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Polystyrene foams with low amount of metal

Desoription

the present invention relates to an expandabde styrene polymer, comprising at feast
one Hame retardand as component {4}, from 0.01 o D.8% by welght, based on
component {4}, of af loast one meotal as componsnt (B), and athermancus partivles as
component (T}, 1o 2 process for the production of this sxpandabie styrene polymer, 1o
an expanded styrene polymer bead, comprising at least one flame retardant as
component (A}, from .01 to 0.8%: by weight, based on component {A), of at least one
metal as component {B), and athermanous particles as component {0, to 3 provess for

the production of this expanded styrene polyvmer bead, % a foaw, capatle of
production from the expandable styrene polvmer, ® a process for the production of

this foam, and glso to the use of this foan for thermal insulation, inclading that of

machives s of houschold dovices, and a3 packaging material,

F’\mnda’nﬁ s polymers, comprising at least one Hame retardant, ave known from

the prioy art

TP 200500 22 68 Al discloses a styrene-based foam which comprises graphite powder
as athormanous particles, The density of the foam Is fom 19 to 100 ky/m® and i

average cell radins i3 from 30 ww o 1000 gm.

WO R0OHEETTIR AT discloses an sxpandable vioylaromatic polymer and 2 process
for Hs production. The polymer of the specification mentioned comprises a matrix
based on vinylarornatic monemers, fromy 1 to 10% by weight of a blowing sgent, and
from DU 0 20% by welght, based on the polymer, of varbon black as sthermaneus

varticles,

ko

N

EP G981 375 B disclosss a provess for the production of expundable styrene
polymers comprising graphite particles, via polymerization of slyrene in agueous

suspenston in the presence of graphite particles,
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WO ST/A54TT AL discloses expandable styrene polvmers comprising carbon black
particles. The gnantity »f carbon black perticles present is from Q.05 to 28% by welght,
homogeneously dispersed, The styrene polvmers can comprise conventional and

ke auilaries and additives, for example flame retardants, nucleating agents, UV

slabilizers, chain transfor apests, blowing agents, plasticisers, p

fooRs
e

rnenty,  and

52

antioxidants, The polyroers also comprise fame retardants, in pacticular those based en

organis bromine compoads,

LIS 2006/276557 Al discloses expandable vinvlaromatic polymers and a process for
production thereof, The polymers comprise from Q01 o 20% by weight of cathon
hlack, homogenecusly dispersed in the polymer msiriy, with an average dlameter fom
30 to 2000 m, surface wrea from 3 o 40wy, sulfe content from 0.1 o 1000 ppm,
and ash content from 0001 o 1%, The polvmers can also comprise conventional
additives, for sxample pigments, stabilizers, flame retardants, antistatic reagents,

anttadhesive agends, oo,

EF O 815 137 A2 discloses expanded styrene polymers which comprise athermanous
particles homogeneously dapersed and » hydrophobising agom as costing, Suitable
hydrophobizing agents ave carboxylates of aluminum, sivcortum, amt hafhivm in the

form of squeous solutions,

UB 2004039073 A1 discloses expandable styrene polvimers which comprise carhon

particles, The styrens polymers comprise, as blowing agemts, from 2.2 (o 6% By weight
of portane aud from 1o 109 by weight of water. The styrene polymers can {kewise
comprise conventional additives, such as flame rotavdats, nueleating agents, UV

stabilizers, and atioxidanis,

DE 198 28 250 AT disclosey polystyrene foarmn beads for drainage shests, These can
B Sy S

commprise grapdite as athermanous particles.

A disadvantage of the processes of the prior ant and, respectively, the known
expandable styrone polymers is that the presence of metals often has an effect on the

preparation proosss for the polystyrene foams, and thus on thelr properties. By way of
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sxample, i the cese of freomdical polymerization in suspension, the reaction

parameters depend on the metal content of the reaction solution. Furthermiore, in the

':1..

caxe of praparation via extrusion, the relatively high fomperaturs can cause increased
degradation of the polyimers. By virtue of these adverse effocts of the metals prosent
during the proparsiion provesy, the styrspe-comprising foams obiatoed have an
unsatistactory property profile, for example i relation 0 thelr mechanical propertics.
The fire performance of flame-rotardant polystyrene foams can morsover be adversely
affected when flame retacdants are used, if exesssive amounis of metals are present in
the foam.

it ia thevefore an object of the present wention o provide Same-retardant, expandable
styrene polymers whieh, in conparison with the expandable sivrene polymers known
from the prior srt, heve improved properties, in pasticulae mechanical proporties, ar
flame-inhibitog action. In partioudar, an objeet of e present lnvestion is to provide

X

expandable styrene polymers which have advantagenus fire performance, where this

also applies when atharmanous pacticles are prosent in the styrene polymers.
These are achieved via an expandable ne polymer, comprising af Jeast ong Hame

retardant as component (A), frow (.01 to 0.8% by weight, based on component {4}, of

at feast ane metal as component {8}, and mthermanons particles as component ().

v one particeladly preforred cmbodiment, the styrene polymer I8 a styrene
homopolymer or @ styrense copolyviner having up to 4089 by weight, based on the
weight of the polymer, of &t least one firther ethylenteally unsurated monomes, i
partivuiar alkoylstyrenes, such as divinylbenzens, parasmethylalpba-methylstyrens,
alpha-methyistyrene, or aorvioniirile, butadicns, acryviate or methacrylate, Blends
composed of polystyrene with other polymers sy also poasible, in partioular with

rubber and polvphenyviens sther

In one particwlarly proforced ombodiment, the expandable styrene polymer of the
fpvention has been selected from the group consisting of styrene polymers, mpacts
resistant polystyrene, anionieally polymerized impact-resistant polystyrene, styrens-

sorylonitrife  polymers (8ANY,  sorylonitrile-buladicne-styrene  polymers  (ABS)
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sorylonirilesstyrenseacryiate  polvmers {ASA), methyvl acrviste-butadiene-styrene
polymuers (MBE), methyl  methacrylate-servionitrile-butadionsostyrene polymers
(MABS), alpha-methylstyrene-geryloniteile polymers (AMSAN), para-methyl-alphas
mcthyistyrene-acrylonitrile  polymers {MAMSAN), and wmixtures thereofl In one

preferred embodiment, polystyrong s used.

I i possible that wixtwees of twoe or more of the styrene polymers mentioned arg

prasent. The weight-average molar muass of the polymers wsed ix generally from 56 600

to 300 00 g/mol, preferably from 70 000 1o 400 000 g/mol.

The sexpandable styrene polymer of the invention vomprises o least one flame
retardant @ component {A). The at least one flame vetardant has proforably been
selected from halogens or phosphorus-containing compounds or substances. The Hlane
retardant used partionlarly preferably comprises organic bromine compownds. The
organic bromine compounds are intended to have a3 bromine content of <4096 Wy
weight, Particudarly suitable compounsds are aliphatie, cyclogliphatic, and aromatic
brontine compounds, such a3 hexabromocyclododecans (HBCD), pentabromomone-
chlorocvclohexane, pentabromophenyt allyl sther, 22768 -etrabromobispheno! A
hisallyvl ether, N2 3-divomopropyl-4, S-dibromobexshydrophthalinide, and mixtures

thereot

Exaraples of suitable phosphorus-containing compounds or substances are phosphates,
such e trimethyl phosphate, triethy! phosphate, tribuiyl phosphate, irtbutoxyethyl

phosphate, tiphenyl phosphate, fricresyl phosphaty, tris(eblorosthyl}y phosphate,
paosp P P ¥ioOPOoy Y pRosp

tristdichioropropyh) phosphate, tris{chlovopropyl) phosphate oF
s Jedibromopropyl} phosphate, of red phosphoeus,
Acoording to the invention, i is slso possible o use mixtores of the flame retardants

mentioned, In one particuladdy preferred embodiment, the gt least one Hame retardam

ia hexabromoceyclododecane (HBCD).

The action of the bromine-containing flame retardanty i3 considerably improved via

addition of O-C- or G-Oklabile organie sompounds. Examples of these Sae retardant
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synergiety are dicemyt and dibwny! peroxide. Ove preferred combination comprises
from 0.1 to 5% by wolght, based on the expandable styrene polymsr, organic bromine
compounds and from 008 to 10% by weight, bused on the expandable styrons
potymer, of the C-C- or O-G-labile arganie compounds.

The expandable styrene polymer of the invention comprises from 0.01 to 9.8% by
welght, prefovably from Q.02 to 0.5% by weight, based in cach case on component (A},

of at least one metal as component {8

The at least ove matal present as component (B) can be present iy elemental form or as

compoend. According o thy Invention, the amount stated hers is abways based on the
metal in clemental form, for example determined via elemental analysis. If & phurality

of metaly is present in the expandalde styrene polymer of the invention, the quantities

stated are based on the entivety of the metals pressat.

The amounds present in the expaadable styrene polymer of the jnvention of at least one
flame retardant as component {A) and of ot least one metal as component {R) result in
& ratio by welght of at least one Hane retardant of at least one metad which s geneeally
greater than 30, preforably greater than 100, partiondarly proferably greater than 128,
vary partieddarly preferably grester than 200, The amows of af least one flame

retardant present in the expandable styrene polymer of the present invention has been
coupled to the amount of metal present. I the amount of metal in the styrene polyaer
of the jnvention 15 small, the amount of at least one Same retardant can also be selected
to be small, I e amount of metd in the styrene polymer of the nvention is relatively
great, the amound of at lewst one Hame retardant also has to be appropristely adapted so
as to achieve the advantages of the Invention. In vvery case, the amount of metal
present as component (8) in the expandable siyrene polymer of the invention is ol most

1.8%6 by weight, based on component {A)

Agvording to the Invention, §f is preforable that the af least one metal is not separately
added to the styrene polymer; jnsfead, the metal that s pessent In appropriste
£

cireumstances generally passes in the form of contamination inte the expandable

styrene polymer of the invention. By way of exampls, metals pass nto the product by
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meshadoal means andior via corrosion, via abrasion of steel, for sxample from the
sxtruder, tank, sieve, ste., during the production of the expandable styrene polymer,

Another source of the metal that i present in approprizle circumstances in the

expandable stvrene polymer of the invention is provided by the substances introduced

o the reaction for the production of the styrene pelvmer, for example the

athermanous particles present, suck ss graphite or carbon black,

The at least one metal thet is prosent o appropriate cbroumstances in the expandabtle
styrene polymer of the investion has proforably been sslected from the group
consiating of alwviny, avdum, scandhan, vanadiom, chrondum, manganese, ron,
cobalt, nickel, copper, yiriom, circoninm, nioblwm, mwivhdemun, nwheniom,
rhedhen, pelladine, stbeer, hafiiom, tatalom, tungsten, thendum, osmitum, iridinm,
rlatinaa, gold, corium, and mixtures thereof, In one particnlarly preferred smbodiment
of the styrane polviner of the nvention, the a least sue motal has been selected from

the group conststing o fron, copper, molvhdennm, drconium, and mixturss thereof,

By vivtie of the vory small amount sccording o the invention of af least one metal,
based on the at least one Hame rotardant, in the styrens polymer, this pelymer features
very good mechandeal properties in conjunciion with good therma! insulation and high
Hame retardasey. The partionlady pood Hame retardancy of the expandable styrens
polymers of the invention can, for example, be expressed by the fact that they pass the
DIN 4102 B2 foe tost The advantages of the c,\gmmi able styrene polymers of the
favention also give rse to these advartagonus propertiey in expanded styrene polymers
aned, respectively, foams of the jwventton, cepable of preperstion from these

sxpandable styreue polymaers.

The expendable styrene polymer of the nventioer comprizey sthermuwous particles ag

.,

govuponent (U, for sxample selected from the group consisting of non-metal onides,
such as 80, carbon, such as carbon black, paphite, Hamond, and crgasic dves and,
respectively, dye plgments and mintuees of these, Organie dyes that can be used are in
particniar those which oxhibll shsorbent andior reflective behavior in the tnfared
region, The sbovemeniioned materials vay be used either alone or else in combination,

e in the form of & mixtuwee composed of 3 plurality of matertals, In one preferred
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embodiment, the athermanous particles o the styrene pobymer of the wention are

graphite.

in ong meferred ombodiment, the carbon blacks, graphites, or carhon niaterials used as
athormanous  particles compwise an amount of less than SO0G ppm of metaly,
partiowdarly preforably of fess than 1000 ppm, very pastiondarly preferably fess than

S0€ ppin, with partienkar praforence less than 100 ppn,

The primary pacticle stee of carbon black that can be used in the wvention is preferably
from § o T000 mun, partionlarly proforably from § 1o 500 nm, The DIBPE absorption of
the carbon Wacks preferably used, wmesswred to ASTM D2414, & fom 1D
300l 100 g, particularly preferably from 20 to 200 mLA00 ¢ The swrface area of

the carbomr blacks prefershly wsed, fn sach cose measwed o ASTM DE353%, is

preferably from 2 to 400 mfe, particularly preforably from 3§ to 200 m' g,

The average particle size of graphdfe that can be used in the tovention is proforaldy
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8§00 g/t mnd By spevific swfaes ares belng from 1 to 20 m'fy. Natural geaphite,
wrthetic graphite, or expandable graphits can be osed. The ash content of the graphite

r&iw&biv wsed, detenmined to DHN SI803, s gencmlly from O to 15% by weight,

preferably from .003 to 10% by weight, particularly preferably from 001 o §%

weight.

The amount generatly present of the athermaneas particles in the expundable styrese

polymer of the inventlon iy from 0.03 to 30% by woighy, particulasly preferably frow

(L1 to 20% by weight, based in sach vase on the expandable styrene polymer,

The athermanous particles that ven be wsed fu the Invention gs component {0} can be
of regular anddor frregular shape. The athermanous particles can be produced by any of

the processes known to the person skilled in the srt, andfor arg commuareially available,

The expandable styrene polymers of the invention can morsover comprise the

anxibiaries aud additives which are conventional and known to the persen skitled o the
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art, for example nncleating agents, UV atabilizers, chainctransfer agents, blowing
agents, plasticlrers, coating agents, hydrophebing agents, andlor  antioxidans,
According to the rvention, care Is o be taken here that the proportion of at least one
mietal of from B.01 o O.8% by weight, hased on the at least one Same retardant, 18 not
exceeded, In ope prefored embodinent, the expandable styrene polymer of the
imvention comprises no fillers, i particelar o meta.‘wunéaiﬂmg fitlers, i.e. the wnoumt
of fillers, i particular of metal-contatning fllers, fn the expandable styrene polymer of
the wvention is below the snalytical detection Hmit, The pevson skilled by the an

Inows of sultable analyviical methods,

The present invention alsn wovides 3 procesy for the prodoction of the expandahle
styrene polyrmer of the nvention, vie mixing of the expandable styrene polvmer, af the
at least ome Hame retardant gs component (A}, snd of the athermanous particlss as
component (U}, where from 4,01 1o 0.8%% by weight, based on component (AL of &

fast one metal i present 85 cotmponent {8

The muixiag of the af least one styrene polvmer with at least one Hlame retandant, with
athenmanous particles, snd v sppropriate circumstances with Rether components takes

place by the processes desertbed below,

in one profored embodimend, the at least one flame retrdant, athermanogs particles,
and In appropriate chroumstances fether components are mived with a melt of the
siyrene polviner, for sxample in an oxtruder. & blowing agent i so metered

imuliancousty hove fnte the melt It &5 also possible 1o ncorporats the at lsast one
Hame retardant, athormanons particles, and i approprisfe circumsiances fAather
components info a wmelt of styrene polymer comprising Mowing agent, and # i
advantagecus hore to use marginal fractions removed by sioving fom a range of beads
from polystyrene beads prodeced In & suspension polymetization reaction and
comprising Mowing agent. The polystyrone mell conmprising Mowing agent, and
comyprising t least one flame retardant, athermaneus particles, and in appropriate
civeumstancss further components i extruded and comminuted to give pellets
comprising blowing agent. Sincy graphite fn particudar has marked nuclsating sction,

o,

the product should be rapidly cooled ander prossure wfier extrusion, in order to aveid
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foaming. It i therefore advantageous o carry owl underwiter pelletization under
pressure,  the polymer melt is not teated under pressure, foaming of the expandable
styrene poivimer ovcurs, rovng oxpanded stvrene pobvmer beads or & foam., In ong
prefiared embodiment, this diregt fosming fakes place via exinusion of the malt

somprising 'bkswiag apent throngh an appropriste die, thny divectly forming foam

Rt

X

sheols of the desired stwe Bom the oxpandable styrens polyvmer. In another

o,

erhodinunt, the well i extraded teongh another suitable die o form expanded beads

composad of the expandable styreng polymer.

The present invention therefore alse provides a provess for the production of an
sxpanded styrene polymer head of the fnvention, whers an expasdable styrens polymer
of the invention Iy amed.

The prosent nvention also provides an expanded styrene polymer bead comprising at
ivast one Hame retwrdant as component (AY, from $.07 1o 8.8% by weight, based on
component (A}, of at least one reetal as componsnt {8), and athormanous particles as
component {Uy preferably capable of production according to the provess of the
imvention, In relation to the individual feanes and to the preforred ewvbodiments, ﬁz@f
statoments made i rolaticss to the sxpandable styrene polymer beads are applicable 1o

the expanded styrene polymer beads of the fnvention,

it is aleo possible to add the blowing agent in g separate step of & process to the styrens
polymers which comprise the & least one flame retardant, athermanons particles, and
in approprinte olecwenstances further components, The pellets here are proferaldy

fmpropnated it agueous suxpenston with thy blowing sgent,

The at least owme Hame retardant, athormanouns particles, and In appropeiate
civornatnees fiether components can be added dreetly to the polymer melt. B s alse
possible that the form in which the at least one Hame retardant, athermanous particles,
and in appropriate clrcumstances farther components are added 1o the melt is that of
concentrate in the appropriate polystyrene, However, it is preferable that polvetvees
peliets, and the at least one Ham retardant, sthermanous particles, and in app;‘ﬁpriam

cirpumsiances further components are ogether added o an extruder, and that the
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pobymer 18 wmelied, and mived with the gt least one Dune rotardand, sthermanous

particles, and i appropriate oircumstances further componsnts.,

It s also possible, in principle, to lncorporate the at least one flame retardast,
sthermaoous particles, and in appropriate cironmstances further components belore the
suspension. polymerization reaction hay fmched. They can be added here o the
monsmers prior 10 suapension, or can be added fo the resction nixtwee doring the
course of the polymerization oyvels, preforably during the fiest halt theresf The
blowing agent is preferably added duwring the courss of the polymerization reaction, bt
it can also be added o the polymer alterward, It iy sdvantageous for the stability of the
suspension that a solution of polywmer, or of s Jppropriate copolyowr, 1o the
monomer, or it the mixtare of monomer and the approprigte comanomer{s}, {3 present
at the start of the suspension polvmerization resction. 1 18 praferable here 1o stuet from
a solution of polystyrene in the styrene, whare the conventration of the polystyrese in
styvene is genevally from 0.3 10 30% by weight, preforably from 5 1o 209 by waight, &
ts possible here to dissolve vivgin polystyrene 1o the styvens, but i 15 advantagesus ©
use what are known as marginad factions which are beads of exvessive or insufficient
sive that we removed by steving when the range of beads produced duning production
of expandable polystyrene is fractionated. The dlametors of these non-usable margingl
fractions in practice ave greater than 2.0 i or smaller than 002 nun. B i also possible
o use recycled polystyrene and recycled polystyrene foam. Auother possibility
congiats in prepolymertzing styrene in bulk up to 8 conversion of from 0.5 to 70% and

susgsendim the me-polymer together with the athenmanous particles in the agusow

phase and polymerizing o conpletion,

The amonnty added of the Mowing agent are conventional from about 1 o % by
weight, based on the welght of the theomoplastic polvmer, Blowing sgents usually
used are shiphatic hydrocwrbons having from 3 o 18, preforably from 4 o 6, carbon

SOMS, £.8. n-praane, mopentane, or & mixture thereof,

The expandable styrene polymer of the invention can be processed to give foams with
densities which are prefirably fom § 1o 200 @/l particularly proferably from § to

100 g, and dn particolar from 10 SO @l The present ivention therefore also
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provides & foam capable of wodoction from the expandable styrene polymer of the
inventiont,
o ove preforred ombodiment, the density of the foam of the nvention I8 £ 33 g/ and

its thermal conductivity has been lowered to the extent that #t complies with the

The prosent fnventipn alse provides 3 process for the production of fams vis
roduction of an expandable styrene polymer of the jnvention via the process of the
X w & <«

fvention aud foaming of this expandable styrene pobvmer,

The foaming of the expandable styrene polyrmers comprising Mowing agent to give
foams usually likewise takes plave by the process known from the prior @i, by pre-
foaming them in & Hrst step using steam in open or closed prefoamers, to pive the
approprisie expanded styrene polymwrs. The average pasticle stze of the expanded
beads s generally from 0.5 to 10 mm, i particular from 1 to Sowm. The present
tvention also provides the expanded styrene polymers comprising the at lsast one
flame retardant and in appropriate circuntstances Rarther components, In 8 seond step,
the wefoamed, expanded styrene polvmers of the fnvention in the form of beads are
thew fused by means of steam in gas-perosable molds o give woldings or shests,

The prosent toveotion also relates to the wse of the fam of the nvention for thermal
insulation, for sxample of buildings or of parts of bulldings, e in perimetsr
insulation, The foams of the fnvention can b applied here o the external side of the

parts o be insulated, or ehye 1o thetr intermal side.

The present invention adse provides the use of the foam of the Invention for the thermal
tnsulation of mwehines and of household devices, eg. ovens, refrigerators, chest

freeers, water botlers, or insulated fasks.

The present Invention also provides the we of the foam of the vention as packaging
material, The foam here can be nsed in pacticulate form, 5o that the article fo be packed

hes in & loose bad. It is aleo possible that 8 one-plece workpiece is produced from the
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foan of the invention, o which the article to be packed i embedded,

Examples

Example | (comparison:

UL

:“ i3
,..,

{ BPS msgingl faction are dissolved in 3100 ¢ of stvrene, and g of
o T v p
E3

pulveruient graphite (d530 geain sz 4.3 jun; budk density 200 /L aeh, determined

e

DN 318030 3.5% by weight) 1s suspended homogeneousdy with admixtare of 2g 0

sh-butyl  poroctoate and 17 of dicunyyl peroxide, and alse 3Sg of
hexabromoeyelododecane (HBCD, The ornpanic phase 38 introduced inte 4.5 1 of
completely demineralized water n g 10 L stirred tank The aguenus phase comprises
18 g of sodiwm pyrophosphate and I7 g of mugneshur sulfate. The suspenston s
heated o P10 within a peviod of 150 nvmutes. 1y of E30/M0 enulsifier (Leuna
Tenside GmbH) v then added. After a further 80 minutes, 220 g of pentane are
meterad o and the polymerization ¥ completed gt 134°00 After removal of the

1
¥

aqueous phase and subseguent sleving, expaadable beads are obiained, Metal content,

The beads are profoamed using steam and fused, after storage for one duy, by further

%

freabment with sieam tn g closed mold, to give foam blocks of demeity 151 g/l

Thermal conductivity o DIN 32812 is 313 mWiae YK The DIN 4102 B test s myt

passad,
Compressive stress for 1% compression is inadegeate, being 56 kPs to DIN EN 836,

Example 2 {of the invention )

The experiment I8 carried out as desoribed in oxample 1, but 110 g of graphite with
grain sixe d50 of 4.8 pm, bulk density of 200 ¢/L, and ash content, determined fo
DIN S1903, of 2% by welght wre used Metal coutent, based on HRCD, 0.2% by

seight, Thermal conductivity, at density 183 g/L, &8 313 mW/m¥K) o DIN 52812

The DN 4102 B2 test 15 passed,



(43

1

28

3. 2274369

Comapressive stross at 1886 comprossion 1z 75 kPs to LN EXN 326,

Example 3 {companisony
2.0 by weight, based on polystyrene, of hexabromocyelododecane {HBCD) and
.49 by weight, based on polystyrene, of diciny! are metered (o & main siream of @
polymer melt comprising blowing agent based on polystyrens with weight-average
molar mass of 28G 000 gimel, 3.7% by weight, based o polystyrens, of graphite

{gratn size 4.7 pmy bulk density 200 g/l ash, dotermined to DIN 31803 3.7% by

#

weighth, and 7% by weight, based on polystyrene, of nopontane, in an extruder. The

&

¥

resultant polymer mielt i conveyed through & die plate and pelletized with the ald of »

pressarized underwater pﬁ:@iﬁi‘izw 0 give expandable beads,

Beads whose average diameter §s L1 mm oare obtained. Metal contens, based on
HBCD, v 2.1% by welghl, The beads awe grs:fs:sam@d gsing steam and fused, after
storage for one day, by Ruether trostment with steam v g closed mold, to give foam
blocks of demsity 180 /L, Thermal condectivity to DIN $2612 i 310 mWin*K),
The DIN 4102 B2 test 18 not pessed. Compressive stress at 18% compression s

inadeguate, being 60 kPa to DIN BN 824,

Example 4 {of the invention}

T X

The experiment 13 cardied out @ desoribed o exanmple 3, but graphite with geain e

d3of 4.3 um,

o

il density of 200 oL, and ash content, determined to DIN 51903, of

(13% by weight are used. Metal content, based on HBCU, G.02% by weight. Thermal

gonduetivity, at density 182 g/, 18 310 WK o TN 32612, The PN 4102 B2

fest Is passed. Compressive stress at 10% comprassion s 85 k¥a to DIN EN &24.

Fxample § {of the mvention)
kY g

The experiment 15 carrted out a8 deseribed By example 3, but graphite with grain size

50 of 7, bulk density of 300 gL, and ash content, determined to TN §1903, of



ST 2274365

3.5% by welght are used Metal content, based on HBCD, 0.8% by weight. Thesmal
conductivity, at density 18,3 gi 15 328 WA to DIN 82612, The DIN G2 B2

teat {8 passed, Compressive stress b 10% vompression 18 83 ¥Pa o DIN BN 826,



T14431/8B0
Polisztirel habok alscsony mennylségd Mmmed

SOARADALMI IGENYPONTOR

1. Expanddlhato szliirol polimer, amely tarlsimae (A) komponensként legalabb
egy egdsgatidt, (B komponensként, az (&) kemponensre vonatkoziatva 8.01-0.8 8-
meg¥e-ban legalshb agy fomst, 85 {C) komponensként sterman réorsoskékeat.

& Az génypont szernindl salivel polimer, sexsl jalismeewr, hogy sz egy sati-
ol hompolimer vagy e2 egy, & polimer Bimegst véve alapul, 40 Wimeg%end kiseld
mannyissgl legeldbb egy tovabbi stilénesen telltalien monomer satirol kopolimerje.

d. Az 1 vagy . ipénypont szerindt setirol polimer, sexal jellemesve, hogy 2
legaldbb ogy Sudsgatid sgy szerves brémvegyillat,

4. Az -3, igénypontok sgyike szerint sztirol polimer, azzal jellemeazve, hogy
& legaiabb egy fémel 5 vas, rée, molibdén, cirkénium &s ax ezsk keverske alital alko-
folf caoportbd vilasetiuk ki

§ Ax 14 igénypontok egyike szarintl setivol polimer, axzal jellemesve, hogy
2 legalabb egy dncesgdtld hexabrdmeciidododekan (HBCD),

8. Az 1-5. igénypontok egyike szerinti sziirad polimer, azzal jellemezve, hogy
az starman réazecskek grafitok.

T. Eljdvés az -6 igénypontok egylke szerintl sxpandathatd sziirol polimer alg-
aliftastrs az expanddihatd salirel polimemek, (&) komponensként a logalahb sgy
agasgationak valamint {(C) komponensként az atermén réseecskéhnek ax Ssszake-
varésevel, ahol az (&) komponenst véve alapul 0,01-0.8 Kimeg¥-ban tegalabb sgy
fam van jelen {B) kaemponenskent.

8. Expandsthatd satirol polimer réazecske, amely tartalmas (&) KOMpOnens-
ként logaldbb egy Sndegatiot. (B) komponensként, ax (A) komponenses vonatkoztat-
va 30108 Omegi-ban legalibb egy fomet, é&s {(C) komponensként sterman ré
sescakeket,

8. Eliards a 8. igénypont szerintl expandathatd sztirol palimer részsoskék olf.
dilitasars, weeal jollomesve, hogy sgv 1-7. igénypontok agyike srarintl sxpandathatd
sztirol polimer habositunk fal.

10, Habanyag, amely sldalithatd az 1-8. igénypantok egyike szerint expan-
dathatt szlivol polimerbdl,



1 A 10, ipénypont szerintl habanyay, axeal ellameeve, hogy snnek stirlisé.
ge = 35 gA, és olyan a hiveretd képességs, hogy e olvan alassany, hogy kisléghi a
Q35 hivezstas! pextaly (DIN 18184, 1. rész, 4. tabldzatl) felidialait,

12, Elidras 8 10, igénypont szerintl habanyag cl88iitdedrs sgy. a8 7 igénypont
srarint expandathatd sativol polimer sltalitdsaval valamint ennsk a setirol polimen
nek & felhabositdsdval,

TE A W igénypont szerintl habanyeg slkalmazésa termikus szigetelesre, geé-
pek és hdztartasi eszhdzdk tarmikus szigetelisére valamint csomagoidanyagkeént.

A maghatabrasott

TH4IUBO



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

