SederkEORRMcL 914 O A0 SRy WO 261 dbigntEe fller and
<CL# 14y410% 26' & () -y410% 26’ & () - STVWKZ[ kI PO;

y410% % & L)oydhash Wk MeBALA% 2Ph&rbduydlRoe 8ok knYHHIIW 26’ & () - y410
% 76' & () -y410% 26" & () - kI moqu| \'<I PO;

yy410% ?6' & ()-y410% ?6' & ()-y410% ?6' & () -G <Cl#' 14y410% ?6' & () - uw}_?0;
yy410% ?6' & ()-y410% ?6' & ()-y410% ?6' & () -y410% 26' & ()-y410% ?26' & ()-y410
% ?6' & () -c?0;

yy410% ?6' & ()-y410% ?6' & ()-y410% ?6' & ()-y410% ?6' & ()-y410% ?6' & ()-y410
% ?6' & ()-| D(0y410% ?26' & ()-y410% ?26' & ()-y410% 26' & ()-y410% 26' & ()-y410
% ?26' & () -G

<Cl# 14kQ yy410% ?6' & ()-y410% 26' & ()-0y410% ?26' & ()-y410% ?6' & () - 0y410%
26' & ()-y410% 26' & () -y410% 26' & () - |\ <kQ yyy410% 26' & () - y410% 26' & () - y41
0% 26' & () -G
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109%6& ()-)?!q 109%6& ()- 10946& ()- 10%6& ()- 10%-6& ()- U9r QLO%

- 109%-6& ()-)?'q 10%6& ()- 10%6& ()- 10%6& ()- 10%6& ()-Udr QLO%
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10946& ()-)?'q 10946& ()- 109+6& ()- 109%+6& ()- 109%+6& ()- & ./0U:rQLO%

T10966& ()-)?1q 10966& ()- 1096& ()- L0%6& ()- 10966& ()-0GN|[:rQLO%

Y(8Z109%5& ()- " Y(Z10%5& ()- 109%5& ()> 109%K5& ()- 0 109%K5& ()-
9109K5&' () - pX<10%

+S109K5& () - YVr +S10%K5& () - Y4s m?g ) - Y+S109%5& () - Y&SWI'10
%SFSIOWS&(%) Y:sio%<5& (§)YVr +(s§%i‘/§ ﬁ(‘ﬂ‘ﬂ% %?(g YVr +510°A;<5& ()-Y& /;B(C
DUVX X@LO%/r +510%K5&: 0 F SPX<
10(V:31@(l)°/6<5<r&' ?)-YVr +s%os/&<\% %%3%(1%% 8{&3‘; 5?5(1% /Emé@é!(@%géi O%é‘\(f§ Ys\W

10% 31098, 1Y \SIAUS S b B4 16 COMER: e AR %t*ﬁﬂaocofﬁééhﬁé YxX@
109%/r +s10%5& () - Y+S109K5& () - YVr +leAk5& -Y+sl AR ORY

I (pX<10%-s 1Q%k2&gt) é(ﬁ/diéfelg%@él} 2;4 Q%ﬁ&e&)aﬁh’esi@ E)f1ﬁ*é§1£]r{h5&()
V(>?2@RSZI SW1098S 109KB& () - Y+S10%Kb& () - YVr 15 100K5& () - Vs 100K5&" (] - YVr +s1

0%5& ()5 VI iverEOcaduired Y + Sk & (th- a0 SRSV A& TAL1E ¥ 109K5& () - Y
Vr pX<10%-s109%58&' () - YVr +s109%K58&' () - Y+S109%K58&" () - YVr +s109K58&' () - Y+s109%K5&' ()

Y s$X710% 09

109K58& () - +s109K5& () - YVr +s109K5& () - Y+s109k5& ()- YVr +s109k5& ()-Y "& ?710%

$109%5& () -3 $10%K5& () -3 $1ORMPARATIVE) MOEMPLE 86109%5& ()-3 9
109K5& () - & 23456mB71098109K5& () -3 $109K5& () -3 1$109K5& ()- 3

S5WA=! $$109%K5& () - 3 $Re¥DPdntidles 789 ;pré-dLpthdetikparfidted were obtained
5WA=! $$109%5& () -3

in the same manner as in Comparative Example 5 except that refined

10 bentonite (product name: BEN-GEL-23, available from Hojun Kogyo

Co., Ltd.) was used as the inorganic filler and properties were

measured. The results are shown in Table 4.

COMPARATIVE EXAMPLE 9
15 Resin particles and pre-expanded particles were obtained
in the same manner as in Comparative Example 5 except that
ethylene ionomer resin (product name: Himilan 1707, available from
Mitsui Dupont Poly Chemical Co., Ltd.) obtained by crosslinking
ethylene-(meth)acrylic acid copolymer with a sodium ion was used as
20 the hydrophilic polymer and properties were measured. The results

are shown in Table 4.

COMPARATIVE EXAMPLE 10
Resin particles and pre-expanded particles were obtained
25 in the same manner as in Comparative Example 5 except that
propylene-butene-1 random copolymer (melting point 148°C, melting

completion point 161°C, MI value 8 g / 10 minutes) was used as the



$109K5& () -3 $109K5& ()-3 $109%5& ()-3 2D MQY] _?7109%109%5& () - 3
. $109K5& ()-3 $109K5& ()-3 $109k5& ()-3 $109K5& ()-3 $109K5& ()- 3
] ~bgngunN. 71$109%K5& () -3 $109%K5& ()-3 $109%K5& ()-3 $109K5& ()-3

$109K58&' () -3 5WA=! $u| mvk 71$109%K58&' () -3 $109%K5&' () -3 $109K5&' () -

3

- 5WA=! $5$109K5& () -3 $109K5& ()-3 |- 71$109K5& () -3 5WA=! $$109K5& () - 3
$109K5& ()-3 $100K5& ()-3 $109K5& ()-3 _?71$109K5$109K5& ()-3 $109K5& ()-3
$109K5& () -3 $109K5& ()-3 $109%K5& ()-3 $109%K5& ()-3 nN. 71810%K5& () -3

$109K5& -
(0)- )ﬁ%ﬁﬂ@ﬁ%ﬁé s %%ﬁ@ﬁs&?ﬁu@&%ﬁénﬁéa%@% !

BMe&hits are

3

20" 310% $& UK5& () - $109K -3 SWAS! $5$100K5& ()-3 $10K5& () -
S VZ: 20 3f : 63RMNER 4 TdE18 IK5E () - $10k510k510k5 49910958 ()- " 310% & ()-
3109K58& ()-  0$ .
COMPARATIVE EXAMPLE 11
5 Resin particles and pre-expanded particles were obtained

in the same manner as in Comparative Example 5 except that

ethylene-propylene-butene-1 random copolymer (melting point 148°C,

melting completion point 161°C, MI value 8 g / 10 minutes) was used as

the polypropylene resin and properties were measured. The results

10 are shown in Table 4.

COMPARATIVE EXAMPLE 12

Resin particles and pre-expanded particles were obtained

in the same manner as in Example 28 except that 2,6-di-tert-4-(4,6-

15 bis(octylthio)-1,3,5-triazine-ilamino)phenol (product name IRGANOX

565, available from Ciba Specialty Chemicals Co., Ltd.) which has a

molecular weight of 589 per triazine skeleton unit was used instead of

isocyanuric acid and properties were measured. The results are

shown in Table 4.

20

COMPARATIVE EXAMPLE 13

Resin particles and pre-expanded particles were obtained

in the same manner as in Example 28 except that 1,3,5-tris(3,5-di-

tert-butyl-4-hydroxybenzyl)1,3,5-triazine-2,4,6(1H,3H,5H)-trion

25 (product name IRGANOX 3114, available from Ciba Specialty

Chemicals Co., Ltd.) which has a molecular weight of 784 per triazine

skeleton unit was used instead of isocyanuric acid and properties
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-f:6109%K58& ()-f: 610%K58&" () -
the case that the pre-expanded particles are prepared from
polypropylene resin containing 100 parts by weight of ethylene-

5 propylene random copolymer as polypropylene resin (A), 0.05 to 10
parts by weight of isocyanuric acid, melamine or melamine
isocyanurate as the compound having a triazine skeleton and
molecular weight of at most 300 per triazine skeleton unit (B), 0.01 to
20 parts by weight of ethylene ionomer resin prepared by crosslinking

10 ethylene-(meth)acrylic acid copolymer with an ion as the hydrophilic
polymer (C) and O to 10 parts by weight of talc as the inorganic filler
(D), pre-expanded particles of the desired expansion ratio can be
obtained and fluctuation in cell diameter and expansion ratio is
small.

15 Also, as indicated by Examples 27 to 33, 40 to 55 and 58,
by adding 0.05 to 6 parts by weight of isocyanuric acid, melamine or
melamine isocyanurate as the compound having a triazine skeleton
and molecular weight of at most 300 per triazine skeleton unit (B), not
only can fluctuation in cell diameter and expansion ratio of the

20 obtained pre-expanded particles be kept small, but also the open cell
ratio can be decreased.

Furthermore, as indicated in Examples 36 to 39, in the
case that mica, kaoline, bentonite, laponite, silica or calcium
carbonate is used as the inorganic filler, pre-expanded particles with

25 small fluctuation in cell diameter and expansion ratio can be obtained.
In the same manner, as indicated in Examples 56 and 57, in the case

that propylene-butene-1 random copolymer or ethylene-propylene-



hH( 4f : 610958 () -f: 610%58& ()-f: 610958 ()-f: 610%5& ()-f: 610%K5& () - :

. cAO % 266 C 4f : 610958 () - :

CAO % 2661 : 610958 ()-f: 610%K5& ()-f: 6100K5& ()-f: 610%5& () -

 T8f : 6109K5 : 6109%5& () - 6f : 610%5& () - F: 6109K5&' () -9 : 6109K5& ()-: f: 6109%K5&
©()-1: 6L0%K5& ()-f: 610958 () -1 L8 : 6f : 6LO%SBE () - & : 61095 () -1 : 610%K5& (
)- & : 6109%5& () - f: 610%K5& () -

CAO % 266191 L8f : 6f : 6100K58&! () & : 610958& ()-f: 610%K5& ()-f: 6109%5& ()-f: 610
%58& () -f 5 610%5 f:61
0 %(5&(%) fG% %@}E& ( %’?f‘fi@%‘? 1&%-5& ARSI O T BEL by TP tdEk O &) -

AQ % 2661 i £ 810 09K5&
0 HESHI () gée ow%é%)%%%%%og%l @%%(K/%&&(l el eﬁér) ?&610%(

5&' () -1 : 61004c54h lord gig%&gaob%g 99.266| } hL, 8f : 610%(5& ()-f:6109K5& ()-
CAO %) 266f : 6109K5& ()-f: 6109K5& ()-f: 6109K5& ()-_?8f: 610% : 6109%5& ()-f: 610

;’/6<f5&6(1 2)0/1‘(521((3;’/&5& ()Ofn 6AOYtBEr (Narid FAQ KA et 116 L9 pArhdive G RA fAIRAK S5 (

CAQ % 2661 : §18%D&ih)tHe 64880th&!t(d cOnddOIRBShAYrd 8T tréd AUOk €letbnCARAKSE (
)-f:6109K58& ()-f:610%5& ()-f: 6109%K5& ()-1: 6100K5& ()-f: 6109%5& () - hH( 8f : 61

0%5& () - f: ;m1eshtax )wé1§ﬁl08@<5& fmodt: @@@/%)'é& {riazinel @Ued& o) init is not
CAO % 266' cCBf : 6100K5&' F: 610%K58’ () -f: 6100K5& () -f: 610%K5& ()-f: 6100K5& () -

f:61095& (AdfHe8lAUS & tuatidnl 34l LOBf dERMERand xphefdiss tatib: S AKK5& ()
; CAO %) 266f : 6109K5& () -f: 610%K58& () - 4578;

—BhHS - 610%b& itfedbposbnPandéd GRS (3 1hrsd APSRnphrisdi QKB fi)ples610%K

5& ()-f:6109%5& ()- BCEGKMMH( 8f : 6109%k5& () -f: 6109%5& ()-f: 610958 ()-f:610%

k5& ()-f: 6129&D860) - ;

cAQ 9% 266W _ai uy_?8f: 610%k5f : 6109K5& ()-f: 6109K5& ()-f: 6109K5& ()-f: 6109K5&

"()-f:aD0UK5& () -f: 6l Udtio), \epGir8d ic 1OdARCom pa Gtk EX ahple 61Q%B4&" () - ;

cAO % 266f : 6109%k5& ()-f: 6109%5& ()-kO f: 6109%K5& ()-f: 6109K58& ()-f: 610958 (

)-f:6109%5&18) -ifx 6bevkase (Jhdt mms&bupd TEn0ug58& (hiagitié fslalotmeanil-f: 61

0%58& ()-f:610%5& ()-f: 610%5& () -

cAO %) 266f : BldekBBa Weight osmmhme%es&(yrlazmsk@&tpm UnidiswdiBkd,) -f: 6

109%K5& () -f: 6109%5& ()-f: 610%K5& ()-hLO/f: 6109K5& ()-:f:6109K5& ()-f: 61095

& ()-f: 610948 fyctustryinsettlalioskeer(and exmansiosn 0ekiecof the obtained

cAO %) 266f : 610958 ()-f: 610%58&' ()-f: 610%5& ()-f: 6109K5& ( zmes

dD/ f : 6109 5B )etxp@ garficles i9IKERE (1) COMBRANEsR: (0 ExagnphacsaT (to- 60610%<5

& ()-f:61095& ()- 2 8 9 : ? @9GH f: 610958 ()-f: 610958 ()-f:6109K5& () -

cAQ % 266f : 610958 ()-f: 610%(5&' O)-@SYZ[ \] kil;

cAQ %) 266f : 610958 ()-f: 610%5& ()-f: 610%5& ()-f: 610%5& ()-f: 610%5& () -]



dt uz{ ILO;

. T:6109K58& ()-f:6109K58& ()-f: 6109%K58& ()-f: 6109%K58& ()-f: 6109%K58& ()-f: 6109%K58&

()-f:6109K5& ()-

hL, Of : 6109K5& () -f: 6109%K5& () - f'610%<5&'() f: 610958 ()-

“ CAO 9% 266f : 6109%58&’ () -

gK+f : 6109%K58& () -f: 6109K58& () -f: 610%(5&'() f:6109K5& ()-f: 6109%5& ()-f: 610%

5& ()-f:6109%K58& () -

PTB+f : f: 6109%K5& ()- 6f: 610%5& ()-f:6109%K5& ()-f: 610%K5& () -f: 6109K5& () -
cAQ %) 266 K/ & .
cAO % 266(f: 61()%5% @%EB:LQ&/«S&' (- foBLOUKEE b) - b: BHOUSEA ) 6 BIOIKE& () -
hLO; oﬁ&ggmmmmmmmmmc\idmg
f:61095& () -f {6109 ()-1:6109K5& ()-f:6109K5& ()-f: 6109%K5& ()} g 6109%K5&
()-f:61095& ()- QpTA0; f 6109%K5& ()-f: 6109K5& () -f: 6109K5& ()-f: 6LEK5& () - ;
cAQ % 266f : 6109K5&" ()| GH T8Q; F610%B& )b 1v b 1 1 1 | 3
cAO % 266f : 6109k 58& )-fo@o%wﬂ()of BLOKSE' (T “"61'0!%(5‘&' - I KLMNW t T4;
f:6109%5& ()-f{610@K5&H ¥ 1: 61095 (3 - FC610% &'?) : 6209K5&' )| f: 610%K58&
()-f:610%5& ()-1".d gbj a@{ 33 210%& ()- :
f<109B& () - 10k510kELAK5f : 6]109K5& () - CAD %) 266svz~ 2@ &
fN610% 4, &'()-KNGl(%%4,<§:( -KN6%0%54% (% KglGl_g%g, &5()4§KN(§10 , & ()-K 33
g & S g § §
=
25|l 9 @ » v 0 0 9 0 9 9 9
5& — — — o o — i — — — — —
§ o
AR
2l 8552 2 2 2 2 2 2 2 @ @ @ g
aag.&gﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
8| 8 |3%.
o ; : EEE
w .
FES] leeeeeseegeg s
ﬁ g ﬁ ECECErEECECE e R e Rk
= 3 95 §5 85 83 §5 95 95 85 80 50 80 89
3 gegegtgt et gt gt pv gt gt gv oF
. & % 5 & @ 2 @ & & & & @
s
A -
o -
9o | 25|l9 @ 9 9 o mw o 9 9 o 9 9
= Sl d dd dd 6 8 - A A A A =
g8 £°
,g?;‘uoooooooooooo
E]Q*g:ESS’.SESﬁSSSSE
e ananonaanaana A
“ nn o nun o v o n v v o v w /p}
E Oy Oy O O Oy O O O O O Oy Oy
-
Q E‘a‘ 51'-5 a—a E‘B‘ R-g 537:; E—o* a—a 5}-5 E—a a—a Eg
g ReCARRCANaRREACRERERER B
"é g‘o E‘o 2‘8 E‘o g‘o 3“0 g‘o g‘o E‘o E‘S E‘S 38
e Y e AN g N N e BN S AN e BN = BN >
= =
L EEFEFEERFEFEEEEE LR
) N 0 OO - N M T B O N~ ©
AR N A A Hm® ;m OH;nm m Mm oM om M




210% 4, & ()- =?@Ao0 W
. &+6N610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KdD@
AN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610
% 4, & () - KeE9N610% 4, & () - KN610% 4, & () - KAo W
© &+6N610% 4, & () - KKN610% 4, & () - KN610% 4,48 () - K ?N610% 4, & N610% 4, & () - KN61
0% 4, & ()-KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KaA?N610%
L4, & N610% 4, & ();- KN610% 4, & () - KN610% 4, & () - KAo W
&+6N610% 4, & (J- NG00 4] & N610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610
% 4, & () - KN610% 4 DK 6L0% 40%) ~RbBINGL0%R4, a NG10% 408 (9 - KNB10% 4, &
()-KN610% 4, & 5
&+6_?N610% 4, & 04, & ( N610% 4,8& ()-KN610% 4, & () - KN610% 4, § ) - KN610%
o
& ©

4, & ()-KN610% 4, & () -|Ky
bB?N610% 4, & Ng10%,4, \&H & <|*f¢10% 40&&) KNGQOO/@4 5&, (2 KﬂGl@%
&+6 L

_?N610% 4, & N6l
"()-KN610% 4, &

- KKAo W

= oy
g éﬁe 10% 4 & () KN610% 4, 2 () KN610% 4 & ()- KN610% 4, &
§§bB?N6 10% 4, & N610% 4, & () - KN610% 4, & () - KN§10% 4, & () -

KN610% 4, & () - K q&+6&(" D1g%0 W
&+6N610% 4, & ( % &'E N6L0%24, & (- KN618% &, &9() SKN&1Q% 4, & () - K1
Sroac e w | TE s ab R B B D

&+6N610% 4, & () - KIN61Q% 4, & 5) KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KNG
10% 4, & () - KCGJKLOCaAZA0 W &+6N610% 4, & () - KAo W
&+6N610% 4, & ()- KN61Q%.4, & () - KN610% 4, &' ( ) KOSWZ\ Ab_?A0 W

&+6N610% 4, & () - N6 1q%HAEE] % @6 %é KN§10% 4,8 NG%%J% 4,& ()-KN6
10% 4, & () - Kbdf gj|n} aA? 5\/\ 6 82 %N6?0%4 2 (8 K%O

&roN610% 4, & ()| HNGLQUBIER] () - Knr wwy] 240, W

&+6N610% 4, & (}-9ING1q% 4, &] () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KNG

10% 4, & () - KaAPAD W &+6h6

&

E0% 4, & () - KN610% 4, & () - KN610% 4, & () -|KAo W
&+6N610% 4, & ( | o o QO O O O O O O 0

é Q- K6 Ro6S, &3()SKNEL0% 458 ) - N6 DY 4, &' () - KNG

&+6N610% 4, & () -EHNGEL Q9 %,

10% 4, & () - KbBPA&D 2

&+6N610% 4, & () -{NG1Q% 4 B () - KN610% 4, & () - KN610% 4, & () - KKAo W &+6_?A0 W
&+6N610% 4, & (Y NME1E®0[4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610
% 4, & () - KbB?AQ AW . Q 9 o 9 o o v

&+6N610% 4, & (| £UNEL]% 4, & E)U N6 0%3% E().EKN & &+69%A0 W
&+6N610% 4, & () 3N610% £ & % BiO\g: %a‘l,&@ (g % g)@ g & gﬁ% %4, & ()-K_
?A0 W FS’“‘B""B’S"“E?"‘T;T;’B?

&+6N610% 4, & ( N618% 4, 81%) - EN6R0%(34, & () ZKNEL10% 428’ B) _EN6 DY 4, & () - KNG
10% 4, & () - K| APAY W &+6N61 %4, &7)- "Rao W

&+6N610% 4, & () THN61Q% 4, &) () - KN610% 4, & () -

() K ?A0 W
&+6N610% 4, & () - KN614%4, &1 () - KN610% 4, & () - KN610% 4, & () - KN610(J(
10% 4, & ()-K JaA?o (WREENS10904,& (- malcg%q &3()OKA@ wo, 8
&+6N610% 4, & ( NBI%ALR] ) - P $&?A8 W o
8&+6N610% 4, & ( %4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4,8& ()-KN6
10% 4, & () - K&) 1- 158&7A0 W&-tﬁ 10%4 & (g @161@%4 &o()oKN@lO%4 & ()-KAo W
&+6N610% 4, & ( S @NEC GAE RZN ﬁ; 2 S
&+6N610% 4, & ( 19% & & 61:0% ()QK 108 408! 610% 4, & () - KN6
10% 4, & () - KBCF i @ % '\@ % @ ﬁ\l@

Z

04, & ()- KNG

8+6N610% 4, & ()}- HN610% 4, & () - kN6 10%4, & () KNB1Q%% 4, & f ) -§<A0, W
&+6QSUN\ N _GAo W @ SeEO0gCH0EORERCHCE0HEES B0
&+6N610% 4, & () - KN610% 4, &1 E ) wbEBed & K5 Knbl gof 4 Bt E-KBeE @ 4, & () - KN6
10% 4, & () -K°_Bf ]|l bBGRo W |58 5°€ 5 58 88 &' b'g B'c &5 Bs &g Big
E6Ro10% 4, & (] WNBI0R 4. & B B REIEA BB 5 FRAGEE R L5200
0, Q Q )] 3] '] (3] 3] O Q V] O
5| © |lsisisiciaieicisieiests
c = = S
£l | F |RiEREEEEEEREEEIEEEiiiii
S}
© % O Q O —~ N O T W O 0 O O
! @ 2 O F + ¢+ F + F F <+ F T b



W &+61 npt vx_GAo W

- &+6N610% 4, & () N610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610

% 4, & () - Kxy| bBGAO W

&+6N610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KKAo W &+6_GAo W
" &+6N610% 4, & () N610% 4, & () - KN610% 4, & (46 KN610% 4, & () - KN610% 4, & () - KN610

% 4, & () - KbBGAO W

&+6N610% 4, & () - KN610% 4, & () - KN610% 4, & () - KN610% 4, & () - KKAo W &+6_GAo W
&+6NB10% 4, & () N61Q%4, & |() - KN610% 4, & () - KN610% 4, & () - KN610% 4,|& () - KN610
%4,8& ()-K N2jpo| S8 '
N610% 4, & () - KN610%3, B (|) \OKNSLOR, 4.9/ Q- K610 4, (- KR619% 4 &) - KkAo W
&+6J/ AON610% #4, & (B-Rde WO & & A a o« a - ats
&+6N610% 4, & () {K 1?% 4,1& ()-KN610% 4, & ()-KN610% 4, & () - K(VVENY -5
410968 ()-$ 41096& (Y- ~ [U 99310%& ()- ~99310%,' & ()- =
,MLO% e6' & ()| 410,4] 1€, 4,10, 4, _2vVEN$ 41096& ()-$ 4109%6& ()-$ 41008& ()-$
410968& ()-$ ALOYEH )5%41220/5& (P BBV 41D%&R ()L L10MB&R )|
410968 () - AoSIVBIF4$ E R9BE (5 VNS ALWBES ) - & 418%8 (B $ 310%& ()-$
4109%6& ()-$ 410968 ()<$ 4109%& ()-!% , bB?vVENS 410%6& ()-$ 4109%& ()-$
410968& ()-$ 41096& ()- AoswB>% 4, . 0468_2vVENS 410%6& ()$ 41096& ()| $
4109%& ()-$ 41096 ()-8 418068 ()5 SPIQ6E () -BI<@CHEV 419958 ()-$
41098 ()-$ = ;E gggfﬁ% ? er%?)é&\%]i@
ET—? O o o ©
.’33 o O O O O o (@) () 4
9d |5 A A 5 4 5 & & 8 8 9o g
2| e
2l g g
&l 218atlo © O WV VW VW M oW o ©
Eagpgmmmmmmmﬂmmmm
8 5 'U'g:o' — — — — — ~ — —— — — r—t —
Sl S lgg s
g g = B A
3| -
1™ Q O Q
. o Q Q O () L O b~ [ 5] Q
S E| . |8 E & £ 8§ 8 HEH_EH 2
2 < :  EE ST H AR B
& “ 1T T T Tz g 3 EpETEEtom
5 = 5= =323 5 233 =§ =
©
[a
)
o=
2 3H|T © < e o 9 9 ¢ 9 <
LEB 5& c o N N N N N A N N
5k
%0 o O O O O o o (] o O O Qo
5“&292229222222
S laoaanoaa a aaoaaan
v v v v wn w 1/p} w n v wm /9]
8 O O U O Oy O O U4y Qg Oy Ugy
= >,E>,>,:>,E,>, gé,;,uw, > 5 BB B
[N R adoagdadasee=xoag o 8 oy el ey s
g |gacigncieazEcofESR 2ReRcRes
g aoaoaoaoao"?g a“an go' 8o ae Ao
| E Q’)od)oﬂbobud)ogabzg‘&)oQl)oo:)ool)oﬁl)o
o | & |2585858858 85 558 BEEEEE 5t
O A A A A ) = > >N S >y >
5 2 oH 2%
g S |BEREEEREZEEEEE JEIEEEZESE
g
8 Y= — N M < W1 O i~ o.0] Y O O o
\ 0 2 wn n n D Tp] n N n mn O wn O




B B B
$ ~ ~ ~
L2 T T
— aVu o o o
T AR
~EC83gEs
Tag= > > %od X
3TeTe2 82T S1°0 oreL 0’1 ¥8L  VIIEXONVDMl 0T  001QS  suorddesd ouskom ﬂsw
SHO oMo me i
wAjod X
S m 3 n_qw 2 w 2 M@.m ST'0 9L 01 68S  SOSXONVOMI 0T  O0IAS  juorciordootoiipn aon
eRE TS Touijodoo 11°%a
~ANOR B B 9T S1°0 orel - - - 0C 001ds WopUeI T-2u3jng .
Ca>efeleX ousdordousfipg 00
&3, W% A M o % A Jomikjodoo wmopuer  O1'XH
% m MW_M m_ m._ Mm. M WM@.N mH 0 Uﬁ.mr.—_x - - - 0°C OO.H Qm HIQHHQH._.\—Q|®.HH®~%QO«E .HHHOO
. . - - _ . Jowdfodoo wopuer  6'XH
Ih Wuﬁ <e<o%e ST oTeL 0¢ LOL1  juoihdord-suslhpg  -won
o3 . _ _ _ i zowkjodoo wopuexs  8'XH
WM Mm WM M M P ° ST'0  nuoed 0°c 001dS  jusjAdord-susfAny wo)
SASSXSS & . - _ _ . 1puifjodoo wopuelr  L'XH
SHEIIITTS . _ _ N ) Iowijodoo wopuel 9'Xy
m$ Sorvnvnd C s1°0 hatd) 0'c 001 as susjAdord-auajAy wo)
e~ ~9'T S1°0 _ _ _ . JowA[odoo wopuel  §XH
MM Il el 0c 001as oﬂo&%ﬁ&-vﬂw&ﬁm “wo)H
o o o o oF I TITI
$ JTun ouIZeLy
A % % % % % % % %Hm& (red) adL], (red) J2d 1y3rom adA], (red) adL],
m SRR Sl yunoty junowy HﬂﬁQE.OE yunouy uisai1 suojAdoadLAiog -
@Y TN Y Y ustres jo mkiod ) ! ! .oZ
< 5 5 ¥ B &5 LATROWY 197y otuesIouj punoduioo swizeL] o%ﬂﬂ 9 oww o xd
ST uonisodwoo wisal susjAdoidAjoq
o3 o o o3 o3 o3 I I 105
22222338 - bonunuos -
OO0O0O0O0O0O0O0
Ao oo oo oo
TS
BAEAAHAAAAS



410958 ( 10968 ()-$ 4109B& ()-$ 4109%& ()-$ 4109%& () - bB?vVENS

)-$ 4
- 4109%6& ()-9$ 410%& ()-% 4109%& ()-$ 410%& ()-AoswB>% 4 ?vVEN$ 410%& () $
4109%6& ()-$ 410%& ()-% 410%& ()-9$ 410%& ()-$ 410%& () - bB?vVENS
410%& ()-$ 410%& ()-$ 410%& ()-3$ 4109%& () - AoswB>% 4c?vVENS 410%& ()-$
T 410%& ()-)% 410%& ()-$ 410%& ()-$ 4100& ()-$ 410%& () - ~*>?vVENS$
41096& ()-$ 410%& ()-% 4109%& ()-3$ 410%& ()-AoswB>% 4 ?vVEN$ 410%& ()-$
41096& ()-% 410%& ()-% 410%& ()-9$ 410%& ()-$ 410%& ()-"& bB?vVENS
4109%& ()-$ 410%&c(9 - 41096& ()-$ 41096& () - Ao$wB>% 4) +- 0342V VNS
410%& ()-$ 41)%5&';@- $ 410%& ()-$ 410%& ()-$ -
5] O
3 &
g-g ©@@)@@@@@@)@@©>©©©©©)©O©©és
g I
=8 5]
[ o
=1 |
B
=k
o St
< g% Q0000000 ODO0DODODOODODOODOOOO
I
ol @Y
e —_
3| 2§
5 I feleloNeleNoNeNoleleNolloNolelNelelNoloNelolo)
% %08 N D OO NV IFTFTFOFTO SO OINOODL AN D
" H% N Nt AN ANANNNAA OO NO
T )
ol >
| <
3| =~
ol 88
2l §.9 N NN ANNNNNNNODNNOONONNNANNAN
5| 22
o =
< Q
=] 2 0
= &
M =2 SIS MK S A o e B o o o e B o B B o o B o
< ol
B~ é’q-.
5]
5%
g% SO RN OYLANNANDN 5 3INGe QT
a,
O
[VR7)
[/,
g%?: O © OV WYVWVWYWYVWVWVWVWYWOWOWVWYWVWYY YWY
s geslddadddaddadaddddddNANTAA A
'83:.’%-
a 7]
S .8
8 ¢
al 3
gEd——\oxouo\oo\o\ooc\ooooxo\oc\oooouo
S EEO L L L LOWVMN VLBV WL WL
W QQ-\_,HHHF-IHHHHM—!F-!HHHF#MMHﬁv—IH
Lﬂ"‘e
8
M o MO OO N~ ANOTINONOONO - ANMITIN O
A= AN NN NOOONDNON T F F




410968 ()-$ 410%& () - 458<@~">?vVENS 4109%& ()-$ 4109%& ()-$ 410%& ()-$
. 41098 () - Ao$wB>% 4CEGIMD ?vVBNS 410968 ()-$ 4109%&' ()-$ 4109%& ()-$
410968 ()-$ 4109%& ()-$ 410%& ()- OPUY]  bB?vVENS 4109%6&' ()-$ 4109%& ()-$
41096& ()-$ 41096& () - Ao$wB>% 4" bdhj | _2vVENS 41096& ()$ 4109%6& ()-$
- 410968 ()-$ 41096& ()-$ 41096& ()-$ 410%e& () -1 nrstuvj N2vVes$ 4109%6& ()- $
4109%8& ()-$ 410%& ()-$ 4109%& ()-$ 410%& ()- AoSwB>% 4vwxyz{N. vV6$
410968 () - AoSWB>% 4$ 4109%6& ()-$ 4109%6& ()-$$ 41096& ()-$ 410%& ()-_?vVe$
4109 4109%6& ()} $ 410968 ()-$ 4109%6& ()-$|4109%6& ()-$ 4109%6& ()-$
4109%8& () -}aB) VVEB109%6& ()-$ 41098 ()-$|4109%6&" () - AoSwB>% 4%

&

1

expansion r

0000000000000 Id x X 4 X X x <

0000000000V |Id X X <4 4 K & 4

Fluctuation in Fluctuation

cell diameter

diameter (um)
170
100
320
300
220
180
120
220
280
260
180
80
80
170
200
190
210
130
120
130
180
160

TONNTITNOANANMO| N AN O O N A4 a4 AN

Properties of pre-expanded particles
Average cell

Open cell
ratio (%)

AN/ AN &7 3 4 o4 a4 N 4 o

Expansion Number
ratio (times) of peaks

22

23

12

10

10

10

7

6

6

12

13

Lowd
@
o 83’:?
§|BPa OO0 00OOONNOOVLIY © Y YV Y Y © Q
e
S| &
o
S| e
18, 5
VLS |QOOOVYOOOUOVUNNMNOYYYY VW ©W VW VO VW O Y VO
B gEP DN LNINIDININIO 7o ST T S T T g
8
. B . . . D e N D
42 2285005 R8ERRe| A BB B R R AT R
[}
@z OROROROROROESHOBEON




410968 ()-$ 410968 ()-t XvV$ 41096& ()-$ 410%6$ 41096& ()-$ 410968 ()-$

. 410%& ()-$ 41098 ()-$ 41096& ()-$ 410%B& () -~ ">XvVS 410906&$ 41096& ()-$
410968 ()-$ 410%6& ()-$ 4109%6& ()- A0SWB>% 4 XvV$ 41096&$ 41096& ()-$
410968 ()-$ 410968 ()-$ 41096& ()-$ 4109B& ()-$ 41096& ()-j NovV$ 4%

- 4109%& ()-$ 41096& ()-$ 410%& ()-$ 4109B& ()-$ 4109B& ()- A0SwB>% 4N. VV$
4109%68& () - AoSWB>% 4% 41096& ()-$ 410968 L) -$$ 41096& ()-$ 41096& ()- 2vV$
41098 41096& ()-$ 4109%8& ()-$ 410968 ()-$ 41096& ()-$ 4109B& ()-$

4109%& () -}aE) vV$ 419KR& B A bY"RHidn thet bO3BErtids AIMBE Yréfexpanded

particles were evaluated is indicated below.
(Expansion ratio)
After measuring the weight of the pre-expanded particles,

5 the volume was measured by impregnating with ethanol in a 100 ml

messcylinder and the true density value was found. The expansion

ratio was calculated by dividing the density of the resin particles of

the polypropylene resin composition by the true density value.

(Number of melting peaks in the DSC curve obtained by differential
10 scanning calorimetry)

The number of melting peaks were read from the DSC
curve obtained when 1 to 10 mg of pre-expanded particles were
heated from 40°C to 220°C at a heating rate of 10°C/minute using a
differential scanning calorimeter.

15 (Open cell ratio)

The closed cell volume (V,) of the pre-expanded particles
was found using an air comparison pychnometer (930 model, made by
Beckman Co., Ltd.), the ethanol impregnated volume (V,) of the same
samples was additionally found, and the open cell ratio was found

20 from
Open cell ratio (%) = ((V, - Vy)/ V,) x 100.

As the open cell ratio increases, decrease in moldability when
25 conducting in-mold expansion molding of the pre-expanded particles
and mechanical strength such as compression strength when made

into an in-mold expanded article is caused. In order to prevent



4109 &

- 4109%&

()-
()-
410968 () -
410968 () -
- 4109%6& () -
410968 () -
410968 () -
410968 () -
410968 () -

10
15
20

25

$ 4109%68& ()-tXvV$ 4109%8& ()-$ 410%$ 4109%6& ()-$ 4109%6& ()-$
$ 410%& ()

$ 4109B& ()-$ 41096& ()-AoSwB>% 4 XvV$ 410968$ 41096& ()-$

$ 410968 ()-$ 4109%& ()-$ 4109%& ()-$ 4109%& ()- !jN2vV$ 4%

$ 4109%8& ()-$ 410%& ()-$ 410%G& ()-$

AOSWB>% 4! " #$YE&+N. vV 41096&' () - AoSwB>% 4$ 4109%6&' () - $

$$ 41096& ()-$ 4109B& () -+ 3579=_2vV$ 4109 41096& ()-$

$si
$

gifgtﬁ{@&né he%ré&@e/@&rﬁércﬁatﬁii%&c( M HEABE steTtABithe ey VS

cell ratio is preferably at most 6 %.

[y

(Average cell diameter)

30 pre-expanded particles were randomly picked out of the
obtained pre-expanded particles, the cell diameter was measured
according to JIS K6402 and the average cell diameter (d) was found.
The average cell diameter is preferably approximately 100 to S00 um
in view of moldability when conducting in-mold expansion molding of
the pre-expanded particles and color when made into an in-mold
expanded article. When made microscopic to less than 50 pm,
moldability when conducting in-mold expansion molding tends to
decrease.

(Fluctuation in cell diameter)

The ratio (cell diameter fluctuation U) of the standard

deviation (o) which represents fluctuation in cell diameter and the

average cell diameter (d) was found by

U (%) = (0/d) x 100.

The smaller U is, the more uniform the cells are. In most cases,
when the value of U is at least 20 %, unevenness in color tends to
become noticeable and as the value of U becomes larger, unevenness
in color tends to increase. The value of U was classified and
evaluation was conducted according to the following criteria.

©: value of U is less than 10 %

Q: value of U is at least 10 % and less than 20 %

A value of U is at least 20 % and less than 35 %
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(Fluctuatlon in expansion ratio)
0.3 to 1 L of the obtained pre-expanded particles were
sieved by a JIS Z8801 standard sieve (8 kinds of 3.5, 4, 5, 6, 7, 8, 9
5 and 10 mesh) and from the weight ratio W, and expansion ratio K, of
the pre-expanded particles remaining in the sieve, the weighted
expansion average ratio K,, and expansion ratio standard deviation o

was calculated by

10 K, =3 (K x W)
= ~/_[E {Wl x (Kav— Ki)2} ]

Using these values, expansion ratio fluctuation V was calculated by

15 V (%) = (o, /K,,) x 100.

The smaller V is, the smaller the fluctuation in expansion ratio is.
The value of V was classified and evaluation was conducted according
to the following criteria.
20 ©: value of Vis less than 7.5 %
O: value of V is at least 7.5 % and less than 10 %
A: value of Vis at least 10 % and less than 12.5 %
X: value of V is at least 12.5 % and less than 15 %
X X: value of V is at least 15 %
25 (Water content of the pre-expanded particles)
After dehydrating the surface of the pre-expanded particles

immediately after pre-expansion by an airflow, the weight (W1) was
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INDUSTRIAL APPLICABILITY

Polypropylene resin pre-expanded particles which have as

a base resin, a polypropylene resin composition containing 100 parts

10 by weight of polypropylene resin (A) and a compound having a triazine
skeleton and molecular weight of at most 300 per triazine skeleton
unit (B) and are prepared with water as the foaming agent, have small
fluctuation in expansion ratio and cell diameter and decreased
fluctuation in weight and unevenness in color when made into an

15 in-mold expanded article. Furthermore, by including hydrophilic

polymer (C) and/or inorganic filler (D), the expansion ratio improves

further.
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10  which further comprises hydrophilic polymer (C).

3. The polypropylene resin pre-expanded particle of Claim 1
or 2, wherein said compound (B) having a triazine skeleton and
molecular weight of at most 300 per triazine skeleton unit is contained

15 in an amount of 0.05 to 6 parts by weight based on 100 parts by weight

of said polypropylene resin (A).

4. The polypropylene resin pre-expanded particle of Claim 2,
wherein said hydrophilic polymer (C) is contained in an amount of 0.01
20 to 20 parts by weight based on 100 parts by weight of said polypropylene

resin (A).

5. The polypropylene resin pre-expanded particle of Claim 1
or 2, which further comprises inorganic filler (D).
25
6. The polypropylene resin pre-expanded particle of Claim 5,

wherein said inorganic filler (D) is contained in an amount of 0.005 to 10
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7. The polypropylene resin pre-expanded particle of Claim 1
5 or 2, wherein said polypropylene resin (A) is at least one member
selected from the group consisting of ethylene-propylene random
copolymer, propylene-butene-1 random copolymer and ethylene-

propylene-butene-1 random copolymer.

10 8. The polypropylene resin pre-expanded particle of Claim 1
or 2, wherein said compound (B) having a triazine skeleton and
molecular weight of at most 300 per triazine skeleton unit is at least
one member selected from the group consisting of melamine,
isocyanuric acid and melamine isocyanurate.

15

9. The polypropylene resin pre-expanded particle of Claim 2,
wherein said hydrophilic polymer (C) is an ethylene ionomer resin
obtained by crosslinking an ethylene-(meth)acrylic acid copolymer with
an alkali metal ion.

20

10. The polypropylene resin pre-expanded particle of Claim 1
or 2, which has two melting peaks in the DSC curve obtained by

differential scanning calorimetry.

25 11. An in-mold expanded article comprising the

polypropylene resin pre-expanded particle of Claim 1 or 2.



