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Description

[0001] The present invention relates to concentrated compositions (master batch) of vinyl aromatic polymers and/or
vinyl aromatic copolymers which can be subsequently used in processes for the preparation of self-extinguishing ex-
pandable compositions of vinyl aromatic polymers and/or vinyl aromatic copolymers. The present invention also relates
to said self-extinguishing compositions and a process for the preparation of said self-extinguishing compositions.
[0002] Inthe present patent application, all the operative conditions indicated in the text should be considered as being
preferred conditions even if not expressly specified.

[0003] The expandable granules obtained starting from polymeric compositions of vinyl aromatic polymers having a
reduced thermal conductivity, such as, for example, expanded polystyrene (EPS), contain infrared absorbing agents
which mitigate the propagation of heat.

[0004] In order to also give said expandable granules self-extinguishing properties, flame-retardant agents such as
organo-brominated compounds, for example, hexabromocyclododecane, are usually introduced into the starting poly-
meric compositions.

[0005] Unfortunately, infrared absorbing agents such as coke, graphite and carbon black, and their impurities, signif-
icantly accelerate the degradation of the organo-brominated compounds introduced as flame-retardants, with a conse-
quent production of hydrobromic acid (HBr). The presence of hydrobromic acid in the expandable granules causes
corrosive phenomena on the part of the plant, with a consequent deterioration in the metallic parts and a deterioration
in the characteristics of the behaviour and during transformation of the granules obtained.

[0006] During the preparation of expandable polystyrene granules, without athermanous fillers, in order to limit the
degradation of the organo-brominated compounds, stabilizing agents based on tin are normally added, such as, for
example, tindibutyl maleate, or compounds containing epoxy functional groups which act as acid scavengers by removing
HBr from the reaction environment. Alternatively, chemical compounds with basic properties can be used for neutralizing
the hydrobromic acid produced. Another known solution envisages the use of infrared absorbing agents, characterized
by a high degree of purity (as described in patent WO 2009/133167) wherein degree of purity refers to a reduced content
of metals present in the ashes. In this way, the brominated flame-retardants undergo a less intense degradation.
[0007] Tetrabromobisphenol A bis-2,3 dibromopropylether is a known compound brominated flame-retardant used in
various polymeric compositions, as can be observed from ample patent literature.

[0008] WO 2010/140882 describes particles of expandable polystyrene (EPS) containing a polymeric composition
which comprises EPS, brominated polystyrene as flame-retardant in a quantity ranging from 0.5% by weight to 5% by
weight, calculated with respect to the styrene polymer, and at least one synergic compound selected from peroxides or
brominated compounds of bisphenol, preferably tetrabromide bisphenol A bis (2,3 dibromo propyl ether), and combina-
tions thereof. In this way, the self-extinguishing properties of expandable polystyrene are optimized, allowing the fire
test DIN 4101-B2 to be passed and reducing the environmental impact of these exhausted materials.

[0009] US 2005/0020737 describes a styrene resin modified with rubber containing:

* 100 parts by weight of a styrene resin modified with rubber,

¢ 0.2-20 parts by weight of a flame-retardant which comprises from 0.1 to 10 parts by weight of a compound selected
from tetrabromobisphenol A bis (2,3 dibromo propyl ether), hexabromocyclododecane and mixtures thereof,

¢ 0.1-3 parts by weight of calcium stearate as lubricant.

[0010] This composition has the purpose of reinforcing the extinguishing properties, increasing the heat resistance
and resistance to climatic agents, reducing the decolorization and deterioration of the styrene resins.

[0011] US 5,717,001 relates to a composition which contains a styrene polymer, a halogenated flame-retardant such
as, for example, tetrabromobisphenol A bis (2,3 dibromo propyl ether), a zeolite A as heat stabilizer and an expanding
agent. The composition described prevents problems relating to colouring and/or viscosity in the polymeric compositions
based on styrene polymers exposed to high temperatures.

[0012] WO 01/29124 relates to a polymeric composition comprising:

* expandable or non-expandable vinyl aromatic polymers,
¢ a composition of flame-retardants containing:

* tetrabromobisphenol A bis (2,3 dibromo propyl ether),
* an alkyltin mercaptoalkanoate, and
* a zeolite adjuvant.

[0013] In this way, the thermal stability of the flame-retardant is increased and the flame-retardants become inter-
changeable in the compositions of high-impact and expandable vinyl aromatic polymers.
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[0014] US 2011/046249 relates to expandable vinyl aromatic polymers which comprise: a matrix obtained by polym-
erizing 50-100% by weight of one or more vinyl aromatic monomers and 0-50% by weight of at least one copolymerizable
monomer; 1-10% by weight, calculated with respect to the polymer (a), of an expanding agent englobed in the polymeric
matrix; 0.05-25% by weight, calculated with respect to the polymer (a), of a filler comprising coke with a surface area,
measured according to ASTM D-3037/89, ranging from 5 to 50 m2/g.

[0015] Compounds containing epoxy functional groups are known acid scavenger additives which are used in various
polymeric compositions, among which those of vinyl aromatic polymers, as can be observed from ample patent literature.
[0016] Epoxy resins belong to the category of thermosetting resins, originally obtained by the condensation of epichlo-
rohydrin with bisphenol A. Epoxy resins are currently composed of low-molecular-weight diglycidyl ethers of bisphenol A.
[0017] Depending on the molecular weight, epoxy resins can be in the liquid or solid state. The cross-linking processes
of these resins are favoured by compounds containing functional amine groups, polyamides, anhydrides or other cata-
lysts.

[0018] Solid epoxy resins can be modified using other resins and/or unsaturated fatty acids.

[0019] Epoxy NovolaK Resins are resins obtained from the reaction of epichlorohydrin with a condensate of phenol
formaldehyde. These resins are known as thermoplastics and are in a partial crosslinking state.

[0020] Bisphenol-based epoxy resins contain more than 2 epoxy groups for each molecular, epoxy NovolaK resins
can contain 7 or more of these groups, producing highly crosslinked structures which improve their properties.

[0021] In the present patent application, compounds having epoxy functional groups refer to compounds containing
at least one group consisting of an oxygen atom directly bound to two carbon atoms. In the present patent application,
"compounds containing epoxy functional groups" and "epoxy compounds" are equivalent terms and concepts.

[0022] Epoxy compounds are normally dosed together and with the same procedure with which other additives are
incorporated, such as for example infrared absorbing agents, flame-retardant agents and nucleating agents.

[0023] Epoxy compounds are normally introduced into a main polymeric stream or incorporated in the polymer stream
by means of a side (secondary) polymeric stream using a silo and a measuring device specifically destined for dosing
the additive. Specific measuring devices and silos are normally also used for the dosing of the single additives which
form part of the side polymeric stream, such as: infrared absorbing agents (often dosed in masterbatch form, on a
polystyrene base) flame-retardants, nucleating agents.

In the situation described above, the epoxy groups act exclusively or prevalently as acid scavengers, they are conse-
quently capable of neutralizing the hydrobromic acid according to the following reaction (1):

H =
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[0024] Reaction (1) allows the neutralization of the hydrobromic acid presentin the expandable granules of expandable
polystyrene, produced as a result of the degradation undergone by organo-brominated compounds, with a consequent
reduction in the concentration of hydrobromic acid.

Summary

[0025] The Applicant has observed that by introducing epoxy compounds together with other additives according to
the known procedures of the state of the art, said epoxy compounds must reach a concentration ranging from about 1%
to about 1.5% weight/weight with respect to the weight of the expandable granules of vinyl aromatic polymers produced,
to reduce the content of HBr from about 2000 ppm to about 300 ppm, in the expandable granules produced containing
5% weight/weight of petroleum coke and 2% weight/weight of hexabromocyclododecane (HBCD) (reference formulation).
[0026] The Applicant has surprisingly observed that by directly incorporating at least one compound containing epoxy
functional groups, characterized by a high solubility in vinyl aromatic polymers, into a concentrated polymeric composition
(or Master Batch) based on vinyl aromatic polymers and/or vinyl aromatic copolymers and containing infrared absorbing
additives, a significant reduction in the dosage of said compounds can be observed, with the same performances, in
terms of a decrease in the content of hydrobromic acid in the expandable granules of vinyl aromatic polymers produced.
[0027] An embodiment of the present invention therefore relates to a concentrated polymeric composition or Master
Batch comprising:

a. vinyl aromatic polymers and/or vinyl aromatic copolymers in an amount equal to at least 10% by weight, with
respect to the overall composition,
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b. at least one compound containing epoxy functional groups in an amount ranging from 0.01% to 5% by weight,
with respect to the overall composition,
c. at least one infrared absorbing agent, in an amount equal to at least 10%, with respect to the overall composition.

[0028] The Applicant has also observed that the Master Batch described and claimed in the present patent application
allows self-extinguishing expandable granules to be obtained, by means of successive transformation processes, and
subsequently expanded articles which are able to pass the flame-retardant test, effected according to the standard DIN
4102 B2, regardless of the degree of purity of the infrared absorbing agent present, and this offers considerable advan-
tages in terms of a reduction in the cost of the final formulation.

[0029] Theflame heights measured by subjecting the expanded end-products based on vinyl aromatic polymers and/or
vinyl aromatic copolymers and produced starting from a Master Batch of infrared absorbing agent (or concentrated
composition), prepared according to what is described in the present patent application, to the flame-retardant test
(standard DIN 4102 B2), are lower than what is observed on evaluating the reference samples.

[0030] The reduction in the dosage of the epoxy compound is evident with any flame-retardant used during the prep-
aration processes of the self-extinguishing expandable granules.

[0031] The present invention advantageously allows a significant reduction in the content of hydrobromic acid in the
expandable granules produced containing vinyl aromatic polymers without having to introduce thermal stabilizing agents
based on tin, with an unacceptable HSE profile, or compounds with a neutralizing action (such as, for example,
CaO/Ca(OH),) which form corrosive bromine salts in the presence of humidity.

Detailed description

[0032] Forthe purposes of the present invention, the term "comprise” or "include" also comprises the case "essentially
consisting of" or "only consisting in". In the present patent application w/w is equivalent to weight/weight.

[0033] Afundamental aspectof the present invention is the preparation of the Master Batch or concentrated polymeric
composition which can be subsequently used in processes for the preparation of a compound or polymeric compositions,
and more specifically in processes for the preparation of self-extinguishing expandable compounds or compositions of
vinyl aromatic polymers and/or vinyl aromatic copolymers.

[0034] The presentinvention therefore relates to a Master Batch, or a concentrated polymeric composition comprising:

a) vinyl aromatic polymers and/or vinyl aromatic copolymers in an amount equal to at least 10% by weight, calculated
with respect to the overall composition, with respect to the overall composition,

b) at least one compound containing epoxy functional groups in an amount ranging from 0.01% to 5% by weight,
calculated with respect to the overall composition, with respect to the overall composition,

c) at least one infrared absorbing agent, in an amount equal to at least 10% by weight, calculated with respect to
the overall composition, with respect to the overall composition.

[0035] The present invention also relates to a self-extinguishing expandable composition of vinyl aromatic polymers
and/or vinyl aromatic copolymers comprising:

A
B

vinyl aromatic polymers and/or vinyl aromatic copolymers in an amount equal to at least 50% by weight,

at least one expanding agent,

C) at least one infrared absorbing agent,

D) at least one halogenated flame-retardant agent,

E) at least one compound containing epoxy functional groups characterized by a solubility in styrene, measured at
a temperature of 25°C, higher than 5g/100g, preferably higher than 20g/100g.

[0036] A Master Batch is defined as a concentrated composition of an additive, for example an infrared absorbing
agent, and a polymer.

[0037] A Master Batch containing infrared absorbing agents is normally produced by means of an extrusion process
in which an infrared absorbing agent, normally in powder form, is added to the molten polymer.

[0038] The dosage of epoxy compounds during the preparation phase of the Master Batch modifies the physico-
chemical characteristics of the infrared absorbing agent contained therein. During the preparation of the Master Batch,
in fact, the infrared absorbing agent and the compound containing epoxy functional groups are present in high concen-
trations and this aspect favours the neutralization of the functional groups present on the surface of the infrared absorbing
agent on the part of the epoxy functional groups. The dosage of epoxy compounds according to the present invention
allows a significant reduction in the quantity of epoxy compound necessary for obtaining an equivalent effect to that
obtained when the epoxy compound is dosed together with other additives according to the procedures known in the



10

15

20

25

30

35

40

45

50

55

EP 2912 104 B1

state of the art. In particular, the reduction in the content of epoxy compounds in the compositions of self-extinguishing
expandable vinyl aromatic polymers and/or vinyl aromatic copolymers described and claimed in the present text is about
80%.

[0039] By dosing the epoxy compounds during the preparation of the Master Batch, a reactive extrusion is effected
with a consequent modification of the physico-chemical characteristics of the infrared absorbing agent together with a
decrease in the surface reactivity of the same infrared absorbing agent. In this way, the halogenated flame-retardants
incorporated in the expandable polymeric compositions described and claimed in the present text, undergo a less intense
degradation.

[0040] For the purposes of the present invention, the epoxy compounds are selected from those which are homoge-
neously dispersed in the vinyl aromatic polymer, and must therefore have a solubility in styrene greater than 5g/100g,
preferably greater than 209/100g, (measured at a temperature of 25°C).

[0041] Said epoxy compounds are preferably selected from styrene-glycidylmethacrylate copolymers preferably having
a weight molecular average weight (Mw) ranging from 1,000 to 300,000 Daltons, and an epoxy equivalent weight (WPE)
ranging from 10 to 5,000 g/Eq, and mixtures thereof, NovolaK multifunctional organophosphorus epoxy resins, obtained
by reacting 9,10 dihydro-9-oxa-10-phosphophenanthrene-10-oxide with multifunctional epoxy resins. The phosphorous
content in these multifunctional organophosphorus epoxy resins can vary from 1 to 15% w/w, whereas the epoxy equiv-
alent weight (WPE) can range from 10 to 5,000 g/Eq.

[0042] The infrared absorbing agent is selected from petroleum coke, graphite or carbon black and combinations
thereof, preferably petroleum coke obtained by means of a fractionated distillation process of petroleum and subsequently
subjected to calcination process.

[0043] In a preferred aspect, the coke is presentin a quantity ranging from 10% to 90% by weight in the concentrated
compositions or master batch.

[0044] The petroleum coke is available as a finely subdivided powder with a powder particle size (MT50) ranging from
0.5 um to 100 pwm, preferably from 2 wm to 20 um. The particle size (MT50 or ds) is measured with a laser granulometer
and is the diameter which corresponds to 50% by weight of particles having a smaller diameter and 50% by weight of
particles having a larger diameter. Diameter refers to the particle size measured with a laser granulometer as described
above. Coke is produced by the pyrolysis of organic material and at least partly passes through a liquid or liquid-crystalline
state during the carbonization process. The starting organic material is preferably petroleum, carbon or lignite. The coke
used in the present invention is more preferably the carbonization product of the high-boiling fraction of hydrocarbons
coming from the distillation of petroleum, conveniently known as heavy residual fraction. This type of coke is obtained
starting from the coking of the heavy residual fraction, an operation carried out at a high temperature that still produces
some light fractions and a solid (petroleum coke). The petroleum coke thus obtained, is calcined at a temperature ranging
from 1000 to 1600°C (calcined coke). If a heavy residual fraction rich in aromatic components is used, a coke with a
needle-like crystalline structure (needle coke) is obtained, after calcination at 1800-2200°C. The coke used in the present
invention can belong to the following types: green coke, coal-derived pitch coke, delayed coke, fluid coke, needle coke,
premium coke, calcined coke, shot, sponge. Greater details on coke, the production methods and characterization of
the various grades commercially available can be found in internet, in the site: goldbook.iupac.org or in Pure Appl.
Chem., 1995, Vol. 67, N. 3, pages 473-506 "Recommended terminology for the description of carbon as a solid (IUPAC
Recommendations 1995)".

[0045] In the self-extinguishing compositions described and claimed in the present text, the carbon black can be
present in a quantity ranging from 0.01% to 25% by weight, preferably from 0.05% to 20% by weight, more preferably
from 0.1% to 10% by weight, said quantity being calculated with respect to the polymer and/or copolymer (A).

[0046] In the self-extinguishing compositions described and claimed in the present text, the graphite, natural or syn-
thetic, can be present in a quantity ranging from 0.01% to 20% by weight, preferably from 0.05% to 8% by weight, more
preferably from 0.1% to 10% by weight, said quantity being calculated with respect to the polymer and/or copolymer (A).
[0047] In the self-extinguishing compositions described and claimed in the present text, the petroleum coke can be
present in a quantity ranging from 0.01% to 20% by weight, more preferably from 0.1% to 10% by weight, said quantity
being calculated with respect to the polymer and/or copolymer (A).

[0048] The carbon black preferably has an average diameter (d50), measured with a laser granulometer, ranging from
30 nm to 1000 nm. The graphite can be selected from natural, synthetic, expanded, expandable graphite, and mixtures
thereof. The graphite particles can have a maximum particle-size (d50), measured with a laser granulometer, ranging
from 0.05 um to 100 wm, preferably from 1 wm to 8 wm, with a surface area of 5-30 m2/g, measured according to ASTM
D-3037-89 (BET). The petroleum coke is in particle form with an average particle diameter (d50) ranging from 0.5 um
to 100 wm, preferably from 2 um to 8 um, and a surface area ranging from 5 m2/g to 200 m2/g, preferably from 8 m2/g
to 50 m2/g measured according to ASTM D-3037-89 (BET).

[0049] The infrared absorbing agent can have a certain degree of purity, calculated on the basis of its ash content.
[0050] Forthe purposes of the present invention, infrared absorbing agents with an extremely variable degree of purity,
expressed as ash content, can be advantageously used. Preferably, the infrared absorbing agents adopted in the present
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invention may have a purity degree, expressed as ash content, also higher than 0.2% w/w, with respect to the absorbing
agent, evaluated according to ASTM DIN 51903, or even higher than 0.6% w/w and up to 5% w/w.

[0051] Petroleum coke is advantageously used in the present invention, which can have a purity degree, expressed
as ash content, also higher than 0.2% w/w, with respect to the absorbing agent, evaluated according to ASTM DIN
51903, or even higher than 0.6% w/w and up to 5% wiw.

[0052] Patent application WO 2009/133167 describes the advantages obtained in terms of improvement in the flame-
retardant properties for expandable styrene polymers containing graphite or carbon black, characterized by a reduced
metal content in the ashes, and specifically a metal content ranging from 0.0001% to 2% by weight, calculated with
respect to the weight of the flame retardant. The examples also show that with the same ash content in the graphite,
the metal content in the ashes must be significantly reduced to allow the expandable composition to pass the test DIN
4102 B2.

[0053] The present invention, on the other hand, advantageously allows self-extinguishing polymeric compositions to
be prepared, containing infrared absorbing agents, preferably petroleum coke, which are not necessarily characterized
by a high degree of purity, in which the ash content can be even higher than 0.2% w/w, or even higher than 0.6% w/w
and up to 5% w/w. The self-extinguishing expandable compositions, object of the present invention, pass the flame-
retardant test, effected according to the standard DIN 4102 B2, also when infrared absorbing agents with a high ash
content are introduced into the polymeric matrix.

[0054] The term vinyl aromatic polymers and/or vinyl aromatic copolymers, as used in the present text, refers to
polymeric products having a weight average molecular weight (MW) ranging from 50,000 to 300,000, preferably ranging
from 70,000 to 220,000. These vinyl aromatic polymers can be obtained by polymerizing a mixture of monomers which
comprises from 50% to 100% by weight, preferably from 75% to 98% by weight, of one or more vinyl aromatic monomers,
and at least one monomer copolymerizable with the vinyl aromatic monomers, homogeneously englobed in the polymer
in a quantity ranging from 0% to 50% by weight, preferably from 2% to 25% by weight.

[0055] The vinyl aromatic monomers can be selected from those corresponding to the following general formula (1) :

CR=CH,

/“”‘\f
(n
{Y}i}

wherein R is a hydrogen or a methyl group, n is zero or an integer ranging from 1 to 5 and Y is a halogen, preferably
selected from chlorine or bromine, or an alkyl or alkoxyl radical having 1 to 4 carbon atoms. Examples of vinyl aromatic
monomers having the general formula (l) are: styrene, a-methylstyrene, methylstyrene, ethylstyrene, butylstyrene,
dimethylstyrene, mono-, di-, tri-, tetra- and pentachlorostyrene, bromostyrene, methoxystyrene, acetoxystyrene. Pre-
ferred vinyl aromatic monomers are styrene and a-methylstyrene. The vinyl aromatic monomers having general formula
(I) can be used alone orin amixture up to 50% by weight, preferably from 2% to 25% by weight, with other co-polymerizable
monomers. Examples of these monomers are (meth)acrylic acid, C4-C, alkyl esters of (meth)acrylic acid such as methy!
acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, isopropyl acrylate, butyl acrylate, amides and nitriles
of (meth)acrylic acid such as acrylamide, methacrylamide, acrylonitrile, methacrylonitrile, butadiene, ethylene, divinyl
benzene, maleic anhydride. Preferred co-polymerizable monomers are acrylonitrile and methyl methacrylate.

[0056] For the purposes of the present invention, the flame-retardant agent is selected from brominated compounds,
chlorinated compounds, brominated polymers or copolymers, or a mixture thereof, preferably organo-brominated com-
pounds, organo-chlorinated compounds. The flame-retardant agent is even more preferably selected from hexabromo-
cyclododecane, tetrabromobisphenol A bis-2,3 (dibromopropylether), brominated styrene-butadiene copolymer (EMER-
ALD 3000 produced by CHEMTURA) and 1,1’ (isopropylidene) bis[3,5-dibromo-4-(2,3-dibromo methyl-propoxy) ben-
zene.

[0057] The flame-retardant agent is even more preferably tetrabromobisphenol A bis-2,3 (dibromopropylether).
[0058] The Applicant has in fact noted that the contemporaneous presence of tetrabromobisphenol A bis-2,3 (dibromo-
propylether) and at least one epoxy compound, introduced in the preparation phase of the Master Batch according to
what is described and claimed in the present invention, allows the following advantages to be obtained:

- asignificant reduction in the dosage of epoxy compound,

- asignificant improvement in the fire behaviour tests (DIN 4102) of the resulting expanded articles,

- asignificant reduction in the concentration of HBr in the expandable granules, regardless of the degree of purity of
the infrared absorbing agent present.
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[0059] Anyexpandingagentcapable of beingincorporated in a polymer canbe used inthe presentinvention. Preferably,
the expanding agents may be liquid substances with a boiling point ranging from 10°C to 80°C, preferably from 20°C to
60°C. Preferred expanding agents are aliphatic or cycloaliphatic hydrocarbons containing from 3 to 6 carbon atoms such
as n-pentane, iso-pentane, cyclopentane, butane, isobutane or mixtures thereof; halogenated derivatives of aliphatic
hydrocarbons containing from 1 to 3 carbon atoms, such as dichlorodifluoromethane, 1,2,2-trifluoroethane and 1,1,2-
trifluoroethane; carbon dioxide.

[0060] The expanding system is presentin a quantity ranging from 3% to 10% by weight, said quantity being calculated
with respect to the polymer and/or copolymer (A). In order to favour the retention of the expanding agent in the polymer
(A), additives capable of forming bonds of both the weak type (for example hydrogen bridges) and strong type (for
example acid-base adducts) can be used with the expanding agent. These additives are preferably selected from methyl
alcohol, isopropyl alcohol, dioctylphthalate, dimethyl carbonate, derivatives containing an amine group.

[0061] Further conventional additives can be added to the compositions, object of the present invention, such as
additives generally used with traditional vinyl aromatic polymers such as pigments, stabilizing agents, antistatic agents
and detaching agents.

[0062] The sole presence of the compound containing epoxy functional groups in the master batch, object of the
present invention, can reduce the content of hydrobromic acid by at least 1/3 in the expanded articles obtained in the
subsequent transformation processes, with respect to cases in which the epoxy compound is not introduced into the
Master Batch but according to other procedures known in the state of the art. The combined action of the epoxy compound
with tetrabromobisphenol A bis-2,3 (dibromopropylether) in the self-extinguishing expandable compositions, object of
the present invention, allows the content of hydrobromic acid to be at least 30 times reduced, when the expandable
granules are produced with the extrusion process. Furthermore, this particular combination, epoxy compound and tetra-
bromobisphenol A bis-2,3 (dibromopropylether), solves the critical aspects linked to the necessity of using "costly"”
infrared absorbing agents, characterized by a high degree of purity, normally used for producing expanded end-products
containing vinyl aromatic polymers capable of passing the flame-retardant test (DIN 4102 B2). This combination has
allowed the best result to be obtained in terms of a reduction in the content of bromides in the expandable granules.
[0063] A further object of the present invention therefore relates to a process for preparing in continuous mass a self-
extinguishing expandable composition as described and claimed in the present text. Said process comprises the following
phases:

i. mixing the following compounds together:

a. vinyl aromatic polymers and/or vinyl aromatic copolymers in amounts equal to at least 10% by weight, with
respect to the overall mixture,

b. at least one compound containing epoxy functional groups in amounts ranging from 0.01% to 5% by weight
with respect to the overall mixture,

c. at least one infrared absorbing agent in amounts equal to at least 10% by weight, with respect to the overall
mixture,

so as to form a concentrated polymeric composition;

ii. incorporating said concentrated polymeric composition in a first stream containing vinyl aromatic polymers and/or
vinyl aromatic copolymers in the molten state, at least one flame-retardant additive and possibly at least one ex-
panding agent so as to form a side or secondary polymeric stream;

iii. if the vinyl aromatic polymer and/or copolymer is in granules, heating said polymer and/or copolymer to a tem-
perature higher than the relative melting point, forming a molten stream before incorporating the flame-retardant
additive and possibly the expanding agent;

iv. incorporating said side (or secondary) polymeric stream possibly together with the expanding agent, in a second
stream, or main polymeric stream, containing vinyl aromatic polymers and/or vinyl aromatic copolymers in the molten
state, thus forming the self-extinguishing expandable composition.

[0064] During the process in continuous mass, object of the present invention, the expanding agent can preferably
be incorporated in the side polymeric stream, or in the main polymeric stream when the side polymeric stream is mixed
therewith, or after incorporating the side stream with the main polymeric stream.

[0065] Atthe end of the process described above, the self-extinguishing expandable composition of polymers and/or
copolymers, object of the present patent application, is obtained, with which expandable granules can be produced,
after suitable granulation, in which the compounds containing epoxy functional groups are present in a quantity not
higher than 0.5% w/w, preferably not higher than 0.2 w/w, and in which the content of infrared absorbing agent ranges
from 0.05% by weight to 25% by weight.

[0066] When the flame-retardant is tetrabromobisphenol A bis-2,3 (dibromopropylether), its content in the expandable
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granules ranges from 1 to 6% by weight.

[0067] Said expandable granules have a spheroidal form and an average diameter ranging from 0.3 mmto 2.5 mm,
preferably ranging from 0.7 mm to 2 mm.

[0068] Expanded articles containing the self-extinguishing polymeric compositions, object of the present patent appli-
cation, can be obtained from said expandable granules, preferably having a density ranging from 5 g/l to 50 g/I, and a
thermal insulation capacity, expressed by a thermal conductivity ranging from 25 mW/mK to 50 mW/mK measured
according to the standard DIN 52612.

[0069] Finally, a further object of the present invention relates to a polymerization process in aqueous suspension for
producing self-extinguishing polymeric compositions according to what is described and claimed in the present patent
application, wherein the dosage of the infrared absorbing agents, preferably petroleum coke, is obtained by incorporation,
in a polymerization mixture, of a concentrated polymeric composition comprising:

a. vinyl aromatic polymers and/or vinyl aromatic copolymers in an amount equal to at least 10% by weight, with
respect to the overall composition,

b. at least one compound containing epoxy functional groups in an amount ranging from 0.01% to 5% by weight,
with respect to the overall composition,

c. at least one infrared absorbing agent in an amount equal to at least 10% by weight, with respect to the overall
composition.

[0070] Said polymerization process in aqueous suspension is preferably carried out also in the presence of inorganic
salts of phosphoric acid, more preferably tricalcium phosphate or magnesium phosphate/pyrophosphate. Said inorganic
salts of phosphoric acid can be added to the polymerization mixture already finely subdivided or they can be synthesized
in situ by reaction, for example, between sodium pyrophosphate and magnesium sulfate.

[0071] The polymerization can also be carried out in the presence of further organic suspending agents such as
polyvinylpyrrolidone or polyvinyl alcohol.

[0072] The initiator system used in the polymerization process in suspension described and claimed in the present
text, comprises two peroxides, the first having a half-life of an hour at 85-95°C and the other having a half-life of an hour
at 110-120°C. Examples of these initiators are tert-Butyl peroxide-2-ethylhexanoate and terbutylperbenzoate.

[0073] The self-extinguishing expandable composition of polymers and/or copolymers obtained has an average mo-
lecular weight Mw ranging from 50,000 to 300,000, preferably from 70,000 to 220,000. In general, greater details on
processes forthe preparation of expandable vinyl aromatic polymers or copolymers in aqueous solution, or more generally
on polymerization in suspension, can be found in Journal of Macromolecular Science, Review in Macromolecular Chem-
istry and Physics C31 (263) 215-299 (1991).

[0074] Inordertoimprove the stability of the suspension, the viscosity of the reagent solution, comprising the monomer,
can be increased, by dissolving vinyl aromatic polymer in the suspension, in a concentration ranging from 1% to 30%
by weight, preferably from 5% to 20%, calculated with respect to the monomer alone. The solution can be obtained
either by dissolving a preformed polymer (for example fresh polymer or rejects of previous polymerizations and/or
expansions), in the reagent mixture, or by mass pre-polymerizing the monomer, or mixture of monomers, until the above-
mentioned concentrations are obtained, and then continuing the polymerization in aqueous suspension.

[0075] During the polymerization in suspension, further polymerization additives are adopted, typically used for pro-
ducing expandable vinyl aromatic polymers, such as stabilizing agents of the suspension, chain-transfer agents, expan-
sion adjuvants, nucleating gents, plasticizers, flame-retardant agents.

[0076] Furthermore, during the polymerization in suspension, organo-brominated compounds, organo-chlorinated
compounds or halogenated polymers can be dosed, in order to provide the expanded end-products obtained by trans-
formation of the expandable granules, with flame-retardant properties.

[0077] In the polymerization process in aqueous suspension, the expanding agents are preferably added during the
polymerization phase, or subsequently by means of the re-suspension technology. The expanding agents are selected
from aliphatic or cycloaliphatic hydrocarbons containing 3 to 6 carbon atoms such as n-pentane, iso-pentane, cyclopen-
tane or mixtures thereof; halogenated derivatives of aliphatic hydrocarbons containing from 1 to 3 carbon atoms, such
as, for example, dichlorodifluoromethane, 1,2,2-trifluoroethane, 1,1,2-trifluoroethane; carbon dioxide and water.
[0078] At the end of the polymerization process in aqueous suspension, possibly at the end of the re-suspension,
substantially spherical polymer granules are obtained, with an average diameter ranging from 0.2 to 3 mm. Said ex-
pandable granules contain compounds containing epoxy functional groups in quantities not higher than 0.5% w/w,
preferably not higher than 0.2% w/w, and infrared absorbing agents in a quantity ranging from 0.05% by weight to 25%
by weight. When the flame-retardant is tetrabromobisphenol A bis-2,3 dibromopropylether, its content in the expandable
granules ranges from 1 to 6% by weight.

[0079] The expanding agent and possible additives are homogeneously dispersed in the expandable granules ob-
tained.
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[0080] The granules are then discharged from the polymerization reactor and washed, in continuous or batchwise,
with non-ionic surfactants or, alternatively, with acids, as described in patent USA 5,041,465. The polymer granules can
be thermally treated with hot air at a temperature ranging from 30 to 60°C.

Examples

[0081] Tables 1 and 2 compare the results of the analyses effected on various samples obtained with Examples 1-7
and comparative examples 1-6, relating to:

a) the concentration of HBr present in the expandable polystyrene granules,
b) the flame-retardant test (DIN 4102 B2),
c) the characteristics in compression of the expanded polystyrene articles.

[0082] The evaluations refer to samples of expandable polystyrene (EPS) containing hexabromocyclododecane
(EBCD or HBCD) and tetrabromobisphenol A bis-2,3 dibromopropylether. Tables 1 and 2 also indicate the results
obtained using petroleum coke characterized by different degrees of purity.

[0083] In the tables, TBBA is Tetrabromobisphenol A bis-2,3 dibromopropylether.

Comparative Example 1

[0084] 89.8 parts of ethylbenzene, 853.8 parts of styrene, 56.2 parts a-methylstyrene, 0.2 parts divinylbenzene (total:
1000 parts) are fed to a stirred reactor. The reaction is carried out at 125°C with an average residence time of 2 hours.
[0085] The outgoing fluid composition is then fed to a second reactor where the reaction is completed at 135°C with
an average residence time of 2 hours. The reactive polymeric composition, having a conversion of 72%, is heated to
240°C and subsequently fed to the devolatilizer to remove the solvent and residual monomer. The resulting composition
has a glass transition temperature of 104°C, a Melt Flow Index (MFI 200°C, 5kg) of 8 g/10’, a molecular weight Mw of
200,000 g/mol and a Mw/Mn ratio of 2.8, wherein Mw is the weight average molecular weight and Mn is the number
average molecular weight.

[0086] The composition thus obtained is collected in a heated tank and fed to a heat exchanger to lower its temperature
to 190°C (main stream).

[0087] 425 parts of polystyrene N2982 (Versalis), 87 parts of HBCD Saytex HP 900 (hexabromocyclododecane sold
by Albemarle), 10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel) and 478 parts of a
concentrate of material (Masterbatch) consisting of 50% w/w of calcined petroleum coke and the remaining 50% w/w of
Polystyrene (N1782 Versalis), are fed to a twin-screw extruder.

[0088] The concentrate of material containing calcined petroleum coke (Master Batch), is produced with an extruder
in which 50 parts of polystyrene N1782 (Versalis), in the molten state, are mixed with 50 parts of "Calcinated petroleum
Coke PC6" produced by Timcal, with an ash content equal to 0.15% w/w. The polymeric composition comprising Poly-
styrene, the Master Batch of coke Timcal PC6, HBCD and Perkadox 30 forms the secondary stream (SIDE STREAM).
[0089] A gear pump increases the pressure of the molten polymeric composition to 260 bar.

[0090] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main stream).

[0091] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state.
[0092] The ingredients are then mixed by means of static mixing elements for a calculated average time (residence)
of 7 minutes. The composition is then distributed to the die, where it is extruded through a number of holes having a
diameter of 0.5 mm, immediately cooled with a jet of water and cut with a series of rotating knives (according to patent
application US 2005/0123638). The granulation pressure is 5 bar and the shear deformation rate is selected so as to
obtain granulates having an average diameter of 1.2 mm. Water is used as spraying liquid and nitrogen as carrier gas.
The ratio between the flow-rate of water sprayed and the flow-rate of the polymeric mass is 30 and that between the
nitrogen and polymeric mass is 20. The temperature of the water is 40°C.

[0093] The resulting granulated beads are dried with a centrifugal drier and then coated with a coating. The coating
is prepared by adding to the same, 3 parts of glyceryl monostearate, 1 part of zinc stearate and 0.2 parts of glycerine
per 1,000 parts of dried granulated beads. The coating additives are mixed with the granulate by means of a continuous
worm-screw mixer. The beads are then expanded and moulded. The thermal conductivity of the end-products obtained
proved to be 30.4 mW/mK at 16.4 g/l (according to the method ISO 8301). Some sheets obtained from the end-products
were introduced into an oven at 70°C for 2 days: test samples were then collected (9cm x 19cm x 2cm) for the fire
behaviour test according to the standard DIN 4102 B2. The test-samples passed the fire-behaviour test.

[0094] Theexpandable beadsthus obtained are analyzed to quantify the bromides presentin the polymer. The bromide
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content in the EPS beads is an index of the degradation undergone by the organobrominated agent introduced into the
polymer as flame-retardant. The EPS beads thus obtained have 2080 ppm of bromides. The cell structure evaluated on
the expanded end-products proved to be homogeneous.

[0095] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 86 Kpa (pressure at which the test-
sample becomes deformed) at a density of 16.4 g/I.

Comparative Example 2

[0096] Comparative example 1 was repeated, introducing into a secondary or side polymeric stream (SIDE STREAM),
3% w/w of a styrene-glycidylmethacrylate copolymer (Mw of about 20,000, Epoxy Equivalent =310 g/eq), called Marproof
G-0250 SP, produced by NOF Corporation (Oleo&Chemicals Div).

[0097] The secondary polymeric stream was therefore obtained by mixing, in a twin-screw extruder, 377 parts of
polystyrene N2982 (Polimeri Europa), 87 parts of HBCD Saytex HP 900 (hexabromocyclododecane sold by Albemarle),
10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel), 478 parts of a concentrate of material
(Masterbatch) consisting of 50% w/w of calcined petroleum coke Timcal PC 6 and the remaining 50% w/w of Polystyrene
(N1782 Versalis) and 48 parts of a styrene-glycidylmethacrylate copolymer (Mw of about 20,000, Epoxy Equivalent =310
g/eq), called Marproof G-0250 SP, produced by NOF Corporation (Oleo&Chemicals Div).

[0098] The concentrate of material containing calcined petroleum coke (Master Batch), is produced with the help of
an extruder, in which 50 parts of polystyrene N1782 (Versalis) are mixed with 50 parts of "Calcinated petroleum Coke
PC6" produced by Timcal.

[0099] The polymeric composition comprising polystyrene, the masterbatch of coke, HBCD and Perkadox 30 and the
styrene-glycidylmethacrylate copolymer (Mw about 20,000, Epoxy Equivalent = 310 g/eq), called Marproof G-0250 SP,
produced by NOF Corporation (Oleo&Chemicals Div), forms the so-called secondary stream (SIDE STREAM).

[0100] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0101] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0102] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.6 mW/mK
at a density of 16.2 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples passed the fire-behaviour test.

[0103] Analysis effected on the dried EPS beads without a coating confirms the presence of 310 ppm of bromides.
[0104] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 88 Kpa at a density of 16.2 ¢/l.

Comparative Example 3

[0105] Comparative example 2 was repeated, introducing into a secondary or side polymeric stream (SIDE STREAM),
a calcined petroleum coke (Asbury grade 4023) characterized by a reduced degree of purity (ash content equal to
0.96%). The secondary polymeric stream was therefore obtained by mixing, in a twin-screw extruder, 377 parts of
polystyrene N2982 (Polimeri Europa), 87 parts of HBCD Saytex HP 900 (hexabromocyclododecane sold by Albemarle),
10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel), 478 parts of a concentrate of material
(Masterbatch) consisting of 50% w/w of calcined petroleum coke Asbury 4357 and the remaining 50% w/w of Polystyrene
(N1782 Versalis) and 48 parts of a styrene-glycidylmethacrylate copolymer (Mw of about 20,000, Epoxy Equivalent =
310 g/eq), called Marproof G-0250 SP, produced by NOF Corporation (Oleo&Chemicals Div).

[0106] The concentrate of material containing calcined petroleum coke (Master Batch), is produced with the help of
an extruder, in which 50 parts of polystyrene N1782 (Versalis) are mixed with 50 parts of "Calcinated petroleum Coke
4023" produced by Asbury.

[0107] The polymeric composition comprising polystyrene, the masterbatch of coke 4023, HBCD and Perkadox 30
and the styrene-glycidylmethacrylate copolymer (Mw about 20,000, Epoxy Equivalent = 310 g/eq), called Marproof G-
0250 SP, produced by NOF Corporation (Oleo&Chemicals Div), forms the so-called secondary stream (SIDE STREAM).
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[0108] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0109] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0110] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.6 mW/mK
at a density of 16.2 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples did not pass the fire-behaviour test.

[0111] Analysis effected on the dried EPS beads without a coating confirms the presence of 380 ppm of bromides.
[0112] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 87 Kpa at a density of 16.2 ¢/l.

Example 1

[0113] Comparative example 1 was repeated, introducing into a secondary or side polymeric stream (SIDE STREAM),
a Master Batch consisting of PS (N1782-versalis), petroleum coke with a high degree of purity (Timcal PC 6: ash content
equal to 0.15% w/w) and a styrene-glycidylmethacrylate copolymer (Mw about 20,000, Epoxy Equivalent = 310 g/eq),
called Marproof G-0250 SP, produced by NOF Corporation (Oleo&Chemicals Div).

[0114] In this case, the concentrate of material containing petroleum coke (Master Batch), was produced by mixing,
inside an extruder, 50 parts of polystyrene N1782 (Versalis), in the molten state, with 48.6 parts of "Calcinated petroleum
Coke Timcal PC 8" (ash content lower than 0.2% w/w) and 1.4 parts of a styrene-glycidylmethacrylate copolymer (Mw
about 20,000, Epoxy Equivalent = 310 g/eq), called Marproof G-0250 SP, produced by NOF Corporation (Oleo&Chem-
icals Div).

[0115] The secondary polymeric stream (SIDE STREAM), was therefore obtained by mixing, in a twin-screw extruder,
425 parts of polystyrene N2982 (Polimeri Europa), 87 parts of HBCD Saytex HP 900 (hexabromocyclododecane sold
by Albemarle), 10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel) and 478 parts of a
concentrate of material (Masterbatch) consisting of 50% w/w of calcined petroleum coke Timcal PC6, 48.6% w/w of PS
(N1782 Versalis) and 1.4% w/w of a styrene-glycidylmethacrylate copolymer called Marproof G-0250 SP, produced by
NOF Corporation (Oleo&Chemicals Div).

[0116] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0117] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0118] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.6 mW/mK
at a density of 16.2 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples passed the fire-behaviour test.

[0119] Analysis effected on the dried EPS beads without a coating confirms the presence of 160 ppm of bromides.
[0120] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 94 Kpa at a density of 16.2 ¢/l.

Example 2

[0121] Example 1 was repeated, introducing into a secondary or side polymeric stream (SIDE STREAM), a Master
Batch consisting of polystyrene (N1782-versalis), petroleum coke with a reduced degree of purity (coke Asbury 4023:
ash content higher than 0.96 w/w) and a resin called Stuktol Polydis 3735, produced by Schill-Seilacher. Polydis 3735
is a NovolaK multifunctional organophosphorus epoxy resin, obtained by reacting 9,10 dihydro-9-oxa-10-phosphophen-
anthrene-10-oxide with multifunctional epoxy resins.
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[0122] Inthis example, the concentrate of material containing petroleum coke (Master Batch), was produced by mixing,
inside an extruder, 50 parts of polystyrene N1782 (Versalis), in the molten state, with 48.6 parts of "Calcinated petroleum
Coke Asbury 4023" and 1.4 parts of Stuktol Polydis 3735.

[0123] The secondary polymeric stream (SIDE STREAM), was therefore obtained by mixing, in a twin-screw extruder,
425 parts of polystyrene N2982 (Polimeri Europa), 87 parts of HBCD Saytex HP 900 (hexabromocyclododecane sold
by Albemarle), 10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel) and 478 parts of a
concentrate of material (Masterbatch) consisting of 50% w/w of calcined petroleum coke Asbury 4023, 48.64% w/w of
PS (N1782 Versalis) and 1.4% w/w of Stuktol Polydis 3735.

[0124] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0125] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0126] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.8 mW/mK
at a density of 16.6 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples passed the fire-behaviour test.

[0127] Analysis effected on the dried EPS beads without a coating confirms the presence of 180 ppm of bromides.
[0128] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 92 Kpa at a density of 16.2 ¢/l.

Comparative Example 4

[0129] Comparative example 1 was repeated, introducing into a secondary polymeric stream (SIDE STREAM), the
same type of Master Batch consisting of polystyrene (N1782 Versalis), petroleum coke with a high degree of purity (coke
Timcal PC6: ash content lower than 0.2 % w/w), but in this case, the flame-retardant hexabromocyclododecane was
substituted with tetrabromobisphenol A bis-2,3 dibromopropylether.

[0130] The concentrate of material containing petroleum coke (Master Batch), was produced by mixing, inside an
extruder, 50 parts of polystyrene N1782 (Versalis), in the molten state, with 50 parts of "Calcinated petroleum Coke
Timcal PC 6".

[0131] The secondary polymeric stream (SIDE STREAM), was therefore obtained by mixing, in a twin-screw extruder,
348 parts of polystyrene N2982 (Polimeri Europa), 164 parts of tetrabromobisphenol A bis-2,3 dibromopropylether (PE68
sold by Albemarle), 10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel) and 478 parts of a
concentrate of material (Masterbatch) consisting of 50% w/w of calcined petroleum coke Timcal PC 6, and 50% w/w of
PS (N1782 Versalis).

[0132] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0133] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0134] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.3 mW/mK
at a density of 15.9 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples passed the fire-behaviour test.

[0135] Analysis effected on the dried EPS beads without a coating confirms the presence of 260 ppm of bromides.
[0136] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 90 Kpa at a density of 16.2 ¢/l.
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Comparative Example 5

[0137] Comparative example 1 was repeated, introducing into a secondary or side polymeric stream (SIDE STREAM),
a Master Batch consisting of PS (N1782 Versalis) and petroleum coke with a reduced degree of purity (coke Asbury
4357: ash content = 0.88% w/w); in addition, the flame-retardant hexabromocyclododecane was substituted with tetra-
bromobisphenol A bis-2,3 dibromopropylether.

[0138] The concentrate of material containing petroleum coke (Master Batch), was produced by mixing, inside an
extruder, 50 parts of polystyrene N1782 (Versalis), in the molten state, with 50 parts of "Calcinated petroleum Coke
Asbury 4357".

[0139] The secondary polymeric stream (SIDE STREAM), was obtained by mixing, in a twin-screw extruder, 348 parts
of polystyrene N2982 (Polimeri Europa), 164 parts of tetrabromobisphenol A bis-2,3 dibromopropylether (PE68 sold by
Albemarle), 10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel) and 478 parts of a concentrate
of material (Masterbatch) consisting of 50% w/w of calcined petroleum coke Asbury 4357, and 50% w/w of PS (N1782
Versalis).

[0140] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0141] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0142] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.5 mW/mK
at a density of 16.4 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples passed the fire-behaviour test.

[0143] Analysis effected on the dried EPS beads without a coating confirms the presence of 280 ppm of bromides.
[0144] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 91 Kpa at a density of 16.4 ¢/l.

Example 3

[0145] Comparative example 2 was repeated, introducing into a secondary or side polymeric stream (SIDE STREAM),
the same type of Master Batch consisting of polystyrene (N1782 Versalis), petroleum coke with a high degree of purity
(coke Timcal PC6: ash content lower than 0.2 % w/w), but in this case, the flame-retardant hexabromocyclododecane
was substituted with tetrabromobisphenol A bis-2,3 dibromopropylether and an epoxy resin called Stuktol Polydis 3735,
produced by Schill-Seilacher, was also dosed.

[0146] The concentrate of material containing petroleum coke (Master Batch), was produced by mixing, inside an
extruder, 50 parts of polystyrene N1782 (Versalis), in the molten state, with 50 parts of "Calcinated petroleum Coke
Timcal PC 6".

[0147] The secondary polymeric stream (SIDE STREAM), was obtained by mixing, in a twin-screw extruder, 300 parts
of polystyrene N2982 (Polimeri Europa), 164 parts of tetrabromobisphenol A bis-2,3 dibromopropylether (PE68 sold by
Albemarle), 10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel), 478 parts of a concentrate
of material (Masterbatch) consisting of 50% w/w of calcined petroleum coke Timcal PC 6, 50% w/w of PS (N1782
Versalis) and 48 parts of Stuktol Polydis 3735.

[0148] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0149] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0150] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.5 mW/mK
at a density of 16.4 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples passed the fire-behaviour test.

13



10

15

20

25

30

35

40

45

50

55

EP 2912 104 B1

[0151] Analysis effected on the dried EPS beads without a coating confirms the presence of 130 ppm of bromides.
[0152] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 92 Kpa at a density of 16.4 ¢/l.

Example 4

[0153] Comparative example 2 was repeated, introducing into a secondary polymeric stream (SIDE STREAM), a
Master Batch consisting of PS (N1782 Versalis), petroleum coke with a reduced degree of purity (coke Asbury 4357:
ash content =0.86 % w/w), produced using an epoxy resin called Stuktol Polydis 3735 (Schill-Seilacher). In this example,
however, the flame-retardant hexabromocyclododecane was substituted with tetrabromobisphenol A bis-2,3 dibromo-
propylether.

[0154] Inthis example, the concentrate of material containing petroleum coke (Master Batch), was produced by mixing,
inside an extruder, 50 parts of polystyrene N1782 (Versalis), in the molten state, with 48.6 parts of "Calcinated petroleum
Coke Asbury 4357" and 1.4 parts of Polydis 3735 (Schill-Seilacher).

[0155] The secondary polymeric stream (SIDE STREAM), was obtained by mixing, in a twin-screw extruder, 356 parts
of polystyrene N2982 (Polimeri Europa), 156 parts of tetrabromobisphenol A bis-2,3 dibromopropylether (PE68 sold by
Albemarle), 10 parts of Perkadox 30 (2,3-dimethyl-2,3-diphenylbutane, sold by Akzo Nobel) and 478 parts of a concentrate
of material (Masterbatch) consisting of 48.6% w/w of calcined petroleum coke Asbury 4357, 50% w/w of PS (N1782
Versalis) and 1.4% w/w of Polydis 3735.

[0156] A gear pump increases the pressure of the feeding of the molten additive to 260 bar.

[0157] 230 parts of the polymeric composition forming the secondary polymeric stream (SIDE STREAM) are added
to 770 parts of the composition coming from the heat exchanger (main polymeric stream).

[0158] The mixing is completed by means of static mixers, at a temperature of about 190°C. 47 parts of a mixture of
n-pentane (75%) and iso-pentane (25%) are then pressurized and injected into the polymer in the molten state. As
described in comparative example 1, the polymeric composition also containing the epoxy phenol resin then reaches
the die where expandable granulates are obtained, having an average diameter of about 1.2 mm. The granules are then
dried and treated with the coating whose types and quantities are those used in comparative example 1. The beads
produced are expanded and moulded. The thermal conductivity of the end-products obtained proved to be 30.4 mW/mK
at a density of 16.3 g/l. Some sheets obtained from the end-products were introduced into an oven at 70°C for 2 days:
test samples were then collected (9cm x 19cm x 2cm) for the fire-behaviour test according to the standard DIN 4102
B2. The test-samples passed the fire-behaviour test.

[0159] Analysis effected on the dried EPS beads without a coating confirms the presence of 60 ppm of bromides.
[0160] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 95 Kpa at a density of 16.4 ¢/l.

Comparative Example 6

Process in agueous suspension

[0161] A mixture of 150 parts by weight of water, 0.2 parts of sodium pyrophosphate, 89 parts of styrene, 0.25 parts
of tert-butylperoxy-2-ethylhexanoate, 0.25 parts of tert-butylperbenzoate and 11 parts of a concentrate of material (Mas-
terbatch) consisting of 50% w/w of Calcinated Carbon Coke 4023 sold by Asbury Graphite Mills Inc. (USA) with a particle
size MT50% of about 5 um, a BET of about 20 m2/g, a sulfur content of about 1.1% and the remaining 50% w/w of
polystyrene N2982(Versalis), are charged into a closed stirred container. 1.4 parts of hexabromocyclododecane, Saytex
HP900 sold by Albemarle and 0.3% of dicumylperoxide are then added to make the product fireproof. The mixture is
heated to 90°C under stirring.

[0162] After about 2 hours at 90°C, 4 parts of a solution at 10% of polyvinylpyrrolidone are added. The mixture is
heated, under constant stirring, for a further 2 hours to 100°C, 7 parts of a 70/30 mixture of n-pentane and i-pentane
are added, the mixture is heated for a further 4 hours to 125°C and then cooled, and the batch is discharged. The
granules of expandable polymer thus produced are subsequently recovered and washed with demineralized water
containing 0.05% of a non-ionic surfactant consisting of a fatty alcohol condensed with ethylene oxide and propylene
oxide, sold by Huntsman under the trade-name of Empilan 2638. The granules are then dried in a stream of warm air,
0.02% of a non-ionic surfactant, consisting of a condensate of ethylene oxide and propylene oxide on a glycerine base,
sold by Dow (Voranol CP4755) is added, and the granules are then sieved, separating the fraction with a diameter
ranging from 1 to 1.5 mm. Said fraction proves to be 40%, the fraction ranging from 0.5 to 1 mm being 30%, the fraction
ranging from 0.2 to 0.5 mm 15% and the coarse fraction ranging from 1.5to 3 mm 15%. 0.2% by weight of glycerylmon-
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ostearate and 0.1% by weight of zinc stearate are then added to the fraction ranging from 1 to 1.5 mm. The product is
pre-expanded with vapour at a temperature of 100°C, aged for a day and used for the moulding of blocks (dimensions
1040x1030x550 mm). The blocks were then cut to prepare flat sheets on which the thermal conductivity was measured.
The thermal conductivity, measured after a residence of 5 days in an oven at 70°C, was 30.6 mW/mK at a density of
16.4 g/l (measurement effected according to the standard DIN 52612).

[0163] The test-samples pass the flame-retardant test effected according to the standard DIN 4102 B2.

[0164] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 91 Kpa (pressure at which the test-
sample becomes deformed) at a density of 16.49 g/l

[0165] Analysis effected on the dried EPS beads without a coating confirms the presence of 60 ppm of bromides.

Example 5

Process in agueous suspension

[0166] A mixture of 150 parts by weight of water, 0.2 parts of sodium pyrophosphate, 89 parts of styrene, 0.25 parts
of tert-butylperoxy-2-ethylhexanoate, 0.25 parts of tert-butylperbenzoate and 11 parts of a polymer concentrate (Mas-
terbatch) prepared by mixing in an extruder: 50% w/w of "Calcinated Carbon Coke 4023" sold by Asbury Graphite Mills
Inc. (USA) (with a particle size MT50% of about 5 wm, a BET of about 20 m2/g, a sulfur content of about 1.1%), 48.5%
wiw of 1.5% wiw of styrene-glycidylmethacrylate copolymer MarprooF G -0250SP sold by NOF Corportaion (Mw about
20,000 and WPE (Epoxy equivalent) = 310 g/eq, are charged into a closed stirred container. 2.2 parts of tetrabromobi-
sphenol A bis-2,3 dibromopropylether, called PE 68, sold by Chemtura PE and 0.3% of dicumylperoxide are then added
to make the product fireproof. The mixture is heated to 90°C under stirring.

[0167] After about 2 hours at 90°C, 4 parts of a solution at 10% of polyvinylpyrrolidone are added. The mixture is
heated, under constant stirring, for a further 2 hours at 100°C, 7 parts of a 70/30 mixture of n-pentane and i-pentane
are added, the mixture is heated for a further 4 hours at 125°C and then cooled, and the batch is discharged. The
granules of expandable polymer thus produced are subsequently recovered and washed with demineralized water
containing 0.05% of a non-ionic surfactant consisting of a fatty alcohol condensed with ethylene oxide and propylene
oxide, sold by Huntsman under the trade-name of Empilan 2638. The granules are then dried in a stream of warm air,
0.02% of non-ionic surfactant, consisting of a condensate of ethylene oxide and propylene oxide on a glycerine base,
sold by Dow (Voranol CP4755) are added, and the granules are then sieved, separating the fraction with a diameter
ranging from 1 to 1.5 mm. Said fraction proves to be 40%, the fraction ranging from 0.5 to 1 mm being 30%, the fraction
ranging from 0.2 to 0.5 mm 15% and the coarse fraction ranging from 1.5 to 3 mm 15%. 0.2% of glycerylmonostearate
and 0.1% of zinc stearate are then added to the fraction ranging from 1 to 1.5 mm. The product is pre-expanded with
vapour at a temperature of 100°C, aged for a day and used for the moulding of blocks (dimensions 1040x1030x550
mm). The blocks were then cut to prepare flat sheets on which the thermal conductivity was measured. The thermal
conductivity, measured after a residence of 5 days in an oven at 70°C, was 30.3 mW/mK at a density of 16.6 g/l
(measurement effected according to the standard DIN 52612).

[0168] The test-samples pass the flame-retardant test effected according to the standard DIN 4102 B2.

[0169] The mechanical characteristics in compression were tested with a Zwick | 2020 tensometer, according to the
method EN 826. Two test-samples (100 x 100 x 50 mm) were collected from the expanded end-products and tested at
5 mm/min. The average value at 10% of compression proved to be the following: 96 Kpa (pressure at which the test-
sample becomes deformed) at a density of 16.4 g/l

[0170] Analysis effected on the dried EPS beads without a coating confirms the presence of 15 ppm of bromides.
[0171] Thedescription of the method for determining the bromides in the expandable polystyrene granules is provided
hereunder.

[0172] The bromide ion is extracted in an aqueous solution from a solution of the sample of polymer in chloroform.
The concentration of the bromide ion in the aqueous solution is then determined by ion chromatography. The concentration
of the bromide ion in the polymer is calculated on the basis of the volume of aqueous solution and weight of the sample
treated.

[0173] The sample conveniently weighed, is introduced into a test-tube with a screw stopper having a volume of 50
ml, 15 ml of chloroform are added and the mixture is stirred until the complete dissolution of the polymer.

[0174] Atthis point, 25 mlof an eluent solution for ion chromatography are introduced into the test-tube with a calibrated
pipette, the test-tube is closed and the mixture stirred for about 20 minutes, after which the organic and aqueous phases
in the test-tube are separated (about 20 minutes).

[0175] The upper aqueous phase is removed and analyzed by ion chromatography.

[0176] The concentration of bromide in the polystyrene is calculated as follows:
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CexVy

C Br- [ppm] =
w

sample

wherein:

Cpg, : concentration of bromide in the polystyrene sample expressed in ppm (w/w);

C,: concentration of bromide in the aqueous solution in ppm (w/v) obtained by chromatography;
V,: volume of solution used for the extraction expressed in ml;

Wsamp|e: weight of the initial polystyrene sample expressed as g.
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Claims

1.

2,

10.

11.

12.

13.

A concentrated polymeric composition comprising:

a) vinyl aromatic polymers and/or vinyl aromatic copolymers in an amount equal to at least 10% by weight,
calculated with respect to the overall composition,

b) at least one compound containing epoxy functional groups in an amount ranging from 0.01% to 5% by weight,
calculated with respect to the overall composition,

c) at least one infrared absorbing agent, in an amount equal to at least 10% by weight, calculated with respect
to the overall composition.

A self-extinguishing expandable composition of vinyl aromatic polymers and/or vinyl aromatic copolymers compris-
ing:

A
B

vinyl aromatic polymers and/or vinyl aromatic copolymers in an amount equal to at least 50% by weight,

at least one expanding agent,

C) at least one infrared absorbing agent,

D) at least one halogenated flame-retardant agent,

E) at least one compound containing epoxy functional groups characterized by a solubility in styrene, measured
at a temperature of 25°C, higher than 5g/100g.

The concentrated polymeric composition according to claim 1, wherein the compound containing epoxy functional
groups is selected from styrene-glycidyl methacrylate copolymers or from NovolaK multifunctional organophospho-
rus epoxy resins.

The concentrated polymeric composition according to claim 1 or 3, wherein the infrared absorbing agent is selected
from petroleum coke, graphite or carbon black.

The concentrated polymeric composition according to any of claims 1, 3 or 4, wherein the infrared absorbing agent
is characterized by a purity degree, expressed as ash content, higher than 0.2% w/w and up to 5% w/w with respect
to the absorbing agent, evaluated according to ASTM DIN 51903.

The concentrated polymeric composition according to any of claims 1, 3, 4 or 5, wherein the infrared absorbing
agent is petroleum coke.

The concentrated polymeric composition according to claim 6, wherein coke has an ash content, measured according
to the method ASTM DIN 51903, higher than 0.2% w/w and up to 5% w/w with respect to the absorbing agent.

The self-extinguishing expandable composition according to claim 2, wherein the compound containing epoxy func-
tional groups is selected from styrene-glycidyl methacrylate copolymers and mixtures thereof, or from NovolaK
multifunctional organophosphorus epoxy resins.

The self-extinguishing expandable composition according to claim 2 or 8, wherein the compound containing epoxy
functional groups is selected from epoxy resins having a solubility in vinyl aromatic monomer, measured at a tem-
perature of 25°C, higher than 20g/100g.

The self-extinguishing expandable composition according to any of claims 2, 8 or 9, wherein the infrared absorbing
agent is selected from petroleum coke, graphite or carbon black and mixtures thereof.

The self-extinguishing expandable composition according to any of the claims 2, 8, 9 or 10, wherein the infrared
absorbing agent is characterized by a purity degree, expressed as ash content, higher than 0.2% w/w and up to

5% wiw with respect to the absorbing agent, evaluated according to ASTM DIN 51903.

The self-extinguishing expandable composition according to any of claims 2, 8, 9, 10 or 11, wherein the infrared
absorbing agent is petroleum coke.

The self-extinguishing expandable composition according to claim 12, wherein the coke has an ash content, meas-
ured according to the method ASTM DIN 51903, higher than 0.2% w/w and up to 5% w/w with respect to the absorbing
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agent.

The self-extinguishing expandable composition according to any of claims 2, 8, 9, 10, 11 and 13, wherein the flame-
retardant agent is selected from hexabromocyclododecane, tetrabromobisphenol A bis-2,3 dibromopropylether or
brominated styrene-butadiene copolymers.

The self-extinguishing expandable composition according to claim 14, wherein the flame-retardant is tetrabromobi-
sphenol A bis-2,3 dibromopropylether.

A process for the preparation in continuous mass of a self-extinguishing expandable composition according to any
of claims 2, 8, 9, 10, 11, 13-15, said process comprising the following steps:

i. mixing the following compounds together:

a. vinyl aromatic polymers and/or vinyl aromatic copolymers in amounts ranging from 10% to 90% by weight,
with respect to the overall mixture,

b. at least one compound containing epoxy functional groups in amounts ranging from 0.01% to 5% by
weight with respect to the overall mixture,

c. at least one infrared absorbing agent in amounts ranging from 10% to 90% by weight, with respect to
the overall mixture,

so as to form a concentrated polymeric composition;

ii. incorporating said concentrated polymeric composition in a first stream containing vinyl aromatic polymers
and/or vinyl aromatic copolymers in the molten state, at least one flame-retardant additive and possibly at least
one expanding agent so as to form a polymeric side stream;

iii. if the vinyl aromatic polymer and/or copolymer is in granules, heating said polymer and/or copolymer to a
temperature higher than the relative melting point, forming a molten stream before incorporating the flame-
retardant additive and possibly the expanding agent;

iv. incorporating said polymeric side stream possibly together with the expanding agent, in a second polymeric
stream, or main polymeric stream, containing vinyl aromatic polymers and/or vinyl aromatic copolymers in the
molten state, thus forming the self-extinguishing expandable composition.

A polymerization process in aqueous suspension for preparing a self-extinguishing expandable composition ac-
cording to any of claims 2, 8, 9, 10, 11, 13-15, wherein the dosage of the infrared absorbing agents is obtained by
incorporation, in a polymerization mixture, of a concentrated polymeric composition comprising:

a. vinyl aromatic polymers and/or vinyl aromatic copolymers in an amount ranging from 10% to 90% by weight,
with respect to the overall composition,

b. at least one compound containing epoxy functional groups in an amount ranging from 0.01% to 5% by weight,
with respect to the overall composition,

c. at least one infrared absorbing agent in an amount ranging from 10% to 90% by weight, with respect to the
overall composition.

Expandable granules containing the self-extinguishing expandable composition according to any of claims 2, 8, 9,
10, 11, 13-15, wherein the compounds containing epoxy functional groups are present in an amount not exceeding
0.5% w/w and wherein the content of the infrared absorbing agent ranges from 0.05% by weight to 25% by weight.

Expandable granules according to claim 18, also containing tetrabromobisphenol A bis 2,3 dibromopropylether
whose content ranges from 1 to 6% by weight.

Expanded articles containing the self-extinguishing expandable composition according to any of claims 2, 8, 9, 10,
11, 13-15, having a density ranging from 5 to 50 g/l and a thermal insulation capacity, expressed by a thermal

conductivity ranging from 25 mW/mK to 50 mW/mK, measured according to the standard DIN 52612.

The self-extinguishing expandable composition according to any of claims 2, 8, 9, 10, 11 and 13, wherein the flame-
retardant agent is 1,1’ (isopropylidene) bis[3,5-dibromo-4-(2,3-dibromo methyl-propoxy) benzene.
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Patentanspriiche

1.

2,

10.

11.

12.

13.

Eine konzentrierte Polymerzusammensetzung, die Folgendes beinhaltet:

a) vinylaromatische Polymere und/oder vinylaromatische Copolymere in einer Menge, die mindestens 10 Gew .-
% entspricht, berechnet mit Bezug auf die Gesamtzusammensetzung,

b) mindestens eine Verbindung, die funktionelle Epoxidgruppen in einer Menge im Bereich von 0,01 Gew.-%
bis 5 Gew.-%, berechnet mit Bezug auf die Gesamtzusammensetzung, enthalt,

¢) mindestens ein Infrarotabsorptionsmittel in einer Menge, die mindestens 10 Gew.-% entspricht, berechnet
mit Bezug auf die Gesamtzusammensetzung.

Eine selbstldschende schaumbare Zusammensetzung vinylaromatischer Polymere und/oder vinylaromatischer Co-
polymere, die Folgendes beinhaltet:

A) vinylaromatische Polymere und/oder vinylaromatische Copolymere in einer Menge, die mindestens 50 Gew .-
% entspricht,

B) mindestens ein Treibmittel,

C) mindestens ein Infrarotabsorptionsmittel,

D) mindestens ein halogeniertes Flammhemmmittel,

E) mindestens eine Verbindung, die funktionelle Epoxidgruppen enthalt, gekennzeichnet durch eine Loslichkeit
in Styrol von mehr als 5 g/100 g, gemessen bei einer Temperatur von 25 °C.

Konzentrierte Polymerzusammensetzung gemanr Anspruch 1, wobeidie Verbindung, die funktionelle Epoxidgruppen
enthalt, aus Styrol-Glycidyl-Methacrylat-Copolymeren oder aus mehrfunktionellen phosphororganischen NovolaK-
Epoxidharzen ausgewahlt ist.

Konzentrierte Polymerzusammensetzung gemaRr Anspruch 1 oder 3, wobei das Infrarotabsorptionsmittel aus Pe-
trolkoks, Graphit oder Rul} ausgewahilt ist.

Konzentrierte Polymerzusammensetzung gemalk einem der Anspriiche 1, 3 oder 4, wobei das Infrarotabsorptions-
mittel durch einen Reinheitsgrad, ausgedriickt als Aschegehalt, von mehr als 0,2 Gew.-% und bis zu 5 Gew.-% mit
Bezug auf das Absorptionsmittel, evaluiert gemar ASTM DIN 51903, gekennzeichnet ist.

Konzentrierte Polymerzusammensetzung gemalk einem der Anspriiche 1, 3, 4 oder 5, wobei das Infrarotabsorpti-
onsmittel Petrolkoks ist.

Konzentrierte Polymerzusammensetzung gemaR Anspruch 6, wobei Koks einen Aschegehalt, gemessen gemal
ASTM DIN 51903, von mehr als 0,2 Gew.-% und bis zu 5 Gew.-% mit Bezug auf das Absorptionsmittel aufweist.

Selbstldschende schaumbare Zusammensetzung geman Anspruch 2, wobei die Verbindung, die funktionelle Epo-
xidgruppen enthalt, aus Styrol-Glycidyl-Methacrylat-Copolymeren und Mischungen daraus oder aus mehrfunktio-
nellen phosphororganischen NovolaK-Epoxidharzen ausgewahlt ist.

Selbstldschende schaumbare Zusammensetzung gemanR Anspruch 2 oder 8, wobei die Verbindung, die funktionelle
Epoxidgruppen enthalt, aus Epoxidharzen ausgewabhilt ist, die eine Loslichkeit in vinylaromatischem Monomer, ge-

messen bei einer Temperatur von 25 °C, von mehr als 20 g/100 g aufweist.

Selbstldschende schdumbare Zusammensetzung gemalk einem der Anspriiche 2, 8 oder 9, wobei das Infrarotab-
sorptionsmittel aus Petrolkoks, Graphit oder Ruf? und Mischungen davon ausgewahilt ist.

Selbstldschende schaumbare Zusammensetzung gemaR einem der Anspriiche 2, 8, 9 oder 10, wobei das Infra-
rotabsorptionsmittel durch einen Reinheitsgrad, ausgedriickt als Aschegehalt, von mehr als 0,2 Gew.-% und bis zu

5 Gew.-% mit Bezug auf das Absorptionsmittel, evaluiert gemaR ASTM DIN 51903, gekennzeichnet ist.

Selbstloschende schaumbare Zusammensetzung gemalk einem der Anspriche 2, 8, 9, 10 oder 11, wobei das
Infrarotabsorptionsmittel Petrolkoks ist.

Selbstloschende schaumbare Zusammensetzung gemal Anspruch 12, wobei der Koks einen Aschegehalt, gemes-

21



10

15

20

25

30

35

40

45

50

55

14.

15.

16.

17.
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sen gemanR dem Verfahren ASTM DIN 51903, von mehr als 0,2 Gew.-% und bis zu 5 Gew.-% mit Bezug auf das
Absorptionsmittel aufweist.

Selbstloschende schaumbare Zusammensetzung gemald einem der Anspriiche 2, 8, 9, 10, 11 und 13, wobei das
Flammhemmmittel aus Hexabromcyclododecan, Tetrabrombisphenol-A-bis-2,3-dibrompropylether oder bromierten
Styrol-Butadien-Copolymeren ausgewahlt ist.

Selbstloschende schaumbare Zusammensetzung gemalk Anspruch 14, wobei das Flammhemmmittel Tetrabrom-
bisphenol-A-bis-2,3-dibrompropylether ist.

Ein Verfahren fiir die Herstellung einer selbstléschenden schdumbaren Zusammensetzung in kontinuierlicher Masse
gemaR einem der Anspriiche 2, 8, 9, 10, 11, 13-15, wobei das Verfahren die folgenden Schritte beinhaltet:

i. Vermischen der folgenden Verbindungen:

a. vinylaromatischer Polymere und/oder vinylaromatische Copolymere in Mengen im Bereich von 10 Gew .-
% bis 90 Gew.-% mit Bezug auf die Gesamtmischung,

b. mindestens einer Verbindung, die funktionelle Epoxidgruppen in Mengen im Bereich von 0,01 Gew.-%
bis 5 Gew.-% mit Bezug auf die Gesamtmischung enthalt,

c. mindestens eines Infrarotabsorptionsmittel in Mengen im Bereich von 10 Gew.-% bis 90 Gew.-% mit
Bezug auf die Gesamtmischung, um eine konzentrierte Polymerzusammensetzung zu bilden;

ii. Einarbeiten der konzentrierten Polymerzusammensetzung in einen ersten Strom, der vinylaromatische Po-
lymere und/oder vinylaromatische Copolymere in dem geschmolzenen Zustand, mindestens einen flammhem-
menden Zusatzstoff und moglicherweise mindestens ein Treibmittel enthalt, um einen polymeren Seitenstrom
zu bilden;

ii. wenn das vinylaromatische Polymer und/oder Copolymer in Granulatform vorliegt, Erw&rmen des Polymers
und/oder Copolymers auf eine Temperatur, die héher als der relative Schmelzpunkt ist, Bilden eines geschmol-
zenen Stroms vor dem Einarbeiten des flammhemmenden Zusatzstoffs und mdglicherweise des Treibmittels;
iv. Einarbeiten des polymeren Seitenstroms mdglicherweise zusammen mit dem Treibmittel in einen zweiten
polymeren Strom oder polymeren Hauptstrom, der vinylaromatische Polymere und/oder vinylaromatische Co-
polymere in dem geschmolzenen Zustand enthalt, wodurch die selbstldschende schaumbare Zusammenset-
zung gebildet wird.

Ein Polymerisationsverfahren in wassriger Suspension zum Herstellen einer selbstléschenden schaumbaren Zu-
sammensetzung gemak einem der Anspriiche 2, 8, 9, 10, 11, 13-15, wobei die Dosierung der Infrarotabsorptions-
mittel durch Einarbeitung einer konzentrierten Polymerzusammensetzung in eine Polymerisationsmischung Fol-
gendes beinhaltet:

a. vinylaromatische Polymere und/oder vinylaromatische Copolymere in einer Menge im Bereich von 10 Gew .-
% bis 90 Gew.-% mit Bezug auf die Gesamtzusammensetzung,

b. mindestens eine Verbindung, die funktionelle Epoxidgruppen in einer Menge im Bereich von 0,01 Gew.-%
bis 5 Gew.-% mit Bezug auf die Gesamtzusammensetzung enthélt,

c. mindestens ein Infrarotabsorptionsmittel in einer Menge im Bereich von 10 Gew.-% bis 90 Gew.-% mit Bezug
auf die Gesamtzusammensetzung.

Schaumbare Granulate, die die selbstléschende, schdumbare Zusammensetzung gemaf einem der Anspriiche 2,
8, 9, 10, 11, 13-15 enthalt, wobei die Verbindungen, die funktionelle Epoxidgruppen enthalten, in einer Menge
vorhanden sind, die 0,5 Gew.-% nicht Gberschreitet, und wobei der Gehalt des Infrarotabsorptionsmittels im Bereich
von 0,05 Gew.-% bis 25 Gew.-% liegt.

Schaumbare Granulate gemaR Anspruch 18, die ebenfalls Tetrabrombisphenol-A-bis-2,3-dibrompropylether ent-
halten, deren Gehalt von 1 bis 6 Gew.-% reicht.

Aufgeschaumte Artikel, die die selbstldschende, schdumbare Zusammensetzung geman einem der Anspriiche 2,
8, 9, 10, 11, 13-15 enthalten, mit einer Dichte im Bereich von 5 bis 50 g/l und einem Warmedammvermdgen,
ausgedriickt durch eine Warmeleitfahigkeit im Bereich von 25 mW/mK bis 50 mW/mK, gemessen gemaRl dem
Standard DIN 52612.
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Selbstloschende schaumbare Zusammensetzung gemald einem der Anspriiche 2, 8, 9, 10, 11 und 13, wobei das
Flammhemmmittel 1,1’-(Isopropyliden)-bis[3,5-dibrom-4-(2,3-dibrommethyl-propoxy)benzen ist.

Revendications

1.

2,

10.

11.

Une composition polymére concentrée comprenant :

a) des polymeéres aromatiques vinyliques et/ou des copolyméres aromatiques vinyliques en une quantité égale
a au moins 10 % en poids, calculé par rapport & la composition globale,

b) au moins un composé contenant des groupes fonctionnels époxy en une quantité comprise dans la gamme
allant de 0,01 % a 5 % en poids, calculé par rapport a la composition globale,

¢) au moins un agent absorbant l'infrarouge, en une quantité égale a au moins 10 % en poids, calculé par
rapport a la composition globale.

Une composition expansible auto-extinguible de polymeéres aromatiques vinyliques et/ou de copolymeéres aromati-
ques vinyliques comprenant :

A) des polymeéres aromatiques vinyliques et/ou des copolyméres aromatiques vinyliques en une quantité égale
a au moins 50 % en poids,

B) au moins un agent d’expansion,

C) au moins un agent absorbant l'infrarouge,

D) au moins un agent ignifuge halogéné,

E) au moins un composé contenant des groupes fonctionnels époxy, caractérisé par une solubilité dans le
styréne, mesurée a une température de 25 °C, supérieure a 5 g/100 g.

La composition polymére concentrée selon la revendication 1, dans laquelle le composé contenant des groupes
fonctionnels époxy est choisi parmi les copolyméres de méthacrylate de styréne-glycidyle ou parmi des résines
époxy organophosphorées multifonctionnelles NovolaK.

La composition polymeére concentrée selon la revendication 1 ou la revendication 3, dans laquelle 'agent absorbant
linfrarouge est choisi parmi le coke de pétrole, le graphite ou le noir de carbone.

La composition polymére concentrée selon 'une quelconque des revendications 1, 3 ou 4, dans laquelle 'agent
absorbant l'infrarouge est caractérisé par un degré de pureté, exprimé en teneur en cendres, supérieur a2 0,2 %
en poids et allant jusqu’a 5 % en poids rapporté a I'agent absorbant, évalué selon ’ASTM DIN 51903.

La composition polymére concentrée selon 'une quelconque des revendications 1, 3, 4 ou 5, dans laquelle 'agent
absorbant l'infrarouge est le coke de pétrole.

La composition polymeére concentrée selon la revendication 6, dans laquelle le coke a une teneur en cendres,
mesurée selon la méthode ASTM DIN 51903, supérieure a 0,2 % en poids et allantjusqu’a 5 % en poids rapporté
a I'agent absorbant.

La composition expansible auto-extinguible selon la revendication 2, dans laquelle le composé contenant des grou-
pes fonctionnels époxy est choisi parmi des copolyméres de méthacrylate de styréne-glycidyle et des mélanges de
ceux-ci, ou parmi des résines époxy organophosphorées multifonctionnelles NovolaK.

La composition expansible auto-extinguible selon la revendication 2 ou la revendication 8, dans laquelle le composé
contenant des groupes fonctionnels époxy est choisi parmi des résines époxydes ayant une solubilité dans un
monomeére aromatique vinylique, mesurée a une température de 25 °C, supérieure a 20 g/100 g.

La composition expansible auto-extinguible selon 'une quelconque des revendications 2, 8 ou 9, dans laquelle
'agent absorbant I'infrarouge est choisi parmi le coke de pétrole, le graphite ou le noir de carbone et des mélanges

de ceux-ci.

La composition expansible auto-extinguible selon 'une quelconque des revendications 2, 8, 9 ou 10, dans laquelle
'agent absorbant I'infrarouge est caractérisé par un degré de pureté, exprimé en teneur en cendres, supérieur a
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0,2 % en poids et allantjusqu’a 5 % en poids rapporté a I'agent absorbant, évalué selon TASTM DIN 51903.

La composition expansible auto-extinguible selon 'une quelconque des revendications 2, 8, 9, 10 ou 11, dans
laguelle 'agent absorbant l'infrarouge est du coke de pétrole.

La composition expansible auto-extinguible selon la revendication 12, dans laquelle le coke a une teneur en cendres,
mesurée selon la méthode ASTM DIN 51903, supérieure a 0,2 % en poids et allant jusqu'a 5 % en poids rapporté
a I'agent absorbant.

La composition expansible auto-extinguible selon 'une quelconque des revendications 2, 8, 9, 10, 11 et 13, dans
laguelle 'agent ignifuge est choisi parmi I’hexabromocyclododécane, le tétrabromobisphénol A bis-2,3 dibromopro-
pyléther ou des copolymeres de styréne-butadiéne bromés.

La composition expansible auto-extinguible selon la revendication 14, dans laquelle le retardateur de flamme est
le tétrabromobisphénol A bis-2,3 dibromopropyléther.

Un procédé pour la préparation en masse continue d’une composition expansible auto-extinguible selon I'une quel-
conque des revendications 2, 8, 9, 10, 11, 13 a 15, ledit procédé comprenant les étapes suivantes :

i. le mélange des composés suivants ensemble :

a. des polymeéres aromatiques vinyliques et/ou des copolyméres aromatiques vinyliques en des quantités
allant de 10 % a 90 % en poids, rapporté au mélange global,

b. au moins un composé contenant des groupes fonctionnels époxy en des quantités comprises dans la
gamme allant de 0,01 % a 5 % en poids rapporté au mélange global,

c. au moins un agent absorbant I'infrarouge en des quantités comprises dans la gamme allant de 10 % a
90 % en poids rapporté au mélange global, de maniére a former une composition polymére concentrée ;

ii. l'incorporation de ladite composition polymére concentrée dans un premier flux contenant des polymeéres
aromatiques vinyliques et/ou des copolyméres aromatiques vinyliques aI'état fondu, au moins un additif ignifuge
et éventuellement au moins un agent d’expansion de maniére a former un flux latéral polymére ;

iii. si le polymére et/ou le copolymére aromatiques vinyliques sont sous forme de granulés, le chauffage dudit
polymeére et/ou copolymére a une température supérieure au point de fusion relatif, formant un flux fondu avant
d’incorporer I'additif ignifuge et éventuellement 'agent d’expansion ;

iv. lincorporation dudit flux latéral polymeére éventuellement de concert avec I'agent d’expansion, dans un
deuxiéme flux polymére, ou un flux polymére principal, contenant des polyméres aromatiques vinyliques et/ou
des copolyméres aromatiques vinyliques a I'étatfondu, formant ainsi la composition expansible auto-extinguible.

Un procédé de polymérisation en suspension aqueuse pour préparer une composition expansible auto-extinguible
selon I'une quelconque des revendications 2, 8, 9, 10, 11, 13 a 15, dans lequel le dosage des agents absorbant
linfrarouge est obtenu par incorporation, dans un mélange de polymérisation, d’'une composition polymére concen-
trée comprenant :

a. des polymeéres aromatiques vinyliques et/ou des copolyméres aromatiques vinyliques en une quantité com-
prise dans la gamme allant de 10 % a 90 % en poids, rapporté a la composition globale,

b. au moins un composé contenant des groupes fonctionnels époxy en une quantité comprise dans la gamme
allant de 0,01 % a 5 % en poids rapporté a la composition globale,

¢. au moins un agent absorbant I'infrarouge en une quantité comprise dans la gamme allant de 10 % a 90 %
en poids, rapporté a la composition globale.

Des granulés expansibles contenant la composition expansible auto-extinguible selon 'une quelconque des reven-
dications 2, 8, 9, 10, 11, 13 a 15, dans lesquels les composés contenant des groupes fonctionnels époxy sont
présents en une quantité n’excédant pas 0,5 % en poids et dans lesquels la teneur en agent absorbant l'infrarouge
est comprise dans la gamme allant de 0,05 % en poids a 25 % en poids.

Des granulés expansibles selon la revendication 18, contenant également du tétrabromobisphénol A bis 2,3 dibro-
mopropyléther dont la teneur est comprise dans la gamme allant de 1 2 6 % en poids.
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20. Des articles expansés contenant la composition expansible auto-extinguible selon 'une quelconque des revendi-

21.

cations 2, 8, 9, 10, 11, 13 a 15, ayant une densité comprise dans la gamme allant de 5 & 50 g/l et une capacité
d’isolation thermique, exprimée par une conductivité thermique comprise dans la gamme allant de 25 mW/mK a 50
mW/mK, mesurée selon la norme DIN 52612.

La composition expansible auto-extinguible selon 'une quelconque des revendications 2, 8, 9, 10, 11 et 13, dans
laguelle 'agent ignifuge est le 1,1’ (isopropylidéne) bis[3,5-dibromo-4-(2,3-dibromo méthyl-propoxy) benzéne.
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VINIL-AROMAS POLIMEREK ESNVAGY VINIL-AROMAS KOPOLIMEREK KONCENTRALT POLIMER KOMPOZICION
S7ABADALMUIGENYRONTOK

1. Konoeniralt polimer kampozicio, amely a kovelhesdkat bartaimasea:
& vinlbarag polimerek se vinbaromias kopolimerek olyan menrviséghen, amely sgysnid lesgalabh 10
tmag Y%okal s  tolfes kumpoalcitra fekintettel ka Efuig.
by  legslabh sgy vegyllel amsly tarbimaz \f‘ox funkelds osoporiokal olyan mwnwsem@n. arwiy a0
tWmeg % és § timey % kG20t tartomanyban van o telles kompoziciors tekintetel kalkpialvg;
cHegaldhb egy infravdios elnyeld szer (absarbing agent) olyan mannyiseghen, amely sgyani legaldtb 10 Bmey %hal a
talies Rompazicidra tekintattel kalkuldva
£ Vinlbaromas polimsreinek asfuagy viniharomas kopolimersknek Grikiolts {seff-extinguishing). habosithale {expandabis)
Kompuzicidia, amely a kovatkeesket tartalmarza
A vindaromis polimersk deivagy vinil-aromis kopolimarsk olvan mennyiséshen, amsy egalable 3G Bmey %-

kal egyenid;

8) iggalably egy habositbanyag (expanding agent);

¢ ieqalabb egy infrawdeds slnyeld szan

2 isgalabl egy balogénazell 806spald srer (flame-ratardant agent);

B legalabh egy olyan venylilet, amely lartalmaz epox funkeios csoporfokal, azzal jellemezve, hogy ennsk

clabatdsaga saltirotban, 26°C bamérsékleten mérve, nagyobb, mint 8§10 Ha
3 Az 1. igénypont szerinti koncentralt polimer Komipozinid, ahed az spoxt furkalds cooportokat tartaimaz yagyilet a kovatkersk
KGaii valaszthalo ki axtirolglicidl metakeilat kopolimerek ds NevolaK {fenolformaldehid gyanta) multifunkeins szerves foszforos
{organophosphiorus) apoxf gyantak.
4 Az 1 vagy 3 igényoont szetintl koncentalt polimer kompozicis, ahol sz infraverds eis‘ veld 'szir @ kévatiowd (8
vataszthalo kit dsvanyolaiRokez {petrolsing coke). graft és korom (Carbon bi{ﬁGz‘(}s

8 Az 1, 3 és 4 igénvponiok barmalyike searint Rorceniralt polimer kompozicld, ahol a2 infravfinfis slnvels szeet sz ellonzd,

hogy lsztasagl foka {purily depres), hamutariaionkent Kiejszve, nagyolb, mint 2% {iwmeniOmeq) 63 maximum 5%

{omegitdmed) a2 elhnyeld srare wonathoziatva, 9z ASTM BN 51903 szami szabvany szetinl értgkelvs,
6 Az 1. 30 4 & & igenyponiok banmelyke szernt konuantrdll polimer kompozicis, ahal ar infravirds elweld szar

Qavanyalafiokaz,

7. A8 igdnyponi szernt koncentrdlt polimer knmpozitad, akol & kokaznak olyan hamutartaims van, amely, sz ASTM DIN 51903

$dma szabvany spednt marve, nagyobb, mint 0.2% (Omagiimeg) ds maximum 5% (Bmeghtmen) az elyeld szene

vonathnrtatva,

8. A2 igenypont szerintl dnkiolty, habositald kompozicio, shol a vegylist, amsly eposl funkcios csonertokal tartaimaz. @

kOuatkerok kdalll vélasaihatd ki satirobgliciodl metakdlat kopofimerek &s Kevanikelk. 85 Novalal multifunkeios srerves foseioros

a0k gyantak

§ AT vagy 8 ighnyront azenal dnkinlls, habosihatd kempoild, shul & vegylisd, amely epoxi funkeios csopariokal tartaimaz,
3 fiwetherdk koztl vdlaszinats ki olvan ﬁpm gyarial amelpek oldhaldsiga vinllaromas monomerhen, 25°C hdnersekiaieh

mietve, nagyobb, nint 20 ¢A100 ¢

10,42, 8 ev 8 igénypontok barmelyike szenintt dnkioltd, habosithalé kompozicld, ahol az infravéras slnyeld szer o kovelinisi

I i
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kot valasxthatd ki svanyolakokse, grafit korom és ezak keverehel,



o)

.82, 8. 8 e 10 igénypontok barmelyike szeringl Onkiclis, habosithatd kompozicit, ahol az nfravirds elveld szont az
jellemazd, hogy tisziasagl foka {punity degrae), hamutaralomicint kifelszve. nagyobb, mint 0,2% (18meg/dmeg) dx maxinum 59
{omegittmag) a2 sinyeld szarre vonatkozlalva, az ASTY DIN 51803 szému szabivdny szeviol éridkelve.

12 A2, B, B 10 8 11 inénypontok bémelvke szerinl Snkiold, habosdthatd kompozicld. ahel az infraviitds snysid seer
dsvanyoisikoksz.
13 A 12 igénypont szednll Sukiolld, habosithato kompozield, ahol & hoksznak olyan bamutartaima van, amely, ax ASTM DIN
S1803 szami szabvany seerint méve, nagyobb, mint 0.2% (omegftomeq) fe maximum 5% (megitmeq) sz ginyald szere
vonatkeziatn,
4 OAZ, 8,8, 10 1L 65 13 igényponiok bannslviks szerintl Snkioltd, habrsithatd kompozinid, ahol ap Sosagalls szer 3
Kovetkerok kol vilagethalt ki hoxabibmeakisdodekan, telrabrom-tishannl A bisz-2 3-dibrdm-propil-siar, és brémazolt sztirol
butadisn kopolimerek,
15 A 14, igérypont szerinti dnkiolit, habosithale kumporicid, ahel sz égésgatic szer fetrabrdmebiszfona! & hise-2,3-ditram-
propil-&ter,
16 Eigrasa 2. 8.8, 10 11 88 13-18. inényponioh banmelyike szerintl Sniioltd, habosithaté kompozicid Dnlvamatns Himegdnek
el ::ii‘ézséra, ahol a2 emiffeti aiidras 2 kivetkeed péseiel tartaimarza:
I fsazekaverdi eqymassal a kdvitkeszd vegyiluteket
a. vinil-aromas polimerek & vini-arorias kopolimerek olyan mennyixégben, amely 3 10 Bmag % és 80 Bmeg %
kot tartormanyban wan a tidies kevargics vonalkoziatve;
b. iegalabb egy vegylilel, amaly spoxi funkeios csopariokat tariaimaz, alyan menayisdghen, amely 5 0,01 Bmeg %
s & f0mag % kOzOH tariomanyban van a telies kevarékre vonatkoztatva:
& fegalabh eqy infravdrts wiyeid s2er olyan mennyiséghben, amely a 10 ©meg % ¢ 80 fomeg S kdeolt
tarlomanyban var a iefles keverdkse vonatkostatva,
iy \9pa~;1nk ) y koncentrsll palimer kompozisiot:
patimereket 8sfvagy winiaromy sopalimerekel lvedt dllanoiban, legalabb ey «gr‘s\;a\‘u arjaiékanyagm {sdd%ii\«'e:} €8
seelleq legalabb egy habositvanyagot Gy, hogy Rialakitsunk egy palimar vidalse dramiatot {side streamy;
. ba a vinilbaromas polimer Ssivagy kapalimer szemeséRben {granula) van, felmelegitik a2 emiitstt polimert §sivagy
repodiment olyan hdmerseidatre, amely nagyobb, mint & relatlv olvadisoont, igy kepeelink sgy olvads ramiatnd, misistt
beepitandnk Az égisgalis adaldkanyagot &3 eselleg s hatiositdanyagot;
. beepiliik az smiifelt polimer oldalsd framisbal esetieg a habosibanysggal e.gy‘i}ft SQy. mdsudik polimer drandatha,
vagy 18 polimer arariatbs, amely trisimaz vinhwomss polimercke! ésivagy vinflbaramias kopolimerekat olvadt
aliwpatban, igy alakituk K az Sokicld, habosithatd kompozieidt,

=N

17, Polimerizaldst offras vizes szuszpenzidban & 2. 8. 8, 10 ¥ & 1315 igénypaniok Barmelyike szennti onkioits,

habosithatd kor*zpe?a”is sidaliitasirg, ahiol az infravids elnveld szer adagolisal (dosuga) gy énik ef, hogy bespitink a

2

......

2. vinil-aromas po%smerek: €5 vinil-aromas kopolimerek oiyan mennyiségban, amely 2 10 Bimeg % &5 90 Hmeg % ket
fartamanyban van g felfas kewsrikn: wooatioatates,
. begalab ey vagylifel, amely epoxi funkeios esoporiokal tartalmaz, divan mennyiségben, amaly 2 0,01 tomeg % &6 8
tanieg % kozott {artomanyhan van 4 tafjes keverdkre vonatkozialva

¢ legalabh egy infravids elnyeld sarr clyan wennyindgben, amely 3 10 1dmeg % &5 90 Bmeg % KoMt tanomdnyban
v & ledjos keverdkre vonatkaziatva,



PO

18, Habosiihald szemessk, amalyek tatgimamnak @ 2, 8, B, 100 11 &8 1314 igénypontek bamudyike szerinll dnkiglts,
fabosithald kompoziciot: ahol gzok & vegyllsiel amalvek tardalmaznak epox funkeids cooporiokal, olyan mennyviséghen
vannak jelen, amaly nem haladia meg a B.5%-0t {magitbmeg), ¢ ahol az infravords elnyeld seer tartalom a 0,05 hmeg % és
25 omag % kizott tadonsanyban van.

19 A 1B igenypont szerinl habosithatd szemonék, smeivek taralmazank lefrabrdm-biszfenud A bisz:2 Sdibrdm-propi-8tet |
amelynek tartaima az 1 t0men % 65 § mag % kozal tartom@nyban van,

20. Hatonitolt anucikkek {arlicle), amalyek tarislmaznak a 2, 8, 8, 10, 11 &5 13415 igénypontok barmelyike sparindl Gnkiolto,
habosithatd kompozicidl, shol exsk stiriiséos oz § g és 50 gf kSz8t tardomanyban van, ¢ hiszigetelds! kapacitdsuk (thermsl
insuiation capacity} hovezeii-képassglikicd fthermal conductivity) kifejozve & 25 mWimK és 80 mWinK k2ot tertomanyban
varra DIN 52815 azami szabeany szerint merve.

2V AL B8 10, 1. és 13 igbnypontok bammuiylie seerintl Gnkiolld, habosithatd kompozicid, ahol az dgdagallo szer 1,1+
{izspropi!idéﬁ}»bés;&{&“~d§br{)m~,4»{2;3~dibmm«meti§~;}re;:30>§§}}-tzes‘,zsi.
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