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, general nerchandi ses, and autonobile parts
or the like have been expanded beddESCRERTIONt i cs are |ighter than the
metals and the like, lighter materials having excellent properties such as
strengt h andTitlea IhGremtiaat ance are required in terns of energy saving or

the like. One of such materials is a resin expanded I y 03] A
resin expandEXPANRABIEy BIbARS e MOLIPESY B QYbI@gﬁqEﬁgrﬁ%gfsé%’

pol ystyrene resin and a pol yphenyl ene et her_resi known as an
exanpl e (Pat AND_PR@EU(EH& TﬂQM%Méi&EEbﬁﬁ@égpandabl e beads to
which flanme ret artjan%‘ is given by adding a flane retardant have been known
(Pat et Lit eflmchnéeal 4). CGtation List Patent Literature

[0004] [Patent Literature 1] Japanese PRatent | i j on Lai d- Qpe .
2552-101268 [¢@0Ehilhe peesentrigventignpeslass tﬁh%@ﬂasaﬁq 2’8?& nafﬁlogd%en No.
2003- 138051 [Patent Literature 3] . J nese P t plication Laid-Open No.
2000- 95892 [body, ar[lqbaﬂér@siust%rra@ﬁ@oﬁ]r tﬁﬁtme 4¥ubl i cation of

I nt ernati onal__ Patent 5Application No. 2003-004552 Sunmary of Invention
Probl ens to Backgraamdrtne | nvention [ 0005] However, although wei ght
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10 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).
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10 expanded bodi es containing a | arge amount of air, which are apt to burn,
cannot be applied to the electronics 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 conplicated shape requiring flexibility, and weight reduction
and i nproven2f03+1880%Ie retardancy have had hitherto a trade-off

rel ationship. [0006] Although an unexpanded resin exhibits excellent flane
20 ret ar danc{Pateat Lsterajuee f B hndapamcse d Ratento Apjplieateomolpidvéipit Neduct i on
and inprovenent in flame retardancy, flanme retardancy is remarkably reduced
when usi ng t BOOOIERIZ et ar dant for the expanded body. Because the expanded
body has a resin amount per unit volume smal|er than that of the resin when
conparing sabPatent Haiteragunehd | shiasionskiRe-publisatiopa od ckntemajional nBatent o f or m
a carboni zation | ayer and |l engthen a burn time. Because the expanded body
has adresin Anplivatioonol P0BHYIFat of the unexpanded resin, the expanded
body is apt to be softened by burn heat, and as a result, the resin

dri ppi ng dur Segnmany elglavendiont o be generated. [0007] On the other hand,

al t hough flane retardancy i s ingroved when, 5 an amount of a flane

retardant toPseblemsdoihe balved hy thedmysmfions i ncreased for i nprovement in
educed for B0EST Flaeves ummERiant Joaneen 5eatsTahby; BRHEGt ho
Coused by r oBGUR; SRPATHE aRgiecoRatic S50t charny 7 Aaarurs, 1 I0F, el
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descri'bed above, rein aresi concentratro phatic

hydr ocar bon ¢gas..i I : S, t 0 : i e The
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expandabl e b : i : Al i I $1 nyl ene
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y
expandabl e b i t N to [3 5 descri bed above,
p Rads hgﬁgﬁ’gﬁabrfw t&&"&ﬂ%gcgfﬁanig&aé [ 3]

wher ei n the expanda beads conpris e material resin conprising a
pol yphenyl engn@idie Litfsigh 28d auhd:gmdedt arddant -exhPbitd hexesnandaplaendeads
according to [3] ‘or [4] Tdescribed above, wherein the base material resin

further CO”Dfétﬁﬁ?arﬂ:yP%MéﬁYﬁ?i resflime }Otak8intThe expan@ali®hbeassht
according to any oné of [3] to[5] described above, wherein the base

mat eri al resiadddtid @hdc dRPEdPaReat liHbllgmec epedaity, {ldinel hetatdnaydadl e
beads according to any one of [3] to [6] described above, wherein the base

material resiémackably seeudddtwh8d%sing the flame 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



15 by mass of the pol yphenylene ether resin, 5 to 20% by mass of the flane
retardant, 0.3 to 10% by mass of the rubber conponent, and the rest being

t he pol ystyrene resin. [ 8] The expandabl e beads according to any one of
[3] to [7] described above, wherein the flame retardant is a non-hal ogen
based 20flame retardant. [9] The expandabl e 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 nol ded body using
expandabl e bemaslep3han dhali ofj the umexpandediresin) the exppnded hadyess apbi@. [ 11]
A production nethod for a nol ded body conpri sing: an inpregnating

g. . .
step of hol dbagsaftéresk byaberi dieateand avpresulhgtiengesin depping during
pol yphenyl ene ether resin, 5 to 20% by nass of a flane retardant, 0.3 to
10% by nass bfirmngublagt te beygenenatedand the rest being a pol ystyrene resin
under an carbon di oxi de atnosphere havi ng_a 5hi gh-pressure state of |ess
than a criti (G007 Exsthecotherihands ghthoughHRamgsstardaney 45 impspHediwheR ar bon

di oxi de; an expandi ng step of heating the base materigl ,resin.
i mpr e§nat ed antamounbed i garetaydast to Hpadgse| © &aipaaaad body is

nmol di ng- expanding step of filling a desired noJding die wi.th 10t he,.
expandabl e b#reasast for HERrPVYNCHE lax@@ﬁeamt@%@aas m@?@&%qnp@mle%d
body. [12] The production nmethod for a, nolded body,accordi 0.[.11]
descri bed abaters > NeabRMstanag 1n ¢ IAhg 1a1np fsgaraaaﬁ&ﬂ{l%*ﬂ%%g t he
expandabl e beads .under _an.i.norggni c gas atnospher et ween the d1bhexpandi ng
step and t heeE%PHVﬁdnsﬁléiﬁmﬁrﬁ’ea}%r@&ﬂ %g&?@%ﬁ ‘{M@Fuﬁ"ﬁéspﬁl@g%mg bf
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easily achi eyed BYoi'ghd Iirsnprovement in flame retardancy.
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[0008] It is an object of the present invention 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 mm, a density of 0.033 to 0.80 g/cc, 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.

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



or unexpanded resins hitherto, for exanple, a chassis for devices such as
an electronic device enabling a greatly sinplified assenbly, autonobile
menbers and constructional materials for OA equi pment, or the like, with
sufficient accuracy of dinension also under a high-tenperature

5envi ronnent. Enbodi nents for Carrying Qut the Invention [0012]
Hereinafter, the present invention will be specifically described. The
present invention is not limted to the follow ng enbodi nents, and many
vari ati ons nayhdreimuathe wexpandatie deadst camprisespen obassenmtedeht resin

10i nvention. [0013] The expandabl e beads of the present inventjon have an
aver age part colmprising pobyphenylaite etheraredimeor aypolycaryaste gesig@ngl 2c, and
a flanme retardancy of V-1 or greater (V-0 or V-1) as neasured according to
the UL-94 veflamaretaedant(20 nm vertical burn test) in the UL standards. 15
[ 0014] The average particle size of the expandable beads is 0.5 to 10 mm
and pref erabl4] 0. 7Tihe Bxpandablen beads agecardang ata iasye anez ofi {1§rt@atlél t han
10 mm_filling failure is apt to, be _generated in _nolding a resin expanded
mol de@ body Hasered: abows.i vdhesgimndier expandable bgadsncempsisesate S di ng.
On the ot her hand, when the ayerage ZOParti cle size is | ess tCQan .5 mMm an
expandi ng ag8mterigl gigsin comeprsing ér palyphsnybene i hes regm am @nﬁloare%t es
expandi ng. [0015] The density of the expandabl e beads is preferably 0.033
to 0.80 g/cclei@f@ipreferably 0.04 to 0.67 g/cc, and still nore preferably
0.05to0 0.5 C. en the si.ty .of the expan | e S . reater than
250. 80 g/ cc, the e &&n@mﬁr&?ﬁ%@aéam@%@f?ﬁ@r&ﬁf Faenibed 0Vgy ¢
hardly nol ded,into eﬁ&% [ c%\t‘%(i and fine shape,. and have an insufficient
heat quantit3'7’”(55?5F”rr}{g'l I TEATC BITHIST CHBRITRDY BiDOYY SFERMESHher hand,

when the densiiy is,less than 0.033.9/cc, th dabl e b

a1 4Py desi Tak 11 e SPaRAARE, DeReb1ecortiii in Ay SXarnt byl 0 15]
ificati f.th dabl e.beads, 5 i {. t.ichlarly limted, th

expandi ng maRveT RS (AR VS WPRRLD dbr ypasestierial Ty HumemeP ISR an y 2

to 20 cc/g. V\hl?e[g t he exganﬂi ng magnification is in a range of 1.5 to 30

cc/ g, excell ERYOF AePPEEY dancy tends to be likely to be naintained while

orei orabl y 110 o 10616 peRgHRadp & i LI dhel Hakal BLdBlon 1o

a desired Vald%?crjilgecfntéhbgfg,lr gvr%geﬁl:ﬁ%eeWEQ Iﬁeﬁgrigf g%%ih%'%oetﬁgﬁggé A9 1o gfl‘}'f()in d a

magni fication is'in sizel uni for me

. > yarge a ceth _ : nd a
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When t he cl ose 0'1s equal to or greater t % the expandabl e
beads tend t eﬁﬁ?n 19&?‘1'; t di ng processability into a nol ded
body. [0018] ?eA%lt ou%ﬁﬁ‘?{jsl S Ileeﬁlieérrz;le y difficult to achieve flanme retardancy
20 because t expgpdabkeqh gglp? 3ReHa1 He@rdfid e e oF [3phen [Fpe
expandi ng magn fi cg?fléo%k?s ﬁl gher, tﬁe ex&ano%gﬁ e%g?s of tme pregegt

i nvention sageséiibéd aMRdveetihdne thef flymd %taﬂia?ﬁti%ra%ﬁ)ﬂrﬁﬁﬁi%@ﬁbﬁmrdi ng
to the UL-94 vertical test (20 mmvertical burn test) in the UL standards

even2ghen t h¢lagxdaadrdightmagni fication is high. The UL-94 25vertical test
(20 mmvertical burn test) in the UL standards is a neasuring nethod used

for an index[9f flamRe ekbahdabley beAdsoicdbrding 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:



general resin expanded body but an unexpanded resin to which flanme
retardancy is easily applied as conpared with the resin expanded body.
Specifically, a test specinmen having a specific size is perpendicularly
attached to a clanp, flanme contact is perfornmed for 10 seconds by 20 5mm
flame, and the test specinmen is evaluated as V-0, V-1, V-2, and

i nconpati bl e according to a flane burn duration, the presence or absence of
burning to a position of a fixing clanp, and the presence or absence of
cotton ignition caasémpregaating stefpadf halflingjadease watariad rebinecoPoEa)g The
expandabl e beads of the present invention satisfy flane 10 retardancy of
V-1 or great 84%adynmmssrelageelyphenglens ether uesioy ¥ ¢et3Q% by gvasg 28 am
vertical burn test) in the UL standards, and thereby the expandabl e beads
can be used Hemghretardanta®idve heteby anassnoba mabber compeneabianshthcoiest | y and
mai nl y uses an, unexpanded resin and, a net al ag%.re uires high flane
retardancy, Bamganelystyenmresindusier &t eardon %é‘l(ifP atmogphefienaving a
processability to the nol ded body, sinmultagneously wth, flanme retargancy.
[0020D The ehighrpsessurestate oflessibapraeutical prashureoto Hapragnatadee BAse base
material resin.The base material resin may contain a thernoplastic resin, a
thernnsettingﬁﬂﬁﬁﬁhﬁﬁﬁnVﬁghﬁaﬂﬁﬁhﬂﬁﬁﬂ €, and a 20rubber conponent or the

i ke. [0021] Exanples of the thermpplasti¢ resin contained in the base
material resin i ncABEEPABLING @ﬁprprﬁéf‘ﬁt% PasgImgAr trﬁ§l|nel,lpgpregna?ecf

B cohol - pol ST HtbOn HORKE (o By eayRnaRRE Badss pa, an Ass
e oy et yr et BB SEES) R R AAFY 2BLiF B

ol rbonat g resins ol yphenyl ene, et her resins iLm de resins

ot yiBer o+ e BXbAAAMIR BERA barl HenehiRE hE BRI a8 Joc3bliin

t her nopl asti ¢ glya EP rs such as styrene, polyvinyl chloride, polyurethane,
pol yester, pH}QjQﬁﬁ ®NYased, 1, 2- pol ybut adi ene, and 5 fluoride rubber

pol yam de.  pel Sacet . Pt AGRCRRARY' forcBrirbigtd Jbe REEPREnENET HERY g
Vo 11 od andCsrabe fhell ThEen CORRE e SRS S ARG GeB o PR IBA ' T,
present | nveftd @ph3afit A0 el aRLOLAl bR PLeR Rl BeraRRPHId 1O

resin contained’i ase naterial resi resi ns, am no

resi Ik such as gn&hg%t%@%ﬂtﬁg%aldiﬁ@{%ﬁe resin, unsaturated pol yester
resins.

resins, and ep%xy ese, the thernoplastic resins

containing t 15et her resins or the polycarbonate resins are
pref erabl e igﬁ%ﬁﬁ?gﬁa}éhﬁp@vemnt in flame retardancy. [0022] The

pol ycar bonat fog 8 | Thie re§&{ qggghﬁoﬁ R @g?ﬁﬁﬁﬁaﬁl@%é&d@%ht&ﬁhﬂ@m

. t
bi sphenol s a osgerie (or enyl carbonat and characterized by a

hi gh gl ass t gapdldritoflamel Rtardafchemfaptiag &f MRCEL-94 as the burn standards
20Pol ycar bonat esderi vedfrom 2, 2' - bi SF4- ydr oxyphenyl ) pr opane( bi sphenol A),

2, 2" - bi s(4- hydrgxypbepmddd radig (dihfbereuBly with weight reduction, exhibit
1, 11- bi s(4- hydr oxyphenypet hane, bi s(4-hydr éxyphenyl )'met hane( bi sphenol F),
20 excellent molding processability to a molded body, and is 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



251, 1- bi s(4- hydr oxyphenyl ) cycl ohexane,

1, 1- bi s(4- hydroxyphenyl)cycl opentane, 1,1

- bi s(4- hydroxyphenyl) - 1- phenyl net hane, 1,1 -bi s(4-hydroxyphenyl)-1

- phenyl et hane, and 1, 2- bi s(4- hydroxyphenyl )ethane or the like are
suitabl e as the polycarbonate resins. These pol ycarbonates generally have a
glass 5 transition point (Tg) of 140 to 155C. [0023] The pol ycarbonate
resin can be nmxed with one or nore other resin, and exanpl es thereof

i ncl ude a pokyemiexpended essing hathgoloy foopyampde,rachassismfor devices such as
acrylonitrile-butadiene-styrene copolynmer (ABS resin), a polystyrene resin,
pol yet hyl ene anezlepttonts deeicemlapbingys greatlysimppifiedatssemblznautomobile
acrylonitrile-stﬁrene copol ynmer (AS resin), syndiotactic polystyrene,

pol ypheny| entambdes apd| sersrudtionsdl matarials for Hady gRaipmens| 9 s ikene

sul fide, polyethersul fone, polyary|ate, polyam de, polyimde, or

pol yet hyl enevaphtsudfigtent agmawachopdiyensioonalse vaden 4 high-temnpgratire he
other resin, a 15 content of the polycarbonate resin is preferably equal
to or Sgreat eENVHERMBOW, by nass, and nore preferably equal to or greater
than 70% by nmss in respect of flame_retardancy., [0024] Herein, the

pol yphenyl en&mbedimesds lornarryang Pytthe lagedtion ed by the fol | owi ng
formula (1). ' R, , JR3, and R4 in, 20 .the for a (1) respectively
and independéﬁﬁﬁ Ekgrswé%r Hhedpessent lm‘éﬁlﬁ&hwlhgb%w?&?@ﬁﬂ&p&e%l oxy
group, a phenyl group,.or a hal oal]lgyl. oup having.at |east. twg carbon

2t ons. bt veer NeabSSERt MErRI ol iG] 1o Lot EORQWiHGE SYEOdigReTis

al koxy group _cont ai ni no third a-,carbon. ,n is._an integer resenting a
eoron of porSAS: YaHARGRS Taay GeoBAdE arehrLuTe mrhhnd SG0be pbibs preat

pol ygl&enyl ene etrger resin preferably has a wei ght-average nol ecul ar wei ght
of 20000 t oFEHYY [0027] Exanpl es of the pol yphenyl ene ether resin

ngICL/?(ZjeG 3?;{@@&1;%}162%' L t(@%)ir%) g?:ﬁlgg ?c%’tﬁédﬂrréls%n YiivEnfioR Ve 8RS Veetrerfgeer: ’

Bg: §§ 2omet E{lb;@;@%%'ﬁ%ﬁg%ﬁ%;fgﬁgg‘ﬁgpsity of 0.033 to 0.80 g/cc, and a
ly(2, 6-di - .

201 12,5 PIPRIC oYt SE0) 5 U (0 o V-1) o measured accocing

pol y(2, 6- di byt yil: 1,74 | : :
pol y(2. 6-di| g(h ?@elﬁl[, ?&%ﬁl&?gﬁe&? L?ﬁérrun vertical burn test) in the UL standards.

Bg: ;?% g g: ﬁm%@ﬂéﬁ%ﬁg%&%ﬁggfﬁr of the expandable beads is 0.5 to 10

15pol y( 2, 6- di,et,h Y, tﬂ?ﬁ’ . ..
pol y( 2- net ho?ﬁl G%ﬁgﬁe%?&gﬂﬁ gne et he\y,hen the average particle size is

pol y(2- et hyl 6= el 4 ; i i
bol v(2. 6 d Cﬁf%a?cgfa?ﬁ%ﬁ g)t%ﬁ%/?’e ﬁg{’@?%@gﬁﬂ?@ 4 BBE to be generated in molding a

pol y(2- met hykedn PBgmidell noRRA baa$) RaVRIz a comel%licated and fine shar?e
20pol y( 2, 6-di benzyl-1, 4- phenyl ene) et her, pgol y( 2- et hoxy- 1, 4- phenyl enej et her,

pol y(2-chl or gzHlich- hepYicans) Midlding.an®n the other hand, when the average
pol y(2, 6-di brono-1, 4- phenyl ene)ether. O these, it is particularly

prefgpabl e t pattidte gine 2 1&setid)0.5 9rgEPanhaxpaadihg dgéntdsbas 86 ob®

scattered from particles, which complicates expanding.

[0015] The density of the expandable beads is preferably 0.033 to 0.80

g/cc, more preferably 0.04 to 0.67 g/cc, and still more preferably 0.05 to

0.5 g/cc. 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



and R3 and R4 are hydrogen or an al kyl group having 1 to 4 carbon atons.
These may be used al one or two or nore kinds of them nmay be used in

conbi nati on. [0028] O the above-nentioned thernoplastic resins, the

pol yphenyl ene 5 ether resin is nore preferable because the pol yphenyl ene
ether resin has excellent flame retardancy and heat resistance. In
particul ar, the pol yphenyl ene ether resin can increase a deflection
tenperature under  load (HDT), maintain rigidity under a high tenperature
envi ronnent , 1m1tfﬁictmttdmtdﬁ1umﬁ§yodmnngtmb?dmgy whichoozaplitatespaiojdimgny| ene
ether resin can be m xed with one or nore kinds of other resin, and
exanpl es t hef¥bfthenethare handolwheyr thee dessity, in lpss thaaf 033 g/ac, the
represented by polypropylene, an engineering_plastic resin represented by
pol yani de, agdpandablerbesadgicanapt patigiy-dasired Bame retardaseyit ed by

pol yphenyl ene_sul fi de. t hese, the polyphenyl ene . 15 et her_ resi

o .

preferablb yl _mt[(}%mlggélg}qu@ 9ol @gi?chnglmatgmﬁqan%gﬁéhﬁ SEPanedsb Iq%aaé in

rocessability. rejn, ol ystyrene resin jreans a _co r
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Exanpl es of ihe pol yst .ei‘ne resin_of the homuopol r_incl udet Pl styrene,

pol y- a- met hy st Endbe BkGIE 4Py B ITBRBYE g kS SopRriingl pueiEt yr one

resin of the c | yrmer ,include, but are not Jimdted to er pol.ymer ssuchasAB

Sanda _but adFSHEIRy| AnPLFIATY. SxHDEE SRASRHC A s Bois, e TR ot (PO

S?;I’a e-gu?adipne coi;ol. B! styren -acrglo 'tr;ﬁl?sycop | vire | O. > 2

st yr &le- mal oF /e STy Abstbn ey eAparling indeRilicat ot ghdryfied valbe in

styrene- nal ej 'lﬁi ol ymeryna. skyrene- N-phenvl,mal el m d .copol.yngr, a

tyrene- N al Ilégf‘)ﬁ 'co'MS’Ie Jbé,prén@f%reéﬁ? D P&Wﬁlg t ng%y'?%%' m de

copol yrer. aﬁ 4 eDSeACLyLl & ; fo SRPRRYTE aa%fdyae&%b%agg i ¢
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th | at , = Q= I | at I :

tyrene. nal BoTeeinaie Phey IRl idY Snan - CoPo YT @

thylvinylb i Vi b t: f

xapl 6 sty N ot O EEH HaficnBF the Wpandable LERE is AR RN 001 ot
I : 5 i j ft

ol yadi de’ or PRASFRAYARALYE RrEdicpifal SO0k T G HrePITEE: SHEREELR, o or

more kinds ofddiemikaaovPe Wikt i desbi velllafio AL 1B cpedus tiaiene

resin preferably has a wei ght-average nol ecul ar weight o , to

500, 000. Her ()%, the ¥ty ehest TBhECH Faviei®ble | Sxcellit Iftolaugs age
nol ecul ar wei ght” cal cul’at ed by perform ng neasurenent by gel perneatTon

chr omat ogr aphyoddsE4bilitfigtd Maioldedbldsul ating the peak nol ecul ar weight of
the chromat ogram usi ng a calibration ¢urve obtai ned by neasurenent of

commer ci al | y[@yES] Aitoupthandas depekalby Mdieheult tohackiiviebflaticoReudMecy S
prepared by using the peak nol ecul ar 'wei ght of the standard pol ystyrene).
[0032D) A conbecdusef tHehexpohdatily rienrlsr @sitain A ldhge Rascunebe rHinwhiasihie i S
25not particularly limted, and the content is suitably adjusted and used

so that a coexemidiog mapaifieaimoiehiglics, ted ekpandaissibeadsvell the pfdsenhe
ot her hand, a content of a pol yphenyl ene ether resin contained in the base

materi al resinvensioor efacisfipl flamguaktdrdancy gofavel éharredftds by massurahd nore
preferably equal to or greater than 50% by nass in respect of flane
retardancy. 5f{@adRjg tothe UHr-Sdovertichbtest $20 i eertichl boen tettpimdree YL it s
preferable to further add the flame retardant into the base nmaterial resin.
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



[ 0034] Exanples of the flame retardant include an organic flame retardant
and an inorganic flane retardant. Exanples of the organic flane retardant

i ncl ude a hal ogen based comnpound represented by a 10 brom ne conpound, and
a non-hal ogen based compound represented by a phosphorus based conpound and
a silicone based conpound; and exanples of the inorganic flane retardant

i nclude a netal hydroxide represented by al um ni um hydr oxi de and magnesi um
hydroxi de, and an antinmony based conpound represented by antinmony trioxide
and 15ant i nogenpealt resiniexppoded|bodyt butgin uhexpardes nesini tonwdich fhame
retardant is preferably the non-hal ogen based fl|ame retardant fromthe

vi ewpoi nt of retavilaneyreheasiinapptied asreompartd, with the sein @xaaadgddedy.i cone
based flane retardants, the flane retardant is naot limted theretq.

20[ 0036] A f ISpesifiealdy.datestc spreimam apings phepasiliersige gﬁd@%ﬁ@ﬂdbﬁ@@ﬂﬁound

can be used for the phosphorous based flame retardang. anpl e f
phosphor ous @H@Fh@étpéﬂQMWﬁ§pﬁBHn§IKE&@ﬁbﬁeBeﬁbﬂpﬁai%ﬁoﬁiﬁéﬁgga%ghbggnd

i ncl ude a phosphate ester, and a phosphazene conpound gr.o j hg a  bond
of a phosphofBiis and thentest @@@ﬁn@%ﬂénmiugp%ah %fﬁ:ﬂgfafﬂpﬁeé of
t he phosphate ester .include .

trimet hyl phoé@%m@,aflﬁ%taﬁﬂ%ﬂwﬁat &, flamg By HBYBHEPe the presence or
tributyl phosphate, tri

vt e chey e Tt AR Brece o
B e s oo ae.
\rlgfiorci nglyglega Eégubsefiﬁéiéﬁtgggeandﬂégﬁ@us%?rgz%g;rb?rﬁgg}qupﬁ@ tﬂ?éE‘S e
phosaﬁrfat e estrg%ré%%ﬁﬁtjs 'gr é’ragg%at%’br‘ﬁsaf‘]ﬁ%ac#l %ﬁ ?‘fﬁ%g}n& r Ppﬂ%‘%%%@phat e,
oref erabl o 1 NoraeRaest 60 R WREGHE BubRERT FLNES LY shalfimnt Witgptod” ©

(2" b, o asHapHas Sendt R it B Sradd E iPriaL o ffeltef” °

pr efE tamaef'o ks IR SR 5% oftRRRRIR Bt %elﬂ?ﬁﬂ%?; ?‘2"
Sﬁe formul a 2?34@}%%% %@E%J&:ﬂfaﬁig?&aﬁg};’ég{aﬁ a?%%}ﬂt?r'e%gi%p (%%hat e
est erlSCO”pou%gctgﬁéfnp‘?n@ldﬁ%E b‘fo%e@&#i’{gigf rt§ ; t}géltr%&éi_éﬂn '?ngg §irx]féﬁfet§h¢$@usﬁ§)

each independently represe an inte

independentlxyﬁﬁqkﬁﬁ@gaaﬁ%?dyeger of 1 to 4. [0038] (Mno- or

pol y-) organosi | oxanes can be-used for the silicone based fl ane

retardant . EX30pbop e EXSardI bedlls of Bk, ProsRho MUK ARKELE AAIST 2

nono- or ganosi | oxanes such as di net hyl xane and phenyl net hyl sil oxane,

and or ganopolpasé | @xafReR S ¢edinas F’Phé!dib‘ﬁ%éhxha&iria‘l’xﬁ*éﬁna%agmdtﬂhﬁﬁt” get hyl

si | oxane obt ai ned by pol ynerizing these, and a copol yner thereof. A bonding

group of a mahérEbpIaRtier résiky @nﬂli@@lnésefﬂﬁnghmsmn,l 2, flawie i12tardant,i ghiled to,
hydrogen or 10 an al kyl group and a phenyl group in the case of the
or garggpol ysi rabsecompbnehebetlabliket he phenyl group, a nethyl group, an
et hyl group, and a propyl group. A hydroxyl group, an al koxy group, an
al kyl group, [6081p htwnplesgofutharthetineglasica resihncoataiheddimothgr dage
Shapes of silicones are not also particularly limted,

material resin include polyolefin resins such 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,



15 and optional silicones such as an oil-form a gumform a varnish-form
a powder-form and a pellet-formcan be used. [0039] There nmay be used
various flame retardants and flane retarding auxiliary agents which have
been conventionally known, for exanple, a cyclic nitrogen conpound, and
exanpl es thereof include a conmpound 20 having a triazi ne skeleton such as
nmel am ne, ammel i de, ammeline, benzoguanam ne, succi hoguanam ne, nelam ne
cyanurate, nelam nelem neton, and nelon, a sulfate thereof, an alkal

netal hydr oxp@tyesrbanatgl kesinsegpalyphenylengy ¢thst desivgc pelyimidmasising,

hydr oxi de and al um ni um hydroxji de containing crystal, water, a zinc_ borate
conpound, 25Relyacetalngesmsnnpelyeswipsesias, NeTybal yedns laehlmlese cessund but
al so the combi ned plurality of compounds may be contained, _[0040]. A rubber
conponent i stheimeopastier sglrgtosaensai fech i s hetysgae, mpodyvisylr echloride,

t of i toi di t 0Q41 I f th
R I S = L
1, 3- t adi T f bly 5 di d. i ticle.formi
cont I’SBOEE'S 5 AIaﬁéﬁthIﬂ%Ermegpib@atIﬁ @I@étzg%rgfttﬁ%?@%l aarus%"qxfg;n%érg‘mé.g ] d

ese rubber conponents, er er, conpgnent s, t hensel ves na added, an
resins such REASCSt #hs DAATRIG IO HAGE ] 5 BOISRELE 40K e HEIGINS | rer
b d bb t I . I;n th f the latter,
2 10rati o (RIGMIRESHGABEINCE RIS MRS Ah 2P WIFEIURDES + RBSO SN ng
f or mul a. R:Cbﬁ;g%sd 130 eC:q.}'r tﬁ?ber gﬁlré&entr%%gglpa é% bergsg_:ilrgg(%gj:%mslgppl?/
% b > ot &0 er r ria
fggir(r:le(((%)byynass)be{ 004&1} IR _addition tp.the I% ve-mant{oned r.ubber
conponent s, B1HRer® MeFfrop Qg’flgca?etg’?n? her?ta?fi ﬁ?iﬁ?ﬁ?fl AOEERROL 1800f ;o | 5
L ubr i { . ity | D ot
agent 0 an’ i iRl alsd{ o R¥Bmpley Rt A5E Fbrmbeq T Py efBeBRk M 1hE o,
d | ei -as. 1 al d . bj f th
Mvent on <Ot REERY GPaiRcitc e B RR (RE0S Al pb SR A F B Wi den:

i nvention ar S ref Y. .C [ S j S esingl i ng

t he pol yphengﬁ"sgﬁeé%?haerrﬁ é%%ﬁ ﬁé,e %{I;gglﬁ’pgﬁs/s@%{éﬁeﬁ?ggefsﬁé,ﬂ ?%Séﬁg’l g’ﬂrrg '%ﬁ‘%}gfdant ,
and the rubbie%Si‘tg%conponent. The expandabl e beads preferably conprises 40 to
94% by nmass o e pol yphenyl ene ether resin, 5 to 20% by nmass of the flane

retardant, 0.3 to % axe MBRSIHY asrtftbfé‘ﬁi%§%H’t"eﬂﬁﬁ{%t}?é‘ﬁoif}ﬁ)érﬁﬂén@ei ng

the polystyrene resi'n, as the contents of the conmponents in I's”case.

[ 0044F Vhen Eﬂﬁrcgékﬁﬁé“oxofﬂﬁé gﬁolﬁ%hﬂ&ﬁf‘dw 'Fé&ﬁlsetd}@rpf@f‘éfa{blbsixf%ﬁhstef or 5
y e e I | anme

greater than 40% mass, sistance Is exceltent, and

retardancy, ﬁﬁng}é%@ﬁ{mﬂéﬁg fétﬂrdaﬂgg_ng prevention performance during
burning is renarkably 1 nproved. Although it is inportant to (1) shorten a

burn tinme anfth§®)] The’ BakRatbéniteatesi®SisSpATeRMY 4 N@rbBhhte eRleeVRRIn
softening) in order to prevent resin dripping during burning, it 10 is an
opposi te effdefive@r friohe bisghernall 4d BH®Igénen(éredshaiylagaiynaeé), tdied f | ane
retardant to bévadded, aﬁdﬁthe conteﬁ?ioﬁ&yhee%olypﬁggglene é%hé% resinis
preferably eghatacterized dsead eiighh@iagkOYednsities Spbimt onfl@r hegt Resi¥eitcel esin
dripping in a thin sanple.

20

Polycarbonates derived from

2,2"-bis(4-hydroxyphenyl)propane(bisphenol A),

2,2"-bis(4-hydroxyphenyl)butane(bisphenol B),

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

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

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




[0045] On the other hand, when the content of the polyphenyl ene ether 15
resin is greater than 94% by nmass, a tenperature required for processes
such as expanding and nolding is rapidly increased, which not only
increases utility cost but also requires special equipnment, thereby |acking
in actual productivity. [0046] A content of the pol yphenyl ene ether resin
in the base material 20 resin is nore preferably 45 to 90% by mass, and
still nore preferably 50 to 85% by mass. An expanding tenperature and a

nol di ng tenpésbﬁuﬂéméyéﬂﬁﬂﬂﬂﬁﬁmi}iwﬁﬁébdnhﬂhﬂﬁheat resistance i s maintained
by setting the content to 45 to 90% by nmass, and thereby the base materi al
resin is furtlhbbis@kbygraxypbenybotathsnylethsneo47] A content of t healfame
retardant in _the base terial resin is preferghly 5 to 20% by mass, Wen
the content d$2 ﬁ“fhﬁ&%&)@"&ﬂa hanes @E]ué{letaﬁfﬁ QF%atSBFtai)ﬂ‘anaS%tbS’ nass,

desired flane ietagdancy is likely to b exgibited. Cnaihe contrary, when
the content POIYATRPNAK FESINEsS § polyasybanales generally bays: foglassf ect
of the base material resin i era caused by the flanme retardant, and

t her eBy heat ta8§It@HRpSEL Tﬁbil (bvbigg%arthernnre, an el ongati onal

expandi g regH0E3L TR0 Ao RAE RS UL dach TREEo Wit ORE O BINTE BIET beads
Thusi it s UGN | 206 SRETPLEaRhgeos BRSES e HEMRHRYIEHE Bisthdaficy and
base mat er | aPOLGCRYIG ey Gt ISR - Botadig rat b R ROy BRE AR 05

to 8% by mass

SRS T, Ty YL R

S0, e S M S B0, T .

c| ongat on. a0 ta810endho0sRBkhe o ATGL S ! <ebiide Do dnokeayur

cxpandanl e bEloIRALBIGSIAET hhan, cessitil! bt Bone,

i e TS M IO S .
ﬁH gﬁé@ﬁ%&%ﬁﬁ@?ﬁé@@:ﬁ%@% tHD BHRST rdsth g

are increased. In suc It1on, er conponent Is suitable in

ordensto appb&n@t%&%@g&f&ﬁ%é xfesimis?ﬂefeﬁw iegugp;é Yr ig;fggﬂ%& 3Rani N

bead expandi ng I ncreasing a tenperatur rom

tenperature BROEXRRAREAE AR M gr@%pa §halstRto: %:f?é'é:geﬂ $hal G@hYby

g
different from extrusion expandin whi'ch"a resin nolten stat®e is

expanded. A head inxReapsabifadecetamibgby.can be nol ded by filling a desired
nmetal nmold wth the bead 5 expanded product is nore advantageous than an
extrusi on expaozied HyretlctthextgoldpRenylefef letheP! Alsen f @fi¢arsn aep@e%heﬁf a
degree of freedom of a shape of @ nol'ded product, and the expandabl e beads
very advant agesreskitedthy ehve foltswird fenulet @)dandareimdr hi R R pawbRhdn

[ 0049] On the other hand, when the content of the rubber conponent is 10
equal20t o or s sformania 100 byspeesivelylenid dedépanderthy aepaesenti sydidgeny to be
exhi bited. Furthernore, the content is equal to or |less than 8% by nass,

suf fici ent héatogesiast alkgk groumtdraalkecty %’osﬂpaaqahﬁnyé grobpeor pdraloalkgli s not
particularly limted, and a so-called salam structure may be fornmed, in
whi ch a pl ur grony havimphy kiagt ewe carbbn dtoms Ipetmtden lesloger antba benzeneed in
a particle having an outer shell containing a rubber conponent. A so-called
core shell stimgctinrthendprmeald dljeor d haMdlkoxy growgml containingnsor teid i ne
particle is contained in a particle having an outer shell containing a
rubber conpowoenarboA.t hoiisghn antegebeepreaenting @ dégrae odpadimenzationber
conponent is not particularly limted, the rubber 20 particle dianmeter is
pr ef @dabl y 0[@025f5ChenHﬁaﬁEomhakthbe of the salam structure and 0.1 to
1.0timin the case of the core shell structure. In these ranges, a nore
excel l ent expanding property is likely to be exhibited. [0050] It is
preferable that the polystyrene resin is suitably adjusted and 25used so

t hat the above-nenti oned ot her conponent is set to a desired content.

[ 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 indeterm nate crushed product. A size thereof is
preferably 0.2 to 5.0 mm and nore preferably 0.2 to 3.0 mm Wen 5 the size
isin this range, the beads after expanding have a noderate size, are
likely to be treated, and are likely to be nore densely filled during




[ 0052] A residual concentration of an aliphatic hydrocarbon gas remaining
in the expandabl e beads of the present invention is preferably 10 equal to
or | ess than 1000 ppm by vol une. Herein, the residual concentration of the
al i phatic hydrocarbon gas is a value (ppm by vol une) obtained by dividing a
vol ume of the aliphatic hydrocarbon gas contained in the expandabl e beads
by a vol unme of expandabl e beads, and 1 ppm by volunme (hereinafter, nerely
referred to as "ppnm') 15corresponds to 0.0001% by vol unme. [0053] Exanpl es
of the aliphatic pydrpc rbon gas include propane, n-butane, i-butane,

n- pent ane, i-penfaneR’ and neopentane. Wen the residual concentration of
the aliphatic n gas is equal to or less than 1000 ppm a pil ot
flame is not g or along tine during 20 burning (referred to as
growng). Inb rRitegss such as the UL-94, a growing tinme is specified in
addition to a burn ti nand ywhen an anmount 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 producti t hod for expandabl e
beads of the[%%@]eﬁhezwlwﬁgényfe@e @ﬁﬁﬁr TRRNGREIET mrﬁqso@mlgm@\@%%dam e
beads of the present inventign can b tained by incorporating
(inpregnatin§¥ﬂﬁﬁu%&ﬁﬂﬁgﬁhgf§8éxl (hgggggke material resin (inpregnating

D PG (o R B R eI TR S T
sererdy Ty ReFFBk can e G o AR AP AT, °
o Ut | ?ﬁpfy&i@?ﬁﬁ%ﬁgl—@%4%@23%@%%%2 wator (Suspension d e

: : : 10 o\ .
;3‘32?%”252Rgéglyia%ﬂfﬂy@%'a%ﬂﬁi%?éﬁé‘wﬁa?ﬁe‘?ﬁ%&”‘ézﬁh? h;’l”aé,éﬁf deconposi ti on
Criticai pr bR et PetaBon L GrRradlHeEE st at o, and bringing the
l'iquid ph ' i % h b i al i l'iquid ph

| mpr egnat ngb0Skad SR A B b ase mat ori al resim i hto cont act
V\nthla gas i %ﬁr(ﬁaﬁ I‘ﬁ%&’é@%ﬁh%@é?%@em&h-pressure at nosphere | ess

than"a criti pressu regnation). O these,

particularlygoéagéggﬂﬂﬁ quii%%ﬁgkggﬂeﬁﬁ¥or phase i npregnati on under a

hi gh- pressur ere |'és Cfritical pressure is preferable. The

met hod 20 cgﬁéﬁggg%aﬂguﬁﬂpparﬁﬁégﬁgh tﬁ&nation i nproves solubility of a

gas to are s’ conpar-ed pensi on i npregnation carried out under a
hi gh tenpera YAHARN.1 ANE i 1 LPcrease the content of the
expandi ng agéﬁb&2$ﬁgﬂg%%§g}’gqﬂpgﬁn%¥%§%%PE§ magni fication is likely to be
achi eved, andoRgbls-gimethd:Ar-1 NEphaslsmBi@hkpl resin are also likely to 25be
uni f or ned. nﬁﬁa%ly, becgﬁge’tﬁe expan ?ﬁg’agent deconposition method is

al soysarri edp,gHi 2 WMdfdthdx ilh_]ﬁﬁ?@éﬁg flgercondi tion, and the added thermal
deconpositioﬁ ﬁgpé expand?ng A%en isjﬁot totally changed to a gas, an

amount of a E@@(Qqn@qug@ngr@ﬁhggyip,4L15Hf@{)Meﬁ@)elp@eﬂ el atively decreased.
Therefore, the“vapor phase i npregnation "has ‘an advantage to be likely to

i ncrease th6p§13)(2Eﬁthyp.ﬁ_§tb§rﬂémthtﬂ1@g@éﬁe)et}ﬁ3rfaCi lities such as a
pressure resistant apparatus and a cooling apparatus are likely to be nade

nor e conpactF@b@ﬂ;&ﬂﬁjﬁbﬂﬂﬂ@L@h@ﬁykj ¢ttgRat i on, and thereby cost of
facility is lTikely to be kept |ow. [0057] Although a vapor phase

i npregnati onp@maimbﬂgli.&ph@hﬁam' ¢hgidne)éthert ed, an at nosphere pressure
is preferably 0.5 to 6.0 10 a. An at nosphere tenperature is preferably 5
to 3DC, and polyé2f-ditsraylyl ,#-phenib&ie)dtier, t he at nosphere pressure and the
at nosphere tenperature are in the above-nenti oned ranges, dissolution of a
gas to the bpsk(Betthokgptl dgdianyilend)eledry poly-chdoeo-df 4iptiemyldne)atheanced.
Particularly, although an anbunt to be inpregnated is 15 increased when

t he at nospheamrd tperdpel, &tdibeorne- 1 dwphenylenp)ethemt | Of thpss dt iepdsticolabky sl ow,
and al t hough t he anount to be igpregnated i s decreased when the atnosphere
t enper at ur e prefaraitle thaeR ude Riaareralkypgpdupehdying lbte #acarboAratomse

bal ance, it is preferable to set the above-nentioned at nbsphere tenperature
in order to efficiently 20advance the dissolution of the gas to the base
material resin. [0058] The expandi ng agent is not particularly limted, and
gases generally used can be used. Exanplgs thereof include inorganic gases
such as air, carbon dioxide, nitrogen gas, oxygen gas, anmoni a gas,

hydr ogen gas, argon gas, helium gas, and neon gas, fluorocarbons such 25as
trichl orofl uoronethane (R11), dichlorodifluoromethane (R12),

chl orodi fl uor omet hane (R22), tetrachl orodifl uoroethane (R112),




di chl or of | uor oet hane( R141b), chl or odi f| uor oet hane(R1L 42b), difl uoroet hane
(R152a), HFC- 245fa, HFC- 236ea, HFC- 245ca, and HFC-225ca, saturated

hydr ocar bons such as propane, n-butane, i-butane, n-pentane, i-pentane, and
neopent ane, ethers such as dinmethyl 5 ether, diethyl ether, nmethyl ethyl

et her, isopropyl ether, n-butyl ether, diisopropyl ether, furan, furfural,
2- et hyl furan, tetrahydrothran, and tetrahydropyran, ketones such as

di mret hyl ket one, thyl ethyl ketone, diethyl ketone, nethyl n-propyl

ket one, net hghd ngEanyll Rk etronteydregieny or ianbabigl greugnbaving Hyto ¥ gaghorket one,
met hyl n-hexyl ketone, ethyl 10 n-propyl ketone, and ethyl n-butyl ketone,
al cohol s suc#tomss.melhasomayxbeaasod alpne py twel evmsire kinds epyheml mawdre but vyl
al cohol, i-butyl alcohol, and t-butyl alcohol, carboxylate esters such as
met hyl est eruseast imeembandfjdn.est er formate, propyl ester formate, butyl

ester formate, anyl ester formate, nethyl ester propionate, and ethyl ester
propi onat e, HI28J506Khe cbexeanentioned ahoaneplastis r@&lnsethﬁ/pomﬂrf'@m @nd
ethyl chloride. [0059] In respect of flame retaydancy, the_ expandi agent
prefefabl y h@télen@e$1nflsmpmf@9alaﬁd>esm%thfpafa[)fﬁly lense EHhET T88m ha
respect of safety of a gas, inorganic gases are nore preferabl e. Because

t he inorgani“éX‘éf‘dééE Hagie, getardancy éﬂ@sgﬁﬂﬁéeﬁﬁt@%si inaEaJét ahetSith 20

organi ¢ gases such as hydrocarbon, and are |ikely t.o be discharged,fromthe
fesin af tor BABhSENRT cUiEesM kaRunarsrsest alsTlockiopoteamberaitios Harer
stability of., a product is.advantageousl re excellent.

Furt her nor e, l%da”&]fﬁfﬁz dAYHau} r{g%alt}’e‘é@‘?&i §L1é} o&%&??}‘i@”&ﬁ%&{ioﬂ@e&‘fa

resi dual gas, &nd excel, l ent hgﬁi ﬁ@fﬁstance is likely to be

25advant ageotad yMPkAY ¢ Aiagnsiona s1aD1Y: | i er stage after molding. O the

oot B8one Soiftaouche FrimReneeng eer HENB0Gh bRIEREE it ool Hhitd Lo Ps
P ot oranl s Sidsotiofes TBSH. 8R3 KaRhielinfedi oglha £ PRI St b 5 de 1o
prefera SO 0 . { ( (
mooni 1 <o DTSR hedbal R G EPR SR chel )R ARG, 2
reiz'alﬂd?rns %Eé,eﬁﬁré’%éﬁvs%hée%‘é?oyt“ﬁéﬁ%%@%m% e;f‘fée%?;«?f%iﬁé‘%@%'@%étiggghﬂf s
T xpand: ngglel 8P doftphéniRaR: SHIRIES| O UEER Fhe, AERATRISHNT] e
cl osgq cell éﬁ%me%ihgfg%ﬁégeféﬁﬂwqﬁpceﬂ W?ﬂ{‘ﬁ?ea})ﬁ)ifyﬁyfr?{tég%&% tiﬂeregggag bl e

beads™i n t he expandi ep 1's”not partic exanp er eof

i nclude a ne ﬁpﬁﬂﬁ material resin to a | ow pressure
at nosphere 1§H?ﬂ3%$%? g -%ggg%ﬂﬁgﬁgondition at once to expand a gas
di ssol ved i s PRREeiBt fld Holy&9tdhe 30GirR MBARO D fQIpdI9fdrngrinka
mat eri al res[n uging %ﬁéss&r?ﬁ%%ﬁgétéﬁ vapor or the !#Le?to egpand gas
di ssol ved i neéfhaidiage k& ahngesd nstypbné harivatiVe | ikl abldition heo mad hod
for heating and expandi hg the base nmaterial resin is preferable. This is

because the REnidplolPsher Sof klsgbMe tdin E8/rEhé erb@itivéi ZBRaiiplédfodse
material resin as conpared Wth the nethod for opening the base materi al

resippto a | graiesderiatdiddnphriee hitomreé AbONimiteds s e ocarthylstyreat, once.
The nmethod is |ikely to advantageously control the expandi ng nmagnification,
particul arl ymaniaWyRx | ng-AREN khygehe ont-buedusirengS[ B0Hkhylkeyreas] n can
be nore uniformy and efficiently exXpanded, for éxanple, by introducing the
pressurized Banethylageend, diphenyeédydend)ahdsrosepeney and dromastgrehever part
of an expandi ng furnace, and stirring the resin by a stirring blade. The
nunber of rotati onExafmplée oftthe rpolgstyranke resinpofetler Abinolymerlid@lugem and
nore preferably 50 to 90 rpm Wen the nunber of rotations is equal to or

| ess than 20popmstyriche, poby-essuethyéstyweaice randa potycidesosipterte. t Ekampdss n
uniformy to tend to conplicate expanding control or to cause faults such
as bRbcki ng. oitenpohestyrembeaesiof of thieatopolymer inghade, thoit@re gro¢ dreitedien 120
rpm the beads during expanding are danaged by the stirring blade, and

t hereby the tirpelsiners | rati sutkends todse reducéddSor a desided expandi ng
10magni fication tends to be unobtained. [0063] Wen the expandabl e beads
are expanded to a desired expandi ng nagnification, the expandabl e beads may
be expanded to a desired expanding magnification in one stage in the
expandi ng step, or may be expanded in ngbtistage steps such as secondary
expandi ng and 15 tertiary expandi ng. Wen the expandabl e beads are expanded
inthe nultiple 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 treatnent using the inorganic gas before expandi ng
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20 treatnment is not particularly limted, the inorganic gas is preferable
in respect of flanme retardancy or safety of the gas. Exanples of the

i norgani c gas include air, carbon dioxide gas, nitrogen gas, oxygen gas,
ammoni a gas, hydrogen gas, argon gas, helium gas, and neon gas. Although
carbon dioxide gas and air are preferable in respect of 25easiness of
handl i ng and econom cal efficiency, the inorganic gas is not limted
thereto. Although the nethod for the pressurizing treatnment is not also
parti cul ar| y butadiead-acexbmpirds-afmaetofbemzdned e opokemies din cadditioni g a
pressurized tank with reserve beads and supplying an inorganic gas to the
tank to presstyrene-hutadiescercapalpmes, aocbaEnetadrylqutlen copalyswy, t Ae
resi dual concentration_ of the aliphatic 5 hydrocarbon gas renmpining in the
expandabl e bé%@nﬁﬁnﬁ-@léqw()lb’m@‘r a ed¥rangapialoigoa 1Agr CERahpner, #ési ng
the inorganic gas as |he . expandi ng,agent, or through an "aging step" of

| eavi ng t he é%ﬁ'&ﬁﬁdﬁﬁ—@lﬁégﬁs f 60PRIYBRY ti rfe unﬂyfe%e‘m'@heﬂ&pfﬁéfedﬂuﬁé (for

SRS PRI L R TR N o N
I M R R
e BB nphiant BTl shbobids B oA et
e O gk SRR 30 R B "SI, eSS o
e o BN, A B RS R A bdt
PERS A 2 SR ST P OB KRR 19,
et el TSR e SURREY W s T e e o

of poror m ngoeps ceett oty e AP B AR o QB s Rn BT A oy

oresucr e can SRR ERELIRRL SR T AR niE A e 00 g e
perform ng { RERASE U THeRE {HaGahITRE] ARfle! P 1RPBRIABHE KAAACDEURA | kel ¥
nIPOF e nd nol ded. Rl

to be nore u y expan ough a pressure source in the

5 cagg of Ca&ﬁé?BgLBEH%%QEH@BE%ﬁﬁhiZing treatment is not particularly

limted, it is preferable to use an inorganic gas in respect of the

above. ment i g3 ] AR, petarARne fesgALRaABlShALG A emRShRNabular

stability. anples of e I nor gani di oxI de,

nitrogen gas W&%Mﬂ%‘f 3008 6050@,0005 . M¥HIRIHE $asghBadefhgdafmold&ulag! i um
gas, and neon gas, and al t hough the inorganic gas |§ preferably carbon

di oxi de gas éeight id B W@Fglﬁféve%g@@ﬁblé@ﬁfaﬂ@ve[%ﬁdédlaﬂla@é@ bSCHBEB@ikhg
efficiency, theinorganic gas is not Iimted thereto. A though the nethod
for the presswdstireht ey "Bl ddmitation ShreplHtbstiphy! YGPO)t @@d eXanp! es
thereof include a nmethod Tor filling a 15 pressurizéd tank’ with expandabl e
bead90and Suﬂalcxilzﬁ@n%rthien eglannolaadar W@i%hhfbﬂ ek cheomiaesstaih zesihfea
expandabl e beads. [0068] en the expandabl e beads of the present 1nvention
are used, a galidedidiodyr@obiginedf bpanshaprenmntao conimerdialdy shagibian be
al so produced by a known innold form ng nethod, and a wi dth of usable
20appl i cat i ogtarzlaed! polgstiren®6€tie Ealibeatiomlcarve Hs prepansthiye ubamgishar e

nol ded by a deconpression nol ding nethod (for exanple, Japanese Patent

Publ i cation Neak46elz8aEA)weight of the stamalapdipolpétyneiie)i ng dies for innmold
form ng conventional expandabl e beads, fills a nolding die 25cavity with

t he expandab[@0b2hds contbert & fhreepolysityredeatesis phdhe fasessiaterialr resin ésluced
pressure, closes the dies, conpresses the nolding die cavity so that a

vol u@é of t haotpadicwadiyeimated; andsthdaomgersteis dtably adpasted and wsest eaf t er
suppl i es heat nedia such as water vapor into the dies to heat the

expandabl e b&atsa adderbpfl gher fcosipenartieisesgiaind abilesitehdsluandQn phessur e
nol di ng nmet hod (for exanple, Japanese Patent 5 Publication No. 51-22951)
or the lIike which previously subjects expandabl e beads a pressuri zing
treatment using a pressure gas to increase a pressure in the expandabl e
beads to enhance a secondary expandi ng groperty of the expandabl e beads,
fills a nolding die cavity with the expandabl e beads under an atnosphere
pressure or a reduced 10 pressure while maintaining the secondary
expandi ng property, closes dies, and thereafter supplying heat nedia such
as water vapor into the dies to heat the expandabl e beads, thereby heat
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15 nmethod for filling a cavity pressurized to an atnosphere pressure or
greater by a conpressed gas with expandabl e beads pressurized to the
pressure or greater, and thereafter supplying heat nedia such as water .
vapor into the cavity to heat the expandabl e beads, thereby heat fusing the
expandabl e beads (Japanese Patent Publication No. 4-46217). In 20
addition, nolding can be also perfornmed by a pressureless filling nolding
met hod (Japanese Patent Publication No. 6-49795) which fills_a cavity of a
pai r of nol diotgerdhasdwat eontgpied b pelyekenylone sithew resineeontayput i the
condition and having a_high secondary expandi ng power under an_ atnosphere
pressure or ®apedualesiabresiaiseprederablin equatl t@ or grsptar efglaQS‘lﬁ%t byg8ass, such
as wat er vapor to heat {he expandabl e beads, .t hereby heat fusing the
expandabl e h&adsmose paefeé@hladew épr@agtﬁyate;rotfh@mnﬁﬁ‘%: by ieash vy Eespest Odned
met hods (Japagpese Patent Publication No. 6-22919). [0071] Although the
expandi ng ma ¢€%E¢€%PQﬂi t he nol ded body using the expandabl e beads of

e oS8 1SR SR S S o o R o
cxcel  ent 11 SWENFEAAHABREp el dantgatq fhecPysh wRTaesthi ned whi e miki ng
by heat i ng 1 10RRS) EEPBse oue iR nraERPody RGenan BapRhEuilany
heat resista SHEHTLARBY HREEYG: 2 RER oPI*Oc KAHEE f sP¢qbal to
RN L L#%d%%@%@@%sﬁfpﬁgHﬁmﬁ%@ﬁ%ﬁ@ﬁgﬁe9“def
Smer. oo AFCABEAR", St FEBTMUIR ALhC SRRAY SRR 1
preferably e%ﬁ%ﬁ% g?oorfpgie;grgéé{{gﬁ nL%rﬂ dg@%’ﬁgaggﬁﬁgrlfg&%rd gf %r@gFée@%@h#% or
Than 60C. 't hE PN gt S TR TART by Rl R P s R R oA R for B 881 1

by usi gt ho B R P o e o RS TRy b ! e

chargeteri Stiaﬁﬁmérlrff BRigI§de. body can be used for nenmbers used under a
hi gh-tenperature e vPronrrent and requiring flame retardancy and insul ation

properti es, IGGB‘SP%I% Bhd GbEPERRESt GREU %Pa&ﬁ@?éta&éﬂﬁsiﬁb]ﬁ’é@eﬁ €héhe

nol ded body can be used also for fine and conplicated nenbers requiring not

5 only flanenpatiRdldgeaibdied Rame REMIRAE Yrdth e ERHPYint BEhvironment,
hi gh-t enperature environnent, such as personal conputers and QA equi pnent,

and si mul t angadsimofat j;ﬁfb%l itadt phedpledicus. diiie sibicead Boadydi flamey
useful . Exanples 10[ 0075] Next, the present invention will be specifically

descri bed by rg@ydaits cthrnhes retddaamaict ivetceaerites. However, the present
i nvention should not be construed to be |limted to the foll ow ng exanpl es.

[007@0 Eval ufi0d6] et flede useddant x@ipirgaga hoarsatarv e Ishdsphophies wil |
be descri bed@?at e]r. (1) Density Afte;g gﬁﬁght W(g) (1)If5han expanded
body (expandabhgpheaticaanteaused died tirdphosphoremss based HAamel wemrdaficc) was
measured by a submergence nethod, and a value WN (g/cc) obtained by

di vi di ng t he B3meplght obh phobphomiusnmolade dedli plospiordens Bxampley &k plandi ng
Magni fi cation After a weight W(g) of an expanded body (expandabl e
beads and a phodphohsdgdpmpeeinde asctlude, a phosphate ¥steec pndas phesphazendy a
subnergence nethod, and a value V/ W (cc/g) obtained by dividing the

25vol une by thepminghgraws havingedaxd ef aephasphorguseajoint andtd artrogen

25 atom in a main chain. Examples of the phosphate ester include

trimethylphosphate, triethylphosphate, tripropylphosphate,

14




(3) Cosed Cell Ratio A true volunme (Vx) of expandabl e beads

havi ng a known expandi ng magnification (cc/g) was neasured using an air
conpari son type gravi neter nmanufactured by Becknmann AQ and a cl osed cell
ratio: S (% was calculated by the follow ng formula. 5[ Mat hemati cal
formula 1] -Wip x1 00 ( Va -p Vx: true volunme of expandabl e beads (cnB)
Va: vol une of expandabl e beads (expandi ng magnificati onxweight) (cm 10W
wei ght (g) of expandabl e beads p: density of base material resin of
expandabl e béabstylphashaté ) Resimqwntﬂ@impha@t,i on of tAhgxpiphiosphate,

Hydr ocar bon Based Gas A proper quantity of a sanple of expandabl e
beads was ch#tigedohaxplphdsphates pacdriphenyéphosphaleys hggl@ﬁsﬁ]ﬁ)hé?spbﬁﬁﬁerat ure
equal to or 15 higher than a sanple softening point for about 1 hour. Then,
a gas in thethsuénypplresphate e was quantified witéregutdiphenyiphegphaiey (cC
14B manuf act ured by Shi madzu Corporation). Helium (He) s, used aﬁ a career
gas, and was dieresylpheaylphosphatmst ant f1 ow node ( h ﬂiW]/P%QSP. atg,

|t edoed tomshyidlbutidphanbias hel o at 50 to’ 1508hyKHproRYIRioSDRARas
i phat ¢y bogeaRTORFTYASIES abesH e ruid GRsaisineibiscipbaiBasahaGhsi on
Concent rat 1 ofCEBAVTGY PRDER) PBhATPELNES oliFBort s NRHOEAIKEFS: 86 by
s, 1S, W B SR e ool
05, ULt anBaMROWScars BlspcCaTaiE o dBeS oS oo, AL g
L RS o A TP L
or oduct . it S5pekbt AL lefE, SORGRE. el Raly e SRR, ana
Speci mons. wePESHEEGT m ned as V-0, V-1, V-3, and nohcont o mance. accordi ng €0

burn behavi ok I - ci mens whi ch do not correspond to the
fol | ow ngs méggsEﬁigﬁépﬂégﬁqéﬁéhﬁggﬁonfornance. V-0: Flane burn
durations in both the first and second flame contacts: within 10 seconds;
the total of khe second fk@@ﬁéburn duration and f|@¥e) ess burn time. wthin

30 seconds; t ot a | of | &fe nti es of _t/he five test specinmens:
within 50 sed i L tehepb3i tion of the fixing
u

cl anp; and no tton lj gni Y =Py a r i ng obj ect. V-1:
FIl ame burn durationSQn both th i+t andysecond fl ame contacts: within 30
seconds; the total ofwthe second fla bura.durati on and fl anel ess burn
time: within 60 sec; the total of thelfl/ me burn 25tines of the five
test specinens: wth 250 seconds; no sanpke burning
(Qz)nz (Q3)n3 (2)
15 Herein, in the formula (2), Q' to Q® each independently

represent hydrogen, halogen, an alkyl group, an alkoxy group, and a
phenyl group. Hydrogen or a methyl group is preferable in Q' to Q* in
the formula (2). Hydrogen is preferable in Q° and Q° in the formula
(2), and a methyl group is preferable in Q" and Q®. m in the formula
20 (2) is an integer equal to or greater than 1. The phosphate ester

compound may be a mixture of m-mers. nl to n4 in the formula (2)

15



to the position of the fixing clanp; and no cotton ignition caused by a
burn falling object. V-2: Flanme burn durations in both the first and
second flame contacts: within 30 seconds; the total of the second flane
burn duration and flamel ess burn time: within 60 seconds; the total of the
flame burn 5 times of the five test specinens: within 250 seconds; no
sanple burning to the position of the fixing clanp; and cotton ignition
caused by a burn falling object. x: nonconfornmance (2% Rat e of Di nmensi onal
Change by He&achgindependentlpodipresaninaniintagey af tleto nbl dnfigaidoi@edch
products) were tested according to dinmensional stability evaluation/B
met hod of JI Shdeperarsletenrasend an indegerodt Hitednsi onal change by heating. An
eval uation t rature was set. to 100C._ (7) Ml ding Processability 15Fl at
pl ate ol di .@555 8%(564%% ogmelymotganosiexanespean drenvgedfos #hel silisgneachi ne
K- 68 manufactured by Kurz. A cgse of obtaining a plate-like sanple having a
surface havi ﬁhﬁsﬁ vdiamgnd EAM0ARL-f i r ni EX¥amplesex indathice bEBEYONAS Mef i ned
e having a surface hayving voids or

0, d f obtaj ni I
boi ng 5 Ecagaﬁq%iﬁaﬁrm" tﬁsﬁﬁ'ag%s dnaftids BloRyPEganasi loxanges sacheas deneted as x.
8) Defl ti T Und HDT Mol d duct s  havi
Sampl e i e SHOXEND A Pheny ethy] o anewans prEAmRAL SLREHIEHalD 231 S0
K7191 fl at-w hod,..and t t flecti f.0.34
feached i o PRIKPEREINT o SIERIS AR Pl BlERyBRFIA - FHIoHRa0CoRRINGT abY ond of
0.45 MP lied.wit i - ful i st t to 64
eval uat Zdwgz p%#_e%@t‘é“g&l}g?%ﬁ? g??ﬁ?]&%r?zgl‘eﬁ'eg 'Ceﬁiggpgf%érgénﬁ‘? fe size
f dabl . t ai foll . maj or. i d i i
of each or t MAANaE LbkRiEd e Bt but i B i 1S S pBr A ope
hot h of th hl e beads, d . | f th i i
P e h nory EUSRSBHI aboR, BAFefY) BGHE ety ticase tab the 'S
dable b - i icle di t f t.he fi to t

exbandabi ¢ boLaRnondISsABENEE BN LR ORIRRRL E ety BEMTEna dostdbiptihe "
th f 10 defii il i ) 77 le 1
505 by mass o EUhRErdii @ REELD LR ©\ & BaaiE iRl e R on) e
a pol yphenyl Sﬁ;gt Qﬁr | 'M}?Eéndlgooﬁl?%rgﬂa O%S‘Bj SpRg Oz%s a_termina
A- bi s(di phen%?p 'sphat e)” ( ’as’ a non- oggn Sasad 1 afe Ferar ant,
10% b i - i i i: % b
mmes of oy ubonding IREGh: | SHepedbf Biflothiel HESCAISR RakdCAAN UM "L,
b , d % : AL P, K
ounera” par paad bptol Sl eondy Bith nTARGIRILHECS QimiloriE RS orn, - dea.
and t hen ext hgﬂﬁgd&yf@f;@n,eﬁd g(iiﬁqllelg_thﬁ dg{rpgéjﬁge@ase material resin pellets.

After the base material resin‘pellets were put I n a pressure-resistant

cont ai ner acm@'zgqﬁe@emsebe%e@wé&eﬁaiﬂe FetarRlts hnd'fl BaReNe tent
4- ed by

Lai d- Open No. 2630, arid a gas in the container was replac y air,

carbon di oxi dax{lgag)agess WhHiek tREel Bl ésndshtRRARMKAOWRYTBF exafpléne base
material resin 25pellets were inpregnated with 7% by wei ght of carbon

?ie(r)rg ie (rj 2 t L(r)re gybbbl rtropear cerepduhtoasdoéxanplesteréoPindude M oafsbidnd

20 having a triazine skeleton such as melamine, ammelide, ammeline,
benzoguanamine, succinoguanamine, melamine cyanurate, melam,
melem, meton, and melon, a sulfate thereof, an alkali metal hydroxide
or an alkali earth metal hydroxide such as magnesium hydroxide and
aluminium hydroxide containing crystal water, a zinc borate compound,

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

also the combined plurality of compounds may be contained.
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11C. 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 expandi ng magnification and closed cell ratio of the obtained
expandabl e beads are shown in Table 1. Although a residual 5 concentration
of an aliphatic hydrocarbon gas of the expandabl e beads was neasured

i medi ately after expanding, the residual concentration was equal to or

| ess than the detection limt (50 ppm). A pressure of the expandabl e beads
was i ncr easef0@40]oAs rapberocempbrientiris mote piveferablyd cantained Npatteobage hour s
to performa pressurizing treatnent. After 10 an inmold form ng netal nold
havi ng wat er medpoal xesin & vespect pf saiprpvement i ap exgapdngprepertand t he
expandabl e beads were heated by pressurized water vapor to expand and fuse
t he expandabl@babxampies efthadabber sempongtcinchude, ¢ ag, nahimigesk out
fromthe form ng netal npld. The neasured resjdual ¢ ncentratiogeoL t he
aliphatic 1®.hputasigneonseprenss ank hirpeagdies@uct Lhese eaisalPredetably ess
than the detection Jimt (50 .ppm. The nol ded product had flane retardancy
of V-8, and bﬁﬂ’egﬁ%{j ifedt pastrle: dREm (Mall €Onfinuoys7ghasemagee of] the

Eval uati on was, perforned,in the sa ner .as in Exanple 1 20 except that
an expandi ngPabshyEenetesih wAs 2HEA %81% S¢ o CEPRNPRiE f1 ane

retardancy and heat resistance re exhibited as,jn Ex le 1 (Table 1).
[0070] T B anBite Brapar Soponents thensaiyes B30 e Hsesh ik B Sheh Rt s e
manner as in _Exanpl.e 251 except th conposi ti gns. of co nents_or

expandi ng madHT FR e e ASTAER AL @ SETeRG RS, FaPR Y Tae AP a
ratio of a polyphenyl.ene ether resin s 45% by S, exc ent flame

ot ardancy aFBaE TS SRBonERes Al rolee ar I AREeaRb el e Rtk o 2.
Even en the rat{Q of .t he pol yphenyl ene et her resin i hcr ed.to 60%
by rblle"per S (R i B OBRAnRRE Shole calfiariERy B RARRYIPE ) o
5mai nt ai ni ngecan _excel | ent expandi ng property (Exanple 4). [0080] [Exanple
5] Evafmlilgn was perfornmed in the same manner as in Exanple 1 except
that a rubbekogqgg:( %f@pl on of MPS was changed to 15% by nmass and

conposi tions of oﬁg r]r ts or expandi ng magnifications 10 were changed as
shown in Tab e : 0S4l b QhgA

i ncreased tobgoo bﬁ%ﬁ@%@ﬁ%&@@p%@%%b&%&% %@Lﬁlgnge appl(:%ga%vi t hout

i npai ring heai <& sistance. [0081] [Exanples 6 to 14] Eval uations were
performed in ahe sanme manner as in Exanple 15 1 except that a flane

of L1155 v RRacondt ot Tybprr ARYReNRER S Bard Hiderial Fothy B BRREESN L | O
expandi ng maIAIICH RMERYR"® MAADBYeaneAlioNEd| fbERP! Gorhpofibhtspaither mances

of flame ret y, an expandi ng property, an eat resiStance were not

reduced al sog [¥&t5d %%irﬁ”RHnéﬁtj@Eid%ni,' aMehLsMisiEREr ( EX AR @mtS.q 7, and
13) to be added, an expandi Aig magnification (Exanple 8), an anount of a

rubber CO”DOP@heﬁEé ecﬁ“%aﬁfé}agﬁity iﬂggo@ef,adﬂ Qnﬁ@taﬁc@ehl@,hﬁﬂi/ﬁ@ﬁ@t et her
resin (Exanpl €5 10 and I1). No probl @m was caused in various perfornances
even when usidrgstBREE niodigidll Aallagnbedd, anl BdreEsRAlRr,28dd hucldi@8gent$xanpl e
15] Eval uati on was perfor med in the same manner as in anple 1
excepDd that gudhvbangloasyubedddedasy Rnpaasihg odjesitof therlpamtiin tanbon
di oxi de, and conpositions of conponents or expandi ng magnifications were
changed as sHewmiorateflabl e 1. However, a residual concentration 5 of an
al i phati c hydrocarbon gas was neasured after agi ng expandabl e beads at 80C
for six nont[EO4]t EheemgaﬂdmlgLe drehdas of nthsuptesenibeimesitibial aiconmest rati on
was 800 ppm Although a burn tinme of Exanple 15 was |onger than those of
the ot her exprgfersblwlvempresd thorbasenevatialatdsan indludinptitegobphenyiémy t he
expandabl e beads 10 was carried out, Exanple 15 had excellent flane
retardancy sethiesfresing theepslyatytend miin/-the Beanpiretatdamty Hirlel tlesl rekbet | ent
heat resistance as in the other exanples (Table 1).

25 component. The expandablengeads preferably comprises 40 to 94% by

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

17



[ 0083] [ Exanple 16] Evaluation was performed in the same manner as in
Exanple 1 15 except that 85% by mass of FPR3000 (manufactured by M tsubi shi
Engi neeri ng- Pl astics Corporation) as a polycarbonate resin (PC), and 15% by
mass of bi sphenol A-bis(di phenyl phosphate) (BBP) as a non-hal ogen based
flame retardant were used. All performances of flane retardancy, an
expandi ng property, and heat resistance were not 20reduced even when using
t he pol ycarbonate resin for a base material resin (Table 1). [0084]

[ Exanpl e 17] retardantF0:3 dat 1% baismass fofr thedrabbemeompanerbnied the fest
Exanpl e 16 except that MB3800 (manufactured by M fsubishi . .

Engi neer i ng- being the pobeiyraneatesin) andbe wontents ohthesompenssnade thisin
(PC/ ABS). Excellent flanme retardancy and heat resistance were exhibited as
in Exanple ¢&qTable 1). [0085] [Conparative Exanples 1 to 5]

comon /SIS IRRIS ottty Tl ol o -
o8 Gopypredoe s Wlorposriron ke Tttt SGelbinphisie:
was al so rentGREGANEY: rﬁaéﬁgaﬂft%%ﬁg%gaﬂﬂpén%ﬂﬁﬁ?ﬁ??.pﬁ%’?ﬁ@“ﬁ%rﬂ"}lﬁ%, ann
cated by hoBITHPECNT GRRABAOLE el ofy oqemaHeh At S5 paBPERAF BLThaci ng
eval Uat 1 on vaBORER ST HGME eOfpE AT i T aby BRI SR hiseiny
e B B
body?@as not 1Hik Qpﬁ&ﬁﬁ? %%Eﬁgi?g‘f mﬁeﬁgﬁb@ﬁgﬁgglkﬁg@éﬁér&Saglbael?lgggﬁ&%%t was
el ongat 1 on ofias EefRdany T, A08RIT G R SRR TEOL Plch et Y 21
{Compar at 1 ve esling i¥tErdbly Gt @°0r GRRE o 07 Binfass)in GUIECLe . same
e 55 1 RO AR AR o 40 ydgno per 00 unt1 | ros) dua

expandi ng wgg@&g@@ﬁﬂthé Behdr AL AVhER U6E ROhRLT B Isa%ygbhmaié éther

hydr ocar bon asured after dging at alf* a ar”after

expangi ng V"afeéliﬁlzlg g@ﬁer%élg%% W fildis 5 tERipRPattiré irBquired ToP Pryesssast

gener at ed when retardancy of’ a nol de ody using the expandabl e beads

was eval uat edycf ha??ar@gb%g%iﬁgogﬁd%%l@ingomﬁ? éﬁ}%&')d’l‘ytihﬁﬁbasédg wieighi A6P@RdY i bl e

with the V 5 stan arative ex Simlarly, when an agi ng

tenperature YR&eA0G andiRn 8t "BuPelé® dratirdshspecibnedgiprhdie, r Sy
concentration of the aliphatic hydrocarbon gas was 15380 ppm and when

flame ret ar dapq¥ingfinaci@Algnddacdditgt using the beads was carried out, a
sanpl e burned out™with flane. Heat "di nensional 10stability of the nol ded
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conposi tions of conponents shown in Table 2. Although flane

to 85% by mass. An expanding temperature and a molding

temperature are further lowered while heat resistance is maintained 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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15 retardancy and heat resistance were good when a pol yphenyl ene et her
resin S20 | A (manufactured by Asahi Kasei Chem cals Corporation) was used
as the unexpanded resin, weight reduction was not achieved, and the resin
was hard, which conplicated nolding of the resin into a fine and
conplicated shape (conparative exanple 8). Al though flame 20 retardancy and
heat resistance were good al so when a pol ycarbonate resin MB3800
(manufactured by M tsubishi Engineering-Plastics Corporation) was used,
wei ght reductiSodqualstner graatey den H% byemass, desined Hlame mhadancy is
conplicated nplding of the resin into a fine and conplicated shape
(conpar at i ve likeligoebeexhiriiegossPnthe momtraryy whendie! content Bvedquattocwr was
performed in the sane mRnner as in Exanple 17 _except that a sanple size of
300 gm x 150 lgHs {harsg0vmbyemass.on péasticizatiemeflect of ithe biase aoateosil resins of
conmponents shown in Table 2. Al tg{)ﬁu%h an expanded sanple having a film
shape was expadBederately,gaisgdrty ams Fatardant endthensby heatiragistance
conplicated shape with the hHsanpl e, ang‘gilt was i npossible to npld the
sanpl &into ASAMFEOHAG c%ﬁ‘ﬁt CFRIIE, angprngatiqnal isepsity okthe resin duringz
91.0 P.! IL - -lé.O BT J1311 LILA - ! \ .
exp%n ing 1s improved to increaSe an expanding magnification, and the
closed cell ratio of the expandable beads is improved to cause excellent
molding processability to the molded body. Thus, it is very important
to adjust a balance between flame retardancy and an expanding
10 property.
[0048] A content of the rubber component in the base material resin is
preferably 0.3 to 10% by mass, more preferably 0.5 to 8% by mass, and
still more preferably 1 to 5% by mass. When the content is equal to or
greater than 0.3% by mass, desired flame retardancy is likely to be
15 exhibited. Furthermore, when the content is equal to or greater than
0.5% by mass, the resin has excellent flexibility and elongation, and an
expanding cell membrane is unlikely to be broken during expanding,
which increases an expanding magnification and produces the
expandable beads having excellent molding processability after
20 expanding. Although a greater amount of polyphenylene ether resin
and flame retardant are preferably added when importance is 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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increasing a temperature from room temperature to expand a resin in a
non-molten state, and is greatly different from extrusion expanding in
which a resin of a molten state is expanded. A bead expanded product
which can be molded by filling a desired metal mold with the bead
expanded product is more advantageous than an extrusion expanded
product extruded in a flat plate form in respect of a degree of freedom of
a shape of a molded product, and the expandable beads very
advantageously achieve both flame retardancy and high expanding.
[0049] On the other hand, when the content of the rubber component is
equal to or less than 10% by mass, desired flame retardancy is likely to
be exhibited. Furthermore, the content is equal to or less than 8% by
mass, sufficient heat resistance is obtained. A shape of a rubber
particle is not particularly limited, and a so-called salami structure may
be formed, in which a plurality of polystyrene resin fine particles are
contained in a particle having an outer shell containing a rubber
component. A so-called core shell structure may be formed, in which a
singular styrene resin fine particle is contained in a particle having an
outer shell containing a rubber component. Although a rubber particle
diameter of the rubber component is not particularly limited, the rubber
particle diameter is preferably 0.5 to 5.0 pm in the case of the salami
structure and 0.1 to 1.0 um in the case of the core shell structure. In
these ranges, a more excellent expanding property is likely to be
exhibited.

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

content.
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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
5 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
10 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")
15 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
20 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
25 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 as 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 is 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.

[0058] The expanding agent is not particularly limited, and gases
generally used can be used. Examples thereof include inorganic gases
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 (RI12),
chlorodifluoromethane  (R22), tetrachlorodifluoroethane  (R112),
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dichlorofluoroethane ~ (R141b),  chlorodifluoroethane  (R142b),
difluoroethane (R152a), HFC-245fa, HFC-236ea, HF(C-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-propy! 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 product is 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 method for opening the base material resin to a
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 introducing the pressurized water vapor from numerous

25

EL 1091 vi 9 & W 01 oolz 176 .pmO 11
8



8 09 VI

09 Pi

10

15

20

25

91

91 01 6 | gl LOOIt g6 091 900 .pmO-A A6 Z8
01

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 is 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] 1t 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
is kept closed for filling of the pressurized beads, and a compression
cracking method for performing cracking after filling of compressed
beads.

[0067] Tt 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
5 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,
nitrogen gas, oxygen gas, ammonia gas, hydrogen gas, argon gas,
10 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
15 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
20 application is enlarged.
[0069] 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
25 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 fills
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,
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
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
less than 10%, the molded 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
molded body is not particularly limited, the deflection temperature is
preferably equal to or greater than 60°C, and more preferably equal to
or greater than 70°C. When the deflection temperature is equal to or
greater than 60°C, the molded body has excellent heat resistance, and
the same effect as the above is obtained.

[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) Expanding 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

0-A
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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.

5 [Mathematical formula 1]
Vy — W, »

S= - X160 (%)
Va — W,/ »

Vx: true volume of expandable beads (cm?)
Va: volume of expandable beads (expanding magnificationxweight)
Cuy
10 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
15 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 (Porapak(Q), 80/100 mesh, 3.2
20 mm¢ x 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

25 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-1: 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 x 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 inter-fulcrum distance set to 64 mm was evaluated as

34



10

15

20

25

| 6 |Iss SI I 11 I P3P undxaiml | I I Pap undxoun C

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 Example 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
1. Excellent flame retardancy and heat resistance were exhibited as in
Example 1 (Table 1).

[0079] [Examples 3 to 4]

Evaluations 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
5 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

10 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

15 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

20 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 (Examples 9 and 12), and a ratio of a polyphenylene ether
resin (Examples 10 and 11). No problem was caused in various
performances even when using BBP in combination with TPP (Example

25 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
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
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
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
reduced even when using the polycarbonate resin for a base material
resin (Table 1).

[0084] [Example 17]

Evaluation was performed in the same manner as in Example 16
except that MB3800 (manufactured by Mitsubishi Engineering-Plastics
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
1 with compositions of components or expanding magnifications shown
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
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
(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,
and thereby a good molded product was not obtained (comparative
example 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
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-Plastics
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
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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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[ 0091] The expandabl e beads of the present invention and the nol ded body
obt ai ned usi ng the expandabl e beads nmintain high flame retardancy
si mul taneously with weight reduction, and is particularly 5suitable as
aut onobi | e nenbers and constructional materials for QA equipnent. CLAIM
1. Expandabl e beads having an average particle size of 0.5 to 10 mm a
density of 0.033 to 0.80 g/cc, and

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 OA

equipment.
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5fl ame retardancy of V-0 or V-1 as neasured according to the UL-94 verti cal
test (20 mmvertical burn test) in the UL standards. 2. The expandabl e
beads according to claim1l, wherein a residual concentration of an

al i phatic hydrocarbon gas is equal to or less than 1000 ppm by vol une.

103. The expandabl e beads according to claim1l or 2, wherein the expandabl e
beads conprises a base material resin conprising a polyphenyl ene et her
resin or a polycarbonate resin, and a flane retardant. 4. The expandabl e
beads according to any one of clains CLtAIMS 15wherein the expandabl e beads
conprises a base material resin conprising a pol yphenyl ene ether resin and
a flanme retaddant. E&P@ﬁébb(b%dfalbﬂl@ngeads according to claim3 or 4,
wherein the base nmaterial resin further conprises a polystyrene resin. 6.
The expandabPB 3y§zage padulgisike 0b0antp bAeNBY, clains 3 to 5, 20wherein the
base material resin further conprises a, rubber conponent. 7. The expandabl e
beads accor d@ QSHW#%@S t@fo-gBﬂlﬁ% ad o 6, wherein the base materi al

it R AL T T
i B e
(5 apoh e B9 DA SRR Ry T, SEBRT SR BRI
et e R0 PSS, SRR R S A © o

conpri si ng: an.inmpregnating step of holding a base material resin
conpri sing 46098@4%Wﬂﬁgge'of a pol yphenyl ene ether resin, 5 to 20% by

TEE B bt 35 b A I 5B O R
navi 00 & Y OISRESOSHES SAGALe Bhis e ShhlAeR U ULl il s oo

heating the i al I DL gpa | r . di 9xjrd rm
expandabl e bgggﬁ?]{%ﬁ@éq‘gaeﬂrir%?d?en%ﬁgp gpgob(a&cﬁrpﬁrég‘% ggéﬁinl’ egﬁ&rimﬁditﬁn%ﬁ%i e
with the exp%‘}gﬁgﬁ beads and reheating the expandabl e beads to obtain a
nol ded body. e production nethod for a nol ded body according to claim

11, further gonpri giyag ' ZJ 30 : r Lz : Ogxpandabl e
beads under g'h i no?&gnlegp%gcgd%g?n%%gﬁe%e g%l%g?] ﬁg%ﬁb bI@Idifis & b8
15 wherein the expandable beads comprises a base material resin
comprising a polyphenylene ether resin and a flame retardant.
5. The expandable beads according to claim 3 or 4, wherein the

base material resin further comprises a polystyrene resin.

6. The expandable beads according to any one of claims 3 to 5,
20 wherein the base material resin further comprises a rubber component.
7. The expandable beads according to any one of claims 3 to 6,

wherein the base material resin comprises 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
25 polystyrene resin.

8. The expandable beads according to any one of claims 3 to 7,
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wherein the flame retardant is a non-halogen based flame retardant.
9. The expandable beads according to any one of claims 1 to 8,
wherein a closed cell ratio is equal to or greater than 50%.
10. A molded body using expandable beads according to any one of
claims 1 to 9.
11. A production method for a molded body comprising;:

an impregnating step of holding a base material resin comprising
40 to 94% by mass of a polyphenylene ether resin, 5 to 20% by mass of
a flame retardant, 0.3 to 10% by mass of a rubber component, and the
rest being a polystyrene resin under a carbon dioxide atmosphere having
a high-pressure state of less than a critical pressure to impregnate the
base material resin with carbon dioxide;

an expanding step of heating the base material resin impregnated
with carbon dioxide 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
molded body.
12 The production method for a molded body according to claim
11, further comprising a pressurizing step of pressurizing the
expandable beads under an inorganic gas atmosphere between the

expanding step and the molding-expanding step.
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