DESCRI PTION Titl e of Inventi on EXPANDABLE BEADS, MOLDED BODY USI NG THE
SAMVE, AND PRODUCTI ON METHOD FOR MOLDED BODY 5Technical Field [0001] The
present invention relates to expandabl e beads, a nol ded body, and a
production nmethod for the nol ded body. Background Art [0002] Plastics and
metal s have been conventionally enployed as 10 materials for internal parts
of autonobiles or electronics devices. Al though use applications of - -the

pl astics to el ectronics devices, m@ﬁ Wandi ses, and autonobile parts
or the |Iike have been expanded because %e plastics are lighter than the

met al s and Tk bf kivehtight €r materials having excellent properties such as
strength and shock 1l5resistance are required in terns of energy saving or

the |ike. GRPANBIBIRIBEMDS, | MGLISDN BOPANJesmatdedho 003] A
resi n expanded nol ded body obtained by foamng a blend resin of a

pol yst yr eneANES IFROIUE TION WMETHOTS FORVIOEDHED IBorPgen known as an

exanple (Patent Literatures 1 and 2). Flane-retardant 20expandabl e beads to
whi ¢h | aneTecdimiedhRgadidi S gi ven by adding a flane retardant have been known
(Patent Literatures 3 and 4). Citation List Patent Literature

[ 0004] [ Pat{@001}iTies airesentlinviapine selabad €0t exildabdé indisai A bR ANO-
2552-101268 [Patent Literature 2] Japanese Patent Application Lald-Open No,

2003- 13805bddsatedta pradiction @cfiod épatirs@ofdé®BbdAppl i cation Lai d- Open No.
2000- 95892 [ Patent Literature 4] National Re-publication of

| nt er nat i orBdclRatanid BAp! i cation No. 2003-004552 Sunmary of Invention
Probl ens to be Sol ved by the Invention [0005] However, although wei ght

reduction {80631 iFastick andishogls heavesbeerexaandediomnligeepliesg as in
Patent Literatures 1 to 4, the
materials for internal parts of automobiles or electronics devices.
Although use applications of the plastics to electronics devices, general
merchandises, and automobile parts or the like have been expanded
because the plastics are lighter than the metals and the like, lighter
materials having excellent properties such as strength and shock
15 resistance are required in terms of energy saving or the like. One of
such materials is a resin expanded molded body.
[0003] A resin expanded molded body obtained by foaming a blend
resin of a polystyrene resin and a polyphenylene ether resin has been
known as an example (Patent Literatures 1 and 2). Flame-retardant
20 expandable beads to which flame retardancy is given by adding a flame
retardant have been known (Patent Literatures 3 and 4),
Citation List
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[0004] [Patent Literature 1] Japanese Patent Application Laid-Open No.
25 52-101268

[Patent Literature 2] Japanese Patent Application Laid-Open No.



10 expanded bodi es containing a |arge amount of air, which are apt to bum
cannot be applied to the el ectronics devices and the autonobile parts
requiring flane retardancy, and therefore, the resin expanded nol ded bodi es
have not been hitherto enployed. On the other hand, because conventi onal
unexpanded pl astics and netals do not satisfy weight 15 reduction and are
hard, the unexpanded plastics and netals are unsuitable for processing into
a fine and;yﬂnphggggfd shape requiring flexibility, and weight reduction
and inprovenent 1n flanme retardancy have had hitherto a trade-off

relati onshi[pate{rﬁOQﬁlerémrEmsgp Japatiex Peada A?)Zili&aﬁéhi %1&%%' hept flame

20 retardancy when using a retardant to“achi eve both I'ght reduction
and i nprovegmn-9sR9P!| ame retardancy, flane retardancy is remarkably reduced
when using the flame retardant for the expanded body. Because the expanded
body has a [Pagdm Biewturd®et] Wationdll ReepebREatesn toRInidtahtiShal Mauté&gsi n when

conpari ng sanpl es having the sane 25size, the expanded body I1s hard to form

a cdy boni za&ppﬁcitmn\l@rgo(]yognbgg a burn time. Because the expanded body
has a resin anount snmaller than that of the unexpanded resin, the expanded

body is aptSﬁmlﬂgrﬁ@ﬁ‘tIﬁneﬂtil@yl burn heat, and as a result, the resin
dripping during burning is apt to be generated. [0007] On the other hand,

al t hough f IRBxsbleaisstabe olved ibyptley Bavedaion> an anount of a flanme retardant
to be added to the expanded body is increased for inprovenent in flane

ret ar dancy,[0686hdidoeavenr alteotgle sweightr ediueeidn heahtisBed shpnedng stheeduced
for by a flanme retardant which is effective in plasticizing the resin; or
adver se ef fresins expahded imoddéd Ngodits azs dnpRatimgl prepprety brio dauged by
reduction in elongational viscosity. 10 Therefore, it is very difficult to
f adiQ i t at e expandet \bothesicogtapninges kageldamyunnodan, whiickedrdapy tdburs! so
processing into a conplicated and fine shape, and to sinultaneously satisfy
vei ght redwannoh tendpplipd deethentldctrohiiesvelevetesr atad dite §100683bild pastsan

obj ect of the present invention to provide expandabl e 15beads nai ntaining
excel | ent fregueingtitardamejardanoy; and dhergfonet theveesint expahdad amolded havi ng
excel I ent nol di n% processability. Means for Solving the Problens [0009] The
present i nbasiephave natebgast hitherntg ¢mployed.120n the otha] h@ixgabeehise beads
havi ng an average particle size of 0.5 to 10 20mm' a density of 0.033 to
0.80 gl ee, canventignsl nmexpaaded plastico and vinetals deasot exhtiaty owdighy
tovertical test (20 mmvertical bum 01, standards [ 2] The expandabl e
bedds accoredugtion pnfl @sechprbd thoovsexparded nplastiesi andl metatserdreat i on of
an aliphatic hydrocarbon gas, is equal to or 25less than 1000 ppm by vol une.
[3] The expiédstiBble hen@socessingliintp aofing)ang cppplieated $wpearaspdringwher ei n
t he expandapl e, heads conpri.ses a hase terial resin conprising a

pol yphenyl ibilHyy apdswRight redystipn pEpsoverient iardamer refauslansyar dant .

above,  whol @V IO BRBHA doshac MINaRoNBPSce o bhse matcrlal resin
conpri sing [808& %ﬂ ggégneanet glelrex{)aer?éend a?’gsi% féﬁlrri%itgetgﬁggeall{]etﬁt flame
20 retardancy when using a flame retardant to achieve both weight
reduction and improvement in flame retardancy, flame retardancy is
remarkably reduced when using the fame retardant for the expanded
body. Because the expanded body has a resin amount per unit volume
smaller than that of the resin when comparing samples having the same
25 size, the expanded body is hard to form a carbonization layer and

lengthen a burn time. Because the expanded body has a resin amount



[ 5] The expandabl e beads according to [3] or [4] described above, wherein
the base material resin further conprises a polystyrene resin. 10 [6] The
expandabl e beads according to any one of [3] to [5] described above,
wherein the base material resin further conprises a rubber conponent. [7]
The expandabl e beads according to any one of [3] to [6] described above,
wherein the base material resin conprises 40 to 94% 15 by mass of the

pol yphenyl %ﬁaﬂéﬁﬂ{aﬂgﬁaﬂbf&é&l@g&m nOfhd Bﬁgéﬁgég@tb[qggfgigl fn 0-3 tO

10% by mass of the rubber conponent, and the rest bei St yrene

. . i ! 4
fesin bd Bbiibhedespeiabhenbeats ACARALNY e AR Wepind Huckfy [ 7]

descri bed above, wherein the flane retardant I's a non-h 20f | anme

retardant. @A @(@?ﬂ@a@ geﬁ%@é‘daccordi ng to any one descri bed above,
wherein a closed cell ratio is equal 50% [ 10] A resin expanded
mol ded body[0087hDa*XR8RABE} Raf@24ish TR Petal@arfsly iORpAS [ 9]
descri bed ia/t[bove.ﬂ| [11] A production nethod for a ﬁvl‘(fjéedébvg{ggiy

conpf i si ng:an amount of anflafm¥y egRadartotes bePadded @b thRde2pRRR]] BRUSr (@l resin

conpri sing 94% by mass of a pol yphenyl ene ether resin, 5 to 20% by mass of
a flame retiaceied @rIniprolRtadnt imsianed ratard BRERaARAl grﬁggﬁié%e rest

bei ng a pol ystyrene resin under an carbon di oxi e at nospher ving a
Shi gh- pr essareeedtie¢d; ledatlresistdrvenisaeducéd dat bpreslanierdtarddmWHRM & t he

base material resin with carbon di oxide; an expandi ng step of heating
the base nufedtale ireplasticimingghetresinpior adverswaffdeaxutdh 49 bleslimgxpandabl e
beads; and a nol di ng-expanding step of filling a desiréd nol ding

die with lGmhexpapingghbeetigads canded dyeiductionhia elwvpgatiebhevizeasisy.t 0
obtain a nol ded body.gq?lg] ift%he production nethod for % nol ded bo%ﬁy

accdt di ng tkhdrefgredeser ibedenpordifiieult heo clavflitass npot prdgsunblding step of
pressuri zi ng the expandabl e beads under an inorgani c gas at nospheré between
t he 15expamdpagssbelityanihitohe noiodded $toely. Eif ealse ofrocevsingi dnté 0810] The

present invention can provide expandabl e beads which have excellent flane
r et ar dancy cagaplicatgdt anthdine -shapes artte toursimsiitandeusly ohtisfy uweigtanded
resin simultaneously with weight reduction, exhibit 20 excellent nolding
pr ocessabi Iredyction andoimjprdvieothnt indthrme retesidagcyr ocessed into a fine and
conplicated shape and a nol ded body using the same, [00111 The nol ded body
obt ai ned fr[@ﬂﬂgﬁelt dsrnobicas ofslie presarteinvention to provide expandable
15 beads maintaining excellent flame retardancy simultaneously with
weight reduction and having excellent molding processability.
Means for Solving the Problems
[0009] The present invention is the following [1] to [12].
[1] Expandable beads having an average particle size of 0.5 to 10
20 min, a density of 0.033 to (.80 g/ce, and flame retardancy of V-0 or V-1
as measured according to the UL-94 vertical test (20 mm vertical burn
test) in the UL standards,
2] The expandable beads according to [1] described above, wherein
a residual concentration of an aliphatic hydrocarbon gas is equal to or
25 less than 1000 ppm by volume.

{31 The expandable beads according to [1] or [2] described above,



present invention has excellent heat resistance and fl ane retardancy, and
25an object of the nolded body is to provide products and nenbers having a
conpl i cated shape whi ch cannot be easily achieved by netals or unexpanded
resins hitherto, for exanple, a chassis for devices such as an electronic
device enabling a greatly sinplified assenbly, autonobile nmenbers and
constructional materials for OA equipnent, or the like, with sufficient
accuracy ofwHefRASHRE %'xﬁﬁn&ﬁ@l%r Beddsy "bérﬁﬁﬁ%é@t HI &aa@N\hARFHE N resin

Enbodi ments for Carrying Qut the Invention [0012] Hereinafter, the present
i nvention VddrhpHSingPe Pdly pBEhyledB StheP 8sin 1diea s eitbohAMErddiRNahd 410t
limted to the fol 'ow ng enbodi nents, and nany vari ati ons may be nade

wi t hin the #pheiretabddnscope of the present 10i nvention. [0013] The
expandabl e beads of the present invention have an average particle size of

0.5 10 10 ] a dEmsi éypeniddblO3Bedds GoBbrdinge toandyaohtane [K abdEy of

V-1 or greater (V-0 or V-1) as neasured according to the UL-94 vertl cal
test5 (20 nrdeseribedalabbue) wheidini thd hexpdndbdedeeatls cbinpAsdd] a Thaseaver age
particle size of the expandable beads i's 0.5 to 10 nm and preferably 0.7
to 5 nm Wmatdriel eestn agempaisingl# olyphesypneaetitert bevin 18ndma flahld ng
failure is apt to be generated in nolding a resin expanded nol ded body
havi ng a caefpdrdeat.ed and fine shape, which conplicates nolding. On the

ot her hand, when the average 20particle size is less than 0.5 mm an
expandi ng d§¢nt iEhepkpandbelesbedadseaechiinmgntpd]ical pt, deduribed abpliecat es
expandi ng, !'Ow 51 The density of the expandabl e beads is preferably 0.033
to 0.80 g/ cwhermnéhpbebenaibyiabrddn tforthebZomprisesanpolysiyrenenesimpr ef er abl y
0.05 to 0.5 g/cc. Wien the density of the expandable beads is greater than
250.30 g/ cc{ﬁ?t he Expaeniznidabbe dosadsamcobrdiag) $6yamgi ghe ofdiidt iton{5lare
hardly nolded into a conplicated and fine shape, and have an insufficient
heat quant idescridedngbons,divgreinhtheh baserphateatad srasin durtdper @ompeses mer hand,
when the density is less than 0 033 g/cc, the expandabl e beads cannot
satisfy degubbdr commeneatar dancy. [0016] Al though an expandi ng

magni fi cation of the expandable beads 5 is not particularly limted, the
expandi ng ridgni f i thae i oxpanddablef beads yaccosding 30 any gonandf nigle tor filerably 2
to 20 cc/g. Wen the expanding magnification is in a range of 1.5 to 30
cc/ g, exceldesaribedaakovestaiherensthe dinse matareal nesen gomprnisesndd ioa94%d whi |l e
makigg a nerit of wel %gt reduction. A primary expanding magnification is
pref®erabl y by mass of the pelyphenyienaijethern mesinnd wx@A%di by magmiofi tetion to
a desired value in rrulti(g)le stages. Wien the prinary expandi ng

magni f i cat ifiﬁnpsreitardtaﬁt,s Paiy 07 byemass jofethiesrudiperteprpponent gngethe and a
secondary expandi ng. activity is also likely to be applied. [0017] A closed
cell ratio r@?%%ﬁe&’ﬁ%’%ﬁ%e%ﬁ%ﬁéni s desirably high, 15 preferably equal

to or great th 50% and, nor ef erably equal to or gregter than 60%
Wien the cl[gged celf ¢ abéeeﬁfa%is t@?CBFélégeé@eﬁnYhﬁﬂeSQ%&]héoeﬂﬁandabl e

beads tend to have npre excel |l.ent din rqcessability into nol ded
body. d3cribe above, wherein the Hame Tetardant 18 a nonyhalogenabased
20 flame retardant.
91 The expandable beads according to any one of [1] to [8]]

described above, wherein a closed cell ratio is equal to or greater than

50%.

{10] A resin expanded molded body using expandable beads
25 according to any one of [1] to [9] described above.

[11] A production method for a molded body comprising:



[0018] Although it is generally difficult to achieve flane retardancy 20
because the expandabl e beads contain a | arge anount of air when the
expandi ng magni ion is higher, the expandabl e beads of the present
invention satisfy nane retardaney- of V1 or greater as neasured according
to the UL-94 vertical test (20 mmvertical burn test) in the UL standards
even when the expandi ng magnification is high. The UL-94 25vertical test

(20 mm verti cal r; &gnb ] i AP ASYH 1 used
for an index of %ﬁalr;melsr a?lggnstctgﬁiogl%lr?g?ﬁl%’d@ggﬁ%?%tepggl n e%n@g%iﬁggdy but
an_unexpandaghorgpirfladO offi BBIVAIRTIEGS ABAFKiAS SCRSDOY, PG 8F ACOmPar ed
with the resin e€xpanded body.” Specifically, a test specinmén having a

speci fic siftinkSeRedRON®.3 b a0y ﬁﬁ@@@%ﬂf d Qibbed 'c%ﬁﬁe)poﬁérﬁﬂﬁnﬂ‘?tﬁé%ét I's
performed for 10 seconds by 20 5 flame, and the test specinmen is

eval uat ed #eidg @ pdlybtyr¥né resitduhdGoamat b diseidedithtbsphete fﬂagf’iﬁ?% fur n

duration, the presence or absence of burning to a position of Xi ng

cl arfp, and Hipk-fieesgaceaterofless dem fcriiial Phedstie tb IMpiagaset e Badeurn
falling object, or the Iike. [0019] The expandabl e beads of the present

i nvention sadtesiay rédian®ithaiedriddeneie: of V-1 or greater as neasured
according to the UL-94 vertical test 620 mmvertical burn test) in the UL
standards, and t hereparidieg sxrofabhtndehedasemdieriub esbinsnmpteghiednat i ve
material in a nmenber which conventionally and mainly uses an unexpanded
resin and avitktcatbemdisddeitodorin eipdridabie beads;danty, and obtai n wei ght
reducti on and 15excel |l ent nol di ng processability to the nol ded body

si mul t aneousl y wig mdidanpexphadit@nstyp ¢OGEhg 'Ehdeﬁ'xmmﬂahiiﬁ%hﬁadwithf t he
present invention nmay be nade of a base material resin. The base materi al
redibn nay ¢hetaipandabhebeads asid ccheasing, the epandalelet bagds ¢esicbtam &l ame
retardant, and a 20rubber conponent or the |ike. Exanples of the

t her nopl astmoldegshadxont ai nedi n the base material resinpolyol efi nsuch as
pol yet hyl ene, pol ypropyl ene, and EVA (an et hyl ene-vinyl acetate copol yner),
pol yvi nyl 4l2bholTheerrgductydn ankthadidor pmlnycv])ge;zll bddyeaaddrdinglep Fii]ABS
25(acrylonitrile-butadi ene-styrene) resin, an AS (acrylonitrile-styrene)
resin, pol ylesgribad atesienfjrthert bampyisingsi psesspaingristep o pressurizing

pol ycarbonat e resins, polyphenylene ether resins, polyimde resins,

pol yacet al thesixpandpble beads unslsr ran izengpnic gassitnmsphert Hetweenethiens,

t her nopl astic el astonmers such as styrene, polyvinyl chloride, polyurethane,
pollyest er, egpppdimgisteparsbtheirwldisigstapadi ene, and 5 fluoride rubber

t hermopl astic el astonmers, thernoplastic engineering plastics such as

pol yan de, Bffeo¢tscefi nvenidyest er, and fluoride thernopl astic engi neering
pl asti cs, 368 8 powder rubber. These may be used al one or in conbination.
Modi fi ed anBOEPbskhe praseat premitomegn peoviseexpandable headwavhiphdwveof the
present inventjon is not 10 deteri orated. Exanﬁl es of tg'e t her npsetting
resin cont &Xgedenhleme pisedanaverdanting & dhe ALk aprbadiurpedandardsni no
resins such as a urea resin and, a | am ne resin, ,unsat yrated pqglyester
resins, an@iepbypespanded resin simultaggoysiyswith; weighierarbintion, i exlibEi ns
cont.ai ni ng t he pol yph Syl ene 15et her resins oridt&gebp%{ ycaré)onate resins are

pr éler abl o eXReHErhs mng proc:ess&giehty o a2 mo ody, and 1s easily
processed into a fine and complicated shape and a molded body using
the same.
|0011] The molded body obtained from the expandable beads of the
present invention has excellent heat resistance and flame retardancy, and

25 an object of the molded body is to provide products and members

having a complicated shape which cannot be easily achieved by metals



i nprovenent in flanme retardancy. [0022] The pol ycarbonate resin is
preferably a carbonate ester resin derived from bi sphenols and phosgene (or
di phenyl carbonate), and characterized by a high glass transition point and
heat resistance. 20Pol ycarbonat esderi vedfrom
2, 21- bi s(41hydr oxypyOpr opati e( hi sphenot A),
2,2 -bi s(4-hydroxyphenyl ) but ane(bi sphenoi 1, 1'-bi s(4-hydroxyphenyl) et hane,
bi s( 4- hydr t (1 ; :
251, 1-bi s( %mhyd@ér ?éx%%g r{%ﬁf@yﬁé:ﬂ%ﬁf@o eX,;[‘ré])laexample, a chassis for devices such as
1, 1- bi s(4- hydes i i :
L 1D oy a e ox%ﬁgyﬂ%%ﬁﬁﬁﬁaﬁfgﬁg? simplified assembly, automobile
1, 1- bi s(4- hyeiberpheny tdondorpbeonilehhangaRnforl A Ridgififniud! @%yﬁhleenxé%et hane
or the like are suitable as the pol ycarbonate resins. These pol ycarbonates
general |y heith sufficies Bte@agiyt bordinringiod Mo AindedOat RighoRimpt@dd] The
pol ycarbonate resin can be m kXed with one or nore other Tesin, and exanpl es
t her®eof i ndmideraneet.yet hyl ene resin, a pol ypropyl ene resin, an
acrylonitrile-butadi ene-styrene copol ynmer (ABS resin), a polystyrene resin,
pol yet hyl ereniisydinhé el foreCappy tehe Ditepitipht hal ate, an
acrylonitrile-styrene copolynmer (AS resin), syndiotactic polystyrene,
pol yphenyl 0612%iHetecipafiyigcke aresqnlinrentiphneilbbersperifcalbpldepbgbyd ene
sul fide, polyethersul fone, polyaryl ate, polyam de, polyimde, or
pol yet hyl erlEraph¢deal dheentitheis nioé limityd ao the dodl oveisigrembotinedtspiaind t he
other resin, a 15 content of the polycarbonate resin is preferably equal to
or greater rhhay va@btinnsnmay, banthdeowthin ehe sphiiy ard sabpe @fahegsesésr t han
70% by mass in respect of flanme retardancy. F0024] Herein, the
pol Mphenyl aneertibrr resin neans a pol yner represented by the follow ng
formula (1). Herein, Rl, R2, R3, and R4 in 20 the fornula (1) respectively
and i ndepen86i8] yI'he pxpsedableybirastyent tHeaprasent inverstidey hayecrp averagal koxy
group, a phenyl group, or a lialualkyl group having at |east two carbon
atons bet wemmtinkd eipenofftS dobéOzene aidensity Dﬁé).ﬂﬁgrm 8.801p/ar, anchal oal koxy
group containing no third a-carbon, n is an integer representing a degree
of pol yner iflame awtargshop 28] Vi Cieergreater Kd-thoraVi] ) as oe@sired reecpodipgheny| ene
ether resin preferably has a weji ght-average nol ecul ar wei ght of 20,000 to
60, 000. [ 0dethe EXbrif wertigal tthss (ﬁg’!mmyﬂm@lé)wnﬁeﬁt)naihn L%mstamiardhut are
not

15 [0014] The average particle size of the expandable beads is 0.5 to 10

mm, and preferably 0.7 to 5 mm. When the average particle size is
greater than 10 mm, filling failure is apt to be generated in molding a
resin expanded molded body having a complicated and fine shape,
which complicates molding. On the other hand, when the average
20 particle size is less than 0.5 mm, an expanding agent is apt to be
scattered from particles, which complicates expanding.
{00151 The density of the expandable beads is preferably 0.033 to 0.80
g/ce, more preferably 0.04 to 0.67 g/ce, and still more preferably 0.05 to
0.5 g/ce.  When the density of the expandable beads is greater than
25 0.80 g/cc, the expandable beads cannot satisfy weight reduction, are

hardly molded into a complicated and fine shape, and have an



5l imtedto, poly(2, 6-di methyl-1, 4- phenyl ene) et her,
poly(2, 6-di et hyl -1, 4- phenyl ene) et her,

pol y(2- net hyl - 6- et hyl - 1, 4- phenyl ene) et her,

pol y(2- met hyl - 6- propyl- 1, 4- phenyl ene) et her,

pol y(2, 6-di propyl-1, 4- phenyl ene) et her,

10pol y(2- et hyl - 6- propy1- 1, 4- phenyl ene) et her,

pol y(2, 6-di; 5 . : ; : :
s e gl g%ﬁcfériﬁggéﬁﬁgﬁéﬁﬁﬁe @éﬁl& molding, which complicates molding.

pol y(2, 6-diphe - = i n e h PR
Dol y(2. 6-di(r%gt %%y(ftk_ﬁ%%%yl éf;cg;))élt?%egénsny is less than 0.033 g/ce, the

LoPo S 2 O Sy BidRble B OSTHARARLEY BBLired flame retardancy.
D5 6. qleodes ARMYLEN i cApRASHIY BRNiTIOEGON of the expapdable heads

Dol D et hosnos TRt eRet) ihifed REREAndily ARANNCRAOALN Breforably 1S and
el o o0y Smedk aRdcdre kbl Do DoSal t WheRMld eibanlihe

R3 and R4 ana%ﬁmmmmsoim aRasg& v 195 B (havioh@xtellent flapidpstapdAE: These
may be used alone or two or nore kinds of thém may be used in conbi"nati on.

[0028] O ttbadalrovbe Mdtslyoredet herinpitheéd twhileemiaking thenadt Yitheryblene 5

ether resin is nore preferabl e because the pol yphenyl ene ether resin has

excel | ent fredoetiogt arl prizdasnexpaadinpesiaphaficsion is prefdrabhal .4 thd 0
pol yphenyl ene ether resin can increase a deflection tenperature under |oad

(HOD, nmai ricdg rwhewiadinstingndes eﬁ;lgbhdin enqerificarioneiova rdeaivedt valaedin nprove
di nensi onal stability. 10[0029] The pol yphenyl ene ether resin can be m xed
wi th one omuhiiekitagss. of Watdiethe esimaryaexipaxdingl esghifcaidn iinéh ubll a

pol ystyrene resin, a polyolefin resin represented by pol ypropyl ene, an

engi neer i ngapgeshi celt size is ept docbe athibyrmed.y and de seamldarys sppanding neer i ng
pl astic resin represented by pol yphenylene sulfide. O these, the

pol ypheny! ewtiviSeistso lizinte bemppledabl y nmi xed with the pol ystyrene resin
in respect of inprovenent in processability. [0030] Herein, the polystyrene
resi n meand081@pphlglosed wellneatis yofcthet ekpandalsleybeads dndeairably diigh,
derivative in addition to a honopol yner of styrene and a styrene

derlidvat i ve preferapleeqot] toher 2ot drae 5046, wadi mere peefedablybequadrte oot
limted to, o-nethylstyrene, ni-nethylstyrenc, p-rn thy Isty rene,

t but ylst yr ggreates thanjol stWhenrbe wlasad/eaheatto phegyal to or greater fhaanpl es of
the polystyrene resin of the honmopol yner include polystyrene,

pol y- a- met %4 yihenexpandablel hersr tand rtendavex anpriee £x28HeNt hwopdingst yr ene
resin of the copolyner_include, but are not limted to, terpolynmerssuchasAB
Sanda processability into a molded body.
[0018] Although it is generally difficult to achieve flame retardancy
20 because the expandable beads contain a large amount of air when the
exipanding magnification is higher, the expandable beads of the present
invention satisfy flame refardancy of Vo1 or greater 28 measured
according to the UL-94 vertical test (20 mm vertical burn test) in the UL
standards even when the expanding magnification is high. The UL-94
25 vertical test (20 mm vertical burn test) in the UL standards is a

measuring method used for an index of flame retardancy in not a



but adi ene-acrylonitril e-a-mnmethyl benzene copolyner in addition to a
styrene-but adi ene copol yner, a styrene-acrylonitrile copolyner, a
styrene-nmal ei ¢ copol yner, a styrene-nal ei c anhydri de copol yner, a
styrene-nmal ei m de copol yner, a styrene-N phenyl nal eim de 5 copol yner, a
styrene- N al kyl mal ei m de copol ynmer, a styrene-N-al kyl ated phenyl mal ei m de
copol yner, a styrene-acrylic acid copolyner, a styrene-nethacrylic acid

Copol YITEr', gerfirk[ ?@ﬁh”@p&ﬁ%deﬂ%wﬁtmf%ﬁ{%apdéd%{ﬁ@8‘&3&&1&/ flame

met hacryl at'e copol ynmer, "a styrene-n-a ate copolyner, a

styrene-n- %éfﬂdaﬁeghggaxiigt@gﬂﬁpﬁg b %ﬁ:ﬁ”ﬂitﬁr‘the Jesin ezgg%nged body.

et hyl vi nyl benzene-di vi nyl be ne copol olynmers, for

exanpl e, stgpeisicallsf b et %9&bwlsﬂqlaﬁngta/rsgeeifm afde ® @)ﬁ/‘c}i\eékleb}fgyr acetate

copolymer, ('styrene-acrylic acid) graft polyethylene, a af t

pol yam de ogttddied i@ @l HOmeopbaateds r?'é?_ﬂﬁﬁlé@)fopqm%rﬁis%g Ay two or
nore kinds of them 15nmay be used in conbination. [0031] The pol yStyrene

resif pref emabl fahas aadviidiéstayRiciaRN eviliritedaisgN00fV-180y000,4 9

500, 000. Herein, the weight-average nol ecul ar weight is a weight-average

mol ecul ar vieicohipaitleuhaé@dity rerd ofiinkg bigas uedtReH, ive OstesBAEEESE T ON
chromat ography (GPC), and then 20cal cul ating the peak nol e€cul ar wei ght of

t he chr onmataigeane usi Mrﬁngabidaﬁagitﬁmbf al fiethdylaiepsan¢ eatprederinper cial |y
avai |l abl e standard pol ystyrenehe cal! ()ration curve is prépared by using
the peak nuileseucanofewt@ igefitibheasteddaradbnm Yalingestsikct, or theQdag?] A
content of the polystyrene resin in the base material resin is 25not

par ti cul ar | 010 Thel, exprahdabbe dwaidsnof ithespidseht Vineghtisheshtdyfy daask so t hat
a content of other conponent is set to a desired value. On the other hand,
a chhtent afetardantypbénytener efrbaterr asimeasunted medoidingheo bthee Uiptoet i al
resin is preferably equal to or greater than 40% by mass, and nore

pr ef er abl y eqtizhl test ¢ROgnenaverticdl urhoest)yinnthesULnstandmels; antl theestsy
retardancy. 5[0033] In order to achieve sufficient flame retardancy, it is
pr ef er abl e the éxpanidaebleabeadshear bansedeaisariahierriative miateriwlsia armicanbet resin.
[0034] Exanples of the flame retardant include an organic flane retardant
and an i norghhilccohventiorally dadtmablznmses arotnetparataghresin khdne methhr dant

i ncl ude a hal ogen based conpound represented by a 10 brom ne conpound, and
a non- hal ogenl bageites digbuflamee petesdancsy dyd abtéhins predghs redsetion cogbund and
a silicone based conpound; and exanples of the inorganic flame retardant

i nclude a raxcallony onekding prpeessabilyy toy the umodiedn bydy stinddtamedushgnesi um
hydr oxi de, and an anti nony based conpound represented by antinony trioxide
and 15anti rf*ﬁﬁllll fé@med”ﬁfﬁdan{mOSS] Al t hough the above-nentioned fl ame
retardant i % gr feéabl y the nan-hal ogen based flane retardant fromthe

vi ewpoi nt  d0028\i Fhesxpandable basds Qf?@ﬁé?rﬁmm inwenppBgpaybsunadadfsi | i cone
based flarr%retardants, the flane retardant is not [imted thereto.

20[ 0036] A 3asgnemaietadlddigsibont dingi neRssnoBIskdials wsim praspeentainpeund can
be usedt he Rhosph rous based f| ame retardant, Exagpl es of phosphorous

i ncl ude redf Ifs T€80a nip | LACHRES PIRIBYEL $ S B8P umden £¢ , sk ghat e
ester, and a %hosphazene »coggogq{i%gr oup having a bond of a phosphorous atom
an nitr CP SRR PTHE ANl n. Exanpl es of the phosphate ester

' nelude tri b BROSRISE it The" MERRBNEt St PeaRALR SRS base
material resin include polyelefin resins sueh  as  polyethylene,
polypropylene, and EVA (an ethylene-vinyl acetate copolymer),
polyvinyl alcohol, polyvinyl chloride, polyvinylidene chloride, an ABS

25 (acrylonitrile-butadiene-styrene) resin, an AS (acrylonitrile-styrene)

resin, polystyrene resins, methacryl resins, polyamide resins,



tributyl phosphate, tripentyl phosphate, tri hexyl phosphate,

tricycl ohexyl phosphat e, tri phenyl phosphate, tricresyl phosphat e,

trixyl enyl phosphat e, cresyl di phenyl phosphat e,

di cresyl phenyl phosphat e, di net hyl et hyl phosphate, 5 net hyl di butyl phosphat e,
et hyl di propyl phosphat e, hydr oxyphenyl di phenyl phosphate, and

resor ci nol bi sdi phenyl phosphate. Conpounds obtai ned by nodi fying these with

various ty Rt | S ?,’rgg}, QNS e C -

phosphat e @gg%omoﬁnﬁﬁﬁ’epg 0 C r%?lg?n% .P§ﬁ%sg6?ﬁ?§§%ehéﬁgﬁbsphate,
and the 1 t er r h I 2). are

pr ef er abl e%%@ggggc%ﬁé’hgﬁ éf’gggil‘]g{é as'#'}tgéé’ %? ﬁgﬁdﬁég%%’dgﬁggyd’gaéngegln ?

expandi ng pth@ﬁ%pgasé{gc%%fdstbﬁ&m glerForgu Sykéne, 3@5@ 1 cHiBrile

formula (2), QL each 1 ndependently re sent gen ogen; an

al kyl grouppolgtir@thbf¥y g6RMRterdNPoBydtHRIY | baeRLP-1 Z%le BEdREn& yl
group is plro%f Zpabl e Oy(ﬁ glr?gt he ?o?yrml a (2). Hydrégen fs preferab ec{]i n &b
and 36 in tfigofide MAhisbdr2)the@ndpRistiet RYAstofRYS itheRhEHRISHE! %n%ihéa?'ir?g‘d B. m
in the formula 20(2) is an integer equal to or greater than I. The
phosphat e esiastics oRRElNGsTayoRANAE XpdlLacital PRilFestBs tahd4 fldbride
formula (2)° each independently repreSent an integer of 1 to 5. n5 and n6
each i ndepethdembpYastrpeagiiveridig plistige! aatl 4 gowder HOOBE (These nity
pol y-) organosi | oxanes can be used for the silicone based flane
retardant . Bxanpkegsalfnet be ipmeombiantibnpoModifiednos] lcesaprtinkidcidies
nono- or ganosi | oxanes such as di net hyl siloxane and phenyl net hyl sil oxane,
and or ganopahysbtoxestbsass lof as phé yebjeet fofl tlsé |presas andentddsy dienyt met hyl
si | oxane obtal ned by pol ynerizing these, and a copol yner thereof A bonding
grolp of a deteriogdtedn dixamplanoffethesithermbsittingsredint costaigdd lihntheed to,
hydr ogen or 10 an al kyl group and a phenyl group in the case of the
or ganopol yshdsexarteriaincesn ahehaie phehel pisinyg,| agioopesimsnaidhy bs gr atgm  an
ethyl group, and a propyl group. A hydroxyl group, an al koxy group, an
al kyl groupmesandna pheetamgne wesar, eunssdraisd apolyesicrateshes)dang gpop.
Shapes of silicones are not also particularly Iimted, 15and opti onal
silicones swsinsas an oil-form a gumform a varnish-form a powder-form
and a pellet-formcan be used. [0039] There may be used various flanme
retardants and fl@fréhess,ahdithgrmopldstiar yesayeoostanuinghtieapel wpdenylene
conventional |y known, for exanple, a cyclic nitrogen conpound, and exanples
t hek®of i nodthee restsmpouthe Jesoarhprate rieaitisn are kpteferable uish tesmsedfni ne
amrel i de, anmel i ne, .

improvement in flame retardancy.

[0022] The polycarbonate resin is preferably a carbonate ester resin
derived from bisphenols and phosgene (or diphenyl carbonate), and

characterized by a high glass transition point and heat resistance.

20 Polycarbonates derived from
2,2%bs(A-hydroxyphenyDpropane(bisphenol Al
2,2-bis(4-hvdroxyphenybutane(bisphenol BY,

1,1"-bis(4-hydroxyphenyl)ethane,

bis(4-hydroxyphenyl)methane(bisphenol ),
25 1,1-bis(4-hydroxyphenyl)cyclohexane,

1, 1-bis(4-hydroxyphenyl)cyclopentane,



benzoguari am ne, succi noguanam nc, nelam ne eyamrate, nelarr

nmetori, and nelon, a snithre thereof, an al kali netal hydroxide or an

al kali earth nmetal hydroxide such as magnesi um hydroxi de and al um ni um

hydr oxi de containing crystal water, a zinc borate conpound, 25and a zinc
stannate conmpound. Not only one kind of conmpound but al so the conbi ned
plurality of conmpounds may be contained. [0040] A rubber conponent is nore

preferably pqng,ﬁg@_ dr8x % 4?]61"@%%1@&}{3?@ n in respect of inprovenent

in an expandi ng property? es of the rubber conponent include,

but are noty 'ILWSE%Q?(?OE‘%&?Q?{‘%PE@%% and 1, 3- pent adi ene. g}é}?se are

preferably 5 di sper ormin a continuous phase made of the

pol ystyr eney Desisd-HAelrdxIBhasd Jédandd b tid1e fiker UDRET siweamRNesd s (hé he
r ubber corrponentg4t emse?@es mgy be added, and resins %uch as gését}yl/érene

based el astmyeaﬁd&aa@esltesi@e-m@@gﬁggcaﬁﬁmaxe@rgéiﬁa EAZS @%1%g§ubber

conponent supply source. In the cas the latter, a 10ratio ( t he

r ubbgr Comﬁ@g’lﬁoﬁ?biﬁﬁ(?%) epliapgd pPysdhe followng formula. R= C x Rs/100
C. rubber concentration i rubber conponent supply source (% by nass) 15Rs:

content of [00B4rTRE RVl cabonaee irBsiasa et Afiked whhi ond Bromomssthef 0042]

In addition to the above-nentioned rubber conponents, other thernoplastic
resin, an arkimxigledt exanfslat sthebédfl zémclude! ur imaAntihydené 9rvesin, aadye, a
weat herability inprover, an antistatic agent, an’inpact resistance
nodi fier, qacﬂbfp&gpjaleﬁé,re@im, ancogalumtrilel betadiandstinehecopabanks (ABBIch as
talc may be added as |long as the object of the invention is not
det eri or at ag@sin))0# 3polikeyrenparshily) opediylaic ttheepinthakine, ipm?ﬂmﬁﬂy@ﬂﬁ@s'f
preferably conprise the base material resin including the pol yphenyl ene
et hEQ resi rerdpiethpbityst yareneacsdonitrildastyirbaee cepelydast, 6AS t hesinjbber
25conponent. The expandabl e beads preferably conprises 40 to 94% by mass of
t he pol yphesyyldeotcticher podgstyrere,t o podyphenydese of okeld, | anpolyaekaldant
0.3 to 10% by nass of the rubber conponent, and the rest being the
pol yst yr enepolgsiethyhmetheeryiate.enpolpphetydenonpsmidides i polyietisersabfene] 0044]
When the content of the pol yphenyl ene ether resin is equal to or 5 greater
t han 40% bypolyasylatsgiolyesiide grolyimsdexarapolyethylanendpltivalates ar dancy,
particularly, resin dripping prevention performance during burning is
remar kabl y i npr ov‘éﬂlemlthmqn@gy\carbonstei meontisnmixed With sther otheraebir,a t i me
and (2) increase the heat resistance of the resin (prevent softening) in
ordt? to preswdant oéshe polyegbegatturdsiy iv prefergbly equal tosongreatposhare ef f ect
for the item(2) to nerely increase an amount of the flanme retardant to be
added, and Y& byntss, endt morpoprpieraty crqaiadt iee or ragrenteri thapr @080 iyt y equal
to or greater than 40% by pass in order to prevent resin dripping in a thin
sanpl e. [ 00B83S Bhrewpechohdlamerelard#rdy.t he content of the pol yphenyl ene

IS, greater than mass, a tenperature required for

;e; bcesses. g[i?‘@&ﬂs%mandm@ aakfxﬁ@gﬁw i sthexpitgsin i maesss @, PAEr not
et ne 1 e iapresinted Sude inRping formuia (1) e, k', R 5ha R ISP
20 the formula (1) respectively and independently represent hydrogen,
halegen, an alkyl group, an alkoxy group, a pheny! group, or a haloalkyl
group having at Jeast two carbon atoms between halogen and & benzene
ring in the formula (1) or a haloalkoxy group containing no third
o-carbon. 1 is an integer representing a degree of polymerization.
25 {0025] [Chemical Formula 1]
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[ 0046] A content of the pol yphenyl ene ether resin in the base material 20
resinis nore preferably 45 to 90% by mass, and still nore preferably 50 to
85% by mass. An expandi ng tenperature and a nol ding Lenanc setting the
content to 45 to 90% by nmass, and thereby the base material resin is
further likely to be processed. 25[0047] A content of the flane retardant
in the base material resin is preferably 5 to 20% by mass. \Wen the content
of the flane retardant is equal to or greater than 5% by nass, desired
flame retardangy i 31 ikely to be exhibited. On the contrary, when the
content is equal or| l ess than 20% by mass, a plasticization effect of

t he base ma i Di—i S noderately caused by the flane retardant, and

t her eby heat jres ance 5 is inproved. Furthernore, an el ongational
viscosity of |tH re&®d n[ during expanding is inproved to increase an
expandi ng naghi fication, &hd the closed cell ratio of the expandabl e beads
is inproved to cause excellent nolding processability to the nol ded body.

Thus, it ig0pe Tl@@g{dl?ﬂ?%%eﬂéié{ﬁér fedia! (RE& DB 1RRM Riégggltia%%geﬁncy and

an expandi ng 10property 8] A content ‘of the Tubber onent Tn the

base mat eri@blé@ghiwieso it &f 20 Aboviodb@0bo. 10% by mass, nore preferably 0.5
to 8% by mass, and sti%l more preferably 1 to 5% by mass. Wien the content

is equal tqOOR79rERAMpléhan tRe PEIPYhemFlene daher eckih intRidStRitdaRCHof S
likely to be 15 exhibited. Furthernore, when the content 'is equal to or
greajer thdimded% by massgothe resi nﬁaﬁﬁ(ze,ls_fcﬁhh@thyl-fll,@gﬂhléhgﬂléﬂe)éﬂfbr, _

el ongation, and an expanding cell nenbrane is unlikely“to be broken during
expandi ng, puliy m,@mmsgg_pne@qggeyﬁthgnnagni fication and produces the
expandabl e ‘beads havi ng excel |l ent nbl ding processability after 20
expanding.Iﬁﬂyﬁbug@ﬂgﬂgﬁeat x1aqﬂuﬂgdgﬁeyﬁ%@@henylene ether resin and fl ame
retardant are preferably a ded when i nportance is attached to flane

r et ardartc>poly@hnéﬂilgfl{ﬁ)pymny,iéﬁghelejrlleﬁe)emsj,n ret ardant have an adverse
effect on an expandi ng property en amounts thereof to be added are

i ncreased. palyé2Ghdipropybdsi-phenyldrwdettor,ubber conponent is suitable in
order to apply an expandi ng property, This is particularly inportant in
beakD expandioig(2-@thgl-6duably}-1,4-phesgdéneethererper at ure from room
tenperature to expand a resin in a non-nolten state, and is greatly

di fferent fpaly(2)6:disitphlgkphedylepe)ethehi ch a resin of a nolten state is
expanded. A bead expanded product which can be nolded by filling a desired
met al nol d paly(2 Ohdilbend- 1 ,8-phepided)efherduct is nore advant ageous than an
extrusi on expanded product extruded in a flat plate formin respect of a
degree of fpaydo-dfphenyhdpé-dbphenytendiather,oduct, and the expandabl e beads
very advantageousl|y achieve both flane retardancy and hi gh expandi ng.

[0049] On ﬂhgyﬁzﬁéduhaﬁﬂ»gmhﬁhphﬁ&?bnﬁkﬁhﬁnof the rubber conponent is 10
equal to or less than 10% by mass, desired flanme retardancy is likely to be
exhibi t ed. Ry AérdinteoxyHed-phenylend)ethegual to or |ess than 8% by nass,
sufficient heat_resistance is obtained. A shape of a rubber particle is not
par ti cul ar IBoly(Firnedhoxyn@-ethesy dafphenydensdetizary uct ure may be forned, in
whi ch a plﬁkglity of polystyrene resin fin articles are 15 contained in
a particle V[%gﬁbﬁbéﬂﬂ@ﬂﬁf%%Wﬂh@dﬁﬁ%%%@ﬁ%ﬁgKHUbber conponent. A so-called
core shell structure nmay be fornmed, in which a singular styrene resin fine
particle i§%§EE¥é?ﬁ%ﬁﬁ@K%éfﬁﬁgﬁﬁ%k@m%ﬁ@@ﬁg an outer shell containing a

Component TS Hb¢ pAIDICULRE Ty FDDER) QW Tabber - 20 parti cl e di ameter i s
Poa an i 1 e st e aens i) et ure. i n-these ranges, a more.
g;(gfe Llr gglt eeﬁ‘ﬁgfg{%ngog{ﬁ'ﬁsg{%z&@gﬁ%} gggb’lt&;‘ﬁﬂ?f%(c]q»%” 9\%31%#59&?%(1 o)
that the abgyec L) engil SRSl (SORRYERt et OF B ioF L SheASISE)

preferable that R' and R* are alkyl groups having 1 to 4 carbon atoms
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[ 0051] Al though a shape of the base material resin is not particularly
limted, exanples thereof include a bead-form a pellet-form a
sphere-form and an i ndeterm nate crushed product. A size thereof is
preferably 0.2 to 5.0 mm and nore preferably 0.2 to 3.0 mm When 5 the
size is in this range, the beads after expanding have a noderate size, are
likely to be treated, and are likely to be nore densely filled during

el ated, . ensel y fi
ommi ning iR R htanaser dORREREh R eyl o BT 4 WP EARAN 0T 1o

equal to or t Hgﬁ, Eidr L I

concentr at iéghﬁg%? t'Egé’saefLI p al??gb?%!@i‘:@a?gg‘ﬁﬁg‘%s I Se??@%# §§'t?%&%mm§9’ 13/%I une)
obt ai ned by, gHgvindd me of the aliphatic hydrocarbon gas contained in
t he expandabl e Pbea(ggbg;/éfg;ryiol ume of expandabl e beads, and 1 ppm by vol une

(herei naf t g[go%zrzgi@mé abey L alehRoAsd 'im&@i%z%éﬁe &égiﬁe?ﬁ@péﬁéﬁfg@%% by

volunme. [O anples of the aliphatic drocarbon’ gas’ | pr opane,

n-bugane, iethet d8n iSRG Bierdbl® BREAIS tIRD ol}ﬁﬂiéﬁgr‘léﬁ@eth\é?%ﬁfrﬁﬁaé esi dual

concentration of the aliphatic hydrocarbon s“i's equal to or less than

1000 ppm  aexyidlieht f flafR iretahneeNeadt Bead GbsidtdrRRy tlﬂﬁpﬁ%fdtglﬂr,zﬁ%'_r ni ng
(referred to as growing). In burn tests such as the UL-94, a )wng tine is

specaddi ti qjibifyphén?lldfn@ éﬂh@?,regiﬁiﬂc?mﬁcﬁﬁsa@@@ﬂe@ﬁohh@n@?@ﬁw@nhaeﬁed

residual gas is small, it is po clear the burn test, particularly, the
standard oflo¥dO(HDT), mairktQ@5dlkidiey tunderps ddght epfpsmtinedehoirofniandabl e
beads of the present 25invention wll be described. [0055] The expandabl e

beads of thmdimpeante diensibanl g@bilﬂ]@, obtained by incorporating
(i mpregnating) an expandi ng agent in a base material resin (inpregnating

stel), and [@0p8MdI'hg pdigphaseenateahekediasian bexmaged ReithtaR or [AGRS] | n

the inpregnating step, a nethod for incorporating the 5 expandi ng agent in

the base ndtiedsa@f other redin, and eganiplestlagienf inciudech pahdteremet iegth t:o be

generally performed can be applied. Exanples of the nethod for

I ncor por at i pudyohefirexesindirepreageted bycpolprapyiiedrpengiserig iplagtiovat er

medi um utilizing suspension systens such as water (suspension

i mpr egnat i ngpin acprshnttdubiynpgolyaenidel ahd desuperexigineerihgpslastipardimg

agents such as sodi um hydrogen bi carbonate (expandi ng agent deconposition

met hod) , a meprésshtedthy mplapbeasylenecasuHidms pOXr thesguahet pobyphegngddrer a

critical pressure to bring about a |liquid phase state, and bringing the

| i qui d phasshentresinastpreferabiy mixedvasth thet polystyressi resfih iiguiedpettas

i npregnating), and a nethod 15 bringing a base material resin into contact

with a gas improveapont iptproeestadildtyunder a hi gh- pressure at nosphere |ess

than a critical pressure (vapor phase inpregnation). O these,.

parti cul ar |19030fHaeinodheapojysigranst resipomeans e ioquodgneri phimardlr a

hi gh-pressure atnosphere less than a critical pressure is preferable. The

met hod 20c&HYRHENGUtSIYERS: phdsd i Apyregmatdesivativer oires additim | toy @of a gas

to a d with suspensjon inpregnation carried out under a high

t enper at ur XUBRECLYBAT ainslyireng jaosl ¢ physerasieniwiivont Bramgres ed thepandi ng

agﬁ}i. Ther ef or e, (ﬁqﬁhi h ex}ggl?di ng magni ficatjon is likely to be achieved,

and-Wel | siFBEN BV ABEe | i ity 8¢ mhelr diraited [g.keryictlaylstiene,

uni formed. Simlarly, because the¥ expandi ng agent deconposition nethod is

al so carri éﬁ“%*@tihﬁﬂlﬁéé”ﬁﬁﬁs highctisnperater eii‘Wéf’éﬁgﬁWf@ ¢, afidieReylsidded t her nal

deconpositipn type expandj.ng agent |s not totally changed to a gas, an

anmount of & "'@%%9! "gﬂiﬁéﬁfﬁ’eﬁ{éﬁgﬁ%‘g @fié-yiﬁﬂ@‘elf lqreshaehsl atg veryogsersased.

Therefore, the vapor ase .ipregnati on has an. advantage .to be Iljkely to

i ncrease the con?}gﬁ cs Rk iﬁ@@&i}ﬁ%{gﬁ%é‘?ﬁm Cgf%&ﬁpmq yg{%ﬁ“ﬁb‘ﬁ’

pressure resi,stant apparatus anpd cool i ng, apparatus are likely to be nmade

nore co rrpacHOWP@ﬁ e Bpiﬁﬁ“ﬁ?"ﬁwﬁﬁﬁ@ﬁeﬁ*ﬁr @@%aPBBf‘P,}ﬁﬁWWWe bﬁ%%@p?"‘cﬁ

fagyd ity is dikely, to be kept |low. [0057] Al.thpugh,a vapor phase

i §egnati o%fl tb&rﬂ?lyis f*1E rﬁ%n (bfgﬁ%tei "ICQHQjV rllpﬁfq(gh,blﬁﬁrgf‘%glﬁﬂa@?@t% essure
s ABS

I's prefer at%'c—:?’pcﬂﬁnér% -0 quch a ! and a
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10 MPa. An atnosphere tenperature is preferably 5 to 30C, and nore
preferably 7 to 15C. When the atnosphere pressure and the atnosphere
tenperature are in the above-nentioned ranges, dissolution of a gas-'to the
base material resinis |likely to be nore efficiently advanced.

Particul arly, although an anmpbunt to be inpregnated is 15 increased when the
at nosphere tenperature is low, an inpregnating speed tends to be slow, and

ELEBE?‘%[‘UF e e Lo e R

" arier 5 RIS LSl R OB et et P
gener arly oebreaiapa, S0ROBEAERCR B RRAL HEHER BT ORIIERE sucr
as air, cargpofbrdliviléenidal tr gggﬁ)%g%r’ oxygen g%n@w?ﬁ@g%m@gen

gas, argon gas, helium gas, on gas, fluorocar

trichl orof |dﬂi{)drl;giﬁeli‘ane (R11) , stohestel- R-gHh s ipRRIchane &%ﬁ%ner, a

chl or odi f | uor t hane(R22), tetrachlorodifl uoroet hane (

di chl or of | ﬁt‘?ﬁehﬂnﬁlﬁ(zlé’téﬁ) b i hane
(Rl 52a), HFC 245fa, HFC 2£@ﬂ%?1§%€@%§ HFIlé%iZéZt g%I,le ggﬁ&%@? g

hydr ocar borgspdigheds a0 rsep@he-methidrghie. atidw mierPentstPeone- ne, and
neopent ane, éfﬁgje;rs such ‘as di net hylr95 et her, (%jitg%,hylpet hejr;il,s‘b rremwlgt hyl

et her, isopiepldte ehbﬁbgzrneb,ma/ | s§irbeé-melihlys ophethabreiaher copdlyatfier,f W fural
2- et hyl furan, tetrahydrofuran, and tetrahydropyran, ketones such as

di met hyl ketpnee-neikyl & teka@k,et$Y$ eienealkydt hydthacprlary |

ket one, nethyl n-buty ketrgxde, met hy i-butyltyEetone, klr%rygt hyl n-grryl ket one,
netly! n- hexopolieteonend ehthyiOnythenepyé-dieirgibenaditt ebspollynterout yl ket one,
al cohol s such as net hanol, ethanol, propyl alcohol, i-propyl alcohol, butyl
al cohol , i-butyl (éi‘afbl“(‘;dpol?mérs; ot \ixaptslehaltyreer poxft| pdlyetlsylens, such as
met hyl ester formate, ethyl ester formate, propyl ester fornate, butyl

ester for matgenemprafesethyldr-wiatyd, acetatey lcopalemepyr 6gtyonad-acrydind aeidly| ester
propi onate, and 15 chl orinated hydrocarbons such as nethyl chloride and

et hyl chl orgrd&. pobgabyldire, rexpetyrenke prafepolenaridanoy,thehBkexpandlgeg agent
preferably has no inflamrability and burn-supporting property, and in
respect of csaftaingdof Bhepes maynbegased afarse oratveo nar mqreekiprdsbbg thBecause
the inorganic gases are not easily dissolved in a resin as conpared with 20
or gani ¢ gagwvsy hechsessinhyeinbizatbam, and are likely to be discharged fromthe
resin after an expanding step or a nolding step, tenporal dinensional
stability dP031folltepolystgene tesimprefaraidyduas| a webglt-axeragkanolecular
Furthernore, plasticization of the resin js also hardly caused by a

resi dual gascightdiex86/006hto HOK00Rs Eeanire the weightyavesage molecular
25advant ageously exhibiited fromthe earlier stage after nolding. O the

i nor gani ¢ JHeight 18 4 penglhi-axeagei moleailar avsight gakudpied: byfpestomming ty to a
resin and easiness of handling, and_ an anmount thereof to be inpregnated is
pr ef er abl y I8ea#8IregwBy bage! bpewaesihon hehiassatpgrapby atiofki), i &flntgoﬁ@n
preferably 3,5 to 10% by ss. [0060] Wen the amount of carbon dioxide to
be%%r egn&pdanlpingqgtha Tsakonytierelss” wRiEh304 Bhienelwmatogrgie isigandi ng
magni ficati O{[L is . hardly achi eve{ﬁ and the cell sizes in the base materi al
resin are &PUDEBIBE VEVECDIAMICERY BHASUFETPRE Pé & vHIT B iibAg2dEbIehe

expandi ng nmagnifications of the base material resins. en the anpunt is
equal to orgié@ﬂiepﬁi%%‘f“%% Bﬁﬁn%“ég?m%ﬁ? eEMe & PESPHE gﬁc’;ﬁ-féage@%@ and the
10 expanding,is excessive,, whi.ch tends o conplicate nmai ntenance of the
cl osed cel Ipe%’gtfﬁlé’?e(f‘gé’éﬁelgm%ﬁ@ﬁtgng%ﬁ%%&ﬁwmgﬁgandi ng the expandabl e
beads in t apding step.is nqt particularly . limted, exanples fhereof
“nel ude a. NEPRCH MaiotipEhhhs keI RRC RN Kt Dot @GRS use

o TPk b O LA B 08t 98 Bl B SRR B

i ssol ved Tt AecoABeR et BTk P nbPReh P RRL LR o iRl Pl “BRabed Rog
for heating and expanding the base nmaterial resin is preferable. This is
because the 20 nmethod is likely to uniformthe cell sizes in the base
material resin as conpared with the nethod for opening the base materi al
resin to a | owpressure atnosphere froh¥a high-pressure condition at once.

The nmethod is likely to advantageously control the expandi ng magnification,
particularly a | ow expandi ng nagnification product.



25[ 0062] The resin can be nore uniformy and efficiently expanded, for
exanpl e, by introducing the pressurized water vapor from nunerous water
vapor vents froma | ower part of an expanding furnace, and stirring the -
resin by a stirring blade. The nunber of rotations of the stirring blade is
preferably 20 to 120 rpm and nore preferably 50 to 90 rpm Wen the nunber
of rotations is equal to or less than 20 rpm the 5 pressurized water vapor

does not hi iﬁﬁi el i &ﬁ# 4N trol or
to cause faﬁ?%?q%uc EQSBEF%gQ?Eéfb@hiﬁﬁ%ﬁ%ﬁﬁﬁ%Eg%J%%%?ota ?@%?’gé%ggual to
or greater bAaNyLA0-4PAsit e PeRYSHRUEL R Ry BRI he
stirring blade, an lt eﬁg%§ Eﬁe c%%@gdq%elﬁﬁga |%ﬂ?£2%§hg%ﬂ%gﬁfé§%%%d, or a
desi red expaidinisrelHEFSRILEY Gl o bPNHeate? then WIRR!EY Afths | n the
expandabl e beads are expaﬁ%gg to a dgg??ed expand?n naggﬁkggg igﬁg?the
expandabl e figa@sraf@dafeyexpanded to a desired expandi ng nmagnification in
one stage in the expandYng step, or may be expanded in nultistage steps

suchsas secmmasgynﬁesﬂmetb%mﬁb iGfficiehi AmErRarding, ivReieffiabixpandabl e

beads are expanded in the multiple stages, it is preferabl'e to subject
reserve beafiftHdreiRl fhedilameastddads b thBhdsetRatehiat esihe not subjected to

expanding of the final stage) to a pressurizing treatnent using the

i nor gani ¢ g3t Brempieansl niei flages hredirddnge Riclods . ad bhaudd flhen@as used
for the pressurizing 20 treatnment is not particularly limted, the

i norgani ¢ gesaidanpraefde abindrgaiceipg® rethrddigire Bedmptianoy the eglasly of the
gas. Exanples of the inorganic gas include air, carbon di oxi de gas,

ni trogen gafamexyglardgasincud® & n yededogesmpaandargeasaaed bela um gas,
and neon gas. Although carbon dioxide gas and air are preferable 1n respect
of PBeasi nésmminehemapongdaand ecoontiatagerebhied eompoutibrépresanetichwas is

not limted thereto. t hough the nethod for the pressurizing treatnent is
not al so paa tphngdphorys [based ecomeoangl esdt desibobné rdsedecampetimely drat
filling a pressurized tank with reserve beads and supplying an inorganic

gas to the examples pfedhsunorganikeflanmerotardastdmclidd 6dmetal itsyrossddl e to
set the residual concentration of the aliphatic 5 hydrocarbon gas renaining
in the expargabsentbe dysalumineumopdrasnde mndenagnbsinm d@droxide, and @xanpl e,
usi ng the inorganic gas as the expanding agent, or through an "aging step"
of | eavi ng attenexyaridabile coaaptaurichr represengedi by wamdinoay hitgoxidenmpardt ur e
(for exanple, the high tenperature can be optionally set at 40C to 80 Q)
contb ti on tantimlosyspentOxide.r emai ni ng gas. [0065] For the expandabl e beads
of the present invention, the nolded body can be obtained using a general
nol di ng net 998 Y] ndildionghsthepgboyaossitimethinms rﬁtardmltnmmfagagg( Hoed
include, but are not limted to, a nethod for filling a nolding die with
expandabl e Madalogen bastdiflagna setardant from the viewpeitsot enviroamemis| y with
heat of the expandabl e ?eagf tQ expand t he expandabl e beads, and thereafter
cool i ng andiEb| ey inigiemblnethts Phosphapuse andr mikigone| brsed Bemepl es of
a net hod for H%gging tRf expandgble beads | nclude, but are not limted to,
a cracki ng lLebisisats.dhe dlame petagdand: gnatdirites thewipandabl e beads in a state

whe 20 t al | d is measurably opened, during filling, a conpressing
metHdd f or r@&ﬁ%ﬁieés{%n@xﬁ%ﬁa&iwe ginpm Ahesph@EUinér e da THesahoms d i s
kept closed for filling of the pressurized heads, and, a,conpression
cracking meAHBEOHSE B8R 5F g CPRcREnGREFRER oLR Pitig! lABBaESRY. beads.
25[0067] It.is preferable to perf.or pressurizing step of performng a
pressuri zi ng t7ERE tgﬁ%ﬁgFﬁgﬁgﬁﬁégggh?%gdigﬁ%éﬁﬁgbhe*'38§ﬁ8$éﬁﬁhﬂing of
the expandahl e heads. This is because a,certain gas pressure can be applied
Lo arr bubtHEHH TR ARpEHAINE B s PhSphtecefIEn Rdes ptdsilireniong
treatnment, and the .expandabl.e beads are likely to be nore uyniforn

expanded arfdHBPHES ORI ARyt frobeEor & RatherPHs Aesaad entotsh r yi ng
out,4 he pre iging treatpgent ismpot particw arly limted, it.. i

pr e Ster abl e a?téﬂ&siél éﬁ TAB} gcgfﬂlé gz’éxﬁ‘fﬁpﬁ)%%&égﬁ“%fpg?@%%v‘éﬂﬁ%wﬁ% flame
ret ar dancy, : j ce, and,di i | .stability, l.e f the

i norganic &5@55ﬂ8ﬁ§§%§§?#§=carboﬁﬂﬁﬁ§§§%§Qﬁﬁﬁgwogen §§E¥§§5§§8ﬁ? &
ammoni a gas, hydrogen gas, argon gas, 10 helium gas, and neon gas, and

al though the inorganic gas is preferably carbon dioxide gas or air in
respect of easiness of handling and econom cal efficiency, the inorganic
gas is not linmted thereto. Although t#hé nethod for the pressurizing
treatnent is not also particularly limted, exanples thereof include a

met hod for filling a 15 pressurized tank with expandabl e beads and

supplying an inorganic gas into the tank to pressurize the expandabl e
beads. [0068] Wen the expandabl e beads of the present invention are used,



nol ded body having a fine shape or a conplicated shape can be al so produced
by a known innold form ng nethod, and a width of usable 20application is
enl arged. [0069] Far exanple, the expandabl e heads are nol ded by a
deconpressi on nol ding nmethod (for exanple, Japanese Patent Publication No.
46- 38359), which uses a pair of nolding dies for inmold formng

conventi onal expandabl e beads, fills a nolding die 25cavity with the

expandabl e ﬁﬁﬂilﬂﬁg pr essut: ng% ﬁﬂﬂﬁ e press ed
pressure, J?ose it esgﬁgg, conp?%ége ﬁg no ging digﬂgggfpgoégﬂ#%at a
vol ume of t ' j ity i ! 0 t qup09 eafter
suppl i es hégﬁygggﬁgﬁggggﬁggﬁ§bter%@gggﬁyﬁiﬁﬁﬂ?ﬁé’diegxggéﬁggpgﬁﬁgﬂé’
expandabl e heat fusing the expan ?ﬁﬁﬁg; ressure
nmol di ng mttﬁ%@@%}é&)‘ﬁ?}%éﬁ%ﬁeé, Japanese Pat ent SQ%ISWF at | r%pﬁg.gp@ﬁt?gﬂ%l)
or the Ii kedibféﬁ'l'pl@é@él?ﬁ%bﬂatéybj ects expandabl ed%@gﬂlgﬁgﬂgﬁé%@;ﬁgggl .

treatment using a pr ure gas to increase a pressure’in

beads to enhaflgddi gﬁﬂﬁﬁm@,xpandi ng property @kh ﬁﬁ)ﬁﬁ} Hadbeatheads,
fills a noldi tr@qdi e g vity with the expandabl e beadzmﬁ%d gn gérmsiohere
pressure orhwiroggphedyldifheneiphesphitel laed el soreindlbgdl ROSstMe.
~expandi ng pr}gip)er?g, c?,osgs d’iﬂz}? gnd f hereaf t er suppl inéﬁbﬁ at%@di a such
as water vapempdimist hsbtdiresl tigy haaidifyiagexbassaklith beadsust gpePyoheat
fusing the expandabl e beads. [0070] Ml ding can be performed by a

conpr essi orsubistibndescagid nearidds NEpRedot ofohdéddeddtygrec PHdsphRte sested zed to
an at nosphere pressure or greater by a conpressed gas wth expandabl e beads

pressuri zedcdrapbhiadpraes silse contalhedt elOf eisbel Inﬁpbaxﬁyl@ihosghme;iami tigat nedi a

such as water vapor into the cavity to heat the expandabl e beads, thereby
heal0 f usi ngplidsphesp es@akoenheadts réprepemedd Peice fornulal (2 aire preNaable 46217) .
In 20 addition, nolding can be also perfornmed by a pressureless filling
nol di ng netinodefpeatané sheRatresistariob| i Gamicometsodatek®7ahyl whi elpandmgi ty of a
pair of nolding dies with expandabl e beads obtai ned under a speci al

condi ti on gmodpestwi ng a hi gh secondary expandi ng power under an atnosphere
pressure or a reduced pressure, and thereafter supplies 25heat nmedi a such
as wat er vdPoB7]dUleanicabd cerpdaddbl e beads, thereby heat fusing the
expandabl e beads, or a nethod obtained by conmbining the above-nentioned

met hods (Ja anese Patent Rublication No. 6-2291? . [0071] Al though the
expandi ng misf i cayi on B )rtsheQm)I ded body usi nd@'he expandabl e beads of
t he present inyentipn i $

for_part el arl yitli i 5 the expandi ng
magni fi catiQn psGrife ‘w 510 406G re preferably 2 to 25
cc/g. Wen thé expapdi ng magni@ﬁca/l on isQin/m tange of 1.5 to 40 cc/g,
excel lent flame retardancy tends (€8).be |ikely to be maintai ned while making
a nmerit of weight | uction. [0072] At h a rate of dinmensional change
by heating in the %above-rrenti oned nol é\ body is not particularly
limted, the rate o girrensi onal change by\ heating is preferably equal to
or less than 10% mbP ndref erably equal t 8%%0k3| ess th&an)5% and still nore
preferably equal to or |ess than 3% Because the nol ded body has excel |l ent

heat, resi st ance en .the rate of dipensional, change by heating is equal to
orall% | ess than \i\ﬁ%@lﬂhelﬁﬁﬁ'@eé‘i}%@%c abé]aﬁbl Egd eggha IneepEdanlyd under
a high-tenperature en(¥i rqnm?{iltl, and furfhermore the g{()):;g,ed body can be
stored for ‘BPIGHE pertedcss aloeiuntertlhy hiRghul.e A et SO0 e SBHIL I t in
sunmmer . [0%%] A?Ithoughﬁ gef | ection t?lggéer*atur.e under. load, (l-1DT) in the
20 nol ded VI SZIRET par Y PEUET Py AP RYE @TOVRES 887 IC8e eoR Pefpéi ature i s
preferably ual to or,.greater than 60C and.nore prefearabl 2qual , to or
greater t h&ﬁ%@%@@n@%eﬁ%&% g’nﬁéﬁﬁiﬂ%ﬂﬂr izqugﬁaﬁn f%* g‘? pkdat er

t han 60C, t nol.ded dy has excel ].e heat.7r esi stance, . and t.he sane
effect as t(ﬁiﬂ QBQ\/%“F%B%%PHE&? ng%%g%l&] Bt of ‘% he Wolrrﬂgbe %%@9” t ai ned

b ing t expandab] e beads 0f the prese i nyent.40n has the above
c%arﬂ);ctgri Q?I)ngo By, dtege] efval fo 1 g?eaﬁer Thah"Ye RS ;t).hospha%e ester

compound may be a mixture of m-mers. nl to nd in the formula (2)

15



body can be used for nenbers used under a high-tenperature environnment and
requiring flame retardancy and insul ation properties, such as autonobile
menbers and various tanks, and since the nol ded body can be used al so for
fine and conplicated nenbers requiring not 5 only flanme retardancy but al so
accuracy of dinension under a high-tenperature environnent, such as
personal conputers and OA equi pnent, and sinultaneously satisfies weight

ducti , i | 10 7 h
oot iy 2k TRUSSROR St URClifeacATR €5 51 OUR0 By Mekkach N®
tive; ted ti houl d t b
o oy T fAeBRRkE ]y TOUREh ah BiteBCFRENL i AYET( T ON should L e
Eval ti d d i ti W b
feaer boa" [UIBIRVISHR] o pBIATBEARNGxERED AR b sedl REPTRESIibbIL B
(expandabl epheads gagha npétgﬁﬁat ég.ody) VB afBASY! edf a tHg! uggrtlé/nés?c) Biyﬂﬂs

nmeasured by a subnergence ne , and a value WV (g/cc) al ned

di vigling t heoRAysiealibsipyxiies HRIHAE %@ﬁo%@hﬁ@ﬁl@ﬁm&’éﬁ”%&%gg@i@ﬁgdi ng

Magni fi cation er a weight (g) of an expanded dabl e

beads and agifg i agjeheds by a
submer gence 1mt%?ﬁgﬁgﬁzﬂ%§}égg§®/ﬂ g\?gg%t%gﬁiﬂ%%aﬂogé?a%@? Slg n g

I ned By g the
25vol ume bypoRelimeitigit sisafef hpgd BestH N Osileedte | Sisthl )
Cl osed Cel IpRarjﬁlo W A truep{%}g?’%}rrﬂ%@%qw) gf SelxpandEfab‘;lg(gdla%oﬁeéglidsIg aving a

known expangblyensmginief ekl and( & Wopolwaer REGRd AShRIIAR Aidus YFPAr i son

type gravinmeter manufactured by Becknmann AG and a closed céll ratio: S (%

was cal cul amath bhaiher b¥rhavhed sidy ¢hdia is hibishaiminmeel tbohidldediloy X W S

x1 0 0() Va-# W: true volune of expand’abl e beads (cnB) Va: volune of

expbfidabl e headdk{expandpngandgna f isiedrydnxpeight Jin( cfi®) AW vsff gkfiie (9) of

expandabl e beads p: density of base material resin of expandabl e beads

(57 (g pcobip g e Y gset melge
space bottlan eahgl vasubeainel aaprepylegpeuat ue Inalrekyt @roup, an alkoxy
group, an alkyl group, and a phenyl group are used as a terminal
bonding group. Shapes of silicones are not also particularly limited,
15 and optional silicones such as an oil-form, a gum-form, a varnish-form,
a powder-form, and a pellet-form can be used.
[0039] There may be used various flame retardants and flame retarding
auxiliary agents which have been conventionally known, for example, a
cyclic nitrogen compound, and examples thereof include a compound
20 having a triazine skeleton such as melamine, ammelide, ammeline,
benzoguanamine, succinoguanamine, melamine cyanurate, melam,
melem, mefon, and melon, a sulfate thereof, an alkali metal hydrovide
or an alkali earth metal hydroxide such as magnesium hydroxide and
aluminium hydroxide containing crystal water, a zin¢ borate compound,

25 and a zinc stannate compound. Not only one kind of compound but

also the combined plurality of compounds may be contained.

16



15 higher than a sanple softening point for about 1 hour. Then, a gas in
t he head space bottle was quantified with gas chronmat ography (GC 14B
manuf act ured by Shi madzu Corporation). Helium (He) was used as a career
gas, and was controlled in a constant flow node (about 30 mM/mn). A
tenperature of a columm (PorapakQ 80/100 nesh, 32 20 ntncp. x 2,1 n) was
increased to 50 to 150C, and was held at 50 to 150C, and detection was

fi d b h ' : : I f
Al phati ¢ ST Sr s RcEHBoheft i ¥B8re FrefhRY doilaind M Kb e on
d BVAR :
Concent rat i SR e ) REPSEERHRE SvanBRC R o BRRaRAIRE BoMifel) ot ca by
di vi di th I i j : th
Campl e o 1e Blpaeaiilt BE Ut rOpBLt EcRIHRAR MELEE e HELIEIR, o
0 S UL 9t otar GG e a3 rohiadicl®. | SThoRe oy PlekaRbly, g
thed willg; i Iy dint
est speci rane g o & P R R P e T U cknoss

of 3 Mm a an efdp i { ed 10
[P%%lfylsggﬁné qesndanAy yasettiRbersr Aed: rfﬁé%b%lﬂi%g dédtrigﬁg : g

pr oducts. t specinens were perpendi cul y attach ahp, and

flame contagke mewcﬁﬁpﬁﬁ&u%whgms{ﬁesl{&/}a;es@%ﬁiew afid FE¥ihd {iEn afNe test

speci nens were determ ned as V-0, and nonconfornmance according to

burn behaviqyferidh®aged dlastongst apdeql ﬁ@@énméui@ﬁen@é%&gm@fgﬂn@d B the

foll ow ngs were determ ned 15as nonco r mance. burn

durations iusddoad atidbet coinmhers y fdomit®e.C O @eé Tasioflthe 1aftepepsonds;
the total of the second flanme burn duration and flaneless burn tine: within

30 B@conds;rative(Rptod! thef rilitrerf tc@i®ohund chiings cafculied byeheefdllGRAR Mens:
within 50 seconds; no sanple burning 20 to the position of the fiXing

cl anp; and foermdht on i gnition caused by a burn falling object. VI -1:
Fl ame burn durations in both the first arld second flanme contacts: within
30 seconds;Rt=h€ xRN OQOf the second flanme burn duration and flanel ess burn
time: within 60 seconds; the total of the flame burn 25tines of the five

t est speci énsubbietr MGnC&ﬁﬁ’asienDﬁﬂsrubhErsaﬁmIﬁ)rmltnium:)lgos@lhl%epQ% thyon of
the fixing clanp; and no cotton ignition caused by a burn falling object.
V-2: Fl ame thas$) durations in both the first and second flame contacts:

wi thin 30 seconds; the total of the second flane burn duration and

f1 ahel ess bRsncentent obirtbber SPpdy condss it bese ntatérial retsire (%4 byendss)n 5 times
of the five test specinens: within 250 seconds; no sanple burning to the
posi ti on of[00d&]finxiadditedrarp; thendboweimeniignéd i mibbbenusedpoyemtshwther al | i ng
obj ect. x: nonconfornmance (6) Rate of Dinensional Change by Heating

10Mol ded bdbesmophassit aesiny mta;'rtmmriant;ga(heatdetamlmducasi/ubmamt; est ed
according to dinensional stability evaluation/B nethod of JI'S K6767 to

eval uat e a Pgieensi adlyes asweadicrabidity anpronentamantiRatievaglenht aroimpadiper at ur e
was set to 100C. (7) Myl ding Processability 15Fl at plate nolding of 300 nm
x 300 mm x Eisienammqsbiicsraadpssybeadisindinygaaishiler KieB nualae ageatsed by
Kurz. A case of obtaining a plate-|jke sanple having a surface having no
voi<d and haWchgas ﬁaimr@ayﬁz%adé%awoﬂ@@ﬁea%mgw @ig&hmwe@ém isamet a case
of obt ai ni n{%ta i?}?rgalde havi ng a surface having voids or being incapabl e of

100431 The expandable heads of the present invention are most
preferably comprise the base material resin including the polyphenylene
ether resin, the polystyrene resin, the flame retardant, and the rubber
25 component. The expandable beads preferably comprises 40 to 94% by

mass of the polyphenylene ether resin, 5 to 20% by mass of the flame

17



20being nol ded into a plate-like shape was defined as X (8) Deflection
Tenperature Under L(11DT) Mol ded products having a sanple size of 127
nm x 127 mm x 6.4 mm were produced according to JIS K7191 flat-w se B

met hod, and a tenperature when deflection of 0.34 mmwas reached in a
tenperature 25increase rate of 2C/ mn from30C while a |oad of 0.45 MPa was
applied with an inter-fulcrumdistance set to 64 mmwas eval uated as HDT.

bends wae dBTACHRE G2 HE08GDy A0Ref B ST uR CrfipRbeRe it REIERN O (1
xpandabl o BaaaaneR SR aLE LU A SPhiGRS o S GRS Mo o<

was define a particle dianeter (mm of the expandabl e beads. The
above-nentioned particle diameters of the five to ten expandabl e beads

e an aver dg0Ad HRFCURCABRE T B pBIy KSR, gt TesliFIeRRuiPe, (o7 1o
52018 (manujggtar ﬁf'ar?ﬂd%”‘?:gp@éﬁﬁé}%mr@ﬁkt%n rgfggqc]:ggg t,28n& flame

pol yphenyl éne ether resin o by mass o

A- bi s(di ph h +hal dant ,
% by mase upraanep, BhflodIAR) rafnadABRIN REeecn IRSRITNARE AR Ty
mass of a rytiek Cf&“?&%fa&l@%lgé%%r%{‘é& a AlthBA hCﬁ”Ti’Q“ﬁ:g%%Mﬁﬁt $6t (1 0.6%

by mass, and 25% by nass of manuf actured by PS J n) as a

general - purgreeerPal Yahy tRAE él’f‘éi(Q%(iﬁg}ed%rﬁleaﬁ%ﬁ res18BIncBELF ¥He dRdikneaded,

and then extruded by an extruder 20to produce base material resin pellets.

After the t(?%@véfﬁtsﬁfﬂéﬂingﬁﬁ drder to prevent RsBYHrippifg RILERY baFSiHS fant
contai ner according to a nethod descCribed in Exanple | of JapanesSe Patent

Lai tg Open Ng.anfoppafdeffepdicr thastdm (R ¢o saicdy MeErends ahephaafdoPihdry air,

carbon di oxide (gas) was injected into”as an expandi ng agent, and the base

material refameepaidagt $o Wer &ddem)reghtieedondeh of%lbxpoigpgéﬁl\g@he@h&o n
. a

di oxi de for 3 hours under conditions of a pressure Of and a

tenper at ur eegin is pkeferdbly kasal WBt@r padateeshan pH%eby MRk iBXpadwet by
pressuri zed water "vapor in an expanding furnace while the stirring bl ade

was rot at qum&zeﬁfremdr@piﬁ%ﬁgmdﬂﬁgsaﬁgﬂéﬂ cation and closed cell ratio of
t he obt ai ned expandabl e beads are shown in Table 1. Although a residual 5
concentr at i [@046f @n thei gthat hantdy siesatheocogest of thegpadyphedplehe dibeds was
nmeasured i medi ately after expandi ng, the residual concentration was equal
to I | ess febanid prealert tedn 94% byimaSh panperabumy sspuired 6br phecesxsgandabl e
beads was increased to 0.5 MPa over 1 hour, and then held at 0.5 MN for 8
hours to pesolr as axyparsing i micgnolkdiag nsntapidiyt émcre@sedy which chdtooniyng net al
nol d havi ng water vapor vents was filled wth the expandabl e beads, and the
expandabl e inesebsenentlitpacest hytpaksesuequeds waparial agpripmendx gheetand f use
the expandabl e beads, the expandabl e beads were than cool ed, and took out
from t he fdanking ireactiuahproductirtyreasur ed resi dual concentration of the
al i phatic 15 hydrocarbon gas of the nolded product was equal to or |ess
than t he ddi0éét]oA ¢ontent O5ahegrlyphereylieneditiepresindn thedbaseamatedahr dancy
of V-0, and had good heat resi stance}TabI e 1). (LOQ?B] [ Exanpl e 2]
Evadlat i on 1way: perfose pedfarablhéd a8 ndnheasasanchsENanpleplefeodlydpt t hat
an expandi ng magni ficati on was changed as shown in Table 1Excellent flane
r et ar daney ‘and®heat by esigtiancelier &exniibi t éar@sriwreExanpl & | notdble )
[0079] [Exanples 3 to 4] . . . L ,
temperature are further lowered while heat resistance s maintamed by

setting the content to 45 to 90% by mass, and thereby the base material
resin is further likely to be processed.
25 [0047] A content of the flame retardant in the base material resin is

preferably 5 to 20% by mass. When the content of the flame retardant
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Eval uati ons were perforned in the same manner as in Exanple 251 except that
conposi tions of conponents or expandi ng nagni fications were changed as
shown in Table 1. Even when a ratio of a polyphenylene ether resin was 45%
by mass, excellent flame retardancy and heat resistance were exhibited as
in Exanple 1 (Exanple 3). Even when the ratio of the pol yphenyl ene ether
resin was increased to 60% by nass, better flanme retardancy and heat

proper iy (5arard ) Oyl VB cbg) Rlat) S8TAT MR, RS roa 1
was changed Lo 1D AR, D O e O R RE OB el
of a1 ubber SO Man ey i s SaSRALMOR o IRELDLthe RS pHARTIA fRRR ot 1 O
[Exanpl os. ot AOSEHAE paet e AR R Ahd R e e tille |

1 phenyl phoseiacacgpa T, B ot SO L resin during, 5 1004
changed s G oL R O e e ©

expandi ng pileged t¥ll NS Hftle 6Q5ArsdH16 Hewds §s rﬂﬂ%prﬁesm%a@bé%ﬁcenaﬁt various
anounts of a flanme retardant (Exanples 6, 7, and 13) to be added, an

expandi ng reidinoCaid@BsABikamb ¢h8)moRtedaBadn! Thua, itkbes enant
(Exanples 9 and1 %Cz?ltd angt):l a ratio of g poi yphei tyl ene et herryfgglpn (Exanpl es

10 and 11) .toNadastblerbalagce absred NamicoustRgahey Mandeaneegpantifiy usi ng
BBP in conbination with TPP (Exanpl e 2514). [0082] [ Exanpl e 15]

Evalf@ati on m@pgpﬁ{for med in the sane manner as in Exanple 1 except that

n- but ane was used as an expandi ng agent in place of carbon di oxide, and
conposi ti or[ﬁ)oms cArgmitent sf ohe exbbadtcompoaent finchtitere mataridharieds as
shown in Table 1. However, a residual concentration 5 of an aliphatic

hydr ocar borpigéerabdg (n®as UI08d af revssagiorg prefeaabhbles ed8Us batm@6E; daf  si x
nont hs after expanding, and as a result, the residual concentration was 800
ppm Al t hougll andmer preffersblefl foxdHpbe massvasWlegtre towtent iwsgqualf tot e ot her
exanpl es when performance eval uati on of a nol ded body using the expandabl e
beads 10 wemeatsrr theah du3% Byampdss, Ideshed Saned Iretarddheyrdsr kkelyd dmdye

sati sfying the standard of V-1. Exanple 15 exhibited excellent heat

r esl 3t ance @shibitethe [atrtleernecmypiken (Habicntdnt if €0as] t¢ Bragpiaterl djan

Eval uation was performed in the sanme nanner as in Exanple 1 15 except that
85% by nass).6f0 ESRAGGS, thearasimdiagrexsebgnifiexuildyiandngliongationgaRdamt i cs
Corporation) as a polycarbonate resin (PC), and 15% by mass of bi sphenol

A- bi s(di pheaspasbsgheglem¢mbrPanads amdeelyidiooherbisksadderiageexpaatidgnt wer e
used. Al performances of flane retardancy, an expandi ng property, and heat
resi st ance WwWbich notcrzesesiugrd expamdiien nuagmigicabienpodyd amoduces réx n for a
base material resin (Table (OOSi || [Exanple 171 Eval uati on was

per f or med igxpamsiablee beadnerhaydng n exeghpne 1eolehag ptoropetsabBagooatier

(rmanuf actured by M tsubjshi Engi neering-Plastics 25Corporation) was used as
t heZ$ol ycarbaratdingesihlthpaghpsgreater aimewet pf gpedypEeaywascythen derbat

resi stance weQ[% exhibited as in . . ) .
and flame retardant are preferably added when importance 1s attached to

flame retardancy, both the polyphenylene ether resin and the flame
retardant have an adverse effect on an expanding property when
amounts thereof to be added are increased. In such a composition, the
25 rubber component is suitable in order to apply an expanding property.

This is particularly important in bead expanding for gradually
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Exanple 16 (Table 1). [0085] [Conparative Exanples 1 to 5]

Eval uations were perforned in the sane nmanner as in Exanple 1 with
conpositions of conmponents or expandi ng magni fications shown 5 in Table 2.
H PS havi ng a rubber concentration of 19% by wei ght was used. Wen a ratio
of a pol yphenyl ene resin conposition was |ow, flanme retardancy was | ess
than V-2 also in a | ow expandi ng magni fication. Heat dinensional stability

)3 TR RS ST RO ) R
e LA B TR U PRt
eyal val o1 WARITRL-HLGF ASHLASH TPACSH bYBaRIGH o Bhog Wigp ARG, O o

L t .
(comar at | MsnExRERhenSmofiid e RIANG £TRMed! RIS WifD HECBlag 3

closed cell r eads was greatly reduced, nol ded
bodys was n KN a L,V ) r nt was
not 5used aigxgapfd%g @gfcfﬁrrenir%b?g‘}lﬂg @%s gr@%@‘%ﬁ?ﬂ%&%ﬁ%?ﬁf?gu EI i Ity and
el ongati on i ; i iRTESSSSE 1d byrecdSRfR y a
good nol decfﬁ‘ %?gﬁﬁg$trag§8%%? d%%t?%li%géﬂ(ﬂgé%gr at | \67‘%] degg%rglee 5) ?e%@%f@f)

[ Conpar at i v %‘ﬁf’ﬁ'ﬁl? £ mdéalgﬂgﬂu@f,i el Vdlee dIqiandlabls bBaddheveane

manner as in xcept that an aging period until “a

resi dual copRemt@idaly akhriedhethi IRk etdtenes anbdd sk piasligyal uat ed

af ter expandi ng s changed. The residual concentration of the aliphatic

hydr ocar borf(9a9] neasHeasthehhfd, diehdhdtcAfient of thekhibBeryeanpdinett is
expandi ng was 1320 ppm Althoug’h resin dripping during burning was not

geny at ed whgral ftbaiteles§ tladd 200y b8f masspledeed dayneisétaeddity Bxhkepek) e beads

was eval uated, the nol ded body had a long burn tinme, and was inconpatible

with the Vi skhilted] (Bortharmabie,ethexemieat & eqbhhid arllgss vien 889 i ng
tenperature was 40C and an agi ng period was three nonths, the residual

concent r at irapsgf stifffciaht Mkt i cesivtdnoe aisbobtgiasdwasA 15848 ppima anbbehen
flame retardancy of a nol ded product using the beads was carried out, a
sanpl e bur nedtield ishbbh phiticarlyeimitidyens »setcallist sdlahiitstrinftutdrienayol ded
product was al so poor (conparative exanple 7). [0087] [Conparative Exanpl es
8 and 9]  be fofmatipa iwhihwergupsdityoofrgdlystyréee sesin fimongartiedes aréExanpl e
1 except that unexpanded resins were nolded by heat pressing in

conifosi t i ormfimeehminnanpartitlewhaving s eoter Ash¢lbugbnthimimg 5 rubber dancy
and heat resistance were good when a pol yphenyl ene ether resin 5201A

( manuf act urexmpynésahi Akaseall@heore shell Shupturatiay bewksmesk dn aghiche
unexpanded resin, weight reduction was not achieved, and the resin was
hard, whi ctsingubdri starerd: nedidifige particle isesdmtaimed i o pagicladawingldrcat ed
shape (conparative exanple 8). Al though flanme 20 retardancy and heat

resi st ance quiee sholdaritsining enrubbes oprapoasnt: e ABbpnghuBagdm:(particteact ur ed
by M tsubishi Engi neering-Plastics Corporation) was used, wejght reduction
was not acldiewgicr efidhe webbes rampenent it nowpachcweniyl adtasy therubber of t he
resin into a fine and conplicated shape (conparative exanple 9). 25[0088]

[ Cofhar at | vgrtExdepliened}r Bvarafatdbdy hastopedd pimdd ihe ¢ane ehilke malter as in
Exampl e 17 except that a sanple size of 300 I'mx 150 nm x 150 mm was
produced bysthedtipressy dgid &gg@l%d@ tieorseop! Sonperentslishiowivia Tabl e 2.
Al t hough an_ expanded sanpl e having a fil mshape was expanc{aﬁd, it \éy?s
difficult t'8SFFIrangagetdl MRET dHEHRY S REMPPEc e ape MAH heBsanpl e,
and it was eix 1%?t%idbl e to nold the sanple into a fine and conplicated shape.

[0050] It is preferable that the polystyrene resin is suitably adjusted and
25 used so that the above-mentioned other component is set to a desired

contert.
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[0051] Although a shape of the base material resin is not particularly
limited, examples thereof include a bead-form, a pellet-form, a
sphere-form, and an indeterminate crushed product. A size thereof is
preferably 0.2 to 5.0 mm, and more preferably 0.2 to 3.0 mm. When
the size is in this range, the beads after expanding have a moderate size,
are likely to be treated, and are likely to be more densely filled during
molding.

[0052] A residual concentration of an aliphatic hydrocarbon gas
remaining in the expandable beads of the present invention is preferably
equal to or less than 1000 ppm by volume. Herein, the residual
concentration of the aliphatic hydrocarbon gas is a value (ppm by
volume) obtained by dividing a volume of the aliphatic hydrocarbon gas
contained in the expandable beads by a volume of expandable beads,
and 1 ppm by volume (hereinafter, merely referred to as "ppm")
corresponds to 0.0001% by volume.

[0053] Examples of the aliphatic hydrocarbon gas include propane,
n-butane, i-butane, n-pentane, i-pentane, and neopentane. When the
residual concentration of the aliphatic hydrocarbon gas is equal to or
less than 1000 ppm, a pilot flame is not generated for a long time during
burning (referred to as growing). In burn tests such as the UL-94, a
growing time is specified in addition to a burn time, and when an
amount of the above-mentioned residual gas is small, it is possible to
clear the burn test, particularly, the standard of V-0.

[0054] Next, a production method for expandable beads of the present
invention will be described.

[0055] The expandable beads of the present invention can be obtained
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by incorporating (impregnating) an expanding agent in a base material
resin (impregnating step), and expanding the base material resin
(expanding step).

[0056] In the impregnating step, a method for incorporating the
expanding agent in the base material resin is not particularly limited,
and a method to be generally performed can be applied. Examples of
the method for incorporating the expanding agent include a method
performing in a water medium utilizing suspension systems such as
water (suspension impregnating), a method using thermal
decomposition type expanding agents such as sodium hydrogen
bicarbonate (expanding agent decomposition method), a method setting
a gas to an atmosphere equal to or greater a critical pressure to bring
about a liquid phase state, and bringing the liquid phase into contact
with the base material resin (liquid phase impregnating), and a method
bringing a base material resin into contact with a gas in a vapor phase
state under a high-pressure atmosphere less than a critical pressure
(vapor phase impregnation). Of these, particularly, the method
carrying out vapor phase impregnation under a high-pressure
atmosphere less than a critical pressure is preferable. The method
carrying out vapor phase impregnation improves solubility of a gas to a
resin ag compared with suspension impregnation carried out under a
high temperature condition, and is likely increase the content of the
expanding agent. Therefore, a high expanding magnification is likely
to be achieved, and cell sizes in the base material resin are also likely to
be uniformed. Similarly, because the expanding agent decomposition

method is also carried out under a high temperature condition, and the
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added thermal decomposition type expanding agent is not totally
changed to a gas, an amount of a gas to be generated is likely to be
relatively decreased. Therefore, the vapor phase impregnation has an
advantage to be likely to increase the content of the expanding agent.
Facilities such as a pressure resistant apparatus and a cooling apparatus
are likely to be made more compact than the liquid phase impregnation,
and thereby cost of facility is likely to be kept low.

[0057] Although a vapor phase impregnation condition is not
particularly limited, an atmosphere pressure is preferably 0.5 to 6.0
MPa. An atmosphere temperature 1s preferably 5 to 30°C, and more
preferably 7 to 15°C. When the atmosphere pressure and the
atmosphere temperature are in the above-mentioned ranges, dissolution
of a gas to the base material resin is likely to be more efficiently
advanced. Particularly, although an amount to be impregnated is
increased when the atmosphere temperature is low, an impregnating
speed tends to be slow, and although the amount to be impregnated is
decreased when the atmosphere temperature is high, the impregnating
speed tends to be fast. From the balance, it is preferable to set the
above-mentioned atmosphere temperature in order to efficiently
advance the dissolution of the gas to the base material resin.

(00581 The expanding agent is not particularly limited, and gases
generaily used can be used.  Examples thereof mnclude inorganic pases
such as air, carbon dioxide, nitrogen gas, oxygen gas, ammonia gas,
hydrogen gas, argon gas, helium gas, and neon gas, fluorocarbons such
as trichlorofluoromethane (R11), dichlorodifluoromethane (R12),

chlorodifiuvoromethane  (R22), tetrachlorodifluoroethane  (R112),
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dichlorofluoroethane =~ (R141b),  chlorodifluoroethane  (R142b),
difluoroethane (R152a), HFC-245fa, HFC-236ea, HFC-245ca, and
HFC-225ca, saturated hydrocarbons such as propane, n-butane,
i-butane, n-pentane, i-pentane, and neopentane, ethers such as dimethyl
ether, diethyl ether, methyl ethyl ether, isopropyl ether, n-butyl ether,
diisopropyl ether, furan, furfural, 2-methylfuran, tetrahydrofuran, and
tetrahydropyran, ketones such as dimethyl ketone, methyl ethyl ketone,
diethyl ketone, methyl n-propyl ketone, methyl n-butyl ketone, methyl
i-butyl ketone, methyl n-amyl ketone, methyl n-hexyl ketone, ethyl
n-propyl ketone, and ethyl n-butyl ketone, alcohols such as methanol,
ethanol, propyl alcohol, i-propyl alcohol, butyl alcohol, i-butyl alcohol,
and t-butyl alcohol, carboxylate esters such as methyl ester formate,
ethyl ester formate, propyl ester formate, butyl ester formate, amyl ester
formate, methyl ester propionate, and ethyl ester propionate, and
chlorinated hydrocarbons such as methyl chloride and ethyl chloride.

[0059] In respect of flame retardancy, the expanding agent preferably
has no inflammability and burn-supporting property, and in respect of
safety of a gas, inorganic gases are more preferable. Because the
inorganic gases are not easily dissolved in a resin as compared with
organic gases such as hydrocarbon, and are likely to be discharged from
the resin after an expanding step or a molding step, temporal
dimensional stability of a molded vroduct i3 advantageously more
excellent. Furthermore, plasticization of the resin is also hardly caused
by a residual gas, and excellent heat resistance is likely to be
advantageously exhibited from the earlier stage after molding. Of the

Inorganic gases, carbon dioxide is preferable in respect of solubility to a
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resin and easiness of handling, and an amount thereof to be impregnated
is preferably 3 to 13% by mass based on the resin. The amount is
more preferably 3.5 to 10% by mass.

[0060] When the amount of carbon dioxide to be impregnated is equal
to or less than 3% by mass, a higher expanding magnification is hardly
achieved, and the cell sizes in the base material resin are apt to be
varied, which tends to increase variations of the expanding
magnifications of the base material resins. When the amount is equal
to or greater than 13% by mass, the cell sizes are decreased, and the
expanding is excessive, which tends to complicate maintenance of the
closed cell ratio.

[0061] Although a method for expanding the expandable beads in the
expanding step is not particularly limited, examples thereof include a
method for opening a base material resin to a low-pressure atmosphere
from a high-pressure condition at once to expand a gas dissolved in the
base material resin, and a method for heating a base material resin using
pressurized water vapor or the like to expand a gas dissolved in the base
material resin. Of these, particularly, the method for heating and
expanding the base material resin is preferable. This is because the
method is likely to uniform the cell sizes in the base material resin as
compared with the methed for opening the base material resin to 2
low-pressure atmosphere from a high-pressure condition at once.  The
method is likely to advantageously control the expanding magnification,
particularly a low expanding magnification product.

[0062] The resin can be more uniformly and efficiently expanded, for

example, by infroducing the pressurized water vapor from numerous
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water vapor vents from a lower part of an expanding furnace, and
stirring the resin by a stirring blade. The number of rotations of the
stirring blade is preferably 20 to 120 rpm, and more preferably 50 to 90
rpm.  When the number of rotations is equal to or less than 20 rpm, the
pressurized water vapor does not hit the resin uniformly to tend to
complicate expanding control or to cause faults such as blocking.
When the number of rotations is equal to or greater than 120 rpm, the
beads during expanding are damaged by the stirring blade, and thereby
the closed cell ratio tends to be reduced, or a desired expanding
magnification tends to be unobtained.

{0063] When the expandable beads are expanded to a desired
expanding magnification, the expandable beads may be expanded to a
desired expanding magnification in one stage in the expanding step, or
may be expanded in multistage steps such as secondary expanding and
tertiary expanding. When the expandable beads are expanded in the
multiple stages, it is preferable to subject reserve beads (referred to as
beads or the like which are not subjected to expanding of the final stage)
to a pressurizing treatment using the inorganic gas before expanding in
each of the stages. Although the gas used for the pressurizing
treatment 1s not particularly limited, the inorganic gas is preferable in
respect of flame retardancy or safety of the gas. Examples of the
inorganic gas include air, carbon dioxide gas, nitrogen gas, oxygen gas,
ammonia gas, hydrogen gas, argon gas, helium gas, and neon gas.
Although carbon dioxide gas and air are preferable in respect of
easiness of handling and economical efficiency, the inorganic gas is not

limited thereto. Although the method for the pressurizing treatment is
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not also particularly limited, examples thereof include a method for
filling a pressurized tank with reserve beads and supplying an inorganic
gas to the tank to pressurize the reserve beads.

[0064] It is possible to set the residual concentration of the aliphatic
hydrocarbon gas remaining in the expandable beads to be equal to or
less than 1000 ppm, for example, using the inorganic gas as the
expanding agent, or through an "aging step" of leaving the expandable
beads for a long time under a high temperature (for example, the high
temperature can be optionally set at 40°C to 80 °C) condition to release
the remaining gas.

[0065] For the expandable beads of the present invention, the molded
body can be obtained using a general molding method (molding step).
[0066] Examples of the molding method include, but are not limited to,
a method for filling a molding die with expandable beads in a molding
step, fusing the beads simultaneously with heat of the expandable beads
to expand the expandable beads, and thereafter cooling and solidifying
the beads, thereby performing molding. Examples of a method for
filling the expandable beads include, but are not limited to, a cracking
method for filling a metal mold with expandable beads in a state where
the metal mold is measurably opened during filling, a compressing
method for compressing expandable beads in a state where a metal mold
15 kept closed for filling of the pressurized beads, and a compression
cracking method for performing cracking after filling of compressed
beads.

[0067] It is preferable to perform a pressurizing step of performing a

pressurizing treatment under an inorganic gas atmosphere before filling
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of the expandable beads. This is because a certain gas pressure can be
applied to air bubbles in the expandable beads by performing the
pressurizing treatment, and the expandable beads are likely to be more
uniformly expanded and molded. Although a pressure source in the
case of carrying out the pressurizing treatment is not particularly
limited, it is preferable to use an inorganic gas in respect of the
above-mentioned flame retardancy, heat resistance, and dimensional
stability. Examples of the inorganic gas include air, carbon dioxide,
nifrogen gas, oxygen gas, ammonia gas, hydrogen gas, argon gas,
helium gas, and neon gas, and although the inorganic gas is preferably
carbon dioxide gas or air in respect of easiness of handling and
economical efficiency, the inorganic gas is not limited thereto.
Although the method for the pressurizing treatment is not also
particularly limited, examples thereof include a method for filling a
pressurized tank with expandable beads and supplying an inorganic gas
into the tank to pressurize the expandable beads.

[0068] When the expandable beads of the present invention are used, a
molded body having a fine shape or a complicated shape can be also
produced by a known inmold forming method, and a width of usable
application is enlarged.

100691 For example, the expandable beads are molded by a
decompression  molding method (for example, Japanese Patent
Publication No. 46-38359), which uses a pair of molding dies for
inmold forming conventional expandable beads, fills a molding die
cavity with the expandable beads under a pressurized atmosphere

pressure or a reduced pressure, closes the dies, compresses the molding
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die cavity so that a volume of the molding die cavity is decreased by 0
to 70%, and thereafter supplies heat media such as water vapor into the
dies to heat the expandable beads, thereby heat fusing the expandable
beads; and a pressure molding method (for example, Japanese Patent
5 Publication No. 51-22951) or the like which previously subjects
expandable beads a pressurizing treatment using a pressure gas to
increase a pressure in the expandable beads to enhance a secondary
expanding property of the expandable beads, fills a molding die cavity
with the expandable beads under an atmosphere pressure or a reduced
10 pressure while maintaining the secondary expanding property, closes
dies, and thereafter supplying heat media such as water vapor into the
dies to heat the expandable beads, thereby heat fusing the expandable
beads.
[0070] Molding can be performed by a compression filling casting
15 method for filling a cavity pressurized to an atmosphere pressure or
greater by a compressed gas with expandable beads pressurized to the
pressure or greater, and thereafter supplying heat media such as water
vapor into the cavity to heat the expandable beads, thereby heat fusing
the expandable beads (Japanese Patent Publication No. 4-46217). In
20 addition, molding can be also performed by a pressureless filling
molding method (Japanese Patent Publication No. 6-49795) which {ills
a cavity of a pair of molding dies with expandable beads obtained under
a special condition and having a high secondary expanding power under
an atmosphere pressure or a reduced pressure, and thereafter supplies
25 heat media such as water vapor to heat the expandable beads, thereby

heat fusing the expandable beads, or a method obtained by combining
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the above-mentioned methods (Japanese Patent Publication No.
6-22919).
[0071} Although the expanding magnification of the molded body using
the expandable beads of the present invention is not particularly limited,
5 the expanding magnification is preferably 1.5 to 40 cc/g, and more
preferably 2 to 25 cc/g. When the expanding magnification is in a
range of 1.5 to 40 cc/g, excellent flame retardancy tends to be likely to
be maintained while making a merit of weight reduction.
[0072] Although a rate of dimensional change by heating in the
10 above-mentioned molded body is not particularly limited, the rate of
dimensional change by heating is preferably equal to or less than 10%,
more preferably equal to or less than 5%, and still more preferably equal
to or less than 3%. Because the molded body has excellent heat
resistance when the rate of dimensional change by heating is equal to or
15 less than 10%, the moided body can be applied to a member used under
a high-temperature environment, and furthermore the molded body can
be stored for a long period of time under a high-temperature
environment in summer.
{0073] Although a deflection temperature under load (HDT) in the
20 molded body is not particularly limited, the deflection temperature is
preferably equal to or greater than 60°C, and more preferably equal to
or greafer than 70°C.  When the deflection temperature is equal fo or
greater than 60°C, the molded body has excellent heat resistance, and
the same effect as the above is obtained.
25 [0074] Because the molded body obtained by using the expandable

beads of the present invention has the above characteristics, the molded
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body can be used for members used under a high-temperature
environment and requiring flame retardancy and insulation properties,
such as automobile members and various tanks, and since the molded
body can be used also for fine and complicated members requiring not
only flame retardancy but also accuracy of dimension under a
high-temperature environment, such as personal computers and OA
equipment, and simultaneously satisfies weight reduction, the molded
body is very useful.
Examples
[0075] Next, the present invention will be specifically described by way
of examples and comparative examples. However, the present
invention should not be construed to be limited to the following
examples.
[0076] Evaluation methods used in Examples and Comparative
Examples will be described later.
(1) Density

After a weight W (g) of an expanded body (expandable beads
and a molded body) was measured, a volume V (cc) was measured by a
submergence method, and a value W/V (g/cc) obtained by dividing the
weight by the volume was defined as density.
(2} Bxpanding Magnification

After a weight W (g} of an expanded body (expandable beads
and a molded body) was measured, a volume V (cc) was measured by a
submergence method, and a value V/W (cc/g) obtained by dividing the
volume by the weight was defined as an expanding magnification.

(3} Closed Cell Ratio
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A true volume (Vx) of expandable beads having a known
expanding magnification (cc/g) was measured using an air comparison
type gravimeter manufactured by Beckmann AG and a closed cell ratio:
S (%) was calculated by the following formula.

[Mathematical formula 1]
Vx ~W, 0

S X100 (%)
Va —~ W, p .

Vx: true volume of expandable beads (cm’)

Va: volume of expandable beads (expanding magnificationxweight)
(em’)
W: weight (g) of expandable beads
p: density of base material resin of expandable beads (g/cm®)
(4) Residual Concentration of Aliphatic Hydrocarbon Based Gas

A proper quantity of a sample of expandable beads was charged
into a head space bottle, and was heated at a temperature equal to or
higher than a sample softening point for about 1 hour. Then, a gas in
the head space bottle was quantified with gas chromatography (GC 14B
manufactured by Shimadzu Corporation). Helium (He) was used as a
career gas, and was controlled in a constant flow mode (about 30
ml/min). A temperature of a column (PorapakQ, 80/100 mesh, 3.2
mmng % 2.1 m) was increased to 50 to 150°C, and was held at 50 to
150°C, and detection was performed by a thermal conduction type
detector (TCD). A volume of an aliphatic hydrocarbon gas was
calculated from the detected area dimension and an analytical curve
produced by a standard gas sample, and a concentration (ppm) of the

aliphatic hydrocarbon gas was calculated by dividing the volume of the
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aliphatic hydrocarbon gas by a volume of the sample of the expandable
beads.
(5) Fire Retardancy

A test was performed according to the UL-94 vertical test (20
mm vertical burn test) in the U.S. UL standards to evaluate flame
retardancy. Hereinafter, a measuring method will be shown.

The obtained expandable beads were molded into test specimens
having a length of 125 mm, a width of 13 mm, and a thickness of 3 mm,
and flame retardancy was determined by using the five molded
products. The test specimens were perpendicularly attached to a
clamp, and flame contact was performed twice for 10 seconds by 20
mm flame. The test specimens were determined as V-0, V-1, V-2, and
nonconformance according to burn behaviors thereof. The test
specimens which do not correspond to the followings were determined
as nonconformance.

V-0: Flame burn durations in both the first and second flame
contacts: within 10 seconds; the total of the second flame burn duration
and flameless burn time: within 30 seconds; the total of the flame burn
times of the five test specimens: within 50 seconds; no sample burning
to the position of the fixing clamp; and no cotton ignition caused by a
burn falling object.

V-1t Flame burn durations in both the first and second flame
contacts: within 30 seconds; the total of the second flame burn duration
and flameless burn time: within 60 seconds; the total of the flame burn
times of the five test specimens: within 250 seconds; no sample burning

to the position of the fixing clamp; and no cotton ignition caused by a
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burn falling object.

V-2: Flame burn durations in both the first and second flame
contacts: within 30 seconds; the total of the second flame burn duration
and flameless burn time: within 60 seconds; the total of the flame burn
times of the five test specimens: within 250 seconds; no sample burning
to the position of the fixing clamp; and cotton ignition caused by a burn
falling object.

x: nonconformance
(6) Rate of Dimensional Change by Heating

Molded bodies immediately after molding (molded products)
were tested according to dimensional stability evaluation/B method of
JIS K6767 to evaluate a rate of dimensional change by heating. An
evaluation temperature was set to 100°C.

(7) Molding Processability

Flat plate molding of 300 mm x 300 mm x 17 mm was
performed by a molding machine K-68 manufactured by Kurz. A case
of obtaining a plate-like sample having a surface having no void and
having firmly fused expandable beads was defined as O, and a case of
obtaining a sample having a surface having voids or being incapable of
being molded into a plate-like shape was defined as X.

(8) Deflection Temperature Under Load (HDT)

Molded products having a sample size of 12.7 mm > 127 mm x
6.4 mm were produced according to JIS K7191 flat-wise B method, and
a temperature when deflection of 0.34 mm was reached in a temperature
increase rate of 2°C/min from 30°C while a load of 0.45 MPa was

applied with an mter-fulcrum distance set to 64 mm was evaluated as
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HDT.
(9) Average Particle Size

An average particle size of expandable beads was obtained as
follows. A major axis and a minor axis of each of the expandable
beads were obtained from an optical microscope photograph of the
expandable beads, and an average value of the major axis and the minor
axis was defined as a particle diameter (mm) of the expandable beads.
The above-mentioned particle diameters of the five to ten expandable
beads randomly selected were obtained, and an average value thereof
was defined as an average particle size (mm).

[0077] [Example 1]

50% by mass of S201A (manufactured by Asahi Kasei
Chemicals Corporation) as a polyphenylene ether resin (PPE), 15% by
mass of bisphenol A-bis(diphenylphosphate) (BBP) as a non-halogen
based flame retardant, 10% by mass of an impact-resistant polystyrene
resin (HIPS) having 6% by mass of a rubber concentration so that a
rubber component was set to 0.6% by mass, and 25% by mass of GP685
(manufactured by PS Japan) as a general-purpose polystyrene resin (PS)
were added, heat melted and kneaded, and then extruded by an extruder
to produce base material resin pellets. After the base material resin
pellets were put in a pressure-resistant container according to a method
described in Hxample 1 of Japanese Patent Laid-Open No. 4-372630,
and a gas in the container was replaced by dry air, carbon dioxide (gas)
was injected into as an expanding agent, and the base material resin
pellets were impregnated with 7% by weight of carbon dioxide for 3

hours under conditions of a pressure of 3.2 MPa and a temperature of
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11°C. The base material resin pellets were expanded by pressurized
water vapor in an expanding furnace while the stirring blade was rotated
at 77 rpm. An expanding magnification and closed cell ratio of the
obtained expandable beads are shown in Table 1. Although a residual
concentration of an aliphatic hydrocarbon gas of the expandable beads
was measured immediately after expanding, the residual concentration
was equal to or less than the detection limit (50 ppm). A pressure of
the expandable beads was increased to 0.5 MPa over 1 hour, and then
held at 0.5 MPa for 8 hours to perform a pressurizing treatment. After
an inmold forming metal mold having water vapor vents was filled with
the expandable beads, and the expandable beads were heated by
pressurized water vapor to expand and fuse the expandable beads, the
expandable beads were than cooled, and took out from the forming
metal mold. The measured residual concentration of the aliphatic
hydrocarbon gas of the molded product was equal to or less than the
detection limit (50 ppm). The molded product had flame retardancy of
V-0, and had good heat resistance (Table 1).

[0078] [Example 2]

Evaluation was performed in the same manner as in Example 1
except that an expanding magnification was changed as shown in Table
I, EHxcellent flame retardancy and heat resistance were exhibited as in
Example 1 (Table 1),

[0079] [Examples 3 to 4]

HEvaluations were performed in the same manner as in Example

1 except that compositions of components or expanding magnifications

were changed as shown in Table 1. Even when a ratio of a
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polyphenylene ether resin was 45% by mass, excellent flame retardancy
and heat resistance were exhibited as in Example 1 (Example 3). Even
when the ratio of the polyphenylene ether resin was increased to 60% by
mass, better flame retardancy and heat resistance were exhibited while
maintaining an excellent expanding property (Example 4).

[0080] [Example 5]

Evaluation was performed in the same manner as in Example 1
except that a rubber concentration of HIPS was changed to 15% by
mass and compositions of components or expanding magnifications
were changed as shown in Table 1. Even when a composition of a
rubber component was increased to 3% by mass, a good expanding
property could be applied without impairing heat resistance.

[0081] [Examples 6 to 14]

Evaluations were performed in the same manner as in Example
1 except that a flame retardant was changed to triphenylphosphate
(TPP); a rubber concentration of HIPS was changed to 19% by mass;
and compositions of components or expanding magnifications were
changed as shown in Table 1. All performances of flame retardancy,
an expanding property, and heat resistance were not reduced also in
various amounts of a flame retardant (Examples 6, 7, and 13) to be
added, an expanding magnification (Example 8}, an amount of a rubber
component {HExamples 9 and 12}, and a ratio of a polyphenyiene ether
resin (Examples 10 and 11). No problem was caused in various
performances even when using BBP in combination with TPP (Example
14).

[0082] |Example 15]
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Evaluation was performed in the same manner as in Example 1
except that n-butane was used as an expanding agent in place of carbon
dioxide, and compositions of components or expanding magnifications
were changed as shown in Table 1. However, a residual concentration

5 of an aliphatic hydrocarbon gas was measured after aging expandable
beads at 80°C for six months after expanding, and as a result, the
residual concentration was 800 ppm. Although a burn time of
Example 15 was longer than those of the other examples when
performance evaluation of a molded body using the expandable beads

10 was carried out, Example 15 had excellent flame retardancy satisfying
the standard of V-1. Example 15 exhibited excellent heat resistance as
in the other examples (Table 1).
[0083] [Example 16]
Evaluation was performed in the same manner as in Example 1
15 except that 85% by mass of FPR3000 (manufactured by Mitsubishi
Engineering-Plastics Corporation) as a polycarbonate resin (PC), and
15% by mass of bisphenol A-bis(diphenylphosphate) (BBP) as a
non-halogen based flame retardant were used. All performances of
flame retardancy, an expanding property, and heat resistance were not
20 reduced even when using the polycarbonate resin for a base material
resin {(Table 1).
{00841 [Example 17]

Evaluation was performed in the same manner as in Example 16

except that MB3800 (manufactured by Mitsubishi Engineering-Plastics
25 Corporation) was used as the polycarbonate resin (PC/ABS).

Excellent flame retardancy and heat resistance were exhibited as in
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Example 16 (Table 1).
[0085] [Comparative Examples 1 to 5]
Evaluations were performed in the same manner as in Example
I with compositions of components or expanding magnifications shown
5 in Table 2. HIPS having a rubber concentration of 19% by weight was
used. When a ratio of a polyphenylene resin composition was low,
flame retardancy was less than V-2 also in a low expanding
magnification. Heat dimensional stability was also remarkably inferior
(comparative example 1). On the contrary, when a ratio of a
10 polyphenylene ether resin was too high, foreign substances caused by
heat deterioration occurred frequently in extrusion in producing the base
material resin pellets, and a molded body sufficient for evaluation was
not obtained (comparative example 2). When an amount of a flame
retardant was too small, flame retardancy was hardly exhibited
15 (comparative example 3), and when the amount thereof was too great, a
closed cell ratio of expandable beads was greatly reduced, and a molded
body was not obtained (comparative example 4). When a rubber
component was not used at all, a cell membrane was broken by shortage
of flexibility and elongation of a resin to reduce molding processability,
20 and thereby a good molded product was not obtained (comparative
exarnple 5.
[0086] [Comparative Examples 6 and 7}
Evaluations were performed in the same manner as in Example
15 except that an aging period until a residual concentration of an
25 aliphatic hydrocarbon gas was evaluated after expanding was changed.

The residual concentration of the aliphatic hydrocarbon gas measured
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after aging at 40°C for half a year after expanding was 1320 ppm.
Although resin dripping during burning was not generated when flame
retardancy of a molded body using the expandable beads was evaluated,
the molded body had a long burn time, and was incompatible with the V
standard (comparative example 6).  Similarly, when an aging
temperature was 40°C and an aging period was three months, the
residual concentration of the aliphatic hydrocarbon gas was 15380 ppm,
and when flame retardancy of a molded product using the beads was
carried out, a sample burned out with flame. Heat dimensional
stability of the molded product was also poor (comparative example 7).
[0087] [Comparative Examples 8 and 9]

Evaluations were performed in the same manner as in Example
1 except that unexpanded resins were molded by heat pressing in
compositions of components shown in Table 2. Although flame
retardancy and heat resistance were good when a polyphenylene ether
resin S201A (manufactured by Asahi Kasei Chemicals Corporation) was
used as the unexpanded resin, weight reduction was not achieved, and
the resin was hard, which complicated molding of the resin into a fine
and complicated shape (comparative example 8). Although flame
retardancy and heat resistance were good also when a polycarbonate
resin. MB3800 {(manufactured by Mitsubishi  Engineering-Plastice
Corporation} was used, weight reduction was not achieved, and the resin
was hard, which complicated molding of the resin into a fine and
complicated shape (comparative example 9).
[0088] [Comparative Example 10]

Evaluation was performed in the same manner as in Example 17

40



41 [ X OCO <1'0I 2z E 09 82 016'1 OO 9'i L6

except that a sample size of 300 pm x 150 mm x 150 mm was produced
by heat pressing in compositions of components shown in Table 2.
Although an expanded sample having a film shape was expanded, it was
difficult to fill a metal mold having a complicated shape with the
5 sample, and it was impossible to mold the sample into a fine and

complicated shape.
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Industrial Applicability

[0091] The expandable beads of the present invention and the molded

body obtained using the expandable beads maintain high flame

retardancy simultaneously with weight reduction, and is particularly
5 suitable as automobile members and constructional materials for QA

equipment.
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[Claim 1] Expandable beads having
an average particle size of 0.5 to 10 mm,

a density of 0.033 to 0.80 g/cc,

flame retardancy of V-0 or V-1 as measured according to the
UL-94 vertical test (20 mm vertical burn test) in the UL standards, and

a residual concentration of an aliphatic hydrocarbon gas is equal
to or less than 1000 ppm by volume,

wherein the expandable beads comprises a base material resin
comprising 40 to 94% by mass of the polyphenylene ether resin, 5 to
20% by mass of the flame retardant, 0.3 to 10% by mass of the rubber
component, and the rest being the polystyrene resin.
[Claim 2] Expandable beads having

an average particle size 0of 0.5 to 10 mm,

a density of 0.033 to 0.80 g/cc,

flame retardancy of V-0 or V-1 as measured according to the
UL-94 vertical test (20 mm vertical burn test) in the UL standards, and

a residual concentration of an aliphatic hydrocarbon gas is equal
to or less than 1000 ppm by volume,

wherein the expandable beads comprises a base material resin
comprising a polyphenylene ether resin and 5 fo 20% by mass of a
flame retardant.
[Claim 3§ The expandabie beads according to claim 1 or claim 2,
wherein the flame retardant is a non-halogen based flame retardant.
[Claim 4] The expandable beads according fo any one of claims 1

to 3, wherein a closed cell ratio is equal to or greater than 50%.
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a density of 0.033 to 0.80 g/cc, b5flame retardancy of V-0 or V-1 as
nmeasured according to the UL-94 vertical test (20 mmvertical bumtest) in
the UL standards, and a residual concentration of an aliphatic

hydr ocarbon gas is equal to or |ess than 1000 ppm by vol une, wherein the
expandabl e beads conprises a base material resin 10 conprising 40 to 94%
by mass of t Helamml §phenyAaneldadeody esing etpamiabdbbydsrascorafing he ahlyanme
retardant, 0.3 to 10% by mass of the rubber conponent, and the rest being

t he pol ystyreneofediims [ @ 4i m 2] Expandabl e beads havi ng an average particle

size of 0.5 to 10 nm 15a density of 0.033 to 0.80 g/cc, . flane
retardancy ofCMim @ V- 1Agwodvationedethoddiodiamolded bedycosprising; cal t est
(20 mm vertical burn test) in the UL standards, and a residual

concentration of aih #nppegnatinghstdp edardddingyababe neajerial rasiv cobmsdsingan 1000
ppm by vol unz 20wherein the expandabl e beads conprises a base materi al

r esi noconpr i 49 #g 94 % diyyasn oif éreolyphenyleseiathantesmn,t 5 to 809 \bynmassaff a
flame ret ardag{. [ Cl aim 3] The exp%ndabl e beads according to claimi or

clai m 2, whetélane petardante Orddarldintby snassneharaboge sopienent) and the
retardant. 25[C aj m 4] ngq expandapl e heads ag;)cor,di ng to any one of clains 1
to 3, wher ei ¥ShoeIgsdpotystyrengiiesin undefiaratwnodioyide aknosphereseasing] d ai m
5] A nol ded bo sin expandaghcf beads accprding to any one of clains 1 to
4. [ ai m 6] ATHBBAIETIUER Stelcnok Iessr thanns | cadicad dapseEspia BhRgegnate the

i npregnating step of. holding.a base naterjal resin conprising 5 40 to 94%
by mass of gb%ﬂ@ﬁﬁ‘é}?ﬁﬁ@ﬁ@ ‘g{ftﬁé'ra?g@%ﬁ(?xﬁeﬁo 20% by mass of a flane
retaydant, 0.3 to 10%b ss , of rubber. c onent,. and.the rest being a
pol ygtﬁlyr ene resin %a&@%&%ogh@ﬂag the %gvg?)ﬁéarq%”ﬁ TRSHY Uapkegratefessur e
state of less.than a critical pressure i ppregnate the base materi al
resin with C‘QF%&?IB?B l%ﬁ%%aﬁr@m%l%ggﬁggfaﬁati ng the base materi al
resin inpregnated with,carbon dioxide to f%mexpand | e Beads;. ang a
mol ding step of fid ITREREISIR & doiieng A1 ANPHENEx G1nq¥Bite Beads and

eheat g S RRARE i AR bR Do SRR oL BHRT 4
molded body.
15 [Claim 7] A production method for a molded body comprising:
an impregnating step of holding a base material resin comprising
a polyphenylene ether resin and 5 to 20% by mass of a flame retardant
under a carbon dioxide atmosphere having a high-pressure state of less
than a critical pressure to impregnate the base material resin with carbon
20 dioxide;
an expanding step of heating the base material resin impregnated
with carbon dioside to form expandable beads; and
a molding step of filling a desired molding die with the
expandable beads and reheating the expandable beads to obtain a
25 molded body.
[Claim 8] The production method for a molded body according to
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an inpregnating step of holding a base material resin conprising a

pol yphenyl ene ether resin and 5 to 20% by nmass of a flane retardant under a
carbon di oxi de at nosphere having a high-pressure state of | ess than a
critical pressure to inpregnate the base material resin with carbon

20di oxi de; an_expanding step of heating the base material resin inpregnated
Wi th carbon dlairi dé tow fobaim eSpafittitre dengssimgnda pressurizing swipdi 89 st ep
of filling a desired nolding die with the expandabl e beads and reheating

t he expandablpsessending dhelexpandabRsheddedntdoryn jnOrgamic8gahatmosghetd on

met hod for a_ nol ded body according to claim7 or claim8, further

conpri si ng abgheeutherexpprsting stdp pnd thaimading-thpardipgrdem e beads under
an inorgani c gas atnosphere between the expanding step and the

nmol di ng- expandi ng st ep.
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