I 1 FLAME RETARDANT EXPANDABLE POLYSTYRENE BEADS FlI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to flame retardant
expandabl e pol ystyrene beads. Mire specifically, the present
invention relates to flane retardantngxpandable pol ystyrene beads
usi ng tetrabronocycl ooctane as a fla retardant. BACKGROUND OF THE

| NVENTI ON 100021 Expandabl e pol ystyrene beads have been used for a

w de range of use applications such as in the fields of agricultural
and fishing, home electronics, architectural and civil engineering
and the like. Particularly, polystyrene expansion nolded articles
used as heat-insulating materials for walls or floors in the
architectural field have been highly required to have excel |l ent

heat -i nsul ati on property fromthe aspect of energy conservation and
further demanded £pf 2 G N o , 3 wrik Production
met hod of the aboveE—ExRpahtan 7 e beats, —a et of addi ng
a flane retardant together with a styrene nononmer during
pol yneri zat FIBLD OF THEINVENTIGNIdi ng a flane retardant to pol ystyrene
resin particles when inpregnated with a bl owi ng agent and the |ike

have been e ed., As the. nethod .of the fornmer, .ther re the

ot hods des BHOLG" The Beseit 8 gadter kot elRitan sRtiniobl g 15 p
2002- 194130 ( Pat enolybysersstiad®) Merd spacifidatly, i frestnpinveition relateerto
there is the nmethod described in JP 2007-246606, (Patent docunent 3),

[ Patent document 1famesstardant exnandakie pefyshrenabeddsdisibgdt ent Appl i cati on
No. 2003-335891 [R@ﬁgf%mg%rcmﬁe 84 a daRan&a@ahtubl i shed Unexam ned

Pat ent Application No. 2002-194130 [ Patent docunent 3] Japaneie

Publ i shed Unexam ned Patent Application No. 2007-246606 DI SCLOSURE OF
| NVENTI ON PROBLEMS TO BE SOLVED BY | NVENTI ON [ 0004] In the fornmer

nmet hods, hexabr onocycl ododecane (HBCD) nainly has been used as a

flame retar gaRKGRHIGD OHTIKE INVENTIONTBE eri al of concern about

bi oaccunul atTon, has DEen expecte oelimnate its use. In the

| atter nethod, tetrabronmocycl ooctane (TBCO nmainly has been used, but
there has blP92kycExpandabispelystyrang beadebaye Qﬂ"d@R@gor\ﬁW'ﬂe@&Bﬁo ther to

becorme |ike a | ummsdenghdkis Qichas i hE felbd opég%ﬁlfd{ﬁtaha'ﬁslﬁh%gﬁklﬁh an
el ementary substance of TBCOis in powder form Because TACO becones

like a lunp, the felegtionicatasehitastural ancheivil engineering gndthe fikg.sed, and as a

rasin particlos arPloEl ISR beutuanRols) pRERE ledPar Pl " O n

particl es absorbs heal-msglatirgmatetialefor walls 6 flanes in étecarchitectural fieldddi t i on,
since the flane retardant becomes |ike a_ 3 | herg ha en al so
o Drebl om of bad. riatateRY noff e jo R exchipi et b Thfor Bted

from the aspect of energy conservation and further demanded for

flame retardant property.

[0003] As a production method of the above expandable polystyrene beads, a
method of adding a flame retardant together with a styrene monomer
during polymerization, a method of adding a flame retardant to
polystyrene resin particles when impregnated with a blowing agent and
the like have been employed. As the method of the former, there are
the methods described in JP 2003-335891 (Patent document 1) and



[ 0006] The object of the present invention is to provide flane
retardant expandabl e pol ystyrene beads which, even though
tetrabronocycl ooctane (TBCO) in powder formis used as a flane
retardant, TBCO can be prevented fronmpnon-uniform absorption into
resin particles and also inhibited frombeconmng |ike a |unp, thereby
havi ng good handling property in the production process. MEANS TO
SOLVE THE PROBLEM [ 0006] I nventors of the present invention found it
possi bl e to provi de expandabl e pol ystyrene beads which, by using a
certain amount of a flane retardant having no bi oaccumul ati on and
good handl i ng proper in the rodgction Erocess have eﬁcellent heat

fusion property ofdf é&{% -194130 {Fptent dacuseent ©) anekas tbe ne iten 5
an expansi on nol dgﬁe%ﬁ&\rﬁel eth@d’ﬂé&rr@é@ﬁ'df@ﬂb? h&e0® (Peledt dedmencan be

obt ai ned, and rea to the 1 nvention The pr esent invention
is directed to flade retardant expandabl e pol ystyrene beads, wherein
pol ystyrene resin particles dispersed in an agueous suspension are

i mpregnated with | ooct ane
di spersed by sili ggﬁ%‘ﬁ@&é&n{mhﬁﬂ?agﬁe@égﬁgﬁsh (?JP ?‘%Mr@ﬁ%fggt%gttcr on of the
pol ystyrene resin AppplmatMneNn 209R3IIH8BIN owi ng agent and the flane

r et ar dant expandabl e polystyrene beads are taken out fromthe aqueous

suspensi on. ; octane is
added in an armunt fé%‘&é@ﬂeﬁ?@%ﬂa ??uk@&ﬂeﬁ@&éﬁﬁﬁé@ﬁ? H)ve to 100
parts by wei ght oprmreamINmﬂgﬂbm@mGsi n and the flame retardant
contains 0.3 to 1.5 parts by weight of the silica fine powders

relative to 98.5 t

t et r abr onocycl ooct@ﬁgﬁ%l ﬁ@aﬁ?q}ﬁép‘?‘o@égﬁpﬁmﬁ&gﬂ? mclaqugﬁeso directed
to a net hod of prodpplicatpnfNea@e07-246806ant expandabl e pol ystyrene beads
conprising steps of inpregnating polystyrene resin particles

di spersed in an aqueous suspension with 0.45 to 2.0 parts by wei ght
of a powdery flanme retardant of tetrabronocycl ooctane di spersed by
silica fine povvders bef ore or during inpregnation of the polystyrene
resin parti ASG gHE 4 pNiOMgent and taking out the flane

r et ar dant expandabl e poI ystyrene beads fromthe aqueous suspension.

It is chara ane retardant contains 0.3
to 1.5 partﬁh SRS JE5 BRINVERLION powders relative to 98.5 to
99.7 parts by weight of the tetrabronocycl ooct ane. EFFECT OF

| NVENTI ON [ {i009] As thibbomertmethedsohexabamocytlodadecanedHBLRY) matpybaiabl e

| yst beads ,of t ‘ i ‘ t hat
Y ame rotardant feenify 85 ARGREGUER,' PRCE BpERRARIBRARS. . one
ticl As the dd abettcbiskmotmulatidni, has lid toelimirmtaitdled t
et r abr ombcycl ooct aﬁzm%agagldi ng Lhe Q.‘rﬁ;f?f“’ém‘gf‘“m e
dispersibility of {¥fe {dh¢ ?Uﬂg@ & BW%{H%CVP@O&@’E% g@j“‘r"ﬁi&%ﬁled
5 Therefore, flamebgeptidedat themmmebheum pbierehet TRCO & ieokedg very

ood handlin roperty in nanufactur capabl of unifornm
g 9 Pron with gach other to become li eglum epenglng on a state of y

preservation aithough an elementary substance of TBCQO is in powder
form. Because TBCO becomes like a lump, the flame retardant is
non-uniformly dispersed, and as a result, the powdery flame retardant
is non-uniformly absorbed into resin particles and there has been a
problem that a part of the resin particles absorbs a large amount of the
flame retardant. (n addition, since the flame retardant becomes like a



absorbing a flanme retardant into expandabl e polystyrene resin
particles and havi ng good heat fusion property in the nolding process
can bé provided. [0010] Furthernore, since the tetrabronocycl ooctane
i's_dispersed uniformy and stably by tRe silica fine powders,
secondary aggregation or settling of the tetrabronocycl ooctane does
not occur, nor do problens such as bl ocking a pipe line by the

t et rabronocycl ooctane and the |ike occur. [0011]In addition, since
all of the silica fine powders to be added to the flame retardant
flow out into drainage water in the production process, only flane
retardant is absorbed into the obtained expandabl e pol ystyrene beads.
Then, £l ae. r ot ar AdHEY. BFredian BRRHeRA POt oL R P TbG e e
r et ar dant expandabhﬁomgﬁyﬁ%%bgﬁg beads is never |owered even though
silica fine powders are not absorbed. [0012] Additionally, the

expanded articles are obtained fromflanme retardant expandabl e

pol ystyrene K988k nbe ehinet of the Rtpsentinverion is tapravide flame pptardantang

t her ef ore expandabl o one nol ded
articles having no %?ggaca\??n% I%%r%?ﬁg)ﬁ(sc\gﬁ:cgﬁvﬁﬁ@ggﬁﬁnsul ating
property and fl ane tetcatnemiasyclpoctane @GSN tirapowser faBMAIT usetDE FEMNEARRYI NG
OUT THE | NVENTI ON [ I . VSt yrene
beads of the pr esenr? g@&éﬁ{éﬁgéa@% '{)rg‘s%i)etqﬂfgmnegéggﬂﬁﬁg aﬁ%@ﬁ@#‘h%
produci ng fl ame r etrasidpatticlex paddiad indibjied frarm \peeoraing dledla luogytheirebyng

steps of inpregnating. pol rene resin particles dispersed in an
aqueous suspensi on 'mgi"ﬁ goé&b%@nq Bropery 'Bg'fec%rog‘%%%f’@ﬁgs%f a powdery
flame retardant, tetrabronocycl ooctane before or during inpregnation
of the polystyrene resin particles with a blowing agent.It is
characterized in that the flame retardant contains 0.3 to 1.5 parts
by wei ght of .sili.c3 ' e _Rowde el ative to 98.5 to 99.7 parts by
wei ght of thEe=ctrabrormoeycrooctaie— Here, when the

t et rabronocycl ooctane is added after inpregnation with the bl ow ng

agent, there[00as] basventorpoiihe prasbitatventich fobhdit pestibié irovidd ar dant
expandabl e pol ystyrene ds,are cyred. [.0014] Hereinafter,

erbod! ment s of "¢ ha SYPEARE RVGBTRTEEads WL SYIEBEG SATRGIPULEER | Ao
the polystyrene resiameratatddnt Ravidgnhd ticadiaciafdn inafAdlingQrflity " ene
resin particles prqoduced by the known net hods can_be used. anpl es

of the known net hod® theRrpdistion process) hayg;exgallent hepy fugiog peopartyiohn

pol yneri zation met mi:ﬂgstaegavahﬁ%mle\eawe%w_ b AnRApdrisidnes, Wwhi ch
conprises steps of supplying with an aqueous nedium a styrene
nononer and a pol yreidedartiela hayving exeetient flame relardangysan deobiginedc and yi ng
out suspensi on pol yrg?(ﬂ'ieﬁ%tlﬁq @fnli(!irhe styrene nononer while heating
and stirring inside € au oc?ave; " (2) a seed polynerization nethod

of producing polystyrene resin particles, which conprises steps of
suppl yi ng wi I‘«Woﬁﬁ a%il@d!!@ﬁﬁnh‘@deﬂimMl’ep@ﬂﬁﬂ%%mafdw@xpmdab@l es into

an autocl ave, disp ' I rii . 3
aqueous nedi um foﬁ{oﬁ}\%@% r{%}% Sgﬁﬁ?ﬁﬁé{n’gﬁﬁﬁtﬁ&g&dﬁ @P%h@leﬁgjhgg%rgdw&
continuously or i ntagusods suspénsiontdré enpregratedwitiralpewdary flame retardard t he

autoclave, pol ymer 'o%'teq%bForr]r?o atlaalc?atr?guefsnp%rsed by silica fine powders before or

during impregnation of the polystyrene resin particles with a blowing
agent and the flame retardant expandable polystyrene beads are
taken out from the aqueous suspension. It is characterized in that the

tetrabromocyclooctane is added in an amount of 0.45 to 2.0 parts by



7 seed particles in the presence of a polynerization initiator while
absorbing the styrene nononer; and the like. It is noted that the

pol ystyrene seed particles may be produced by the above (1)
suspensi on pol ynerization nethod and chassified. [0015] Here, exanples
of the polystyrene resin in the present invention include
honopol ynmer (s) of a styrene nononmer such as styrene, a-nethyl

styrene, vinyl toluene, chlorostyrene, ethyl styrene, isopropyl
styrene, dinmethyl styrene, brono styrene or the |ike or copolymner(s)
thereof. [0016] Furthernore, the polystyrene resin may be

copol ynmer(s) of styrene nonomner f. whi.c Ge in_conpanent .is the
above styrene m)nonﬁ?'gtgﬁjﬁ‘a&eﬁgﬂ‘)%m%@gﬁ@g gm@s&fener Sif 3ha .the
copol yneri zation W fidind fatardarit ¥or@aiRs 0816 1B/ parts 7 Welght olthe stiedfing Ny
nononer (s) include al kyl (netha)acryl ates such as net hyl

: C y
(met ha) acryl ate, etfaNdersfelativg @A6)h tt98.7 narts i weight Abthecryl ate, cetyl
(nmet ha) acryl ate an i ha) aciylonitrile, dinethyl naleate,
di et hyl funarate,qgﬁgﬁﬁbF&ﬁﬁﬁggg'e, ethyl fumarate, as well as
di functional nononers such as divinyl benzene, alkylene glycol
di met hacryl a{0908hd Thepresantinvemion 7§ alsydirectedde amstocef aredysingrilameed
using the flane ret aver age
particle dianeter or?{a?ﬁﬁiePﬁ 8%?@?@%@@%@%%&%@ ﬁigﬁ%@&?tsep%pﬁf erably
0.3 to 2.0 m nore preferably 0.6 to 1.4 mmfromthe aspect of
fillability of pre-imregnatig polystyrenk cesiopartiglescdispeysgst in-apagueaison of
the flanme retardant I i Lty.
[ 00183 When the WeisgljI &g@gﬁgﬂa?%@ﬁ%@%&e@@?% B{’)\g‘?@gﬁ%éene resins
B conposed of the pefaydznyofdeteabremocycipactanecdispersen tiyesilica fioé pewgersene i s
smal |, mechani cal i%gen th of flane IEtE danf olﬁst¥reﬁﬁiresin
expansi on nol ded aref¥e BENYROANPEGNalon 9 ﬁﬁavﬁ‘gfef‘ o5t BRRICIER WD Rant
expandabl e pol yst ymiwindas@sand reduced. On the other hand, when the
wei ght average nol ecul ar weight is |arge, expandability of the flane
ret ardant expandabl e .pol ene beads is |lowered and flame retardant
pol ystyrene Iroesi n éﬂﬁ&%eﬁﬁgﬁwwg"@ﬁPmaé’éaﬁg\PPﬁ@‘V%?“ﬁibsﬂdse&% on
rati o possibly coulgusgis fiepéidionl ned. Therefore, the weight average
nol ecul ar wei ght is preferagly 200, 000 to 500,000, nore preferably

240, 000 to 400, 000., [0019], Ex es, of the polynerization.initiator
used in the above éh‘gﬁgﬂé}%ﬁz‘%gﬁ MWP?&WQ@M%#H@&'&?H C “F@"%@é&o

pol yneri zation net hoslphriytysigiitiof eisflic® fifidpdvities ritile BS9SR7I8T
per oxi de, lauryl peroxide, t-butyl peroxybenzoate, t-butyl peroxide,
t-butyl peroxypi valRafte by weight ¢fi the letrabiomesysiagsianecar bonat e, t- butyl
per oxy- 2- et hyl hexyl nonocarbonate, isopropyl carbonate, t-butyl

per oxyacetate, 2,2-bis(t-butyl peroxy)butane, t-butyl peroxy-3, 3, 5
trimethyl hexanoate, di-t-butyl peroxyhexahydro terephthalate and the
i ke, azo COWZObi si sobutyronitrile, azobis dinethyl
valero nitri =2or the like, but are not particularly
limted to these. These nay be used al one or used in conbination of
two or nore [00gF. ADGeRlibeSabohe thélfiane fetatsm eRpdreabliepolystyrdhe

pol ystyrene resin particles are dispersed in an aqueous dium a
reaction sol uti on 282@p ohlhbeprasentiavention are chaclgrizgiindhal g flame

pol yrer | zat | on et hatheint s\ ol UAR b e95a BB, BB AEGrRB Y hEicks et

Or an agqueous suspensi on nay or me par at | ystyrene
resin particl es obtAs thedatg retardahie siicssfirerpeiwdearspoé gadad taat | on net hod

or the seed pol yner,ization t hod frpoma. reaction. sol utiaon, and
suspendi ng t hese pJP@&rwgng’PE@F% ﬁr%‘jﬁ@gg@ ?'fﬁfagwezi’ﬁwgﬁr&sthﬁedi um
prepared separ at el ydisgersibifity 60the tetiabiim @@ iOfenidiabbitpadiededi um
i nclude water, alcohol and the like, but are not particularly limted

to these and water is preferable.



[0021] In addition, in the suspension polynerization nmethod or the
seed polynerization nethod, when the styrene nmononer is polynerized,
a suspension stabilizer may be used in order to stabilize droplets of
t he styrene nononer or dispersibility f the pol ystyrene seed
particles. Exanples of such a suspension stabilizer include

wat er - sol ubl e pol yners such as pol yvi nyl al cohol, nethyl cellul ose,
pol yacryl am de, polyvinyl pyrrolidone and the |ike or poor

wat er - sol ubl e i norgani ¢ salts such as Tribasic Cal ci um Phosphat e,
magnesi um pyrophosphate and the like. Wien the poor water-sol uble
inorganic salts ar i I

togetner . [ 0022] Exansrage dRmealaert Bhueh e bol v IRE el i ey

sul fates such as S(gdoduharicﬂlug piopeny inabanuéattlringccapatde of anifophlyenzene
sul fonat es such as godj un1 dec | b nﬁwre su“%ggﬁ%ﬁ nd the |ike,

hi gher fatty acid £3PPrEM "3 Nt Co*Rat *s EENG TRRN | 3-

t et r ahydr oxynapht h?bﬂi&l%s%ﬁh h@ﬂﬁg ?oo%nﬁat fugioh lp}@peapﬁh thé INoldIeyFobess
e

sul fonates are preferabl e [0023 In the nmethod of producing the
flame retardant exfSARAABIWIASH ystyrene beads of the present
i nvention, the polystyrene resin particles dispersed in the aqgueous

suspensi on i Rod Gjpr %ﬂﬁérﬁfbré“s‘n‘% %eﬁbﬁ%rﬁﬁo@&%ﬁ&tahé‘1std'§)eH%G‘Mhlform!y
procedure. As such | owm nﬂ agent, an ordanic conpound which has a

boi | i ng poi nt not @neéta@lyhy %S’H%sﬁ"emwﬁ@'ﬁt a¢Ppdpny aggTEgiontor settiing
pol ystyrene resin i oﬁ@n, re
is suitable. Exarrpﬁ’ggeo@réqfu rﬁ%(ﬂé@moﬁén%g%étrgtg Wgygg%on s‘%ﬁﬁg&
such as propane, n-binckiagae,pipesinebytizntetrabromecychoetane and ﬂmdkaner;ur
neopent ane, cycl opentane, cycl opent adi ene, n-hexane, petrol eum ether
and the lik to

i ke, al cohce)qogjf@ucﬂﬁggcﬁne @?1%?1? @’%S"cﬁ%te%{é‘gg%%k 5?& 8tﬁé]ﬁiacfﬁ %h

| i ke, ether conpounetardaatfiowgoul intodraimagé water prothe prosluctiongsoctiseeanty |

et her, diethyl ether hyl. eth th d, t he

|'i ke, inorganic gagle@E)retg[f’%ﬁy'aégﬁoiﬁdo'ﬂrgté%Xl’tﬁfnfe?g @ HFWegﬁd t he
l'ike. fThe gfir bondhsbdausjeTlhawiﬂagweaehcdalncmfe&garﬁuedm‘mdiersmntt)al#@ fram40 t
is preferable an icularly, ut a i .S0- but ane

n- pgnt ane and i so- 8@1@%"%’@% '@?@P@P&W@”e BFaq%'s HSY%&W%%‘T t he
bl owi ng agent may hQepfRUgRSiRASINe polvles Adhdtabifbed! two or nore

ki nds. [0024] Furthernore, in the nmethod of producing the flanme
retardant ex andabl e pol%ﬁtt[\_f‘rene beads, of the present invention

powdery 11 anB012t aAddliondly. e exandes atisiep ats-abiiesd fEor fme relardeRt ot he
aqueous suspension eQﬁ‘érﬂ'éSle%! fenB BehdPhd 98RbinAY aXlantdYtap@iny 8F Yr ene

resin particles dispersed in'the aqueous suspenSion with the bl ow ng
agent. The pol ysty ﬁééih@’?f&fﬁthéa'@b@rr@lw eaneibepdewhishbéan wi t h t he
powder y f1ane r et aidadhe fﬁlafé@a RS Ml nb biohEouffidtidn S@bichifeiducous
medi umis not partic ong as e aqueous nedi um has
conpatibility with msnlatlaaanegm stmmtadannvmmohtme@ol ystyrene

resin particles are dispersed. Exanples of the aqueous nedi umincl ude

wat er, al cohgksPifbOE'EoR! NG 'GP TH §N9€ﬁ‘i’lﬂrﬁbl e. [0025] Silica
fine pomderﬂ@ﬂ'%%ﬁ%gf%ﬁmm dant of 11

t et rabronocycl ooctane in order to inprove the dispersibility. As a
met hod of ad@fhi tﬁ'beﬁamemetalrdian@xpandwtaspcﬂxstwm beads of the present

b | h bl ' h
b Henachel i xer o e o o3(aBiate 5/ 0 mbrBh EF oy fArt Migsh) " e
silica fine powder gxpahdasle pelysigrene behds doarisinyg sfep8 bRimprdgratigt of

t et rabr onocycl ooctane may be either hydrophilic or hydrophobic as

| ong as they have §B@8¥Eﬂ@'@tﬂﬂ%ﬁ‘é€5&¢'%fﬁﬂd 'flﬁ@aﬁl&oygﬁumﬂﬁoﬁﬂﬁhthe
specific surface area is nost preferably 200 n2/g. It is noted that
when the specific surface area is less than 170 n2/g, the



12 nore preferably 0.6 to 1.5 parts by weight, particularly .
preferably 0.7 to 1.0 parts by weight relative to 100 parts by wei ght
of the polystyrene resin particles. Wien the content is |ess than
0.45 parts by weight, the flame retardancy of the obtained flanme
retardant expanded pol ystyrene resin nolded articles nmay be reduced.
Al so, when the content is nore than 2.00 parts by weight,

manuf acturing cost is expensive, while a | arge anmount of bl ocking
caused during pre-expansi on occurs, thereby deteriorating the
fillability of the pre- expanded particles into a nold of a nolding

machi ne. [0029] Aft r et ant nda | ystyrene
beads are produced (ﬁé}i %9 Eﬂﬁrﬁ @8?9&?‘(‘}&@2@ E‘?{"E ticles
di spersed in an aquegatsoratsypleostandbaforelor dutigimpRgnagendf tihed a |00Wdery

flame retardant, these flane retardant expandabl e pol yst rene be
are taken out fromRAYSYERNGLERR PRECRRWLR BHI%&'H@ "c‘gﬁﬁtfl?}?{r@ﬁ{l

expandabl e pol yst yrigifat Haa@me Bi4rdagt (%hbdrm 31:91 wpahs B?wéi@ﬁt &rsﬂ‘cag as
required. [0030]In addition, when cast nold or rred
average particle difgwowsersietetye te P8 Ado B%V@ﬁd%lh! W@'ﬂbta@f@%ﬁal e

pol ystyrene beads i 0.6 to
1.4 mmfromthe asr}gtégr@%'g{yﬁgb% '%‘algf‘!? %vhgngﬁgttﬁ%’drﬁm%@ O%E%%YS
particl es obtai ned dsdegafiériimpregnation vethplamhiowrgg agmtftl'lanedlaséxean dant

S tive agents sudtoem i hedbidhdu i /ey Saanbone PrSlugle; "

flame retardant asdeatieste cageint, a | ubricant, a colorant, a sol vent
and the |like can be added to the flane ret ardant expandabl e

pol ystyrene |re Si he f ane retardant to
Phe” oxt ent TR | Fesh Gt Fhadfants Srabe BreBEnt gt ion AP Bas R heso
13 additive agents rasré detdled to the flane retardant expandabl e

pol ystyrene beads, the additive agents nmay be added to the aqueous
suspensi on i n whic rene resi articles are d|

[0032] Next , & AR WYV A N SRR

resin expansion ”D|r§l§?rdpé?ﬁéle§prﬁéudeﬁ rﬁmé HoMAGndiNodsdan Betudedf | ane
ret ardant expandabl e pol yst%rene beads. As. the procedure of producing

the flane retardanEXporigs ol Sr’fé"\?’feg‘PWOQib‘SWQFBW falowiRgs: arti cl es using
the flanme retardant expandabl e pol ystyrene beads, known net hods can
be adopted. Specif l(gad éusreﬁs“m golymeRizatinahétAcd of@rmmgtﬁowsqmn\é&éw ene

beads are heated an imnarily expanded to prepare styrene

resin pre-expanded paarcleﬁcw@%h tArses steptphsupelias With ap ag dnedign. ¢ o
0.05 g/cnB. These E@t?féﬁé’hﬁﬂﬁnéreaﬁb 3 dbiﬁnéﬁ%ﬂﬁ)ﬂ%ﬁ%tmﬁtb'ﬂ%cﬁfv@ ahiy! | ed

into a cavity of a no heat ed and expanded, thereby enab to
obtain the flanme reauyiageut sp@neyrgrpppeh@erlwpnoéﬂapérmreﬁnmww ile
articles. [0033] Wplggt dd ﬁﬁé ﬁérdéfthég‘rﬂ %@e retardant pol ystyrene
resin expansi on nol arti I's | ow, ? e Closed-cell ratio of the
flame retardant poI styrene resin expansion nolded articles is

| oner ed and heat \A saedmglymedzalion mashagrof ReRgEing palystyeperRfim of t he

fl t ar dant I

educed. On the 2?#‘ 5 W] (EiieE BGE X iPhd it Bh bt riBliRe

for one cycle in tlaedealystyrené déetpagtidies rhtorageautawhdetdispewmgﬁhetl on

arti ol o5 ay be dePPRRGIRS shHLPRIARINEIE AGERY F5u et KBRS B V70" o1

to 0.05 g/cnB. Exébﬁblﬁné (34 btyaineinsiohRF corftiRGouRhyast enémiitherfipwhied i s
e

illustrated by Exa s and
heatrng and stirring inside the autoclave, polymerizing the polystyrene



Conpar ati ve Exanples, but the present invention is not limted to
these. [0035] (Exanple 1) (Exanple for production) An aqueous
suspensi on was fornmed by suppl yi ng an aut ocl ave. equi pped with a
stirrer having an internal volune of 00 litters with 1209 of

Tri basi ¢ Cal ci um Phosphat e (manufactured by Tai hei Chem cal

I ndustrial Co. Ltd.), 2.4 g of sodium dodecyl benzenesul fonate, 140 g
of benzoyl peroxide (having a 75 % by weight purity), 30 g of

t - but yl per oxy- 2- et hyl hexyl nonocarbonate, 40 kg of ion-exchange water
and 40 kg of styrene nononer and stirring themby rotating stir

bl ades at a rotation rate of, 100 rpm 036] Next .. while stjrring the
aqueous suspensi onS8EA PAHCRS iR etHﬁ%feé‘P‘?LP%P‘g enzation,ntigloL Whig, r at e of

100 rpm the tenpeapddibifg thaStyiéhel MbhoEr OSdNE IES ItThGted!tHaPthe0 90C
and mai ntained at 90t for siX hours and further, the tenperature

i nsi de the aut ocl apelystyene seedartiglestmeayibrmrroducad buther ationedl)at 120t for
two hours, thereby i Sk i ¥erd zation of styrene
nmononer. [0037] Af F@E[‘ﬁg@,&l?ﬂ%ﬂzﬁ@ﬁ@%%rg'éé)%%gl‘%rg'the aut ocl ave was
cooed down to 25 t. The pol ystyrene particles were taken out fromthe
i nsi de of tHeotjt otleras examplpeoaftthel pylystpremeerksinrial theahgstinbingentivn| t i pl e
times. After underggj Ly n rece the I e rticles
were cl assified, ?‘g"‘@gé‘?@%ﬁ&%ﬁﬁ?HF%@%?&F%‘{’VE‘%B%&%%%%P‘E havi ng a
part ihcl ef di anet er afméhy styrerd, Ayl tb‘llhﬂédcrﬂomst?nghé, Mﬁt&gﬁeﬂ@bgﬂopﬂ ar
wei ght of 300, 000. [0038] Next, 6 .another autocl av ith a stirre

havi ng an i nt er nal SYBNG "@f)i‘yh‘ﬂﬂei"?rlbf‘g?%smgeQD%‘SM‘%B’%ipf’h(m?ﬂsig of

i on- exchange wat er thefedd Of sodi um dodecyt hert zenesultortate mta()

got magnesi um pyrophosphate, followed by supplying with 11 kg of the
pol ystyrene rticles as seed rticles into the autoclaye and
stirring jthdﬁ&sé bé”ﬁ?ﬁ’mf%}}? .yéﬁéer’@éﬁs"i' H‘EM/QPé‘PP"'Y’D@fg@P\f[?FV?Hi tion,
a di spersion in WhirighorBr() of MARH B Haid 26pBesHE RNAS dbdveryrenaand 20 g

of magnesi um pyrophosphate are di spersed in G;rg of ion-exchange wat er
was prepared, whi | Bogoserandnyhmeaeraer(s) 6apAlieef Gopolmedzation with This

pol yneri zation ini %fyfefn%lrﬁoqoﬁ@r.g E}Emlafég%f’%’*]cg%yp?ﬁbﬁ&nér VrclRieRlk(P %0

purity) and 50 g o tyl peroxy-2-ethy nonocar bonate are
di ssol ved i nto 5 k{methalcrylatassuabasmethylimethmapyatedethwhi s styrene

nomom xer . and. t ho (e RETED A6 L OR e BRE R e trBbplbFRthid v, o

emul si on. [0040] AlikesKmetha)acrylonitiite, diméthyl naaldate, | dimethyidismaratd, digtiyhd

mai nt ai ned at 75t, ;.the e i.on s_added tp the jnside of the
ot ot ave and 1t WAty agyeres fectsl BEATEERSUE S ¢ he
styrene nononer andivigrienyéne) ekgsneiglyconbifieiiacrylatd andopeYigd.yr ene seed
particles. After that, while raising the tenperature inside the

aut ocl ave fr, 5t . t0 108t .a.rate of te rature increase of 0.2t
per i nut e, 1881 g. eriestndinds eyt (<G Bt FderPrarbie
into the autocl aveplpstyrdh®beadalhe averbe partield diirietsr @8 thefpofystyfemep! et i ng
t he dropping of the | .

resin particles is preferably 0.3 to 2.0 mm, more preferably 0.6 to 1.4

mm from the aspect of fillabifity of pre-expanded particles oblained by

pre-expansion of the flame retardant expandable polystyrene beads

into a cavity.

[0018] When the weight average molecular weight of polystyrene resins



16 styrene nononer, the tenperature was raised up to 120C at a rate
of tenperature increase of 1C per minute and maintained for 90

m nut es, thereby obtaining polystyrene particles by seed
polynerization. Al of the styrene nongmer was used for

pol ymeri zation. [0041] (Exanple 1) A flane retardant A was prepared
by adding silica (under the trade nane "AEROCSIL 200" manufactured by
AERCSI L Japan Inc.) as a fluidizer to 440 g of a flanme retardant,

t et rabronocycl ooct ane (under the trade nane "Pyroguard FR-200

manuf actured by DAI-ICH KOZX 0 SEI YAKU CO.,LTD.) and undergoing dry

bl ending (for exanple, wth Henschel m xer). [.0042 t, after
cool 1 ng down 1 o a0CTHRIHRE Bf fle PabRUERS B e of SHisEP R ure
decrease of 1C per ghallitchdnical Stréigthrbf Fime retBRIanipolBtyr@se resippl | ed as
a flame retardant assistant agent into the autoclave, followed by

suppl yi ng the f| aneS¥rangpraaidedartisles oblained by g¥panding the e retardant _
after 30 mnutes hagBagsidpst s@@@netﬁ]%dfsksarﬁgudﬁeﬁ.t %ﬂ%ﬂﬁér"l@aﬁd. I ed

into the autocl ave, the autoc e was sea After that, as blow ng
agents, 2640 g of btheaeight averagegnelecilarovelight isiarge.-dxpandabiliyefiteht

(ol oht rati0) —2o( o (i ERBRG ROYPRaE eadsds OB R B en
pressurization in 3@tandanipelgstyrene resini expagsidrvholdédibicies havify 2highour s.

17 [0044] Later, the inside,of the a clave was .cogl ed, do tq 25t.
FI agre re% ar gaﬁ[ exp%?‘r?i?ﬁ?sﬁl"é’aafilp%ﬁ‘ Y@%&P‘Eﬁg\é@m}%&t Wﬁf°&1¥wefwm’tt he

autocl ave and repeasyasige MaSARS vt ReRtEnsl2doob td Soceoda, fe Af ter
passi ng through a dryi n& rocess, the flane retardant expandable

Y
pol ystyrene beads wpteranly240.00040409.8e9.eby obtai ning fl ane retardant
expandabl e pol ystyrene beads having a particle dianmeter of 0.85 to

1.2 nm an aygjiape Mﬁoduéééotgtﬁél fdlﬁﬁéifzaﬁﬁn diﬂitiﬂtoﬁ'@eﬁ'?ﬁjtfﬂ a3l lspBNgsRIe

mol ecul ar wei'ght™ of 300, 00Q I's noted that all the powdery flanme
retardant of the flRghsnerzatigranethohandibeisapd pgjyraerizatiommgthod énclude

pol ystyrene parti cI&gaeni%g%ﬁbes(@&gglphg@%ﬁ%ﬁdﬁHuﬁ;l glgg;gg‘ tg{gﬁgndabl e

pol ystyrene beads we talned a except that
amount of t et rabr ongrrgxybenoate, tbwtgpemxider bbubd peaaypjvalate s tiuityl

DO o ine I ORBE N ARbat (b Bl Ao PRl nge, 1
except that the anossgromi carbdnatdt-boytpsdxyacstatec? dais(iseityit o be 660 g
'n the preparation of f itine  Buty Pebayd 3, 8 timethyl hexatcas. Gut-buty?
peroxyhexahydro terephthalate and the like, azo compounds such as
azobisisobutyronitrile, azobis dimethyl valero nitrile and the like, or the
like, but are not particularly limited to these. These may be used
alone or used in combination of two or more kinds.

[0020] As the aqueous suspension in which polystyrene resin particles are
dispersed in an aqueous medium, a reaction solution after
polymerization by the suspension polymerization method or the seed
polymerization methad may be used, or an agueous suspension may

be formed by separating the polystyrene resin particles obtained by



18 Fl ame retardant expandabl e pol ystyrene beads were obtained as in
Exanple 1 except that the anmpbunt of tetrabronocycl ooctane was set to
be 880 g in the preparation of the flane retardant A [0048] (Exanple
5) Flame retardant expandabl e pol ystyr@ne beads were obtained as in
Exanpl e 1 except that hydrophilic silica was used in amount of 4.48 g
instead of 2.24 g in the preparation of the flanme retardant A [0049)
(Exanpl e 6) Flane retardant expandabl e pol ystyrene beads were
obtained as in Exanple 1 except that hydrophilic silica was used in
amount of 6.72 g instead of 2.24 g in the preparation of the flane

ol ystyrene beads. wWiP & SEnaRn ey ReMEor Hiish 37 hetRR BpRHzaton
hydrophi lic silica fethdefromerebctvagontioreandSuspeidingiBese payytfrass ur ed

by AERCSIL Japan Inc., s used as a fluidizer in the preparation of
The Tl ame r ot ar dant 23 ROGBISBIN ERBIPRULMY M Fiensah seHAEA Ry b

expandabl e pol ystyrgdied (haeSamiisor Hel ubaisk Aedibm ifenfiebRerl aBXISt Pt
t hat hydrophobic silica gunder the trade name "AEROSI LR 974"

manuf act ured by AEREithe jikg BHt ara Boh pagicylagly imitedstodheseandiwader is n t he
preparation of the 6&%!&“ ardant A. [0052] (Conparative Exanple 1)
Fl ane retardant expandabl e pol ystyrene beads were obtained as in
Exanpl e 1 except that the amount of tetrabronocycl ooctane was set to
be 88 g in t 024} eplaradditiom imthetsuepensionpolymedzation method @dissseed

(Conpar ati ve Exanpl r e r eads
were obtained as i nﬁ aﬁg‘%’g&ﬁmé@@gﬁ‘ﬂ‘ %B h'?iet é?fﬁggﬁhﬁwgﬂ%ﬁﬁ%eﬁfbﬁ :
t et r abr onocycl ooct asuspevsiorssthbilizer daey BSd€kddn brdet tuestaiizeadragietonf e t he
flame retardant A. . .
styrene monomer or dispersibility of the polystyrene seed particles.
Examples of such a suspension stabilizer include water-soluble
polymers such as polyviny! alcohol, methyl cellulose, polyacrylamide,
polyvinyl pyrrolidone and the like or poor water-soluble inorganic salts
such as Tribasic Calcium Phosphate, magnesium pyrophosphate and
the like. When the poor water-soluble inorganic salfs are used, an

anion surfactant is generally used together.

[0022] Examples of the anion suifactant include alkyl sulfates such as sodium
faury! sulfate and the like, alkylbenzene sulfonates such as sodium
dodecylbenzene sulfonate and the like, higher fatty acid salts such as
sodium oleate and the like, B - tetrahydroxynaphthaiene sulfonate and

the like and alkylbenzene sulfonates are preferable.

[0023] Inthe method of producing the flame retardant expandable
polystyrene beads of the present invention, the polystyrene resin
particles dispersed in the aqueous suspension is impregnated with a
blowing agent in the known procedure. As such a blowing agent, an
organic compound which has a boiling point not greater than the



[ 0054] (Conparative Exanple 3) Flane retardant expandabl e pol ystyrene
beads were obtained as in Exanple 1 except that hydrophilic silica
was not used in the preparation of the flane retardant A [0055]

( Conpar ati ve Exanple 4) Flame retardapt expandabl e pol ystyrene beads
were obtained as in Exanple 1 except that the anpunt of hydrophilic
silica was set to be 0.22 g instead of 2.24 g in the preparation of
the flame retardant A [0056] (Conparative Exanple 5) Flane retardant
expandabl e pol ystyrene beads were obtained as in Exanple 1 except
that the anpunt of hydrophilic silica was set to be 8.96 g instead of
2.24 g in the prepar ti.on of fIarreretardaI_A.

(Conpar ati ve Exanpls@ @)‘“W%W@t'q&%'y&tcwﬁ"eéﬁﬁ%ﬁ $r'eag ?95'!‘{’*"9’%“ Bbads

were obtained as i horFrXPrdYsarels SA@BRL Ef@ﬁpl&&’&fﬁl@é’ﬂlbhlnﬁ ageht ifdudeunder
the trade nanme "AERCSIL 130" manufactured by A apan Inc.) was

used as a fl ui di zercarhb?nthméﬂq@ﬁép@nﬁ prepanss nbitane| isprbutase.dr-ermanes,

0058] (Co t :(ﬁﬂ]@ t
[beads] W(ererrgg[ Zi In\e/ as in n%t? eﬁgﬂgﬁgxcé%{tgﬁ:g‘f ﬁ %ﬁl'l [ @%a}"?i Z;ene
(under the trade napekoledBERCEr and B8R likeeketdnas susheas anptoﬁERﬁslhul ellat,pan
Inc.) was used as %e(ong aﬂd fhe' hke aIéoh%Is ugi?gs% lh%noioéthgncﬁ IS(!?

retardant A.
alcohol and the like, ether compounds having a low boiling point such

as dimethy( ether, diethyl ether, dipropyl ether, methyt ethyi ether and
the like, inorganic gas(es) such as carbon gas, nitrogen, ammonia and
the like. The carbon hydride having a beiling point of from -45 to 40
°C is preferable and particularly, propane, n-butane, iso-butane,
n-pentane and iso-pentane are more preferable. It is noted that the
blowing agent may be used alone or in combination of two or more
kinds.

[0024] Furthermore, in the method of producing the flame retardant
expandable polystyrene beads of the present invention, a powdery
flame retardant of tetrabromocyciooctane is supplied into the aqueous
suspension before or during impregnation of the polystyrene resin
particles dispersed in the aqueous suspension with the blowing agent.
The polystyrene resin particles are then impregnated with the powdery
flame retardant under pressure. it is noted that the aqueous medium
is not particularly limited as long as the aqueous medium has
compatibility with the aquecus suspension in which the polystyrene
resin particles are dispersed. Examples of the aqueous medium

include water, alcohol and the like and water is preferable.

[0025] Silica fine powders are added to the powdery flame retardant of



[ 0059] (Conparative Exanple 8) Flane retardant expandabl e pol ystyrene
beads were obtained as in Exanple 1 except that 88.0 g of

t et r abr onobi sphenot A-bi s(2, 3-di bronopropyl ether) was used instead
of 2.24 g of hydrophilic silica in thgqpreparation of the flane
retardant A. [0060] Each evaluation of the above Exanpl es and
Conpar ati ve Exanpl es was made in the foll ow ng manner as shown in
Table 1 and Table 2. [Table 1] 22 ritla X 1I.1 :- 1 0114;011.173AH
| Inmel |5 LI o0 19°0 000

tetrabromocyclooctane in order to improve the dispersibility. As a
method of adding the silica fine powders to the tetrabromocycloactane,
they are preferably mixed in a mixture such as a Henschel mixer or the

like for a certain period of time,

[0028] The silica fine powders to be added to the powdery flame retardant of
tetrabromocyclooctane may be either hydrophilic or hydrophobic as
long as they have specific surface area of 170 to 330 m?/g and the
specific surface area is most preferably 200 m/g. It is noted that
when the specific surface area is less than 170 mzlg, the dispersibility
of the tetrabromocyclooctane can not be improved and as a result, the
tetrabromocyclooctane is secondarily aggregated. Also, when the -
specific surface area is larger than 330 m*/g, the scattering amount of
the silica fine powders is increased, thereby causing a problem in
deteriorating handling property in manufacturing.

[0027] The amount of adding the silica fine powders to the
tetrabromocyclooctane is preferably 0.3 to 1.5 parts by weight relative
to 98.5 to 99.7 parts by weight of the tetrabromocyclooctane and
further most preferably 0.5 parts by weight as a lower limit. When the
additive amount is less than 0.3 parts by weight, the dispersibility of
the tetrabromocyclooctane can not be improved and as a result, the
tetrabromocyclooctane is secondarily aggregated. Also, when the
additive amount is more than 1.5 parts by weight, the scattering
amount of the silica fine powders are increased, thereby causing a

problem in deteriorating handling property in manufacturing.

[0028] The tetrabromocyclooctane content fo the polystyrene resin particles is
preferably adjusted so as to be preferably 0.45 to 2.0 parts by weight,



o

S'66 0111100.11141 O Il ITO Co 190 O 0O ao -

[0029)

[0030)

[0031]

12

more preferably 0.6 to 1.5 parts by weight, particularly preferably 0.7 to
1.0 parts by weight relative to 100 parts by weight of the polystyrene
resin particles. When the content is less than 0.45 parts by weight,
the flame retardancy of the obtained flame retardant expanded
polystyrene resin molded articles may be reduced. Also, when the
content is more than 2.00 parts by weight, manufacturing cost is
expensive, while a large amount of blocking caused during
pre-expansion occurs, thereby deteriorating the fillability of the
pre-expanded particles into a mold of a molding machine.

After the flame retardant expandable polystyrene beads are produced
by impregnating polystyrene resin particies dispersed in an aqueous
suspension with a blowing agent and a powdery flame retardant, these
flame retardant expandable polystyrene beads are taken out from the
aqueous suspension and the flame retardant expandable polystyrene
beads may be subject to washing and drying as required.

In addition, when cast molding is performed, the average particle
diameter of the flame retardant expandable polystyrene beads is
preferably 0.3 to 2.0 mm, more preferably 0.6 to 1.4 mm from the
aspect of the fillability of the pre-expanded particles obtained by
preliminarily expanding the flame retardant expandable polystyrene

beads into a cavity.

It is noted that additive agents such as a foam adjusting agent, a filling
agent, a flame retardant assistant agent, a lubricant, a colorant, a
solvent and the like can be added to the flame retardant expandable
polystyrene beads as required besides the powdery flame retardant to
the extent that the physical properties are not impaired. When these
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additive agents are added to the flame retardant expandable
polystyrene beads, the additive agents may be added to the aqueous
suspension in which the polystyrene resin particles are dispersed.

Next, a procedure of producing the flame retardant polystyrene resin
expansion molded articles is explained hy using the flame retardant
expandable polystyrene beads. As the pracedure of producing the
flame retardant polystyrene resin expansion molded articles using the
flame retardant expandable polystyrene beads, known methods can
be adopted. Specifically, the flame retardant expandable polystyrene
beads are heated and preliminarily expanded to prepare polystyrene
resin pre-expanded particles having a bulk density of around 0.01 to
0.05 g/cm®.  These polystyrene resin pre-expanded particles are filled
into a cavity of a mold, heated and expanded, thereby enabling to
obtain the flame retardant polystyrene resin expansion molded
articles.

When the density of the flame retardant polystyrene resin expansion
molded articles is low, the closed-cell ratio of the flame retardant
polystyrene resin expansion molded articles is lowered and heat
insulating properties or mechanical strength of the flame retardant
polystyrene resin expansion molded articles can be reduced. On the
other hand, when the density is high, time required for one cycle in the
cast molding gets longer and the production efficiency of the flame
retardant polystyrene resin expansion molded articles may be
decreased. Therefore, the density is preferably 0.01 to 0.05 gfcm®.
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EXAMPLE

[0034] Hereinafter, the present invention is illustrated by Examples and
Comparative Examples, but the present invention is not limited to

these.
[0035)
{Example 1)

(Example for production) An aqueous suspension was formed by
supplying an autoclave equipped with a stirrer having an internal
volume of 100 litters with 120 g of Tribasic Calcium Phosphate
(manufactured by Taihei Chemica! Industrial Co. Ltd.), 2.4 g of sodium
dodecylbenzenesulfonate, 140 g of benzoy! peroxide (having a 75 %
by weight purity), 30 g of t-butylperoxy-2-ethylhexyl monocarbonate, 40
kg of ion-exchange water and 40 kg of styrene manomer and stirring
them by rotating stir blades at a rotation rate of 100 rpm.

[0036] Next, while stirring the aqueous suspension by rotating the stir blades
at a rotation rate of 100 rpm, the temperature inside the autoclave was
raised up to 90°C and maintained at 80°C for six hours and further,
the temperature inside the autoclave was raised up to 120C and
maintained at 120°C for two hours, thereby carrying out suspension

polymerization of styrene monomer.

[0037]  After that, the temperature inside the autoclave was cooled down to 25
‘C. The polystyrene particles were taken out from the inside of the

autoclave, repeatedly washed and dehydrated multiple times.  After

undergoing a drying process, the polystyrene particles were classified,
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thereby obtaining polystyrene particles having a particle diameter of
0.6 to 0.85 mm and a weight average molecular weight of 300,000.

Next, another autoclave with a stirrer having an internal volume of 100
litters was supplied with 30 kg of ion-exchange water, 4 g of sodium
dadecylbenzenesutfonate and 104 g of magnesium pyrophasphate,
followed by supplying with 11 kg of the polystyrene particles as seed
particles into the autoclave and stirring them to be uniformly dispersed

in wafer,

In addition, a dispersion in which 2g of sodium
dodecylbenzenesulfonate and 20 g of magnesium pyrophosphate are
dispersed in 6kg of ion-exchange water was prepared, while a styrene
monomer solution in which, as polymerization initiators, 88 g of
benzoyl peroxide (having a 75% purity) and 50 g of
t-butylperoxy-2-ethylhexyl monocarbonate are dissolved into § kg of
styrene monomer was prepared. This styrene monomer solution was
added to the dispersion and stirred with a homomixer, and the mixture
was then emulsified, thereby obtaining an emulsion.

After the inside of the autoclave was heated and maintained at 75°C,
the emuision was added to the inside of the autoclave and it was
maintained for 30 minutes so as to absorb the styrene monomer and
benzoyl peroxide smoothly into polystyrene seed particles. After that,

while raising the temperature inside the autociave from 75°C to 108°C
at a rate of temperature increase of 0.2°C per minute, 28 kg of the

styrene monomer was continuously dropped into the autoclave for 160
minutes. Next, 20 minutes after completing the dropping of the



| T66-1 erns offitidcupAk 00Z -1 1To r) O0'0O0 1 S't 566l
Hydrophilic silica 00zl

[0041]

16

styrene monomer, the temperature was raised up to 120°C at a rate of
temperature increase of 1°C per minute and maintained for 90

minutes, thereby obtaining polystyrene particles by seed
polymerization. All of the styrene monomer was used for

polymerization.

(Exampte 1)

[0042]

[0043]

A flame retardant A was prepared by adding silica (under the frade
name "AEROSIL 200" manufactured by AEROSIL Japan Inc.} as a
fluidizer to 440 g of a flame retardant, tetrabromocyclooctane (under
the trade name "Pyroguard FR-200" manufactured by DAI-ICHI
KOGYO SEIYAKU CO.,LTD.) and undergoing dry blending {for
example, with a Henschel mixer).

Next, after cooling down to 90°C inside the autoclave at a rate of
temperature decrease of 1°C per minute, 132 g of dicumy! peroxide

was supplied as a flame retardant assistant agent into the autoclave,
followed by supplying the flame retardant A into the autoclave.

Then, after 30 minutes has passed since the flame retardant A was
supplied into the autoclave, the autoclave was sealed. After that, as
blowing agents, 2640 g of butane {having an iso-butane/n-butane
(weight ratio)=30/70) and 1100 g of pentane (having an
iso-pentane/n-pentane (weight ratio) =20/80) were pressed into the
autoclave by nitrogen pressurization in 30 minutes, maintaining the
state for three hours.
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[0044] Later, the inside of the autoclave was cooled down to 25C. Flame
retardant expandable polystyrene beads were taken out from the
autoclave and repeatedly washed and dehydrated multiple times.

After passing through a drying process, the flame retardant
expandable polystyrene beads were classified, thereby obtaining flame
retardant expandable polystyrene beads having a particle diameter of
0.85 to 1.2 mm, an average particle diameter of 1.1 mm and a weight
average molecular weight of 300,000. |t is noted that all the powdery
flame retardant of the flame retardant A was impregnated into the

polystyrene particles.
[0045]
(Example 2}

Flame retardant expandabie polystyrene beads were obtained as in
Example 1 except that the amount of tetrabromocyclooctane was set to
be 220 g in the preparation of the flame retardant A.

[0046}
(Example 3)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that the amount of tetrabromocyciooctane was set to

be 660 g in the preparation of the fiame retardant A.
[0047]

(Example 4)
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Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that the amount of tetrabromocyclooctane was set to

be 880 g in the preparation of the flame retardant A.
[0048]

(Example 5)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that hydrophilic silica was used in amount of 4.48 g
instead of 2.24 g in the preparation of the flame retardant A.

[0049]
(Example 6)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that hydrophilic silica was used in amount of 6.72 g
instead of 2.24 g in the preparation of the flame retardant A.

[0050]
(Example 7)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that hydrophilic silica (under the trade name
“AEROSH. 300" manufactured by AEROSIL Japan Inc.) was used as a
fluidizer in the preparation of the flame retardant A.

[0051]

(Example 8)



1 i cfl-L, wart oy weignty resin particles (100 parts by weight) -

ntitiamAo tied) nno Il -;01;-111-1: ( J pa @ 1 1 c sunace area O 1
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flame

Flame retardant expandable polystyrene beads were obtained as in
Example 1 excepl that hydrophobic silica (under the trade name
*AEROSILR 974" manufactured by AEROSIL Japan inc.) was used as
a fluidizer in the preparation of the flame retardant A.

[0052]
(Comparative Example 1)

Flame retardant expandable polystyrene beads were obtained as in
Exampie 1 except that the amount of tetrabromocyclooctane was set to
be 88 g in the preparation of the flame retardant A.

[0053]
(Comparative Example 2)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that the amount of tetrabromocyclooctane was set to
be 1320 g in the preparation of the flame retardant A.

[0054]
(Comparative Example 3)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that hydrophilic silica was not used in the preparation
of the flame retardant A,

[0055)



retardant test |/ Appearance evaluation or | expansion nolded article
neat rusion property Fl ame retardant test A
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(Comparative Example 4}

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that the amount of hydrophilic silica was set to be
0.22 g instead of 2.24 g in the preparation of the flame retardant A.

[0056)
(Comparative Example 5)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that the amount of hydrophilic silica was set to be
8.96 g instead of 2.24 g in the preparation of the flame retardant A.

[0057]
(Comparative Example 6)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that hydrophilic silica {under the trade name
"AEROSIL 130" manufactured by AEROSIL Japan inc.) was used as a
fluidizer in the preparation of the flame retardant A.

[0058]
{Comparative Example 7)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that hydrophilic sifica (under the trade name
“AEROSIL 380" manufactured by AEROSIL Japan Inc.) was used as a
fluidizer in the preparation of the flame retardant A.



[ 0061] [Table 2] Conparative Exanple 08 Tet rabr onobi sphenol
A-Dbi s(2,3- dibrornopropyl ether) 02 <1 x Quituns x 00 C

21

[0059])
(Comparative Example 8)

Flame retardant expandable polystyrene beads were obtained as in
Example 1 except that 88.Q g of tetrahromabisphenol
A-bis(2,3-dibromopropyl ether) was used instead of 2.24 g of hydrophilic
silica in the preparation of the flame retardant A.

[0060) Each evaluation of the above Examples and Comparative Examples
was made in the following manner as shown in Table 1 and Table 2,

[Table 1]
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[Method of measuring silica specific surface area

[0063]

All methods of measuring specific surface area of silica fine powders
used in the present invention are based on the BET method.

[Blocking evaluation of flame retardant A)

[0084)

Evaluations were made in a way that 100 g of flame retardant was put
in a polyethylene bag, packed into a tube having a diameter of 50 mm,
on which 1.1 kg of spindle was put, and stored in an oven having 40°C

for one month, followed by taking it out from there to observe the state.

x - A flame retardant is hardened in a very hard state, which can not

be fully crumbled even if gripping it by hand.

A+ -+ Aflame retardant is hardened in a hard state, but crumbled

even if gripping it by hand.

O -+ + Aflame retardant provides tightening feeling, but no lumps,

which is in a powder state.

[Molding of polystyrene expansion molded articles]

40kg of the obtained flame retardant expandable polystyrene beads and
as coating agents, 20 g of polyethylene glycol, 60 g of zinc stearate, 40



X - 2°0 Gf Hydrophilic silica E TOO0O Burning x 00 {TBCO (part
by weighty resin particles (100 pans by wei ght)
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g of fatty acid triglyceride (under the trade name “RIKEMAL VT-50"
manufactured by RIKEN VITAMIN CO,, LTD. ) and 20g of fatty acid
monoglyceride (under the trade name "RIKEMAL S-100P”
manufactured by RIKEN VITAMIN CQ., LTD. ) were supplied into a
tumbler mixer and stirred for 30 minutes, thereby coating the surfaces
of the flame retardant expandable polystyrene beads with the coating
agents.

Next, after the flame retardant expandable polystyrene beads were
stored in a cooling warehouse having 15°C for 48 hours, 5.8 kg of the
flame retardant expandable polystyrene beads per shot were supplied
into a cylindrical batch-type pressurized prefoamer having a volume to a
detection sensor installed in the upper part of prefoamer tank of 350
litters as set forth in page 39 of the official gazetie 57(1982)-133[3347),
well-known and canventional art collection (expansion molding) and
heated by water vapor for two minutes, thereby obtaining polystyrene
pre-expanded particles.

After that, the polystyrene pre-expanded particles were left under a
room temperature atmosphere for 24 hours, while a block molding
machine {under the trade name “PEONY - 205DS" manufactured by
KASAHARA INDUSTRY CO., LTD.) equipped with a mold having a
cavity with a rectangular parallelepiped shape of 840 mm length X930

mm width X 630 mm height was prepared. The polystyrene
pre-expanded particles were filled into the cavity of this mold and water
vapor of 0.07 MPa (gauge pressure) was pressed into the cavity of the
mold for 20 seconds, thereby secondarily expanding the polystyrene
pre-expanded particles. Next, the mold was cooled down until the
pressure in the mold becomes -0.01 MPa, thereby obtaining flame



TBCO (part by weight) Ja2!PInld Specific surface area of silica
(nm2/g) Silica (part by weight) Bl ocking evaluation of flane
retardant A [Bondi ng when pre-expanded ("es) 71.1.14 3110-24Lti 4
Result of flane retardant test Appearadce eval uati on of expansion
nol ded article |[|Heat fusion property SWCW d

[0065]

retardant polystyrene expansion molded articles of rectangular
parallelepiped shape. Subsequently, the flame retardant polystyrene
expansion molded articles were stored in a drying room having 70°C for

three days.

[Bonding of pre-expanded particles)

A weight W,(g) of the polystyrene pre-expanded particles obtained by
the above procedures were prepared and sieved using a sieve with an
aperture of 1cm. A weight W; (g) of the polystyrene pre-expanded
particles left on the sieve were measured, calculating the bonding
degree of the pre-expanded particles according to the following formuta.
The obtained results were shown in Tables 1 and 2. It is noted that the

bonding degree of not greater than 1% by weight was evaluated as O

and the bonding degree exceeding 1% by weight was evaluated as X.

Bonding degree of pre-expanded particles (% by weight) = 100 x W,/ W,

[0066]

[Flame retardant test]

Five test specimens each having a rectangular parailelepiped shape of
200 mm length X 25 mm width X 10 mm height were cut out from the
obtained flame retardant polystyrene expansion moided articles by a
vertical cutter. After aging at an oven having 60°C for one day,
measurements were made according to a measuring method A of JIS

A9511-2006 to determine the average value of the five test specimens.



Fl ame retardant test 10062] [ Method of neasuring silica specific
surface area] Al methods of measuring specific surface area of
silica fine powlers used in the present invention are based on the
BET net hod. [0063] [Bl ocking eval uatiopyof flane retardant A]

Eval uations were made in a way that 100 g of flane retardant was put
in a pol yethyl ene bag, packed into a tube having a dianeter of 50 nm
on which 1.1 kg of spindle was put, and stored in an oven having 40C
for one nonth, followed by taking it out fromthere to observe the
state. X A flame retardant is hardened in a very hard state, which

can not be fully c ed even if. gripping it b and. A A flame
retardant is hardehzg%mn ﬁ?ﬁ?"’g‘f‘%ﬁ agﬁfﬁﬁ%am Eﬁi“eé%tr{mﬁ gri ppi ng
it by hand. 0 A blsuionsivaieddhiprahensivalemalié gddofing'® the®libwgg but no
| unps, which is in a powder state. 10064 ) )

standard. The obtained resuits were shown in Tables 1 and 2. Itis

noted that the flame-out time is required to be within three seconds

according to the JIS standard. Therefore, the flame-out time is

preferably to be within two seconds, more preferably within one second.

X « » «Flame-out time exceeds three seconds, or even in one test specimen,

afterglow exists or flame spreads beyond the indicating line of flammability
lirmit.

O + « +«Flame-out time is over one second and within three seconds and in

all of the five test specimens, neither afterglow exists nor flame spreads
beyond the indicating line of flammability limit.

© + + - Flame-out time is within one second and in all of the five test

specimens, neither afterglow exists nor flame spreads beyond the
indicating line of flammabillity limit.

[0067]
[Appearance evaluation of expansion molded articles)

Each appearance of expansion molded articles was visually observed
and evaluated according to the following standard.

O - - - A part where expanded particles were fused with each other was flat

and smooth.



[ Mol di ng of pol ystyrene expansi on nol ded articles] 40kg of the

obtai ned fl ane retardant expandabl e pol ystyrene beads and as coating
agents, 20 g of polyethylene glycol, 60 g of zinc stearate, 40 25 g
of fatty acid triglyceride (under the tgade name "RI KEMAL VT-50"
manuf actured by RIKEN VITAM N CO., LTD. ") and 20g of fatty acid
nonogl yceri de (under the trade nane "RI KEMAL S-100P" manufactured by
RIKEN VITAMN CO, LTD. ) were supplied into a tunbler m xer and
stirred for 30 minutes, thereby coating the surfaces of the flane

ret ardant expandabl e pol ystyrene beads with the coating agents. Next,
after the flanme retardant expandabl e pol ystyrene beads were stored in
a cool i ng war ePbuse * k@ncavifies nd convesiieswenegendradiiy theffusdupa ofifee

ret ardant expandabl e polystyrene beads per shot were supplied into a
cylindri cal baF%H@F§ﬂ8a5¥%§surized pr ef oamer having a volume to a
detection sensor installed in the upper part of prefoaner tank of 350
litters as set forth in page 39 of the official gazette

57(1982)-133[ 3347], well-known and conventional art collection
(expansi on nqh i;ng) and heated by water vapor for two m nutes,

t her eby obt ai pol ystyrene pre-expanded particles. After that, the
pol ystyrene pre-expanded particles were | eft under a roomtenperature
at nosphere f ¢Heatdushonprsperthi | e a bl ock nol di ng nachi ne (under the
trade nane "PEONY 205DS" manufactured by KASAHARA | NDUSTRY CO.,

LTD.) equi pped wt . d having a cavity with a rectanqgul ar

.a Jm ¢ ]
par al | el epi ped shag@e&fa (8ASh avpaH 840 ot lepgin S0 mm wiklo X §Ahmiai ght
was prepared. The e rt i il into
the cavity of tnis ekt VERFoRaReCRRARNREsRBGLchhdtte Wik Sutds; oBC, o)
was pressed into tthe ceater portiof intthelony kide divectidh oa ¢eoupper sirfezeibthe
secondari 'y expandin styrene.pre-e nded rticles. Next,
the mold was cool eé'x@o%}ﬁ%?fﬁﬁ eﬁﬁ@%&"@%ﬁ?r@ﬁ%ﬂmﬂﬂ@' %f"é‘eﬂél@m@s -0.01
MPa, thereby obtai havigy & tegte of 2 @heforasd alpAY ihe o Bide S BEIBRIDYN
nol ded articles of rectan al | el epi Rgd shape, Subsequently,

|
the flanme ret ardan’t‘s’%ﬁﬂg‘%r“g{fﬁepg%&ﬁg? sliced artiglevag diyidgddnt Pé‘%gored

in a drying room hgyg i ' '
i Brekerut fng'{] tt)}t ﬁvl\i'n?gt)hggﬁ P%%ﬂg@ﬁi;i/vsuie??de?%ee@%aeﬁ

pre-expanded particles] A wei
pre- expanded part i baving 326 mindengtiyy 93hmnreadidthes §frromdbivkresswer e pr epar ed
and sieved using a sieve with an aperture of 1cm A weight W2 (g) of
t he pol ystyrene prg- dparticles left.opn the sieve we

neasur ed, cal cul at f‘&ﬁéﬁﬁgg&?{ﬁﬂcﬁa“ @gé’ﬁ@@egfdwe%g pﬂ)‘?’:’gseg?ﬁtéﬁlﬁfe(raf

particl es accor di noroken inhiee éxpahded patidies andl particlBsgb)ahbikannetthe esul t s
were shown in Table and 2. |t is noted.that the bondin egree of
not greater than 1"%%5%%?'5?1‘{9 \ﬁa&*wﬁ%&%&lemﬂs counted 0%%&‘??‘%8‘3
bondi ng degree excrerh mgtioldscbpingtd HtfonmengtumiuiRt aledbtathediesiiisng
degree of pre-expanded E?‘r“fi%biﬁs (% by weight) = 100 x W/ W [ 0066]
[Flame retardant t¥&EShpwod s%ﬂ@cinéﬂ%”@ﬁéﬂ?‘ﬂlﬁfﬂﬁ@” gtiod palngul ar
par al | el epi ped sh fn 288 ; lfé@ j Laht
were cut out froma[tgﬁsemog?a?’r:gg@%l am%gﬁéﬂ}l%%?yﬁ{ré&ed@g?%%sion

nol ded articles bythan 7e%tis ewdluated 40, ahl tiey fusioh Fiio 3t le88 tHanSABYI NY
60t for one day, neasurenents were made according to a neasuring

met hod A of J1S A9®BMAEI®H 0 deternine the average val ue of the five
| est speci nens.

Fusion ratio (%) = 100 X particle number (a) / (particle number (a) +

particle number (b))



27 By defining the determ ned average value as a flane-out tine,
eval uati ons were conprehensively nmade according to the foll ow ng
standard. The obtained results were shown in Tables 1 and 2. It is
noted that the flame-out tinme is requiggd to be within three seconds
according to the M5 standard. Therefore, the flanme-out tine is
preferably to be within two seconds, nore preferably within one

second. x Fl ane-out tine exceeds three seconds, or even in one
test specinen, afterglow exists or flame spreads beyond the
indicating line of flamuability limt. O Fl ame-out tine is over

one second agéj WLt hin three seconds and in all of the five test
speci mens, nél%6ALr Erprelabieoty 045 ta 2 pasts byweight eftheads beyond t he

i ndicating |ine of SETORBEC L ; PG LI cY j
wi thin one second a‘%g I'n gf)ldﬁgylab%e@%dps%fegﬁetg tqsgdem né(r?iw%%@taﬁeh?
aftergl ow exi st s nopolystyiene repine ackampigscoatairting 0.8¢ t.4tpiartg by weighodf

articros] | Each app&shid ine R RRA 6 618500 hatle T R oOetial 'y
observed and eval uatetabremocycitioogné ahich & the bbwidrp famé ssta@ant ar A

pad where expandet(zl:olparticl es were fuseﬁ_‘wit each other was fl|at and
smooth. 28 X RESHrVZeA @S ogprdresyis wih fep@re tgaReoffiackingievaluption; he

fused part of the expapdespRanhhidcpanicR@Sfiid ldadartigshon property]
Sliced articles (each having 1340 ngt 980 mmw dth x 50 nm

mm |l e h
t hi ckness) were obt(&elhexinpyiskiog pruongms'iengtcafigmgmtamnmsteamme At
th t tion | ' ' | f f
the sixth ef drent oAl of¥RHae fdhdd i britheal R BRpeRY 00 Oy

i ne having a depth of 5 mmwas forned along the short side direction
by using a cutter K theothenband, fm Ebleck €omprrative Exarspldihvdodtihingt o

ot g hov o Ao g BB rdriRh B0, A AR HofefiS”, |
broken 1t he. expanged paL LI oLen and par Ly ol es. (b broken on L he

i X I .ang I
i nterfaces am)ngpt ﬁ@a@ﬁgﬁﬁﬂéﬁp@%ﬁ'?ﬂ%h&g Rigpestyt afithe dn the resiiiaiflame ¢ he

e T € oy (SRR SRR SO T PSRy 55
| ess than 70% i s ewsightoftte kedrabrontdeycldaskinemelativeito 100 pantoby Hoightod | ess
the polystyrene resin, the blocking evaluation is X and the heat fusion
propertyis X. Also, in Comparative Exampie 3 not containing
hydrophilic sifica, the blocking evaluationis X and the bonding of
pre-expanded particles is also X. In Comparative Example 4 where
the content of the silica fine powders are 0.05 parts by weight, the
blocking evaluation is X and the bonding of pre-expanded particles is
X as well. In Comparative Example 5 where the content of the silica
fine powders are 2 parts by weight, there is a problem in terms of
appearance evaluation of an expanded molded article. Scattering of
the silica fine powders is large. Comparative Example 6 replacing a
fluidizer with tetrabromobisphenol A-bis(2,3-dibromopropyl ether) also



than 70%is evaluated as 0, and the fusion ratio of |less than 50%is
evaluated as X, Fusion ratio (% = 100 x particle nunber (a) /
(particle nunber (a) + particle number (b)) 29 [0069] From Table 1,
0.45 to 2.0 parts by weight of the tetgpabronocyclooctane is added
relative to 100 parts by wei ght of the polystyrene resin. Exanples
containing 0.3 to 1.5 parts by weight of the silica fine powders
relative to 98.5 to 99.7 parts by weight of the tetrabronocycl ooctane
which is the powdery flane retardant are recogni zed as good results
with regard to any of bl ocking eval uation, bonding of pre-expanded
particles, flane retardant test (self-extinguishing property), result
of flame retardant wshevs Xappthabandieg efpbeapanded pértieles dadeesuits irdihe
articles and heat fusion property. On the other hand, from Table 2,
Conpar at i ve Exanpl e flamg setardant tag) (seizextiaguishingypropariyhanch X dmthe result of

t et rabronocycl ooctape rel atiy 0o 100 parts by weight of the

pol ystyrene resin Sﬂ%mgr%t '18 'P@g Its in the flanme retardant test

(sel f-extinguishing property) and x in the result of flanme retardant
test. In Conparative Exanple 2 containing 3.0 parts by weight of the
t et rabronocycl ooctane relative to 100 parts by wei ght of the

pol ystyrene rﬁ i e B ocki valuation is x and the heat fusion
property is ﬂ—»&ﬂ-ﬁm ve Exanple 3 not containing
hydrophilic silica, the blocking evaluation is x and the bondi ng of
pre-expanded mard]i CHaE flamedetafdant exban@lgwsywé@ Hexast nﬁeﬁré&feﬁtr e the
content of the silica fine powlers are 0.05 parts by weight, the

bl ocki ng eval uat'i on inventiondiag bea ussskar ayidefrangecof pupasesstchaastn thees | s
X as well. In Conpag t ica
fine powders are 2 ggltrd \6{3?;5?691{[}?41[ Fa r%@ %oh@%&e%ﬂ?&ﬁ{ a[(ﬁ‘?xteétpl% ?nsd
appear ance eval uati aivil ehglaeerlagpammedlkeolﬁhmblmrm thépare&seﬁ 'aehealg Of
the silica fine powders.is | arge. Co tive Exanple 6 re | acing a
1 o zer i tht ot 1 TGS MeER dor Wh LB ARG By et )
also 30 shows x in the bonding of pre-expanded particles, bad
results in the flame retardant test (self-extinguishing property) and
X in the result of flane retardant test | NDUSTRI AL APPLI CABI LI TY
[0070] The flanme retardant expandabl e pol ystyrene beads of the
present invention has been used for a wi de range of purposes such as
inthe fields of agricultural and fishing, hone el ectronics,
architectural and civil engineering and the like. Particularly, they
are used as heat- insulating materials for walls or floors in the
architectural field. CLAIMS: 1. Flane retardant expandable

pol ystyrene beads, wherein polystyrene resin particles dispersed in
an aqueous suspension are inpregnated with a powdery fl ane retardant
of tetrabronocycl ooctane di spersed by silica fine powders before or
during inpregnation of the polystyrene resin particles with a bl ow ng
agent, the flane retardant expandabl e pol ystyrene beads are taken out
fromthe aqueous suspension, wherein the tetrabronocycl ooctane is
absorbed and the silica fine powders are not absorbed into the flane
retardant expandabl e pol ystyrene beads,



t he tetrabronocycl ooctane is added in an anmount of 0.45 to 2.0 parts
by weight relative to 100 parts by mebght of the polystyrene resin
and the silica fine powders are contai'ned in an anount of 0.3 to 1.5
parts by weight relative to 98.5 to 99.7 parts by weight of the

t etrabronocycl ooctane that is the powdery flane retardant. 2. The

fl ame retardant expandabl e pol ystyrene beads according to claim1,
wherein the specific surface area of the silica fine powlers is 170
to 330 n2/g. 3. A nethod of producing flane retardant expandable

pol ystyrengmigads conprising steps of inpregnating polystyrene resin
particles dispersed in an aqueous suspension with 0.45 to 2.0 parts
by weight of a powdery flanme retardant of tetrabronocycl ooctane

di sperseld Blpmsirptardantiexpradgbaprdysiyrensfhords. whereln pplvefyienpresio particlondisfersede

pol ystyreng, rgsi ALt ;W Wels) ent aki] he
flame retardanta@%%é%d%%#%§8%1%Et??%%%ﬁﬁga sgf?oﬁggﬂ%§aqﬁﬁgdgaﬁh£t(f
suspensi ontetrabremesysloptienc dspembd nolicadine potvdere béfarcalp swinyathpmpahtivh ef the

silica fin . . bed into. the fl retar t
expandabl o aor e uRayBat e BNES LBkOuk et T SRR aghporone
cont ai ns 0b&d¢ @re 1akbn paifitos: thy aqueing ktspedsidnhe silica fine powders
relative to 98.5 to 99.7 parts by weight of the

t et rabr onogycl.goct 4.  Pre-expande artijcl.es erei,n the fla
et ardant - SREeR AP ot ra DRI PR E-CRILb T G 115 b gt ghoroed
pr el i m nar intosthe R panaeddanbexpindabin polentyrend iskads, ar t i cl es obt ai ned by

filling the pre-expanded particles according to claim4 into a nold
and eXpandt g get}agl%mocyclooctane is added in an amount of 0.45 to 2.0 parts by weight relative to

100 parts by weight of the polystyrene resin and

the silica fine powders are contained in an amount of 0.3 to 1.5 parts by weight relative to
98.5 to 99.7 parts by weight of the tetrabromocyclooctane that is the powdery flame

retardant.

2. The flame retardant expandable polystyrene beads according to claim 1, wherein the specific

surface area of the silica fine powders is 170 to 330 m’/g.
3. A method of producing flame retardant expandable polystyrene beads comprising steps of

impregnating polystyrene resin particles dispersed in an aqueous suspension with 0.45 to 2.0
parts by weight of a powdery flame retardant of tetrabromocyclooctane dispersed by silica
fine powders before or during impregnation of the polystyrene resin particles with a blowing

agent and
taking out the flame retardant expandable polystyrene beads from the aqueous suspension,

wherein the tetrabromocyclooctane is absorbed and the silica fine powders are not absorbed

into the flame retardant expandable polystyrene beads and
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the powdery flame retardant contains 0.3 to 1.5 parts by weight of the silica fine powders
relative to 98.5 to 99.7 parts by weight of the tetrabromocyclooctane.

Pre-expanded particles wherein the flame retardant expandable polystyrene beads according

to claim 1 are preliminarily expanded.

Expansion molded articles obtained by filling the pre-expanded particles according to claim

4 into a mold and expanding them.



