1 FLAME RETARDANT EXPANDABLE POLYSTYRENE BEADS FIELD OF THE | NVENTI ON

. [ 0001] The present invention relates to flame retardant expandabl e

pol ystyrene beads. Miyre specifically, 1the present invention relates to

flame retardant expandabl e pol ystyrene beads using tetrabronocycl ooctane as
a flame retardant. BACKGROUND OF THE | NVENTI ON [ 0002] Expandabl e pol ystyrene
beads have been used for a wide range of wuse applications such as in the
fields of agricultural and fishing, home electronics, architectural and
civil engineering and the like. Particularly, polystyrene expansi on nol ded
articles used as heat-insulating materials for walls or floors in the
architectural field have been highly required to have excell ent

heat - i nsul ati on property frontthe aspect of energy conservation and further
demanded for fl gag . : 0 > on nethod of the
above expandabl e =po anme retardant
together with a styrene nononer durlng polymeri zation, a nethod of adding a
flame ret arriBOD OR)TEE"MVEEWW resin particles when inpregnated with a

bl owi ng agent and the e have been enpl oyed. As the nethod of the forner,
there are the nethods described in JP 2003-335891 (Patent docunent 1) and 2
JP 2002- 194981 pdhemresent inveptionrelalgsto flameretardant edpandables | att er,

polystyrene beads. More specifically, the present invention relates to

flame retardant expandable polystyrene beads using

tetrabromocyclooctane as a flame retardant.

BACKGROUND OF THE INVENTION

[0002] Expandable polystyrene beads have been used for a wide 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 molded articles used as
heat-insulating materials for walls or floors in the architectural field
have been highly required to have excellent heat-insulation property
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



there is the nethod described in JP 2007-246606 (Patent docunment 3).

- [Patent docunent 11 Japanese Published Unexam ned Patent Application No.
2003- 335891 [ Pat ent document 21 Japan&se Published Unexam ned Pat ent
Application No. 2002-194130 [Patent docunment 3] Japanese Publi shed
Unexam ned Patent Application No. 2007-246606 DI SCLOSURE OF | NVENTI ON
PROBLEMS TO BE SOLVED BY | NVENTI ON [ 0004] In the forner nethods,

hexabr onocycl ododecane (HBCD) mainly has been used as a flanme retardant.
HBCD, which is the material of concern about bioaccunulation has been

expected to elimngte.lt I he | at cycl ooct ane
(TBCO mainly has UB@@Q% 1§§é€5&fﬁﬁnq[chgw@eﬂ ab‘g@ﬁt %Ef?t@“tp?ﬁﬁ?we{ ‘hat TBCO i s
bl ocked with eacthepé tsethefn%th&tp@éa%nbé&ﬁmtwmzmégohmeac@né&tate of
preservation although an el ementary substance of TBCO is in powder form

Because TBCO becoldgs like a lunp, the flame retardant is non-uniformy
di spersed, and as a result, the powdery flame retardant is non-uniformy

absorbed into res i cles, and {her s, been . that a part of
the resin particl Q{ﬂ até@s‘iﬂ%@egt ﬂa‘%@@@ﬁ?ﬁ’dﬂﬁs'&f@ﬂ@‘%'ﬁéﬁggﬁﬂ ardant. In
addi tion, since tpgpfidaich NocReo3lagggdiecones |ike a 3 lunp, there has been
also a probl em of bad handling property in the

[Patent document 2] Japanese Published Unexamined Patent
Application No. 2002-194130

[Patent document 3] Japanese Published Unexamined Patent
Application No. 2007-246606

DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY INVENTION

[0004] In the former methods, hexabromocyclododecane (HBCD) mainly has
been used as a flame retardant. HBCD, which is the material of
concern about bioaccumulation, has been expected to eliminate its
use. In the latter method, tetrabromocyciooctane (TBCO) mainly has
been used, but there has been such a problem that TBCO is blocked
with each other to become like a lump depending on a state of
preservation although an elementary substance of TBCO 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
ftame retardant. (n addition, since the flame retardant becomes like a



production process. [0005] The object of the present invention is to provide
. flame retardant expandabl e pol ystyrene beads whi ch, even though

t-et r abr onocycl ooct ane (TBCO) in powder formis used as a flane retardant,
TBCO can be prevented from non-uniformabsorption into resin particles and
al so inhibited frombecomng like a |unp, thereby having good handling
property in the production process. MEANS TO SOLVE THE PROBLEM [ 0006]

I nventors of the present invention found it possible to provide expandable
pol ystyrene beads whi ch, by using a certain anDunt of a flame retardant

havi ng no bi oaccu | at i,on ood handl i.n nth duction
process, have exce q"éq‘ntth“ﬂ‘éﬁ ng'? Slﬁoﬁr%ﬂl@fe H%ﬁﬁﬁlmgc‘?@gerﬁbgéﬁﬁh ot her
when expanded as wgtddugforfptogegansi on nolded article having excellent flame
retardancy can be obtained, and reached to the invention. [0007] The

present invention is directed to flanme retardant _exgandabl e polystyrene
beads, wher §005pol ¥be pbiestoftbe prespatinyeantien istioqsevide tlama retardasgueous

ot r abr onocych ooct SEGRERAA SRRt AT BRYE S Dot ore or during
i npregnation of thetbromddytiooetane sTBCOpRntpoddesfonnti§ usedaoviflaghe agent and

the flame retardant expandabl e pol ystyrene beads are taken out fromthe
agueous suspensi on'etardant T@F&Q%@P@éﬁ‘tﬁﬁ fromaon-wriformabsgmtishit9 cl ooct ane

I's added in an ampni, Riifled and Qis6 ithiBiRGUonP¥edbming like a lump, thereby

having good handling property in the production process.

MEANS TO SOLVE THE PROBLEM

[0006] Inventors of the present invention found it possible to provide
expandable polystyrene beads which, by using a certain amount of a
flame retardant having no bioaccumulation and good handling property
in the production process, have excellent heat fusion property of
particles to each other when expanded as well as an expansion
molded article having excellent flame retardancy can be obtained, and

reached to the invention.

[0007] The present invention is directed to flame retardant expandable
polystyrene beads, wherein polystyrene resin particles dispersed in an
aqueous suspension are impregnated with 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 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



wei ght relative to 100 parts by weight of the polystyrene resin and the
flame retardant contains 0.3 to 1.5 parts by weight of the silica fine
powders relative to 98.5 to 99.7 parts 4y wei ght of the

t et rabronocycl ooct ane. [0008] The present invention is also directed to a
met hod of producing flanme retardant expandabl e pol ystyrene beads conpri sing
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
t et rabronocycl ooct ane di spersed by silica fine powders before or during

| npregnation of the L ystyren esi.n particl with a blown ent and
taking out the fl angertickteio 100 pantindeishEr(iBe Pobinutane sl e e
agueous suspensi onfiaik rbfarddMESRAIAS 0751 1.9 pafiteby WeRhPerMersiichfinge ret ar dant
contains 0.3 to 1.5 parts by weight of the silica fine powders relative to

98.5 to 99.7 part powderacelgtive tor98& St 9%7 paits byrweight eblbeane. EFFECT OF

| NVENTI ON [ 0009] cri qQve, the flanme retardant expandabl e

pol ystyrene beadé?%%%??{éétg?@ggﬁpe'i nvention are characterized in that a
flame retardant is uniformy absorbed into expandabl e pol ystyrene

particles. [0008]he Theprasehtingértivntis akb ldirééted tda mENGtEsSpradecinglflgset o
t et rabronocycl ooctane. By adding the silica fine powlers, the

di spersibility of fetardastexpandable pelystyraneheaps corpesingstepsiofpr oved. 5
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.

It is characterized in that 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.

EFFECT OF INVENTION

[0009] As described above, the flame retardant expandable polystyrene
beads of the present invention are characterized in that a flame
retardant is uniformly absorbed into expandable polystyrene particles.
As the flame retardant, silica fine powders are added to
tetrabromocyclooctane. By adding the silica fine powders, the
dispersibility of the tetrabromocyclooctane is remarkably improved.



Therefore, flame retardant expandabl e pol ystyrene beads having very good

- handl i ng property in manufacturing, capable of uniformy absorbing a flane
retardant into expandabl e polystyrene FPesin particles and having good heat
fusion property in the nolding process can be provided. [0010] Furthernore,
since the tetrabronocycl ooctane is dispersed uniformy and stably by the
silica fine powlers, secondary aggregation or settling of the

t et rabr onocycl ooct ane does not occur, nor do problens such as blocking a
pipe line by the tetrabronocycl ooctane and the |ike occur. [0011] In

addi tion, st nce al fnebicidahi) ioebgdr BRo SRR St bfc BEARE g iy | ame

retardant flow out into dralinage water in the oduct 1 on process,  only
flanme retardant i sgedsshandiing property imemamtifactarin, capabvie ablunifgrolly st yr ene  beads.

Then, flane retardancy .of anded,articles obtained from the flane

ret ar dant expandab%?%@?@?%ﬁ@ﬂ@t%%@t? Q‘WQE’%I WENe BPEh t hough silica
fine powders are nﬁ’értiéi@é;ﬁﬁ@ﬁﬁ‘vind S0 the A AGHidH &%ﬁét‘t})’ in th@?nc%iﬁ&%ﬂﬁ!ésé”t icles
are obtained fromflane retardan expandabl e pol ystyrene beads not

contai ning a fl amecarehbeaprgsidedof HBCD, and therefore expandabl e pol ystyrene
beads which can becone nol ded articles having no bioaccunul ati on, excell ent

heat i nsul gii pgoperty and fl.a retardancy .can. be obt aj ned. BEST MODE
FoR CarRvi MBS TR e Since B0 By pE o et SO s et AL Dol e

pol ystyrene beads ghd &taBlybyaResilica fint/SoWders seadndify af§regarsh Msettiisg met hod of
produci ng flame retardant expandabl e pol ystyrene beads conprising steps of
i npregnati ng of the tetrabromocyclooctane does nof occur, nor do problems such as

blocking a pipe line by the tetrabromocyclooctane and the like 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
flame retardant is absorbed into the obtained expandable polystyrene
beads. Then, flame retardancy of expanded articles obtained from
the flame retardant expandable polystyrene beads is never lowered
even though silica fine powders are not absorbed.

[0012]) Additionally, the expanded articles are obtained from flame retardant
expandable polystyrene beads not containing a flame retardant of
HBCD, and therefore expandable polystyrene beads which can
become molded articles having no bioaccumulation, excellent heat
insulating property and flame retardancy can be obtained.

BEST MODE FOR CARRYING OUT THE INVENTION

[0013] The flame retardant expandable polystyrene beads of the present
invention can be obtained by the method of producing flame retardant
expandable polystyrene beads comprising steps of impregnating

polystyrene resin particles dispersed in an aqueous suspension with



pol ystyrene resin particles dispersed in an aqueous suspension with 6 0.45
to 2.0 parts by weight of a powlery flanme retardant, tetrabronocycl ooctane
before or during inpregnation of the {olystyrene resin particles with a

bl owi ng agent. It is characterized in that the flane retardant contains 0.3
to 1.5 parts by weight of silica fine powlers relative to 98.5 to 99.7
parts by weight of the tetrabronocycl ooctane. Here, when the

t etrabronocycl ooctane is added after inpregnation with the bl ow ng agent,
there has been a problemthat the obtained flane retardant expandabl e

pol ystyrene beads ' rel Fegg lyrents of the present
I nvention are descpggggawn&%oti&%@ta%.p%x;sag&]@%% @gbgﬁe resin particles
in the present invgtiabmmodyolopcthie befere oredajrmgmaﬁtegahm\ pfitaduced by the known
met hods can be used. Exanples of the known nethods include the follow ngs:

(1) a suspension pBPlyHeN2sesind Rariclenyiharblpviea @8eRly poft istharagierizedsi n
particles, which c 54tﬁgﬁaﬁ\%%&%{ﬁmé&RB#nX'o@toW.spaﬂQbQ%fogﬂﬁfﬁﬁé!i um - a
Styrene nononmer an a polyneril zatl on Initiator 1rnto an’aut®ocl ave and

carryi ng out suspefise powgers yetativeAet98Eto®9.7 partsbyweight ofthener whil e heati ng

and stirring inside the autoclave; ( a seed pol yneri zati on nmet hod of
produci ng pol yst yr i@ F‘E%‘??Y‘:"’B‘éf?f‘?-cl@?- wmfz:ﬁ‘%%#ﬁ%wp@egvé?%%ﬂ%lﬁ suppl yi ng

wi t geggi aqueous Mediidel affét dmpBrigHatON WillFthe BishiRGabém! herd RiLoddh aut ocl ave,
problem that the obtained flame retardant expandable polystyrene

beads are cured.

[0014] Hereinafter, embodiments of the present invention are described in
more detail.

As the polystyrene resin particles in the present invention, polystyrene
resin particles produced by the known methods can be used.
Examples of the known methods include the followings:

(1) a suspension polymerization method of producing polystyrene resin
particles, which comprises steps of supplying with an aqueous medium,
a styrene monomer and a polymerization initiator into an autoclave and
carrying out suspension polymerization of the styrene monomer while
heating and stirring inside the autoclave;

(2) a seed polymerization method of producing polystyrene resin
particles, which comprises steps of supplying with an agueous medium
and polystyrene seed particles into an autoclave, dispersing the
polystyrene seed particles into the aqueous medium, followed by
supplying with a styrene monomer continuously or intermittently while

heating and stirring inside the autoclave, polymerizing the polystyrene



pol ystyrene seed particles into the aqueous nedium followed by supplying
with a styrene nononmer continuously or intermttently while heating and
stirring inside the autoclave, polynmer7zing the polystyrene 7 seed
particles in the presence of a polynerization initiator while absorbing the
styrene nononer; and the like. It is noted that the polystyrene seed
particles may be produced by the above (1) suspension polynerization nethod
and classified. [0015] Here, exanples of the polystyrene resin in the
present invention include honopolynmer(s) of a styrene nonomer such as

styrene, a-nethyl styrene, .vinyl toluene, chlorostyren thyl styrene,

i sopr opyl styrenes,eea%éﬁafcﬁ?lm b}%qrgﬁg\,cem? GW?VQ?FQﬁ‘gY@ﬁ'aﬁW‘%dFkg or
copolyner(s) thergbriddPeélyrénd mbBREMEF: And tHfikao! 1sd NoteahAtass N may be

copol yner (s) of styrene ™ nononer(s) of which the main conponent is the above

styrene nononer golystyrene seedrpantini¢ssnay be arduced by Hreoabaver(lyation with this
styrene nononer. Exanples of such.vinyl noyver () ncl ude al kyl

(et ha) acryl at es ssﬁéﬁg'?éorh%(f‘m?"zeﬂg? Hié}ﬁ%ﬂd[ﬁ%s,(‘e’%@hyl (et ha) acryl at e,
butyl (netha)acrylate, cetyl (nmetha)acrylate and the 1|iKke,

(et ha) acr yjoonsy I i Here, &kaimpley bf the peRs§rendi rgsih iy thefpiegerdiventoret hyl
fumarate, ethyl fumarate, as well as difunctional nonomers such as divinyl
benzene, al kyl ene ig¢lyde homppelymadshaf aséyraneimonemer rech apstyrenevhen cast

nol ding is perfor ' e . t I rene
beads, the aver aggﬁ' ﬂ’ae?‘ﬂ' gﬂéé"%i' gt'h@tqglﬁe'ﬁﬁe cﬁ [?%%%Fﬁé‘%%@r&e%pyw
styrene, dimethyl styrene, bromo styrene or the like or copolymer(s)
thereof.

[0016]) Furthermore, the polystyrene resin may be copolymer(s) of styrene
monomer(s) of which the main component is the above styrene
monomer and vinyl monomer(s) capable of copolymerization with this
styrene monomer. Examples of such vinyl monomer(s) include alkyl
(metha)acrylates such as methyl (metha)acrylate, ethyl
(metha)acrylate, butyl (metha)acrylate, cetyl (metha)acrylate and the
like, (metha)acrylonitrile, dimethyl maleate, dimethyi fumarate, diethyl
fumarate, ethyl fumarate, as well as difunctional monomers such as
divinyl benzene, alkylene glycol dimethacrylate and the like.

[0017] When cast molding is performed using the flame retardant expandable
polystyrene beads, the average particle diameter of the polystyrene
resin particles is preferably 0.3 to 2.0 mm, more preferably 0.6 to 1.4
mm from the aspect of fillability of pre-expanded particies obtained by
pre-expansion of the flame retardant expandable polystyrene beads

into a cavity.

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



resin particles is preferably 0.3 to 2.0 mm nore preferably 0.6 to 1.4 mm
fromthe aspect of fiitabiiity of pie-expanded particles obtained by

pre- expansi on of the flame retardant expandabl e pol ystyrene beads into a
cavity. [0018] When the wei ght average nol ecul ar wei ght of polystyrene
resins B conposed of the polystyrene resin particles in ternms of styrene is
smal |, mechanical strength of flanme retardant polystyrene resin expansion
nol ded articles obtained by expanding the flanme retardant expandable

pol ystyrene beads is reduced. On the other hand, when the weight average

ol ystyr ene. beads FePae ofHERAVRHdhe Ebaltilain WG ShRE R, e ©

expansi on nol ded arshiall] mechumidal Stréngtth 6hflante RAGrdAMpolRtyrendassii bl y coul d not
be obtained. Therefore, the weight average nol ecul ar weight is preferably

200, 000 to 500, 000 expaision Helded Arisies abtainesbby etpamdmgdb@ﬂa'[nsogwd@arrpl es of

t he pol yneri zation su§ | zation
nmet hod and t he seegkgérfdfﬁeréozgi?ﬁ%ﬁé E%%#qﬁ??q‘ﬂ‘}?gﬁd g"%@ﬁ?@%ﬂ oXI| es such as
benzoyl peroxi de, km&:bhwmgmolebulbmybht i edrge yexpaAdatility of theut !

per oxi de, t-butyl per oxyi sopropyl carbonate,

eroxy val ate, t- th F
t-butyl peroxy- 2 eflapere a%mﬁb@ ystyrenesbasds s “@&?%Brﬁfhfg“et but yl
per oxyacet at e, 3, 5
trimethyl hexanoat e&bﬁ‘faﬁ B@z%rfené’?%s‘rﬂ%é%f%‘r\ ﬁ%d?lae g‘?'é%ﬁ?ﬁ iﬁg r}ld the liKke,
azo conpounds such eapansion ratio possibly could not be obtamed Therefore, the weight

average molecular weight is preferably 200,000 to 500,000, more

preferably 240,000 to 400,000.

[0019] Examples of the polymerization initiator used in the above suspension
polymerization method and the seed polymerization method include
organic peroxides such as benzoyl peroxide, lauryl peroxide, t-butyl
peroxybenzoate, t-butyl peroxide, t-butyl peroxypivalate, t-butyl
peroxyisopropyl carbonate, t-butyl peroxy-2-ethylhexyl monocarbonate,
isopropyl carbonate, t-butyl peroxyacetate, 2,2-bis(t-butyl
peroxy)butane, t-butyl peroxy-3, 3, 5 trimethyl hexanoate, di-t-butyl
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 method may be used, or an aqueous suspension may

be formed by separating the polystyrene resin particles obtained by



azobi si sobutyronitrile, azobis dinmethyl valero nitrile and the |like, or the
~like, but are not particularly limted to these. These may be us

used in conbination of two or nore kinds. (0020] As the aqueous suspension
i n which polystyrene resin particles are

reaction solution after polynerization by the suspension polyne
net hod or the seed polynerization nmethod nay be used, or an aqu
suspensi on may be formed by separating the polystyrene resin particles

obtai ned by 9
pol ymeri zati on

t he suspension pol ynerization nethod or the seed

ol Yatyrene rest naryspEfige pRGTRHAAen3d B e d HERER cHflr

noted that exanpl esnenﬁqdmmam_mbumu&qhmiwhase palysigfepe and the
i ke, but are not particularly limted to these and water

Is pr

ed alone or

rization
eous

hese
ately. It

ef er abl e.

[0021] | n additi onresimpamieles irspraayenys medim preparedsenasatelyd #rist he seed

Cusponsi on stani 11 S8 eifesrife A Re B h I lo Vel SfpeP

of the

styrene nononer or adds$ielikea, bul are nobpartiudanydinyiteidyto ehesesariwater Isi cl es.
Exanpl es of such aﬁég%rsi on stabilizer include water-soluble

such as pol yvi nyl

€. nmethyl cellul ose, polyacrylanide, po

pyrrolidone and the |ike or poor water-soluble inorganic salts

Tripasic CalgeT PHOSBARLE in m%aéﬁamrpy&ggg&ggsﬁhﬁmdor thé8ebd ke. Vhen the

poor water -

[0022]

e 1norganic salts are us

pol ymer s

| yvi nyl
such as

polymerization method, when the styrene monomer is polymerized, a

suspension stabilizer may be used in order to stabilize droplets of t
styrene monomer or dispersibility of the polystyrene seed particles.
Examples of such a suspension stabilizer include water-soluble

he

polymers such as polyvinyl 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 salts are used, an

anion surfactant is generally used together.

lauryl sulfate and the like, alkylbenzene sulfonates such as sodium
dodecylbenzene sulfonate and the like, higher fatty acid salts such

sodium oleate and the like, g - tetrahydroxynaphthalene sulfonate

the like and alkylbenzene sulfonates are preferable.

[0023] In the 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

Examples of the anion surfactant include alky! sulfates such as sodium

as

and

a

blowing agent in the known procedure. As such a blowing agent, an

organic compound which has a boiling point not greater than the

di spersed in an aqueous nedium a

S



anian surfactant is generally used together. [0022] Exanples of the anion

- surfactant include al kyl sulfates such as sodium lauryl sulfate and the

| i ke, al kyl benzene sul fonates such as H¥bdi um dodecyl benzene sutfonate and
the like, higher fatty acid salts such as sodiumoleate and the like, p -
t et r ahydr oxynapht hal ene sul fonate and the |ike and al kyl benzene sul f onat es
are preferable. [0023] In the nethod of producing the flanme retardant
expandabl e pol ystyrene beads of the present invention, the polystyrene
resin particles dispersed i n the agueous suspension is inpregnated with a

bl owi ng agent in th nown edure. As suc 0 n, organic
conpound whi ch has® eBB"iglqug g erR°'¥?8f'e'¢Fr($§{ qnaq %%Wgﬁgoﬁg‘ﬁﬁé&r&eﬁl ng poi nt
of the pol ystyrenengrhfai Pre%@@el@smnabm 0 &Examblesiol tHedblbwing afent ineluge! pressure
Is suitable. Exanples of the bl ow ng agent include carbon hydrides such as

propane, n-but ane, carBen hydriges sueh apfopaRe, n-hiang dsp-bulane rxppelanane,

cycl opent ane, cycl i ke,

ket ones such as anﬁ@%ﬁ%ﬂ%@%ﬂgﬂﬁy@%ﬁ%p@ﬁg ‘gjﬁg’lbfghgat"ré%ﬁeﬁ%f‘gﬁm s such as
met hanol , et hanol , petsigurnetHer afd ke, l@étdnéd‘&lchldsface&irhﬁmedwmwnds havi ng a
| ow boiling point such as dipethyl ether, diethyl ether, di propyl et her,

net hyl et hyl et her keipge andhihe 'EkﬂealthNﬁ%hﬁ‘,s '@%‘Q@@@J) e@ﬁE‘Pl i§9PRYIhon gas,
nitrogen, ammni o afchalsh e i elBPasAbANRs efinbABoNBIRG sbidtaLA g poi nt

of from-45 to 40 re erabean ut ane,
i so- but ane, n- penaadieneﬁm etheo-diethyl tieer adipropplrether; afeﬁy&bthyl ether ardd not ed t hat

the the like, inorganic gas(es) such as carbon gas, nitrogen, ammonia and
the like. The carbon hydride having a boiling 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 tetrabromocyclooctane 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 agueous medium has
compatibility with the aqueous 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




bl owi ng agent may be used al one or in conbination of two or nore kinds.

[ 0024] Furthernore, in the nethod of producing the flane retardant
expandabl e pol ystyrene beads of the pri¥sent invention, a powdery flane
retardant of tetrabronocycl ooctane is supplied into the agueous suspension
before or during inpregnation of the polystyrene resin particles dispersed
I n the agueous suspension with the bl ow ng agent. The pol ystyrene resin
particles are then inpregnated with the powdery flanme retardant under
pressure. It is noted that the aqueous nmedium is not particularly limted

as long as the aqwg s nedi ym has . co tibilit 1.t h tg? agyequs suspensi on
' whi ch the pol ysSeyRaREOCYGiacanep ofdrda mprove fhe AitRETHIb, AAS Fes of ¢ he
aqueous medi um i NALKGE oMaddihg thdl SiaGineddldeRAto thé Rt@BFbrEdyRlootane! ef er abl e.
[0025] Silica fine powders are added to the powdery flane retardant of 11

t et r abr onocycl ooct ey areprefedably mixedrip agoisture:such asp@ Hengehel mjxer asthe et hod
of adding the sili | n owders. 1Q.1he tetrabronocycl ooctane, they are
i@ (o1 G R P btlicnd

preferably m xed i Henschel m xer or the like for a
certain period of time. [0026] The silica fine powders to be added to the

powdery fl 26t aTkkAsilicadfine poRiderdtoERadHQ0 tHerpsvdary fiametétabdnt B dr ophi | i c

or hydrophobic as |ong as they have specific surface area of 170 to 330
n2/ g and the spectetrpromepcycleectane-may be gifker hydeqpdiligior hydiophaicgs 1t i s noted

LAl ohen Lhe SPagh b6 ulHals Spdlificsirfack B 670 4 BaHigand e
specific surface area is most preferably 200 m%g. It is noted that
when the specific surface area is less than 170 m?/g, 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 to the polystyrene resin particles is
preferably adjusted so as to be preferably 0.45 to 2.0 parts by weight,



of the tetrabronocycl ooctane can not be inproved and as a result, the

. tetrabronocycl ooctane is secondarily aggregated. Al so, when the specific
surface area is larger than 330 n2/g, the scattering anount of the silica
fine powders is increased, thereby causing a problemin deteriorating
handl i ng property in manufacturing. [0027] The anmount of adding the silica
fine powders to the tetrabronocyclooctane is preferably 0.3 to 1.5 parts by
weight relative to 98.5 to 99.7 parts by weight of the

t etrabronocycl ooctane and further nost preferably 0.5 parts by weight as a
lower Iimt. Wien the addit.i

di spersibility of MPfeP rte '?Qﬁﬁ%cbgPBB%S%WE%B%\&?%@P%H% qu ﬁt‘a@yb(# %hggts at e

result, the tetrabpympe m@tﬁ‘élﬁtn}estosl% A3 bl WeidHI 9F e dhrstyréhe 0. when the
addltlve anount is nore tha 5 parts b y(y\%/el k ﬁe scatterlng anount of

the silica fine pommmrhcclesu Wheaﬁ*@ocontem:tsdegs tban@ﬂﬁqmrts by weightn i n
deteriorating hand r oper,t facturin 8

t et rabronocycl ooct 3%" : rf“'?% O?Hée %P&’)‘éf’y?@ﬁg‘*ﬁ%‘gﬁ"ﬁ k%q'ﬁ%gl es is
preferably adjuste oI?Qyﬁéﬁetr €sil faldedl§ RS bha?bé5edt£bea OARR! heltharei ght, 12
nore preferably O. artsm&)welg particularly preferablyO?to

1.0 parts by wei ghtontentis mase than p%ﬁ&%y\[@'ghfen@wf@iumﬁémﬁb‘ﬁystyrene

resin particles. by wei ght, the
fl ame retardancy X\P%éngb‘&g' %%tr# §rﬁé3rftsc}fybgﬂmg cég%egﬁﬁ& i pol ystyrene resin
nol ded articl es mapgrebexpansion edeuré) taer,eby/detenbmm tefillabliity of ther e t han 2. 00

parts by wei ght, manufacturing cost
pre-expanded particles mto a mold of a molding machine.

[0029] After the flame retardant expandable polystyrene beads are produced
by impregnating polystyrene resin particles 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.

[0030] 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.

[0031] Itis 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




expensi ve, while a |large anmount of bl ocking caused during pre-expansion
occurs, thereby deteriorating the fillability of the pre-expanded particles
into a nold of a nolding machine. [0028] After the flane retardant
expandabl e pol ystyrene beads are produced by inpregnating polystyrene resin
particles dispersed in an aqueous suspension with a blow ng agent and a
powdery flanme retardant, these flane retardant expandabl e pol ystyrene beads
are taken out fromthe aqueous suspension and the flanme retardant
expandabl e pol ystyrene beads may be subject to washing and drying as

required. [0030] | 1.11.0n, [ ' d, the average
particle dianet er%ﬁ\ﬂ@hégeﬁﬁaa@?@?cgfbéhﬁﬁg é’gﬁgﬁ@a@t ggééﬂ%;? yrene beads is
preferably 0.3 to golgstyréhe bbads, FHecidditivelageRtstmiybd addednolthe ayudsus aspect of
the fillability of the pre-expanded particles obtained bﬁ prelimnarily

expandi ng t he fl anfuspeRsienirwhic theneirstyseqshiepisparicles ang«lispersatt o a cavity.
[0031] It is noted that additive agents such as a foam adj usting agent, a

filli ' ' : I t,
2 ol vent 3} P NpRUE pldBeait Yl b fiEing b Riardaf boipitshllesif °0) 07 "
po!{ys:y; ﬁnte :)ﬁadshaq;an_ e’.?uimcﬁdbdmﬂt_'cwe&é)dpbw \ ) tlgarﬂameetbmt hdantt 1;0 t he
ext en a e si c roperties are not inpaired. en these

addi tive agents gréx%aéggPS&ﬁWEe’\el beads. J%W%P%H%BBB“"%H}WN yrene
peads, the addl Ui veafgrRbriaiFaoty8RE RiSid SxdaliSioR thiidetPartilds REAG R 1 N whi ch

t he pol ystyrene resin partic eqs! are di sper
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.

[0033] 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 g/cm”.



[ 0032] Next, a procedure of producing the flane retardant polystyrene resin
expansi on nol ded articles is expl ai ned using the flane retardant
expandabl e pol ystyrene beads. As the pr'dcedure of producing the flane
retardant polystyrene resin expansion nolded articles using the flane

ret ardant expandabl e pol ystyrene beads, known net hods can be adopt ed.
Specifically, the flame retardant expandabl e pol ystyrene beads are heated
and prelimnarily expanded to prepare polystyrene resin pre-expanded
particles having a bulk density of around 0.01 to 0.05 g/cnB. These

pol ystyrene ggaMPLE" €- €xpanded particles are filled into a cavity of a
nol d, heat d_a'n%'TSZ‘p nded, thereby enabling to obtain the flanme retardant

pol ystyrene resin expansi on nolded articles. [0033] Wen the density of the
flame retar o[@ﬂM]pollyemgnaﬁeetheewesermhp@nﬁd)mis illustraubacbyaExampI%amds | ow, the

cl osed-cell ratio of the r et ard st ne. r ansi on nol ded
articles is | owered“3MBaf ’HB'GF;Q Hlfﬁfgﬁﬂér' ‘X’QEOQ)}S '}PZk!Wgﬁﬁ?" strength
of the flane retardgpgge, poI ystyrene resin expansi on nol ded artlcl es can be
reduced. On the other hand, when the density is high, tinme required for one
cycle in the cast nolding gets |onger and the production efficiency of the
flame retarf®988] pol ystyrene resin expansion nolded articles nmay be

decreased. Therefore, the density is preferably 0.01 to 0.05 g/cn8. 14

EXAMPLE [ 003 ej,nafter, the present invention is illustrated by Exanpl es
g (Exafiie)

(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 Chemical Industrial Co. Ltd.), 2.4 g of sodium
dodecylbenzenesulfonate, 140 g of benzoyl 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 monomer 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 90°C for six hours and further,
the temperature inside the autoclave was raised up to 120°C 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
autaclave, repeatedly washed and dehydrated multiple times. After

undergoing a drying process, the polystyrene particles were classified,



Conpar ati ve Exanples, but the present invention is not limted to these.
[0035] (Exanple 1) (Exanple for production) An aqueous suspensi on was
formed by supplying an autocl ave equi pbed with a stirrer having an internal
volunme of 100 litters with 120 g of Tribasic Cal ci um Phosphat e

(manuf actured by Tai hei Chem cal Industrial Co. Ltd.), 2.4 g of sodium
dodecyl benzenesul fonate, 140 g of benzoyl peroxide (having a 75 % by wei ght
purity), 30 g of t-butyl peroxy-2-ethyl hexyl nonocarbonate, 40 kg of

I on- exchange wat er and 40 kg of styrene nononer and stirring them by

rotating stir blad whi | e
stirring the aqueo&'}r&{Y Og’é%' g:?oﬁgty e@\eiﬁ?ﬁ%és&gae\)’r&% Pgrg?légd 'a'wgt)% !3. rotation
rate of 100 rpm tb@tbwmﬁtamﬁam&yhdavérbge mdleenlar weightof 30G06&d up to 9000
and mai ntai ned at 900C for six hours and further, the tenperature inside

the autoclave was raised up to 120t and _naintai ned at 120t for_ two hours,
t her eby car £8038} ohltextsaaqtaﬁrsataepla\m)wmustlri%rthamgcﬁn igtegnal yelume@frkd0. [ 0437]

Alter that, the te [ I to 25 t.
The pol ystyr ene palrﬁP&%?Jeag V\gﬂgll@ﬁvﬂ éd&w%&%;r‘na}\éﬁg&@ﬁ%%g ggt? sgﬂ‘(% aut ocl ave,
repeat edl y washed dodeayibendemssatiomaté angd el giotamgnédiumrpyragtadspyateng a dryi ng

process, the polystyren articles classified, 15 er eby qbt ai ni ng
pol ystyrene parti c}%@Wﬁgvgﬁap%!v'aawtnﬁﬂg(gcﬂfé%wvswne partlcnas as seed

particles into the autoclave and stirring them to be uniformly dispersed

in water.

[0039] 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 5 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.

[0040] 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 autoclave 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



0.6 to 0.85 nm and a wei ght average nol ecul ar wei ght of 300, 000. [0038]

Next, anot her autoclave with a stirrer having an internal volunme of 100
litters was supplied with 30 kg of ionexchange water, 4 g of sodium

dodecyt benzenesut fonate and 100 g of magnesi um pyrophosphate, followed by
supplying with 11 kg of the polystyrene particles as seed particles into
the autoclave and stirring themto be uniformy dispersed in water, [0039]
In addition, a dispersion in which 2g of sodium dodecyl benzenesul fonate and
20 g of magnesi um pyrophosphate are dispersed in 6kg of ion-exchange water

"itlators. 88 g GVSBEMEBTShd U Mt bR B A0 AT g o
omonty Pen XY 2 o bBete HRRGAN R Ul nif e AhaFRANEIR ot <0 °F >V e

nononer was prepar mer solution was added to the

di spersi on and stlrhrnaetswhbrbbg dbRATRIAY BEWstyRAE paltfien b deed WAt hen

emul sified, thereby obtaining an e sion. [0040] After the inside of the
aut ocl ave was heatpsiyreerizatien. ntAli ofdte styrens @ronamer wasuisedder was added to the
inside of the autoclave.apd it was nmaintained for 30 mnutes so as to
absorb the styr eneoqm%ﬁého'bnd benzoyl peroxide snoothly into polystyrene
seed particles. After that, while raising the tenperature inside the

aut ocl ave fpog3y590 to 108t at a rate of tenperature increase of 0.2C per
m nute, 28 kg of the styrene nononer was continuously dropped into the
autoclave for 160 mnutes. Next, 20 m nutes after conpleting the dropping
of the (Example 1)

A flame retardant A was prepared by adding silica (under the trade
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 biending (for
example, with a Henschel mixer).

[0042]) 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.

[0043] 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.



16 styrene nononer, the tenperature was raised up to 120C at a rate of
tenperature increase of it per mnute and maintained for 90 m nutes,

t her eby obtai ni ng pol ystyrene particl eg7by seed polynerization. Al of the
styrene nononer was used for polynerization. [0041] (Exanple 1) A flane
retardant A was prepared by adding silica (under the trade nane "AEROCSIL
200" manufactured by AEROS)L Japan Inc.) as a fluidizer to 440 g of a flane
retardant, tetrabronocycl ooctane (under the trade nane "Pyroguard FR-200"
manuf actured by DAI-ICH KOGYO SElI YAKU CO., LTD.) and undergoi ng dry

bl ending (for exanple, wth a Henschel m xer). [0042] Next, after cooling
down to 90t [00#A]de Liater, thetinsidenofdheautaciase wascooled dpendo A6€.dddamease of 1C
per mnute, 132 g of dicunyl peroxide was supplied as a flane retardant

assi stant agent i ntetaidant axpandpbledolystysnedaads were takenyouhfomiBes | ame
tardant Ainto t 4 ! d
Chee the 1 ane r cruiGHAvB a8 feneadif uhstiditihd dH Blarel il fifecS PECSCH

was seal ed. After tAfiet passing tlhhmghngd@'g?rpwcesé’,&H@ﬂamefrehmme (having an
i so- but ane/ n-butane (weight ratio)=30/70) and 1100 g ent ane (having an

f
i so- pent ane/ n- pent £%8an qgm'ystﬁﬁp%?eadzowge)qlaﬁﬁiﬁed-ﬁhe@g&&%_!amieg flage
autocl ave by ni trogeR dintassHrdanie folystyfentbdddd Wabihg JFHHIE bidnted &1

0.85 to 1.2 mm, an average particle diameter of 1.1 mm and a weight
average molecular weight of 300,000. It is noted that all the powdery
flame retardant of the flame retardant A was impregnated into the

polystyrene particles.
[0045]
(Example 2)

Flame retardant expandable 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 tetrabromocyclooctane was set to
be 660 g in the preparation of the flame retardant A.

[0047)

(Example 4)



state for three hours. 17 [0044] Later, the inside of the autoclave was
cool ed down to 25C. Fl ane retardant expandabl e pol ystyrene beads were taken
out fromthe autoclave and repeatedl yl8vashed and dehydrated nultiple tines.
After passing through a drying process, the flame retardant expandabl e

pol ystyrene beads were classified, thereby obtaining flame retardant
expandabl e pol ystyrene beads having a particle dianeter of 0.85to 1.2 mm
an average particle dianeter of 1.1 nmand a weight average nol ecul ar

wei ght of 300,000. It is noted that all the powlery flame retardant of the

flame retardant was | pregnated, (pto.the ol ystyren articles. [0045]
(Exanpl e 2) Flane 'PHP&P%?R’%%M&%@'ﬁyfﬁﬁ%%ﬁézﬁ{saﬁﬁ@%s Bbt ai ned as in
Exanpl e 1 except Ehahplecex@BptiRat thé ahRuhEs terasTsmbORIdctidhe/ Was Sétltot 0 be 220
g in the preparation of the flanme retardant A [0046] (Exanple 3) Flane
retardant expandabe 88} gliy theynreparatiarsefshelame setardantd. as in  Exanple 1 except

that the anmount of tetrabronocycl ooctane was set to be 660 g in the
preparati on[o%h]t he flame retardant A. [0047] (Exanple 4)

(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
“AEROSIL 300" manufactured by AEROSIL Japan Inc.) was used as a
fluidizer in the preparation of the flame retardant A.

[0051]

(Example 8)



18 Flane retardant expandabl e pol ystyrene beads were obtained as in

Exanpl e 1 except that the anmount of tetrabronocycl ooctane was set to be 880
g in the preparation of the flane retaif@ant A [0048] (Exanple 5) Flane

ret ardant expandabl e pol ystyrene beads were obtained as in Exanple 1 except
that hydrophilic silica was used in amount of 4.48 g instead of 2.24 g in
the preparation of the flane retardant A [0049] (Exanple 6) Flane

ret ardant 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

th ti fo.the fl t | 7 El
Fetardant expandabiemBEtoEAD: ERER A ofyENERErs M S Se el ol & 1 except
that hydrophilic saiarrrpk(umt@ttﬁalﬂﬁydrbpwbbmr& (und&RaBltladé Mameranuf act ured by

AERCSI L Japan Inc.) was used as a _ fluidizer_in the preparation of the flame

retardant A. [005 PER@WE" '8?"lﬁQCtUFﬁ%ﬁ%@‘éﬂdéﬁﬂan«a‘ﬂ?}hlﬁ’é&b‘ﬁ@d B®l yst yrene
beads were obtai nefya%,4/, the preparation of the flame retardant A.

[0052)
(Comparative Example 1)

Flame retardant expandable polystyrene beads were obtained as in
Example 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)



Exanpl e 1 except that hydrophobic silica (under the trade nane "AEROCSILR
974" manufactured by AERCSIL Japan Inc.) was used as a fluidizer in the
preparation of the flanme retardant A p®052] (Conparative Exanple 1) Fl ane
ret ardant expandabl e pol ystyrene beads were obtained as in Exanple 1 except
that the anpunt of tetrabronocycl ooctane was set to be 88 g in the
preparation of the flane retardant A [0053] (Conparative Exanple 2) Flane
ret ardant expandabl e pol ystyrene beads were obtained as in Exanple 1 except
that the anpunt of tetrabronocycl ooctane was set to be 1320 g in the
preparation of the flame retardant A [0054] (Conparative Exanple 3) Fl ane
retardant efpRMPRIBYIe BxAgRlew ene beads were obtained as in Exanple 1 except
that hydrophilic silica was not used in the preparation of the flane

retardant A 1005%13"@’91%’{93%92&5%% %M@nggg Bk ?‘ﬂ?ﬁ%?%ti" expandabl e

pol ystyrene beads were 0 I'n excep the amount of
hydrophi lic silic&xamplestexdept that the.anfount ohisydesphilaf silkaidasysetto bae

ti f the fl t t. A
preparation o 6.22 ga{rrmgterég o%.(ﬁng inﬁhe 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 silica (under the trade name
“AEROSIL 380" manufactured by AEROSIL Japan Inc.) was used as a
fluidizer in the preparation of the flame retardant A.



[ 0056] (Conparative Exanple 5) Flanme retardant expandabl e pol ystyrene beads
were obtained as in Exanple 1 except that the anount of hydrophilic silica
was set to be 8.96 g instead of 2.24 1in the preparation of the flane
retardant A. [0057] (Conparative Exangle 6) Fl anme retardant expandabl e

pol ystyrene beads were obtained as in Exanple 1 except that hydrophilic
silica (under the trade nane "AERCSIL 130" manufactured by AEROCSIL Japan
Inc.) was used as a fluidizer in the preparation of the flanme retardant A
[0058] (Conparative Exanple 7) Flane retardant expandabl e pol ystyrene beads
were obtained as in Exanple 1 except that hydrophilic silica (under the
trade nane ff I L 380" manufactured by AERCSIL Japan Inc.) was used as a
fluidizer in the preparation of the flane retardant A 21 [0059]
(Conparative Exanpl e 8) Flanme retardant expandabl e pol ystyrene beads were
obt ai ned as (Comparativg Example8lept that 88.0 g of tetrabronobi sphena

A- bi s(2, 3-di bronopropyl ether) was used instead of 2.24 g of hydrophilic

stlica in the prepal | Qrd8ht dpEndARE ol S RhE Bdhdé Were obtained as in

Example 1 except that 88.0 g of tetrabromabisphenal
A-bis(2,3-dibromopropy! 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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[0062]

[Method of measuring silica specific surface area)

All methods of measuring specific surface area of silica fine powders

used in the present invention are based on the BET method.

[0063]
[Blocking evaluation of flame retardant A)

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.

foo64)
[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



P ' ~ssxF3/-LLNNMmMLL Qc K24 [0062] [Mthod of nmeasuring silica
specific surface areal] Al nethods of neasuring specific surface area of
silica fine powlers used in the prese®® invention are based on the BET

met hod. [0063] [Blocking evaluation of flame retardant A] Eval uations were
made in a way that 100 g of flane retardant was put in a polyethyl 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 409C for one nonth, followed by
taking it out fromthere to observe the state. x A flanme retardant is

o i pping i1 by habe iy SGk Byehile nfdtinRBase AfmelRIREARL R, ' Clate bun

crunbled even if penuRithuted by RIKERMTTAMIN 60| laTT® )rapid0g a0 faty atid des
tightening feeling, but no lunps, whichis in a gowder state. [0064]

[ Mol di ng of pol ystaneglycesiges(usdernthentrpde namet RCEMAL Sol@PFSf t he obt ai ned
flame retardant e l,r&g%mdggpgwﬁé“wmygﬁsdg@g“?e%ga&g”egqnt%%ents, 20 g of

pol yet hyl ene gl yc ZI'nc stear
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 gazette 57(1982)-133[3347],
well-known and conventional art collection (expansion molding) and
heated by water vapor for two minutes, thereby obtaining polystyrene
pre-expanded particies.

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 530 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




g of fatty acid triglyceride (under the trade nanme "Rl KEVAL VT-50"

manuf actured by RIKEN VITAMN CO., LTD. ) and 20g of fatty acid

nonogl yceri de (under the trade nane "RbEEMAL S-100P" rmanufactured by RI KEN
VITAMN CO, LTD. ) were supplied into a tunbler m xer and stirred for 30
m nutes, thereby coating the surfaces of the flane retardant expandabl e

pol ystyrene beads with the coating agents. Next, after the flanme retardant
expandabl e pol ystyrene beads were stored in a cooling warehouse having 1590
for 48 hours, 5.8 kg of the flane retardant expandabl e pol ystyrene beads
per shot were supplied into a cylindrical batch-type pressurized prefoaner
havi ng a vol une t detardantpelystytene£xpansion meldgn agiclesofraetangdar part of

pr ef oamer tank of A S ' e t | ci al
gazette 57(1982) - @%@{égﬁe@esrh%g% i‘?\%ﬁﬁ%’#@ Q@A@g‘% rieg%g%‘té)rq%&yg%éect i on
(expansi on nol di ngxpanslon H@ﬂfe@chrﬁbleé"@ér%rswréﬂﬂfaﬁﬁ}ind Wénﬂhé\}iﬁfﬂi"ct fer eby

obt ai ni ng pol ystyrene pre-expanded particles. After that, the polystyrene
pre-expanded partithteedaysre | eft under a room tenperature atnosphere for 24
hours, whil 3@1 | ock nol ding nachine (under the trade name "PEONY 205DS"
manuf act ur ed® KASAHARA | NDUSTRY CO., LTD.) equipped with a nold having a
cavity with a rectangul ar parall el epi ped shape of 840 mmlength x 930 nmm

wi dth x 530 dI84 8hbre P S e The pol ystyrene pre-expanded particles
were filled [IBE?[‘ORQ he’sc\g?ty of trﬁ‘lgs]rml d and water vapor of 0.07 MPa (gauge

pressure) was pressed into the cavity of the '
A weight Wi(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
particies left on the sieve were measured, calculating the bonding
degree of the pre-expanded particles according to the following formula.
The obtained results were shown in Tables 1 and 2. Itis 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 parallelepiped 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.



nold for 20 seconds, thereby secondarily expanding the pol ystyrene

pr e- expanded particles. Next, the nold was cool ed down until the pressure
in the nold becones -0.01 MPa, therebygpbtaining flame 26 retardant

pol ystyrene expansi on nol ded articles of rectangular parall el epiped shape.
Subsequently, the flanme retardant pol ystyrene expansion nolded articles
were stored in a drying roomhaving 7090 for three days. [0065] [ 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 par Bydlefisingdhe determsined average walue asaflamesayt time.cul ati ng t he

formils. The oot SRR Fisdtse EONEraneBRIak R 5 Riie B fubWig 7 not oc

that the bondingsifdaRe ThetBtaissbals Washdivn iy TuEegtangas ayigl uated as 0
and the bondi ng degree exceeding 1 % by wei ght was eval uated as X. Bondi ng

degree of pre- expantesthatthe iflsmeout timeys taguised jo be within three seggnds] 0066] [ Fl amre
retardant test] Fiye test echnens ch, having,.a gect ul ar parall el epi ped
shape of 200 nm |a8§%ffjﬁ'g>3°§% .ﬁ%%n&@ﬁxqmr%%ehged{?pvg&gm%p out fromthe
obtained flane retppéferibly tBBeWAthir WWieseRERdY) PdIE praTeraBly viithin 6héSedanda

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

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

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 flammability 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.



vertical cutter. After aging at an oven having 60t for one day,
measurenments were nade according to a nmeasuring nethod A of JIS A9511-2006
to determ ne the average val ue of the 5§ve test specinens. 27 By defining
the determ ned average value as a flane-out tine, evaluations were
conprehensi vely made according to the followi ng standard. The obtai ned
results were shown in Tables 1 and 2. It is noted that the flame-out tine
is required to be within three seconds according to the JIS standard.
Therefore, the flame-out tinme is preferably to be within two seconds, nore

preferably w thin one second. X Fl ame-out time exceeds three seconds, or
even in one tegt. speContalities hd BorileRifies Wefd Seritratbd HheTOSPHST BEend t he
indicating line of flanmability limt. O Flame-out time is over one

second and w tdxpandéd partidlessonds and in all of the five test specinens,
neither afterglow exists nor flanme spreads beyond the indicating |ine of
flammability limt. Qo Fl ane-out tine is within one second and in all of
the five test specinens, neither afterglow exists nor flame spreads beyond
the indicating line of flammability limt. [0067] [ Appearance eval uation
of expansi or[om]ded articles] Each appearance of expansion nolded articles
was visually observed and evaluated according to the follow ng standard. O

A part where expanded particles were fused with each other was flat
[Heat fusion property]

Sliced articles (each having 1840 mm length X 980 mm width X 50 mm
thickness) were obtained by cutting using a nichrome wire cutter. At
the center portion in the long side direction on the upper surface of the
sixth element of the sliced article from the bottom, a broken cut line
having a depth of 5 mm was formed along the short side direction by
using a cutter knife. Then, the sliced article was divided into two along
this broken cut line by hand, thereby obtaining divided pieces each

having 920 mm length X 930 mm width X 50 mm thickness.

In the broken surface of the obtained divided pieces, particles (a)
broken in the expanded particles and particles (b) broken on the
interfaces amang the expanded particles were counted to calculate the
fusion ratio according to the following formula. The obtained results
were shown in Tables 1 and 2. ltis note that the fusion ratio of not
less than 70% is evaluated as ©, the fusion ratio of from 50% to less
than 70% is evaluated as O, and the fusion ratio of less than 50% is

evaluated as X.

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

particle number (b))



and snooth. 28 X . Concavities and convexities were generated in the
fused part of the expanded particles. [0068] |[Heat fusion property] Sliced
articles (each having 1840 mmlength xp980 mmw dth x 50 nm thickness) were
obtained by cutting using a nichrone wire cutter. At the center portion in
the long side direction on the upper surface of the sixth elenment of the
sliced article fromthe bottom a broken cut line having a depth of 5 nm
was formed along the short side direction by wusing a cutter knife. Then,
the sliced article was divided into two along this broken cut |ine by hand,
t her eby obtai ning divided pieces each having 920 nmlength x 930 mm wi dth Xx

50 nmm t hi ck{0068] | ﬁrdmafabledkemsaur’ztmpmdy weightodfithe ned di vi ded pi eces,
particles (a) broken in the expande articles and particles (b) br oken on
the interfaces anmtt@bioRoOQyglon ﬁ@@@'&ﬁﬁ‘éﬂdﬂ'@gvﬂf\ﬁwod&ﬁt%fd”@ﬂh tR&l ate the

fusion rati o accor f [ts were
shown in Tables 1 gb@&%k&ﬁrglgg g%*%'ﬁg?&ﬂé]@ﬁ b?s? E)-anﬁrsgjtgl Obgﬁﬂa n%r?%vl ess than
70% i s eval uat ed atheXdica ﬁrieepdude'rsmlatuae t9®6 té 89 pablEoblywdigitof thehan 70% i s
eval uated as O and the fusion rat :‘?’?PH’B | ess than 50%is  evaluated as x

Fusion ratio (% =tet@§romecyciopetage d$ the-powdery,fiame getardanhdter (a) +

particle number (Dbidcognized as good results with regard to any of blocking evaluation,
bonding of pre-expanded particles, flame retardant test
(self-extinguishing property), result of flame retardant test, appearance
evaluation of expanded molded articles and heat fusion property.

On the other hand, from Table 2, Comparative Example 1 containing
0.2 parts by weight of the tetrabromocyclooctane relative to 100 parts
by weight of the polystyrene resin shows bad results in the flame
retardant test (self-extinguishing property) and X in the result of flame
retardant test. In Comparative Example 2 containing 3.0 parts by
weight of the tetrabromocyclooctane relative to 100 parts by weight of
the polystyrene resin, the blocking evaluation is X and the heat fusion
property is X. Also, in Comparative Example 3 not containing
hydrophilic silica, the blocking evaluation is 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



29 [00691 From Table 1, 0.45 to 2.0 parts by weight of the

t et rabronocycl ooctane is added relative to 100 parts by wei ght of the

pol ystyrene resin. Exanples containing 43 to 1.5 parts by weight of the
silica fine powders relative to 98.5 to 99.7 parts by wei ght of the

t et rabronocycl ooctane which is the powdery flanme retardant are recognized
as good results with regard to any of bl ocking evaluation, bonding of
pre-expanded particles, flane retardant test (self-extinguishing property),
result of flame retardant test, appearance evaluation of expanded nol ded
articles and heat fusion property. On the other hand, from Table 2,

Conpar ative Exanpl %h%w@oﬂtﬁ\'tﬂé'%ndnﬂ éf H'%Eéx?ahcge r%lés Yad!rBSults in the

tetrabronocycl ooctane relative to 1 0 part |g ht' of the polystyrene
resin shows bad resrldrﬁéreta”rdérmeétl(gérﬁextmgmahuﬁlgptodeﬂsﬁar(@etfmm@te@ambshl ng
property) and x in the result of flame retardant test. In Conparative
Exanpl e cont ai ni rfiange &tapdamtsteﬂy wei ght of the tetrabronocycl ooctane

rel ative to 100 parts by weight of the polystyrene resin, the bl ocking
evaluation is x and the heat fusion property is X. Also, in Conparative
Exanpl e 3 not containing hydrophilic silica, the blocking evaluation is x
and the bonding of pre-expanded particles is also x. In Conparative Exanple

4 where thelm L‘XPF‘ID@A@II'.I. a fine powders are 0.05 parts by weight,
the Dbl ocki n‘g—evamérrmrrrwﬁgrg t he bondi ng of pre-expanded particles is

x as well. In Conparative Exanple 5 where the content of the silica fine
powders are [DOpaY t STty flame gdtardahhexpandable pplyslyienmnbeads ef the présent

invention has been used for a wide range of purposes such as in the
fields of agricultural and fishing, home electronics, architectural and
civil engineering and the like. Particularly, they are used as heat-
insulating materials for walls or floors in the architectural field.



appear ance eval uation of an expanded nol ded article. Scattering of the
silica fine powders is |arge. Conparative Exanple 6 replacing a fluidizer
wi t h tetrabronobi sphenol A-bis(2, 3-di bBbnopropyl ether) also 30 shows x in
t he bondi ng of pre-expanded particles, bad results in the flane retardant
test (self-extinguishing property) and x in the result of flanme retardant
test | NDUSTRI AL APPLI CABI LITY [0070] The fl ane retardant expandabl e

pol ystyrene beads of the present invention has been used for a w de range
of purposes such as in the fields of agricultural and fishing, hone

el ectronics g 'b Leand civil engineering and the |ike.

Particul arl ys *as heat- insulating materials for walls or
floors in the architectural field. 31 WHAT IS CLAIMED IS: 1. Flame

retardant eXpansiag! etapddnt Expardddid PaRStyreMechEAdS, nmeyahyﬁmré@élresm particles
di spersed in an aqueous suspension are inpregnated with Powder flame

retardant of t M@mﬁﬂdomta@n@que@pesgmnwnsam cmpreigna edp¥iiieds before

Spent 1o 11 AL, A et BBk plspbtsed Y bl n ot Yo
the aqueous sysmeiesd beford aedarmyr.mbreymmbmétp@n@m@w@rt@wbamcla@vmmnunt of

0.45 to 2.0 parts by %gqt relative to 100 parts by weight of the
pol ystyrene r&b'ﬁwﬁ\g@geﬁb ﬂa'ﬁ%lfﬁ?’lﬁ‘é"&ﬁ%ﬂééi’@'&i’@'%ﬁfﬁ"&lb?@@slafﬁ taeBnount of

0.3 to 1.5 pardii 48 the aqueous suspension,

the tetrabromocyclooctane 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 agueous suspension
with 045 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,



wei ght relative to 98.5 to 99.7 parts by weight of the tetrabronocycl ooct ane
that is the powdery flane retardant. 2. The flane retardant expandabl e

pol ystyrene beads according to claim 1,32 wherein the specific surface area
of the silica fine powders is 170 to 330 n2/g. 3. A nethod of producing

fl ame retardant expandabl e pol ystyrene beads conprising steps of

i npregnating polystyrene resin particles dispersed in an aqueous suspensi on
with 0.45 to 2.0 parts by weight of a powdery flanme retardant of

t et rabronocycl ooct ane di spersed by silica fine powders before or during

i npregnation of, th I ne resi articl i a_blow ng.agent and
LAk ng-out t havheramIRe bRy e B BhMafs 15 U 4. #Be e ey BP R
aqueous suspengilican finé2 powhiérseirdlativee tHOoBBIS Yo f d@Pepakd abylapéighordfatHes 0.3 to
1.5 parts by weight of the silica fine powlers relative to 98.5 to 99.7

parts by wei gHetralromesycleestangbr onocycl ooct ane. 4. Pre-expanded particl es
wherein the flane retardant expandabl e pol ystyrene beads according to claim

Fi 11 ing the br oreeipaiB BRRHEs Wnsteth RESAR: At Pobhdarts nRbb Gl L

expandi ng t hempeads according to claim 1 are preliminarily expanded.

5. Expansion molded articles obtained by filling the pre-expanded particies
according to claim 4 into a mold and expanding them.





