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DESCRIPTION

[0001] The present invention relates to the use of a) a certain type of silica in combination with 
b) a certain type of graphite, for decreasing the thermal conductivity of vinyl aromatic polymer 
foam. The invention also relates to processes for the preparation of expandable polymer 
granulates and the expandable polymer granulate. The invention further relates to vinyl 
aromatic polymer foam and to a masterbatch comprising the mixture of a) with b).

[0002] Vinyl aromatic polymers are known and are used for the preparation of expanded 
products that are adopted in a variety of applications, of which the most important one is for 
thermal insulation. This is why there is a continuously increasing demand for expanded vinyl 
aromatic polymers with low thermal conductivity as well as good mechanical and self­
extinguishing properties.

[0003] It is generally known that the addition of athermanous additives from the group of heat 
absorbers (e.g. carbon black), heat scatterers (e.g. minerals from the group of silicas and 
titanium oxides) and heat reflectors (e.g. aluminium pigment and graphite) decreases the 
thermal conductivity of vinyl aromatic polymer foams. Examples for such types of polymers are 
those obtained by suspension polymerization of vinyl aromatic monomers (in particular of 
styrene) and optionally comonomers. Other examples for such type of polymers are those 
obtained by the extrusion of general purpose polystyrene or its copolymers.

[0004] Typically, the addition of a combination of athermanous additives that can absorb or 
scatter heat radiation to prolong the IR rays' pathway results in a significant decrease of 
thermal conductivity. However, the addition of IR reflectors results in the most advantageous 
effect. A combination of IR scatterers and IR reflectors can influence the reduction of the 
concentration of typical IR absorbers (such as carbon black) and leads to an improvement of 
the self-extinguishing effect of polystyrene foams. However, an addition of carbon black, 
especially in extrusion processes, requires the addition of a relatively high amount of 
brominated flame retardant, to maintain acceptable self-extinguishing properties, e.g. suitable 
performance for passing the flammability test according to the German industry standard DIN 
4102 (B1, B2).

[0005] Poor thermal stability of foams made of vinyl aromatic polymers filled with carbon-based 
athermanous additives is also a problem. Such foams, having black or grey colour, absorb a 
relatively high amount of heat energy, thus the insulation boards made thereof and applied on 
building walls can shrink or deform significantly. Thus, the insulation performance may 
deteriorate. Finally, when trying to create an optimum cell structure with a narrow cell size 
distribution, in order to obtain materials with significantly decreased thermal conductivity, 
several problems were indentified when using carbon black, graphite or especially mineral 
athermanous additives, because these additives also act as nucleating agents and have a 
negative effect on bubble formation.
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[0006] On the other hand, the presence of small amounts of athermanous fillers of the heat 
scatterer type does not result in a substantial deterioration of the flame retarded polymer 
foam's self-extinguishing properties. Rather, these properties are improved, but the decrease 
of the foam's thermal conductivity is not as pronounced as it would be in foams comprising 
carbon-based additives, i.e. comprising athermanous additives of the heat absorber or of the 
heat reflector type (in particular carbon blacks and/or graphites).

[0007] WO 2006/058733 A1 teaches expandable styrene polymer granulates containing a) 
filler selected from the group of inorganic powder materials (such as silicic acid) and b) carbon 
black or graphite. The amount of a) filler is 5 to 50 wt.%, and the amount of b) carbon black or 
graphite is 0.1 to 10 wt.%. The filler of WO 2006/058733 A1 has an average particle diameter 
in a range of from 1 to 100 μm.

[0008] WO 2008/061678 A2 discloses the use of carbon black having a specific electric 
conductivity, and optionally graphite, to decrease the thermal conductivity of expandable vinyl 
aromatic polymers.

[0009] WO 2012/024708 A1 teaches polymer foams containing carbon-based athermanous 
particles. The carbon of the athermanous particles is partially arranged in a graphitic manner 
and is also present as turbostratic carbon.

[0010] EP 0 620 246 A1 teaches the use of athermanous materials in polystyrene hard foam 
(EPS or XPS). Examples for athermanous materials are metal oxides (such as Fe2O3 or 

AI2O3), non-metal oxides (such as S1O2), metal powder, aluminium powder, carbon (such as 

carbon black, graphite or even diamond), or organic colorants or colorant pigments.

[0011] JP 63183941 teaches the use of aluminium pigment, titanium dioxide and graphite, 
having specific particle size and heat radiation reflectivity, to decrease the thermal conductivity 
of polystyrene foams. The silica powder used in Example 6 as listed in Table 1 of JP 63183941 
has an average particle size of 3.2 μm.

[0012] EP 1 159 338 A teaches expandable polystyrene (EPS) containing aluminium particles 
and optionally graphite. Further, EP 0 863 175, EP 0 981 574, EP 1 758 951, DE 198 28 250 
A1, WO 98/51734 A1, EP 1 031 600 A2, EP 1 661 940 A1, WO 02/055594 A1 and EP 1 771 
502 A2 teach the use of graphite in polystyrene foams.

[0013] US 2012/0091388 A1 discloses expanded vinyl aromatic polymers comprising a. 
graphite, b. optional self-extinguishing brominated additive, c. optional synergist for b., and d. 
optional inorganic additive. An example for d. inorganic additive is silicon oxide (such as 

aerosilica). The BET surface of a typical aerosilica is well above 100 m2/g, and the particle size 
is well below 10 nm. When using aerosilica for example in an extrusion process for the 
production of expandable vinyl aromatic polymer granulate, it is impossible to stabilize the 
process even in the presence of small amounts of aerosilica, e.g. below 1 wt.%: because of 
aerosilica's very high BET, the resultant modification of rheology is so strong that pressure
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increases dramatically, and it is not possible to stabilize the process and the granulate.

[0014] US 2007/112082 A1 discloses moldable-foam moldings whose density is in the range 
from 8 to 200 g/l, obtainable via fusion of pre-foamed foam beads composed of expandable 
pelletized filled thermoplastic polymer materials, and a process for preparing the expandable 
pelletized polymer materials.

[0015] EP 2 025 961 A2 teaches a two-step process for the production of expandable 
polystyrene granulate. The process includes the mixing of graphite particles with a styrene- 
based resin and extruding the composition, and carrying out seed polymerization by 
suspending the graphite-containing micropellets in water and adding styrene-based monomer.

[0016] WO 2012/024709 A1 teaches flame retarded expandable polymers containing solid 
carbon-based additives containing sulphur, wherein the sulphur content is at least 2000 ppm. 
Examples for the solid additive are anthracite, coke and carbon dust.

[0017] A desired expanded polymer foam should contain athermanous filler(s) of a type and in 
an amount that maintain the foam's self-extinguishing and mechanical properties in the same 
range as in an expanded polymer without such fillers, and that at the same time decrease the 
thermal conductivity of the foam.

[0018] It has now surprisingly been found in accordance with the present invention that the co­
use of

1. a) a certain type of silica, in a specific amount, and
2. b) a certain type of graphite, in a specific amount,

decreases the thermal conductivity of vinyl aromatic polymer foam (the decrease being 
measured in accordance with ISO 8301), without adversely affecting the foam's flammability 
and mechanical properties, and that this effect is particularly pronounced if a) the type of silica 
and b) the type of graphite are used in a weight ratio, i.e. a) :b), in a range of from 1:1 to 1:10.

[0019] The present invention has the following aspects:

1. (1) the use of a) silica in combination with b) graphite, for decreasing the thermal 
conductivity of vinyl aromatic polymer foam;

2. (II) processes for the preparation of expandable polymer granulate;
3. (Ill) expandable polymer granulate comprising one or more propellants, a) silica, b) 

graphite, and c) vinyl aromatic polymer;
4. (IV) expanded vinyl aromatic polymer foam comprising a) silica, b) graphite, and c) vinyl 

aromatic polymer; and
5. (V) a masterbatch comprising a) silica, b) graphite, and c) vinyl aromatic polymer.
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Detailed description

[0020] In a first aspect, the invention relates to the use of a) a certain type of silica in 
combination with b) a certain type of graphite, for decreasing the thermal conductivity of vinyl 
aromatic polymer foam.

[0021] The polymer used in accordance with the invention is based on one (or more) vinyl 
aromatic monomer(s), preferably styrene, and optionally one or more comonomers, i.e. it is a 
homopolymer or a copolymer. The polymer composition comprises, in addition to the polymer 
component, a) silica and b) graphite, and typically and preferably a variety of further additives, 
as set out below.

Silica

[0022] The silica as used in accordance with the invention is amorphous and has the following 
specific properties:

1. (i) a BET surface of from 1 to 100 m2/g and,
2. (ii) an average particle size in a range of from 3 nm to 1,000 nm.

[0023] The method to determine the silica's BET surface is preferably based on the standards 
ASTM C1069 and ISO 9277 and is conducted as follows: in the first step, 2 to 5 g of sample 
are dried at 105°C and placed in a desiccator for cooling and further degassing. Subsequently, 
0.3 to 1.0 g of the dry material is weighed into a test tube and placed in the degassing unit for 
about 30 min. Afterwards, the sample is transferred to the measuring unit and is measured 
using the Micromeritics Tristar 3000 instrument.

[0024] The silica as used according to the invention preferably has a BET surface in a range of 

from 3 to 80 g/m2, more preferably 5 to 70 m2/g, most preferably 8 to 60 m2/g, such as 10 to 

50 m2/g, in particular 13 to 40 m2/g, or 15 to 30 m2/g, such as about 20 m2/g.

[0025] Moreover, the silica as used according to the present invention is defined by an 
average particle size, as measured according to the procedure detailed below, of 3 nm to 1000 
nm.

[0026] Average particle size in the description of the present invention means median primary 
particle size, D(v, 0.5) or d(0.5), and is the size at which 50% of the sample is smaller and 50% 
is larger. This value is also known as the Mass Median Diameter (MMD) or the median of the 
volume distribution.
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[0027] The method to determine the average particle size is conducted as follows: in the first 
step, 45 g of distilled water and 5 g of sample are placed into a beaker and stirred to allow the 
entire sample to be wetted. Subsequently, the sample is dispersed in an external ultrasonic 
probe for 5 min at 100 % amplitude. The measurement is performed automatically using the 
primary agglomerate program in a Malvern MasterSizer 2000 device.

[0028] It is preferred that the average particle size of the silica as used according to the 
present invention is within a range of 20 to 800 nm, preferably 30 to 600 nm, such as 40 to 400 
nm, in particular from 100 to 200 nm.

[0029] According to the present invention, the silica is present in an amount of from 0.01 to 
less than 2 wt.%, based on the weight of the polymer (inclusive of solid and, if any, liquid 
additives, but exclusive of propellant). Preferably, silica is present in an amount of 0.1 to 1.6 
wt.%, more preferably 0.5 to 1.5 wt.%, such as about 1.0 wt.%, based on the weight of the vinyl 
aromatic polymer (inclusive of solid and, if any, liquid additives, but exclusive of propellant).

[0030] The silica according to the invention is amorphous (i.e. non-crystalline) silicon dioxide, 
and the silica particles are preferably spherically shaped.

[0031] It is most preferred that the silica a) as used according to the present invention 
comprises a Sidistar type of material from ELKEM, typically with an average primary particle 

size of about 150 nm and a low BET surface area of about 20 m2/g, and most preferred is that 

a) is Sidistar T120.

Graphite

[0032] The graphite as used in the invention has the following properties:

1. (i) a carbon content in a range of from 50 to 99.99 wt.% and
2. (ii) a particle size in a range of from 0.01 to 100 μm.

[0033] Preferably, the graphite's carbon content is in a range of from 95 to 99.9 wt.% and more 
preferably over 99.5 wt.%. Preferably, the carbon content is measured according to the method 
L-03-00A of the company GK.

[0034] The graphite as used according to the invention has a particle size in a range of from 
0.01 to 100 μm, preferably as measured according to method L-03-00 of the company GK, 
which is a laser diffraction method using a Cilas 930 particle size analyzer equipment. It is 
preferred that the particle size of the graphite as used according to the invention is from 0.1 to 
30 μm. The most preferred particle size range is from 0.5 to 25 μm, in particular from 1 to 10
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μm; specifically, for example, a range of from 3 to 8 μm.

[0035] The graphite's mean particle size is preferably in a range of from 5 to 7 μm, D90 in a 
range of from 7 to 15 μm, and D100 in a range of from 15 to 20 μm.

[0036] The sulphur content of the graphite as used according to the invention is preferably in a 
range of from 10 to 2000 ppm, as measured according to ASTM D1619, preferably from 100 to 
1500 ppm, in particular from 400 to 1000 ppm.

[0037] The ash content of the graphite as used according to the invention is preferably in a 
range of from 0.01 to 2 wt.%, preferably from 0.1 to 1 wt.%, in particular below 0.5 wt.%. The 
ash content is preferably measured according to method L-02-00 of the company GK.

[0038] The moisture content of the graphite as used according to the invention is preferably in 
a range of from 0.01 to 1 wt.%, preferably from 0.1 to 0.5 wt.%, in particular below 0.4 wt.%. 
The moisture content is preferably measured according to a method of the company GK (L-01- 
00).

[0039] The graphite is present according to the invention in an amount of 0.01 to 10 wt.%, 
based on the weight of the vinyl aromatic polymer (inclusive of solid and, if any, liquid additives, 
but exclusive of propellant), preferably in a range of from 1.0 to 8.0 wt.%, more preferably in a 
range of from 1.5 to 7.0 wt.%, in particular in a range of from 2.0 to 6.0 wt.%, such as in a 
range of from 2.5 to 5.0 wt.%, e.g. in a range of from 3 to 4 wt.%.

[0040] Preferably, a) the silica and b) the graphite are used in a weight ratio a):b) in a range of 
from 1:1.5 to 1:8,

[0041] more preferably a) the silica and b) the graphite are used in a weight ratio a):b) in a 
range of from 1:2 to 1:5,

[0042] most preferably a) the silica and b) the graphite are used in a weight ratio a):b) of about 
1:3.

[0043] The best performance in foams in terms of

1. i) decrease of thermal conductivity (the decrease being measured according to ISO 
8301),

2. ii) increase in specific mechanical properties (the increase in compressive strength and 
in bending strength being measured in accordance with EN 13163) and

3. iii) improvement in self-extinguishing properties (the improvement being measured in 
accordance with EN ISO 11925-2, preferably, as measured in accordance with DIN 4102 
B1, B2)

is achieved, accompanied by a reduction in the required content of graphite, when specifically 
Sidistar T120 from Elkem is present in combination with the natural graphite CR5995 from GK, 



DK/EP 3245247 T3

in a weight ratio of about 1:3. Then it is possible to reduce the graphite content to about 3 
wt.%, and to maintain the thermal conductivity at the same level as if 5 to 6 % of graphite were 
used, whilst the mechanical properties are significantly improved, as compared to foam 
containing from 5 to 6 wt.% of graphite without addition of Sidistar T120.

[0044] The polymer used in accordance with all aspects of the invention is based on one (or 
more) vinyl aromatic monomer(s), preferably styrene, and optionally one or more 
comonomers, i.e. it is a homopolymer or a copolymer.

[0045] The addition to styrene, a co-monomer of a specific styrene comonomer possessing 
steric hindrance, in particular p-tert-butylstyrene, or alpha-methyl styrene comonomer, or some 
other sterically hindered styrene comonomer, may advantageously increase the glass 
transition temperature of such a vinyl aromatic copolymer. In such a manner, the addition of a 
specific styrene comonomer to the styrene monomer improves the thermal stability of vinyl 
aromatic copolymer, which subsequently leads to better dimensional stability of moulded 
blocks made thereof.

[0046] The vinyl aromatic copolymer as used in the present invention is preferably comprised 
of 1 to 99 wt.% of styrene monomer and correspondingly 99 to 1 wt.% of p-tert-butylstyrene 
monomer, as follows (amounts in wt.%, based on the total amount of monomer):

Monomer Preferred 
(wt.%)

More preferred
I (wt.%)

Most preferred 
(wt.%)

[Styrene 1-99 I 50-99 70-98
p-tert-Butylstyrene 99-1 | 1-50 30-2

[0047] Alternatively, the vinyl aromatic copolymer as used in the present invention is preferably 
comprised of 1 to 99 wt.% of styrene monomer and correspondingly 99 to 1 wt.% of alpha­
methyl styrene monomer, as follows (amounts in wt.%, based on the total amount of 
monomer):

Monomer Preferred 
(wt.%)

More preferred
I (wt.%)

Most preferred 
(wt.%)

Styrene 1-99 I 50-98 75-95
alpha-methyl 99-1 I 2-50 25-5
styrene

[0048] In addition to the mandatory components a) and b) above, the materials according to 
the invention (the polymer composition, the granulate, the foam and the masterbatch) may 
contain further additives, as is set out below.

[0049] For instance, the polymer foam preferably further comprises one or more athermanous 
additives selected from a) powder inorganic additive other than silica, b) powder carbonaceous
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additive other than graphite, and c) powder geopolymer or powder geopolymer composite. The 
powder inorganic additive is preferably selected from powders of calcium phosphate and 
mineral with perovskite structure. The powder carbonaceous additive is preferably selected 
from powders of carbon black, petroleum coke, graphitized carbon black, graphite oxides and 
graphene.

Calcium phosphate

[0050] The calcium phosphate as typically used according to the invention has a particle size, 
as measured by laser diffraction, of 0.01 μm to 100 μm. It is preferred that the particle size is 
from 0.1 μm to 50 μm, such as 0.5 μm to 30 μm. The calcium phosphate is preferably 
tricalcium phosphate (specifically a type of hydroxyapatite).

[0051] According to the present invention, the calcium phosphate, if present, is preferably used 
in an amount of from 0.01 to 50 wt.%, based on the weight of vinyl aromatic polymer including 
solid and, if any, liquid additives, but exclusive of propellant, more preferably 0.1 to 15 wt.%, 
most preferably 0.5 to 10 wt.%, in particular 1 to 8 wt.%.

Perovskite

[0052] In a preferred embodiment of the present invention, the thermal conductivity (as 
measured according to ISO 8301) is decreased, the mechanical properties are improved 
(compressive and bending strengths are increased, as measured according to EN 13163) 
and/or the self-extinguishing properties are improved (as measured according to EN ISO 
11925, or even as measured according to DIN 4102/B1, B2) in vinyl aromatic polymer foam, by 
use of a mineral of the general formula ABX3, A and B being cations and X being anions, 

wherein the mineral has perovskite crystal structure (in the following "mineral having perovskite 
structure", or "perovskite"). This type of additive reduces flame development by the creation of 
char with higher viscosity and thus reduces dripping and flaming.

[0053] The preferred concentration of perovskite for a decrease of the thermal conductivity, an 
additionally increase of self-extinguishing and mechanical properties is in a range of from 0.01 
to 50 wt.%, based on the weight of vinyl aromatic polymer in the granulate including solid and, 
if any, liquid additives, but exclusive of propellant, more preferably 0.05 to 25 wt.%, most 
preferably 0.1 to 15 wt.%, in particular 0.5 to 12 wt.%, such as 1 to 8 wt.%.

[0054] Preferably, A is selected from the group consisting of Ca, Sr, Ba, Bi, Ce, Fe, and
mixtures thereof. Moreover, the A atom can be represented also by hybrid organic-inorganic

groups, e.g. (CH3NH3)+.

[0055] The B atom is preferably represented by Ti, Zr, Ni, Al, Ga, In, Bi, Sc, Cr, Pb as well as
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ammonium groups. The X atom is preferably represented by oxygen or halide ion, or mixtures 
thereof.

[0056] Among the most preferred representatives of perovskite structures are dielectric 
BaTiOß, high-temperature semiconductor YBa2Cu3O7_x, materials exhibiting magneto­

resistance R-|_xAxMnO3, where R = La3+, Pr3+ or other earth ion, A = Ca2+l Sr2+, Ba2+, Bi2+, 

Ce2+, and multiferroic materials.

[0057] Perovskites have large reflectance properties in the broad wavelength and a high 
optical constant, even in the far-infrared region. Hence, perovskites are infrared reflective 
materials that reflect infrared rays included in sunlight or the like and reduce the amount of 
absorbed energy in the infrared range.

[0058] A preferred perovskite has a BET surface size in the range of from 0.01 to 100 m2/g, as 

measured according to the standards ASTM C1069 and ISO 9277 as explained above. The 

BET active surface is preferably in a range of from 0.05 to 50 m2/g and more preferable in a 

range of from 0.1 to 15 m2/g.

[0059] Typical perovskites have an average particle size in a range of from 0.01 to 100 μm, as 
measured according to the standard procedure using a Malvern Mastersizer 2000 apparatus. 
The average particle size is preferably in a range of from 0.1 to 50 μm, more preferably in a 
range of from 0.5 to 30 μm.

Geopolymer

[0060] It has further been found that it is possible to maintain the foam's self-extinguishing and 
mechanical properties in the same range as in an expanded polymer without addition of filler or 
any other athermanous additive, while at the same time the thermal conductivity can be 
decreased significantly, namely by addition of a geopolymer, or a geopolymer composite 
prepared from geopolymer and various types of athermanous fillers. This is possible because 
the geopolymer itself gives fire resistance, and may in the composite encapsulate the particles 
of athermanous additive, especially those additives based on carbon, and separates them from 
any interactions with the flame, the polymer or the flame retardant. Geopolymer and 
geopolymer composite further decrease thermal conductivity, based on a heat radiation 
scattering effect.

[0061] Geopolymer synthesis from aluminosilicate materials takes place by the so-called 
geopolymerization process, which involves polycondensation phenomena of aluminates and 
silicate groups with formation of Si-O-AI-type bonds. In a preferred embodiment, geopolymers 
encapsulate carbon-based athermanous fillers in a matrix and limit the contact (interphase) 
between carbon-based filler and brominated flame-retardants, including those based on 
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polystyrene-butadiene rubbers. This phenomenon allows a significant decrease of the required 
concentration of brominated flame retardant in expandable vinyl aromatic polymer composites.

[0062] A preferred geopolymer composite is prepared by a process wherein an athermanous 
additive component is present during the production of geopolymer composite, so that the 
geopolymer composite incorporates the athermanous additive component. Preferably, this 
athermanous additive component comprises one or more athermanous additives selected from 
the group consisting of

1. a. carbon black, petroleum coke, graphitized carbon black, graphite oxides, various 
types of graphite (especially poor and amorphous forms with a carbon content in the 
range of from 50 to 90 %) and graphene, and

2. b. titanium oxides, ilmenite, rutiles, chamotte, fly ash, fumed silica, 
hydromagnesite/huntite mineral, barium sulfate and mineral with perovskite structure,

preferably the athermanous additive component comprises one or more carbon-based 
athermanous additives selected from the group of heat absorbers and heat reflectors, 
in particular the athermanous additive component is carbon black, graphite, or a mixture 
thereof.

[0063] Further details of the preparation of geopolymer composite may be found in the 
international application entitled "Geopolymer and composite thereof and expandable vinyl 
aromatic polymer granulate and expanded vinyl aromatic polymer foam comprising the same", 
PCT/EP2016/050594, filed on even date herewith.

[0064] Moreover, further carbon-based athermanous additives (other than the specific type of 
graphite) can be present in the foam, such as carbon black, petroleum coke, graphitized 
carbon black, graphite oxides, and graphene.

Carbon Black

[0065] The carbon black as preferably used according to the invention has a BET surface, as 

measured according to ASTM 6556, of more than 40 to 250 m2/g.

[0066] It is preferred that the BET surface of the carbon black as used according to the 

invention is from 41 to 200 m2/g, preferably from 45 to 150 m2/g, in particular from 50 to 100 

m2/g.

[0067] The sulphur content of the carbon black as preferably used according to the invention is 
in the range of from 50 to 20,000 ppm, as measured according to ASTM D1619, preferably 
from 3,000 to 10,000 ppm.

[0068] The carbon black is preferably present in an amount of 0.1 to 12 wt.%, based on the 
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weight of the vinyl aromatic polymer including additives, but exclusive of propellant, preferably 
0.2 to 12.0 wt.%, more preferred 0.5 to 9.0 wt.%, such as 1.0 to 8.0 wt.%, in particular 2.0 to 
7.0 wt.%, such as 3.0 to 6.0 wt.%, e.g. about 5.0 wt.%.

[0069] In the following, a) the specific type of silica and b) the specific type of graphite will be 
referred to as the mandatory athermanous fillers or additives. The further athermanous fillers 
that are preferably present, namely s) one or more of calcium phosphate, mineral with 
perovskite structure, and geopolymer and/or geopolymer composite, and t) one or more of 
carbon black, petroleum coke, graphitized carbon black, graphite oxides, and graphene, will be 
referred to as optional athermanous fillers or additives.

[0070] The foam also preferably comprises one or more of nucleating agent, flame retardant, 
synergist, thermal oxidative stabiliser, flame retardant thermal stabiliser, and dispersion aid.

[0071] For instance, the flame retardant system is, especially in an extrusion process, usually 
a combination of two types of compounds, namely x) a brominated aliphatic, cycloaliphatic, 
aromatic or polymeric compound containing at least 50 wt.% of bromine, and a second 
compound (so called synergistic compound, y) which can be bicumyl (i.e. 2,3-dimethyl-2,3- 
diphenylbutane) or 2-hydroperoxy-2-methylpropane, or dicumyl peroxide, cumene hydroxide, 
or 3,4-dimethyl-3,4-diphenyl-butane.

[0072] The total content of flame retardant system, i.e. x) plus y), is typically in a range of from 
0.1 to 5.0 wt.% based on the weight of vinyl aromatic polymer including solid and, if any, liquid 
additives, but exclusive of propellant, preferably between 0.2 and 3 wt.%. The weight-to-weight 
ratio of bromine compound x) to synergistic compound y) is preferably in a range of from 1:1 to 
15:1, usually in a range of from 3:1 to 10:1, in particular from 2:1 to 7:1.

[0073] In a further aspect, the invention relates to (II) processes for the preparation of 
expandable polymer granulate.

[0074] In a first embodiment (Ila), the process is a process for the preparation of expandable 
polymer granulates comprising the following steps:

1. i) feeding vinyl aromatic polymer into an extruder,
2. ii) adding a) the silica and b) the graphite, and optionally thermal stabiliser and flame 

suppressant,
3. iii) injecting blowing agent into the melt of polymer,
4. iv) extruding the homogenous blend, and
5. v) pelletizing the blend in an underwater pelletizer, so as to obtain the granulate.

[0075] Preferably, the extrusion process (Ila) comprises the steps:

1. i) feeding a first polymer component comprising vinyl aromatic polymer into a first mixer;
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2. ii) feeding a first additive component a) into the first mixer, to produce a first mixture 
from the first polymer component and the first additive component;

3. iii) feeding a second polymer component b) comprising vinyl aromatic polymer into a 
second mixer;

4. iv) feeding a second additive component b) into the second mixer, to produce a second 
mixture from the second polymer component and the second additive component, 
wherein the processing conditions in the second mixer are more severe than the 
processing conditions in the first mixer, by providing higher shear force;

5. v) combining the first and second mixtures, to produce a third mixture;
6. vi) injecting blowing agent c) into the third mixture, to produce a fourth mixture;
7. vii) mixing the fourth mixture; and
8. viii) pelletizing the fourth mixture, to obtain the granulate.

[0076] The first polymer component can be a vinyl aromatic polymer having a melt index from 
4 to 20 g/10 min, as measured according to ISO 1133.

[0077] The second polymer component can be a vinyl aromatic (e.g. styrene) homopolymer 
(or preferably copolymer with p-tert butyl styrene or alpha-methyl styrene), having a melt index 
ranging from 4 to 30 g/10 min, as measured according to ISO 1133.

[0078] According to this first and preferred embodiment of the second aspect, the invention 
allows for the separate addition of first and second additive components into a mixture that is 
ultimately charged with propellant and is pelletized, so as to obtain the expandable granulate. 
Because of the separate addition of the first and second additive components, the process is 
highly flexible and allows for the processing of additives that have very different processing 
requirements, in particular in view of their stability under those processing conditions that are 
necessary so that the different additive components can best perform their desired function. 
Typically, at least a part (and preferably all) of the a) silica and/or b) graphite as defined above 
is introduced as part of the second additive component in this extrusion process, whereas at 
least a part (and preferably all) of the flame retardant system is introduced as part of the first 
additive component in this extrusion process. This is advantageous since the flame retardant 
system typically requires more moderate processing conditions, in particular as compared to a) 
silica and b) graphite. Thus, according to the invention, a mixture comprising a) silica and b) 
graphite can be prepared in a dedicated mixer that provides for the high shearing that is 
preferred for these types of additives, so that they are properly dispersed.

[0079] As a first alternative, the second additive components (e.g. the mandatory and optional 
athermanous fillers) can be mixed with polymer, in equipment that provides for high shearing 
and good dispersion, and the obtained mixture is directly, i.e. as a melt, combined with the 
mixture containing the first additive components, to give a mixture that is ultimately charged 
with blowing agent.
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[0080] As a second alternative, the second additive components (e.g. the mandatory and 
optional athermanous fillers) can be mixed with polymer and be provided as a masterbatch. 
Such a masterbatch is advantageous in case the plant design does not allow for the 
processing conditions that are preferable for the a) silica and/or b) graphite, e.g. high shearing 
conditions. The masterbatch can for instance be prepared off-site, in dedicated processing 
equipment, and having to provide such processing equipment on site can be dispensed with. 
The masterbatch comprising the mandatory and optional athermanous fillers is subject of the 
fifth aspect of the present invention, and is described below.

[0081] According to a second embodiment of the second aspect (lib), expandable polymer 
granulates is prepared in an aqueous suspension polymerization process comprising the 
steps:

1. i) adding a vinyl aromatic monomer and optionally one or more comonomers to the 
reactor, and subsequently adding

i1) optional polymeric suspension aid,

Ϊ2) athermanous fillers (mandatory and optional ones),

Ϊ3) flame retardant,

i4) at least one peroxide (or the mixture of two or more peroxides) as reaction initiator,

2. ii) adding the demineralised water, and

111) at least one suspending agent which is an inorganic acid salt,

112) at least one peroxide (or the mixture of two or more peroxides) as reaction initiator,

113) at least one suspension stabilizer selected from the group of anionic surface active 
compounds and/or high molecular weight compounds (e.g. hydrophilic and/or 
amphiphilic polymers), and

3. iii) continuing the polymerization (preferably until the concentration of vinyl aromatic 
monomer(s) is below 1000 ppm by weight, based on the weight of the polymer),

4. iv) adding the blowing agent during or after the polymerization step,
5. v) cooling, and then separating the granulate from the water.

[0082] The athermanous fillers that are mandatory according to the present invention (namely
a) silica, and b) graphite) may be added in the form of a masterbatch, they may be introduced
at the beginning of the suspension polymerization process, or may be dissolved in the
monomer and/or a mixture of the monomer and comonomer. The same applies for the
optional athermanous fillers, s) and t) as mentioned above.

[0083] According to the present invention, the mandatory and the optional athermanous fillers
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are introduced as athermanous fillers i2), and they may also be introduced in step ii) and/or in 
step iii) of this suspension process.

[0084] The polymer granulate is prepared using well known inorganic salts of phosphoric acid, 
such as types of calcium phosphate, magnesium phosphate, or a combination of salts as 
suspending agents. These salts may be added to the reaction mixture in a finely divided form, 
or as a product of an in situ reaction (for example, between sodium phosphate and magnesium 
sulphate).

[0085] The salts are supported in their suspending action by anionic surface-active 
compounds, such as sodium dodecylobenzene sulfonate or sodium poly (naphthalene 
formaldehyde) sulfonate. Those surface-active compounds can be also being prepared in situ 
using their precursors such as sodium metabisulfite and potassium persulfate. The suspension 
can be also stabilized by high molecular weight organic polymers, such as polyvinyl alcohol or 
hydroxyethylcellulose or hydroxypropylmethylcellulose.

[0086] To improve the stability of the suspension, up to 30 wt.% of polymer (fresh vinyl 
aromatic polymer or waste vinyl aromatic polymer from a previous polymerization) may be 
added as the optional suspension aid, preferably 5 to 15 wt.%, based on the vinyl aromatic 
monomer amount. It increases the viscosity of the reagent mixture (monomer with all 
additives), which facilitates the creation of a suspension. The same or similar effect can be 
achieved by mass pre-polymerization of the monomer or mixture of comonomers and additives 
until the suitable melt viscosity is obtained (as for 1 % to 30% of polymer concentration).

[0087] In the most preferred process, before start of the polymerization step iii), athermanous 
fillers in the form of a concentrated masterbatch are added to the styrene and/or its mixture 
with comonomer, particularly p-tert-butylstyrene. The masterbatch can contain from 10 to 60 % 
of athermanous fillers, the mandatory ones, a) and b), and the optional ones, s) and t), pre- 
silanized or silanized in the masterbatch compounding process by e.g. triethoxy(phenyl)silane, 
to decrease its hydrophilic properties.

[0088] The polymerization is then continued in an aqueous suspension phase, in the presence 
of the above-mentioned suspending agents, suspension stabilizers, athermanous fillers, flame 
retardants and suppressors, optionally at least in the presence of suspension aid.

[0089] The polymerization process is triggered by initiators. Normally, two organic peroxides 
are used as initiators. The first peroxide, with a half-life of about one hour at 80-95°C, is used 
to start and run the reaction. The other, with a half-life of about one hour at 105-125°C, is used 
during the following polymerization process continued in the higher temperature, so called high 
temperature cycle (HTC). For above specific process with the presence of carbon black was 
used composition of three peroxides to achieve suitable average molecular weight despite 
negative inhibiting effect caused by the carbon black presence. Preferably were used: dicumyl 
peroxide and tert-butylperoxy-2-ethyl hexyl carbonate peroxide as high temperature cycle 
peroxides (120°C) and tert-butyl 2-ethylperoxyhexanoate as low temperature cycle peroxide
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(82-90°C) .

[0090] The end of the process is typically indicated by a concentration of residual vinyl 
monomer(s) of below 1000 ppm by weight, based on the mass of vinyl aromatic polymer or 
copolymer. The vinyl aromatic polymer or copolymer which is obtained at the end of the 
process typically has an average molecular mass (Mw) ranging from 50 to 600 kg/mol, 
preferably from 150 to 450, most preferably from 100 to 350 kg/mol. The procedure for 
controlling molecular mass in suspension polymerization is well known and is described in 
detail in Journal of Macromolecular Science, Review in Macromolecular Chemistry and Physics 
C31 (263) p. 215-299 (1991).

[0091] During the polymerization process, conventional additives can be added directly to the 
monomer(s), their solution with suspension aid, to the pre-polymer, or to the suspension. 
Additives such as the flame retardant system, nucleating agents, antistatic agents, blowing 
agents and colorants stay in the polymer drops during the process and are thus present in the 
final product. The concentrations of conventional additives are the same as for the extrusion 
process, as set out above.

[0092] The flame retardant systems suitable for the present suspension process are similar to 
those used in the extrusion process described above. One suitable system is the combination 
of two types of compounds, namely a brominated aliphatic, cycloaliphatic, aromatic or 
polymeric compound containing at least 50 wt.% of bromine (such as 
hexabromocyclododecane, pentabromomonochlorocyclohexane, or a polymeric bromine 
compound, specifically brominated styrene-butadiene rubber) and a second compound called 
synergistic compound which can be e.g. an initiator or peroxide (dicumyl peroxide, cumene 
hydroxide, and 3,4-dimethyl-3,4-diphenylbutane). The content of flame retardant system is 
typically in a range of from 0.1 to 5.0 wt.% with respect to the total weight of vinyl aromatic 
polymer (weight of monomer(s) plus weight of polymer if added on the start), preferably 
between 0.2 and 3 wt.%. The ratio between bromine compound and synergistic compound is 
preferably in a range of from 1:1 to 15:1 weight to weight, usually from 3:1 to 5:1.

[0093] The blowing agent or agents are preferably added during the polymerization to the 
suspension phase and are selected from aliphatic or cyclic hydrocarbons containing from 1 to 
6 carbons and their derivatives. Typically are used n-pentane, cyclopentane, i-pentane, 
combination of two of them or their mixture. In addition, the halogenated aliphatic 
hydrocarbons or alcohols containing from 1 to 3 carbons are commonly used. The blowing 
agent or agents can also be added after the end of polymerization.

[0094] At the end of the polymerization, spherical particles of expandable styrenic polymer are
obtained as granulate, with an average diameter range of 0.3 to 2.3 mm, preferably from 0.8 to
1.6 mm. The particles can have different average molecular mass distribution, depending on
their size, but all contain used additives dispersed homogenously in the polymer matrix.

[0095] In the final step after the HTC step, the mass is cooled down to e.g. 35°C, and the
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polymer granulate is separated from the water, preferably in a centrifuging process. The 
particles are then dried and preferably coated with a mixture of mono- and triglycerides of fatty 
acids and stearic acid salts.

[0096] After discharging the particles from the reactor, they are typically washed: first with 
water, then with non-ionic surfactant in aqueous solution, and finally again with water; they are 
then desiccated and dried with hot air having a temperature in the range 35-65°C.

[0097] The final product is typically pre-treated by applying a coating (the same as for the 
extruded granulate) and can be expanded by the same method as the extrusion product.

[0098] According to a third embodiment of the second aspect (lie), expandable polymer 
granulate is prepared in a continuous mass process comprising the following steps:

1. i) providing continuously to a mass prepolymerization reactor (or the first from a cascade 
reactor) a stream of:

11) vinyl aromatic monomer and optionally at least one comonomer (preferably p-tert- 
butylstyrene),

12) at least one additive solution, and

13) optionally recycled monomer,

2. ii) continuing polymerization in the prepolymerization reactor or the sequence of cascade 
reactors,

3. iii) adding athermanous fillers (mandatory and optional ones),
4. iv) degassing the polymer,
5. v) feeding the polymer in molten state into the extruder, preferably directly from the 

polymerization plant,
6. vi) optionally adding a flame retardant system including synergist and thermal stabilisers,
7. vii) injecting the blowing agent,
8. viii) extruding the homogenous polymer mixture, and
9. ix) pelletizing in an underwater pelletizer, so as to obtain the granulate.

[0099] The reactor or cascade reactor is preferably arranged horizontally. If a cascade reactor 
is used, then there are preferably up to 5 reactors, in particular up to 4, such as three reactors.

[0100] The continuous mass polymerization is process congruous to the extrusion process, but 
the vinyl aromatic polymer or copolymer together with athermanous fillers is used in a molten 
state and the extruder is fed directly by the polymerization plant.

[0101] The mass polymerization reactor (or first from cascade reactors) is fed continuously by 
vinyl aromatic monomer, particularly styrene, and optionally by its vinyl aromatic comonomer,
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for instance p-tert-butylstyrene.

[0102] At this stage, athermanous fillers in the form of a masterbatch or in the form of powders 
are fed into the mass polymerisation reactor, one or more additives and optionally recycled 
monomer recovered from the process.

[0103] The athermanous additives (e.g. masterbatches) are preferably dissolved in the vinyl 
aromatic monomer or before feed to the polymerization reactor.

[0104] The polymerisation reaction is initiated thermally, without addition of initiators. In order 
to facilitate heat collection, polymerisation is generally carried out in the presence of for 
instance monocyclic aromatic hydrocarbon.

[0105] The prepolymerised mass from the pre-polymerisation reactor is pumped through the 
sequence of several horizontal reactors, and the polymerisation reaction is subsequently 
continued.

[0106] At the end of the mass polymerization stage, the rest of unpolymerized monomer is 
removed by degassing of the melt.

[0107] A vinyl polymer in the molten state, produced in mass polymerization and containing 
athermanous fillers, is fed into an extruder at a temperature in a range of from 100 to 250 °C, 
preferably from 150 to 230°C. In the next stage, the flame retardant system and the nucleating 
agent are fed to the polymer melt. Again, a combination of two types of flame retarding 
compounds can be used, namely a brominated aliphatic, cycloaliphatic, aromatic or polymeric 
compound containing at least 50 wt.% of bromine, and a second compound called synergistic 
compound, which can be bicumyl (2,3-dimethyl-2,3-diphenylbutane) or 2-hydroperoxy-2- 
methylpropane. The concentrations of additives are typically the same as for the extrusion 
process, as set out above.

[0108] In the following step, the blowing agent is injected into the molten polymer mixture and 
mixed. The blowing agent or agents are the same as for the suspension process, i.e. selected 
from aliphatic or cyclic hydrocarbons containing from 1 to 6 carbons and their derivatives. The 
polymer with all additives and blowing agent is subsequently extruded to give expandable 
beads.

[0109] The homogenous polymer mixture comprising additives and blowing agent is pumped 
to the die, where it is extruded through a number of cylindrical die holes with 0.5-0.8 mm of 
diameter, immediately cooled by a water stream and cut with a set of rotating knives in a 
pressurized underwater pelletizer, to obtain micropellets (granulate).

[0110] The micropellets are transported by water, washed, drained off and fractioned. The final 
product is pre-treated in the same way as it is in the suspension and extrusion processes.
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[0111] In a further aspect, the invention relates to (III) expandable polymer granulate 
comprising one or more propellants, a) the silica, b) the graphite and c) vinyl aromatic polymer, 
wherein the silica and the graphite are present in a weight ratio in a range of from 1:1 to 1:10.

[0112] Preferably, the expandable polymer granulate is obtainable (and is more preferably 
obtained) by the process according to the second aspect.

[0113] Preferably, the expandable polymer granulate further comprises one or more of the 
optional athermanous additives s) and t) above, more preferably the expandable polymer 
granulate further comprises one or more additives selected from s) powders of calcium 
phosphate, mineral with perovskite structure, geopolymer and geopolymer composite, and t) 
carbon black, petroleum coke, graphitized carbon black, graphite oxides, and graphene.

[0114] In a further aspect, the invention relates to (IV) expanded polymer foam comprising a) 
silica, b) graphite and c) vinyl aromatic polymer, wherein the silica and the graphite are present 
in a weight ratio in a range of from 1:1 to 1:10, the foam having

• a density of 8 to 30 kg/m3, and
• a thermal conductivity of 25 - 35 mW/Km.

[0115] The expanded polymer foam is preferably obtainable (and is most preferably obtained) 
by expansion of the expandable polymer granulate according to the third aspect.

[0116] According to the fifth aspect, the invention relates to (V) a masterbatch. The 
masterbatch comprises a) the specific silica, b) the specific graphite, and c) vinyl aromatic 
polymer, and the total amount of a) and b) (i.e. the sum of the amounts of a) the silica and b) 
the graphite, respectively) is in a range of from 10 to 70 wt.%, based on the weight of the 
masterbatch.

[0117] In a general embodiment, a) the silica and b) the graphite need not necessarily be 
present in the masterbatch in a weight ratio in a range of from 1:1 to 1:10, as part of a) the 
silica and/or b) the graphite may be introduced into the process by other means, i.e. without 
being present in the masterbatch.

[0118] However, in a preferred embodiment, a) the silica and b) the graphite are present in the
masterbatch in a weight ratio in a range of from 1:1 to 1:10. This will provide the advantageous
mandatory additives in the advantageous ratio to the process (II). More preferably, a) the silica
and b) the graphite are used in a weight ratio a) :b) in a range of from 1:1.5 to 1:8, most
preferably a) the silica and b) the graphite are used in a weight ratio a):b) in a range of from
1:2 to 1:5, in particular a) the silica and b) the graphite are used in a weight ratio a):b) of about
1:3.
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[0119] Preferably, the total amount of a) and b) is in a range of from 10 to 65 wt.%, based on 
the weight of the masterbatch, more preferably from 20 to 60 wt.%, in particular from 25 to 55 
wt.%.

[0120] In a preferred embodiment, c) is a vinyl aromatic polymer having a melt index in a 
range of from 4 to 30 g/10 min, as measured according to ISO 1133, and the vinyl aromatic 
polymer is preferably a homopolymer or copolymer with p-tert butyl styrene or alpha-methyl 
styrene.

[0121] The masterbatch may, in addition to the mandatory components a) silica, b) graphite, 
and c) vinyl aromatic polymer, comprise further components, such as one or more of the 
optional athermanous additives s) and t). Preferred optional athermanous fillers that are 
preferably present in the masterbatch are s) one or more of calcium phosphate, mineral with 
perovskite structure, and geopolymer and/or geopolymer composite, and t) one or more of 
carbon black, petroleum coke, graphitized carbon black, graphite oxides, and graphene. These 
optional athermanous fillers very often require processing conditions that are similar to silica 
and graphite.

[0122] Moreover, the masterbatch preferably comprises one or more silanes. Preferred silanes 
are for example aminopropyltriethoxysilane (e.g. Dynasylan AMEO from Evonik), 
aminopropyltrimethoxysilane (e.g. Dynasylan AMMO from Evonik), and phenyltriethoxysilane 
(e.g. Dynasylan 9265 from Evonik).

[0123] Preferably, the amount of silane is in a range of from 0.01 to 1 wt.%, based on the 
weight of the athermanous additive in the masterbatch.

[0124] It is noted that, unlike the properties of the additives as starting materials, the properties 
of additives as contained in granulate or foam are notoriously difficult to determine. It is often 
considered more appropriate in the art to characterize the additives in granulate and foam with 
reference to the properties of the additives as initially used.

[0125] The advantages of the present invention become apparent from the following 
examples. Unless indicated otherwise, all percentages are given by weight.

[0126] Moreover, whenever reference is made in the present description of the invention to an 
amount of additive "by weight of vinyl aromatic polymer", this refers to the amount of the 
additive by weight of polymer component inclusive of (solid and, if any, liquid) additives, but 
exclusive of propellant.

Examples

In accordance with the invention, expandable polymer granulate was prepared in an 
extrusion process, with addition of athermanous fillers in powder form (Examples 1 to



DK/EP 3245247 T3

8):

Example 1 (comparative)

[0127] A mixture of vinyl aromatic polymer in the form of granules, containing 2.0 wt.% of 
polymeric brominated flame retardant (Emerald 3000), 0.4 wt.% of bicumyl, Irganox 1010 in an 
amount of 0.1 wt.%, Irgafos 126 in an amount of 0.1 wt.% and Epon 164 in an amount of 0.2 
wt.% were dosed to the main hopper of the main 32D/40 mm twin-screw co-rotating extruder. 
The melt temperature in the main extruder was 180°C.

[0128] The graphite powder (CR CR5995 from company GK) in an amount of 3 wt.%, based 
on total weight of granulate, excluding propellant, was dosed to the side arm (54D/25 mm) 
twin-screw co-rotating extruder via one side feeder and the vinyl aromatic polymer (in the form 
of granules) was dosed to the main hopper of this extruder. The melt containing 30 wt.% of 
concentrated graphite was transported to the main extruder. The melt temperature inside the 
extruder was 190°C.

[0129] The blowing agent (n-pentane/isopentane mixture 80/20%) was injected to the main 
32D/40 mm extruder downstream from the injection of the melt from the side twin-screw 
extruder. The concentration of blowing agent was 5.5 wt.%, calculated on total mass of 
product.

[0130] The melt of vinyl aromatic polymer containing flame retardant, bicumyl, graphite and 
blowing agent was transported to the 30D/90 mm cooling extruder and pumped through a 60 
mm length static mixer, melt pump, screen changer, diverter valve and extruded through the 
die head with 0.75 mm diameter holes, and underwater pelletized by the rotating knifes. 
Downstream, the rounded product, a granulate with a particle size distribution of 99.9 % of the 
fraction 0.8-1.6 mm was centrifuged to remove the water, and was finally coated with a mixture 
of magnesium stearate with glycerine monostearate and tristearate. The melt temperature in 
the cooling extruder was 170°C.

[0131] The coated beads were expanded to measure the final general properties of expanded 
foam composite:

• thermal conductivity according to standard ISO 8301.
• mechanical properties (compressive and bending strength) according to standard EN 

13163.
• flammability according to tests methods: EN ISO 11925-2 and DIN 4102 B1, B2.

Example 2 (according to the invention)
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[0132] The components according to Example 1 were used. Additionally, a spherically-shaped 
amorphous silicon dioxide from ELKEM (Sidistar T120 as specified above) in an amount of 1 
wt.% was used. The silica powder was initially mixed together with the graphite powder and the 
mixture was then dosed to the side arm (54D/25 mm) twin-screw co-rotating extruder via one 
side feeder. The melt in the side extruder was in that case 40 wt.% concentrated.

Example 3 (comparative)

[0133] The components according to Example 1 were used. Graphite (CR5995) in an amount 
of 4 wt.% was used.

Example 4 (according to the invention)

[0134] The components according to Example 3 were dosed and the spherically-shaped 
amorphous silicon dioxide from ELKEM (Sidistar T120 as specified above) was added in an 
amount of 1.3 wt.%. The melt in side extruder was in that case 40 wt.% concentrated.

Example 5 (comparative)

[0135] The components according to Example 1 were dosed. The graphite (CR5995) content 
was increased to 5 wt.%. This example was performed especially to show that better foam 
properties are actually obtained in Examples 2 and 4 where the graphite content was lower 
and Sidistar silica was used.

Example 6 (comparative)

[0136] The components according to Example 1 were used. Irganox 1010, Irgafos 126 and 
Epon 164 were not added.

Example 7 (according to the invention)

[0137] The components according to Example 2 were used. Irganox 1010, Irgafos 126 and 
Epon 164 were not added.

Example 8 (according to the invention)
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Table 1. Summary of Examples 1 to 8.

[0138] The components according to Example 4 were used. Irganox 1010, Irgafos 126 and 
Epon 164 were not added.

Components (wt.%)
Examples

Γ 2 3* 4 5* 6* 7 8
GP585X + + + + + + + +

Graphite GK CR5995 3 3 4 4 5 3 3......... s 4
Sidistar T120 - 1 - 1.3 - - 1 1.3
Emerald 3000 2.0 I 2.0 2.0 2.0 2.0 I 2.0 2.0 I 2.0 I
Bicumyl 0.4 I 0.4 0.4 0.4 0.4 0.4 0.4 I 0.4
Irganox 1010 0.1 0.1 0.1 0.1 0.1 - - -
Irgafos 126 0.1 0.1 0.1 0.1 0.1 - -
Epon 164 0.2 0.2 0.2 0.2 0.2 I - ■ I -
Polywax 2000 0.3 0.3 0.3 0.3 0.3 I 0.3 0.3 I 0.3
Pentane/lsopentane 80/20 5.5 5.5 5.5 5.5 5.5 I 5.5 5.5 5.5

* Comparative Example
Table 2. Examples 1 to 8.

Final product parameters at a foam density of ca. 19.0 g/l.
Examples Γ I 2 3* 4 5* 6* I 7 8
Thermal conductivity (mW/m-K) 
/ISO 8301/

30.8 30.2 30.4 29.7 30.1 31.0 30.4 29.0

Flammability / EN ISO 11925-2/ + + + + + + + +

Flammability/DIN 4102 B1/B2/ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+
Compressive strength at 10% def. 
(kPa)/EN 13163/

106 118 98 117 94 98 120 118

Bending strength (kPa)/EN 13163/ 170 I 196 166 202 160 169 I 200 201 I

Passed (+ or B2 or B1); Not passed (-)
* Comparative Example

Expandable polymer granulate was further prepared in an extrusion process, however
with addition of athermanous fillers in the form of a masterbatch (Examples 9 to 13):

[0139] Examples from 1 to 5 were repeated, with the difference that the mixture of graphite
with silica was added to the main co-rotating twin-screw extruder in the form of a 40 wt.%
concentrated masterbatch. In the example where graphite was used without silica, the
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masterbatch concentration was 30 wt.%. The masterbatches were prepared on the same 
extruder as the side arm co-rotating twin-screw extruder - 54D/25 mm.

[0140] Synthos PS 585X was used as masterbatch polymer carrier. The results are very 
similar to those obtained for Examples 1 to 5 above.

Expandable polymer granulate was prepared in a suspension process (Examples 14 to 
18):

Example 14 (according to the invention)

[0141] 20 000 kg of styrene were dosed to a 60 m3 reactor. The following components 

(calculated per weight of styrene) were then added: 4.0 wt.% of athermanous fillers silanized 
with 0.1 wt.% of silane - Dynasylan 9265 (including 3.0 wt.% of graphite CR5995 from company 
GK and 1.0 wt.% of silica Sidistar T120 from Elkem company) in the form of a 40 wt.% 
concentrated masterbatch based on Synthos PS 585X, 0.002 wt.% of divinylbenzene, 1 wt.% of 
Emerald 3000, 0.3 wt.% of Polywax 1000, and 0.5 wt.% of dicumyl peroxide.

[0142] The mixture was heated relatively quickly to a temperature of 70°C and mixed at this 
temperature for 30 min with 275 rpm. Then, the temperature was increased to 90°C and 30 
000 kg of demineralised water (temperature of 60°C) were added. The mixing force 
immediately created a suspension of prepolymer and the suspension was heated to 82°C. 
Immediately, 0.3 wt.% of Peroxan PO and 0.5 wt.% of TBPEHC were added. The radical 
polymerization was started and the following surfactant composition was introduced:

• potassium persulfate - 0.0001 wt.%
• Poval 205 - 0.18 wt.% of 5 % concentrated water solution
• Poval 217 (alternatively Poval 224) - 0.09 wt.% of a 5 % concentrated water solution
• DCIoud 45 - 0.1 wt.%
• Arbocel CE 2910HE50LV - 0.1 wt.% (hydroxypropylmethylcellulose supplied by J.

RETTENMAIER & SOHNE GMBH)

[0143] The polymerization was then continued for 120 min. at a temperature of 82°C, and the
temperature was then increased to 90°C. The suspension was kept at this temperature for 120
min. to achieve particle identity point of suspension. A further portion of Poval 217 (in a
concentration of 0.3 wt.% of a 5 wt.% concentrated solution in water) was introduced. In this
step, sodium chloride can be added in an amount of 0.5 wt.% per water phase, to reduce the
water content in the polymer. Alternatively, a surfactant (sodium dodecylbenzenesulfonate,
SDBS) can be used in an amount of 0.2 wt.%.
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[0144] The reactor was closed and the n-pentane/isopentane 80/20% mixture in an amount of 
5.5 wt.% was added over 60 min. Simultaneously, the temperature was increased to 125°C. 
Then the polymerization was continued for 120 min. and after that time the suspension slurry 
was cooled down to 25°C.

[0145] The product was removed from the reactor and water was removed in a basket 
centrifuge. The particles were then dried in a fluid bed drier at a temperature of 40°C for 30 
min. and fractionated on 80 % of particles fraction 0.8-1.6 mm, 15 % of 0.3-1.3, 4 % of 1.0-2.5 
mm and 1 % of upper and lower size. Fractions were then coated the same way as the product 
as obtained in the extrusion process, and then expanded to foam at 35 °C. Then the polymer 
was centrifuged from water and dried in the fluid bed dryer. Finally, after sieving, the granulate 
was coated with a mixture of glycerol monostearate and glycerol tristearate.

Example 15 (according to the invention)

[0146] This example is equivalent to Example 14 but the graphite (CR5995) was used in an 
amount of 4 wt.%, and silica (Sidistar T120) in an amount of 1.3 wt.%

Example 16 (comparative)

[0147] This example was made according to Example 14; the silica was not used, and graphite 
was used in an amount of 3 wt.%.

Example 17 (comparative)

[0148] This example was made according to Example 14; the silica was not used, and graphite 
was used in an amount of 4 wt.%.

Example 18 (comparative)

[0149] This example was made according to Example 14; the silica was not used, and graphite 
was used in an amount of 5 wt.%.
Table 3. Summary of Examples 14 to 18.

Examples
Components (wt.%) I 14 15 16** 7** 18**
Graphite GK CR5995* I 3 4 3 4 5
Sidistar T120* I 1 1.3 - - -
Emerald 3000 I 1.0 1.0 1.0 1.0 1.0
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Examples
Components (wt.%)

silamzed with wt.% of Dynasylan 9265

15 16** 7** 18**

Comparative Example
Table 4. Examples 14 to 18.

Final product parameters at a foam density of ca. 19.0 g/l.
Examples 14 I 15 16* I 17* 18*
Thermal conductivity (mW/m-K) / ISO 8301 30.1 I 29.5 30.7 I 30.2 29.8
Flammability/EN ISO 11925-2/ + + + + I +

Flammability/DIN 4102 B1/B2/ +/+ +/+ I +/+ +/+ I -/+ I

Compressive strength at 10% def. (kPa) /EN i 
13163/ 110 107 99 95 91

Bending strength (kPa) /EN 13163/ 185 179 I 170 168 160

Passed (+ or B2 or B1); Not passed (-)
* Comparative Example

Expandable polymer granulate was prepared in a continuous mass polymerization 
process (Examples 19 to 24):

Example 19 (according to the invention)

[0150] Continuous mass polymerization was carried out in three reactors in cascade. The 
polymerization of styrene was initiated by heating. The powder forms of graphite (CR5995) and 
silica (Sidistar T120), both silanized with 0.1 wt.% of silane - Dynasylan 9265, were added to 
the first reactor in a total amount of 4 wt.% (3 wt.% of graphite and 1 wt.% of silica). After 
polymerization and degassing of the polymer melt, the flame retardant was added in a 
concentration of 1.5 wt.%, together with: bicumyl in a concentration of 0.3 wt.%, Irganox 1010 
in an amount of 0.075 wt.%, Irgafos 126 in an amount of 0.075 wt.%, Epon 164 in an amount 
of 0.15 wt.% and nucleating agent - Polywax 2000 in a concentration of 0.3 wt.%, directly to the 
extruding raw polystyrene. An extrusion was performed in similar like extruder 32D/40 mm 
attached to the degassing unit. During the process, pentane in admixture with isopentane 
(80/20 %) in a concentration of 5.5 wt.% was dosed into the extruder. The granulate form was 
obtained by means of underwater pelletizing.

Example 20 (according to the invention)
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[0151] This example is equivalent to Example 19, but the graphite (CR5995) was used in an 
amount of 4 wt.%, and the silica (Sidistar T120) in an amount of 1.3 wt.%

Example 21 (comparative)

[0152] This example was made according to Example 19; the silica was not used, and graphite 
was used in an amount of 3 wt.%.

Example 22 (comparative)

[0153] This example was made according to Example 19; the silica was not used, and graphite 
was used in an amount of 4 wt.%.

Example 23 (comparative)

[0154] This example was made according to Example 19; the silica was not used, and graphite 
was used in an amount of 5 wt.%.

Example 24 (according to the invention)

[0155] This example was made according to Example 19, but Irganox 1010, Irgafos 126 and 
Epon 164 were not added.
Table 5. Summary of Examples 19 to 24.

Components (wt.%)
Examples

19 20 2 ** 22** 23** 24 I

GP585X + + + + + +

Graphite GK CR5995* 3 4 3 4 5 3
Sidistar T120* 1 1.3 - - 1
Emerald 3000 1.5 1.5 1-5 1.5 1.5 1.5
Bicumyl 0.3 0.3 0.3 0.3 0.3 0.3
Irganox 1010 0.075 0.075 0.075 0.075 0.075 -
Irgafos 126 0.075 I 0.075 0.075 0.075 0.075 -
Epon 164 0.150 I 0.150 0.150 0.150 0.150 -
Polywax 2000 0.3 I 0.3 0.3 0.3 0.3 0.3
Pentane/lsopentane 80/20 5.5 5.5 5.5 5.5 5.5 5.5

* silanized with 0.1 wt.% of Dynasylan 9265
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** Comparative Example
Table 6. Examples 19 to 24.

Final product parameters at a foam density of ca. 19.0 g/l.
Examples 19 I 20 21* 22* 23* I 24
Thermal conductivity (mW/m-K) / ISO 
8301 30.3 29.9 31.1 30.5 30.1 30.2

Flammability / EN ISO 11925-2/ + + + + + +

Flammability /DIN 4102 B1/B2/ +/+ +/+ +/+ +/+ -/+ i -/+ I

Compressive strength at 10% def. (kPa) 
/EN 13163/ 116 115 106 98 90 114

Bending strength (kPa) /EN 13163/ 198 200 172 167 162 I 194

Passed (+ or B2 or B1); Not passed (-)
* Comparative Example

[0156] The examples show that the foams as prepared according to the invention not only 
have low thermal conductivity, but they also have good mechanical and self-extinguishing 
properties.
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PATENTKRAV

1. Anvendelse af

a) siliciumdioxid i kombination med

b) grafit

til reduktion af varmeledningsevnen i vinylaromatisk polymerskum, hvor reduktionen må­

les i overensstemmelse med ISO 8301,
hvor parametrene måles ved hjælp af fremgangsmåder beskrevet i beskrivelsesde­

len,

a) siliciumdioxiden er amorf og har

- en BET-overflade på 1 til 100 m2/g,

- en gennemsnitlig partikelstørrelse i området 3 nm til 1000 nm, og 

siliciumdioxiden er til stede i en mængde fra 0,01 til under 2 % efter vægt på basis af po­

lymerens vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), og

b) grafitten har

- et kulstofindhold i området 50 til 99,99 % efter vægt, og

- en partikelstørrelse i området fra 0,01 til 100 μm, og

grafitten er til stede i en mængde på 0,1 til 10 % efter vægt på basis af den vinylaromati­

ske polymers vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel),
hvor siliciumdioxiden og grafitten anvendes i et vægtforhold på 1:1 til 1:10.

2. Anvendelse ifølge krav 1, hvor siliciumdioxiden har en BET-overflade på 3 til 80 

m2/g, fortrinsvis 5 til 70 m2/g, mere foretrukket 8 til 60 m2/g, såsom 10 til 50 m2/g, især 

13 til 40 m2/g, mest foretrukket 15 til 30 m2/g, såsom cirka 20 m2/g.

3. Anvendelse ifølge krav 1 eller krav 2, hvor siliciumdioxiden har en gennemsnitlig 

partikelstørrelse inden for et område fra 20 til 800 nm, fortrinsvis 30 til 600 nm, såsom 40 

til 400 nm, navnlig 100 til 200 nm.

4. Anvendelse ifølge et hvilket som helst af de foregående krav, hvor siliciumdioxid- 

mængden er 0,1 til 1,6 % efter vægt, fortrinsvis 0,5 til 1,5 % efter vægt, mere foretrukket 

cirka 1,0 % efter vægt på basis af polymerens vægt.

5. Anvendelse ifølge et hvilket som helst af de foregående krav, hvor parti kel størrel­

sen af grafitten er fra 0,1 til 30 μm, fortrinsvis fra 0,5 til 25 μm, navnlig fra 1 til 10 μm; for 

eksempel fra 3 til 8 μm.
6. Anvendelse ifølge et hvilket som helst af de foregående krav, hvor mængden af 

grafit er i området fra 1,0 til 8,0 % efter vægt, fortrinsvis i området fra 1,5 til 7,0 % efter 

vægt, navnlig i området fra 2,0 til 6,0 % efter vægt, såsom i området fra 2,5 til 5,0 % 

efter vægt, f.eks. i området fra 3 til 4 % efter vægt.

7. Anvendelse ifølge et hvilket som helst af de foregående krav, hvor a) siliciumdi­

oxiden og b) grafitten anvendes i et vægtforhold a):b) i området fra 1:1,5 til 1:8,
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fortrinsvis hvor a) siliciumdioxiden og b) grafitten anvendes i et vægtforhold a):b) i 

området fra 1:2 til 1:5,

mere foretrukket hvor a) siliciumdioxiden og b) grafitten anvendes i et vægtforhold 

a):b) på cirka 1:3.

8. Anvendelse ifølge et hvilket som helst af de foregående krav, hvor polymerskum­

met yderligere omfatter et eller flere varmestråleuigennemtrængelige tilsætningsstoffer 

udvalgt blandt s) pulverformigt uorganisk tilsætningsstof, som ikke er siliciumdioxid, og t) 

pulverformigt kulstofholdigt additiv, som ikke er grafit.

9. Anvendelse ifølge krav 8, hvor det pulverförmige uorganiske tilsætningsstof er ud­

valgt blandt pulvere af calciumphosphat, mineral med perovskitstruktur, geopolymer og 

geopolymerkomposit.

10. Anvendelse ifølge krav 8 eller 9, hvor det pulverförmige kulstofholdige tilsæt­
ningsstof er udvalgt blandt pulvere af kønrøg, petroleumskoks, grafitiseret kønrøg, grafit­

oxider og grafen.

11. Anvendelse ifølge et hvilket som helst af de foregående krav, hvor polymeren er 

en styrenhomopolymer eller styrencopolymer.

12 Anvendelse ifølge krav 11, hvor polymeren er en styrencopolymer og comonome- 

ren er p-tert-butylstyren.

13. Fremgangsmåde til fremstilling af ekspanderbare polymergranulater, hvilken 

fremgangsmåde omfatter følgende trin:

i) at tilføre vinylaromatisk polymer til en strengpresse,

ii) at tilsætte a) siliciumdioxid og b) grafit, og eventuelt varmestabilisator og flam­

mehæmmer,

iii) at indsprøjte blæsemiddel i polymersmelten,

iv) at ekstrudere den homogene blanding, og
v) at pelletere blanding i en undervandstabletmaskine til opnåelse af granulatet, 

hvor parametrene måles ifølge fremgangsmåderne beskrevet i beskrivelsesdelen,

a) siliciumdioxiden er amorf og har

- en BET-overflade på 1 til 100 m2/g,

- en gennemsnitlig partikelstørrelse i området 3 nm til 1000 nm, og 

siliciumdioxiden er til stede i en mængde fra 0,01 til under 2 % efter vægt på basis af po­

lymerens vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), og

b) grafitten har

- et kulstofindhold i området 50 til 99,99 % efter vægt, og

- en partikelstørrelse i området fra 0,01 til 100 μm, og

grafitten er til stede i en mængde på 0,1 til 10 % efter vægt på basis af den vinylaromati­

ske polymers vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel); hvor siliciumdioxiden og grafitten anvendes i et vægtforhold på 1:1 til 1:10.
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14. Fremgangsmåde til fremstilling af ekspanderbare polymergranulater, hvilken 

fremgangsmåde omfatter følgende trin:

i) at tilsætte en vinylaromatisk monomer og eventuelt en eller flere comonomerer til en 

reaktor og efterfølgende tilsætte

11) eventuelt polymeropslæmningshjælpemiddel,
12) varmestråleuigennemtrængelige fyldstoffer,

Ϊ3) flammehæmmer,

i4) mindst én peroxid (eller en blanding af to eller flere peroxider) som reaktions­

igangsætter,

ii) at tilsætte demineraliseret vand, og
111) mindst ét opslæmningsmiddel, som er et salt af en uorganisk syre,

112) mindst én peroxid (eller en blanding af to eller flere peroxider) som reaktions­

igangsætter,

H3) mindst ét opslæmningsstabiliseringsmiddel udvalgt fra gruppen af anioniske 

overfladeaktive forbindelser og/eller højmolekylære forbindelser (f.eks. hydrofile 

og/eller amfifile polymerer), og

iii) at fortsætte polymeriseringen (fortrinsvis indtil koncentrationen af vinylaromatiske mo­

nomerer er under 1000 ppm efter vægt på basis af polymerens vægt,

iv) at tilsætte et blæsemiddel under eller efter polymeriseringstrinnet,

v) at afkøle og derefter separere granulatet fra vandet,

hvor a) siliciumdioxid og b) grafit indbringes som varmestråleuigennemtrængelige 

fyldstoffer i2) og også kan indbringes i trin ii) og/eller trin iii), og

hvor parametrene måles ifølge fremgangsmåderne beskrevet i beskrivelsesdelen,

a) siliciumdioxiden er amorf og har

- en BET-overflade på 1 til 100 m2/g,

- en gennemsnitlig partikelstørrelse i området 3 nm til 1000 nm, og

siliciumdioxiden er til stede i en mængde fra 0,01 til under 2 % efter vægt på basis af po­

lymerens vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), og

b) grafitten har

- et kulstofindhold i området 50 til 99,99 % efter vægt, og

- en partikelstørrelse i området fra 0,01 til 100 μm, og

grafitten er til stede i en mængde på 0,1 til 10 % efter vægt på basis af den vinylaromati­

ske polymers vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel); hvor siliciumdioxiden og grafitten anvendes i et vægtforhold på 1:1 til 1:10.

15. Fremgangsmåde til fremstilling af ekspanderbart polymergranulat, hvilken 

fremgangsmåde omfatter følgende trin:

i) kontinuerligt at tilvejebringe til en massepræpolymeriseringsreaktor (eller den 

første i en række af reaktorer) en strøm af:



DK/EP 3245247 T3

5

10

15

20

25

30

35

4

11) vinylaromatisk monomer og eventuelt mindst én comonomer (fortrinsvis 

p-tert-butylstyren),

12) mindst én tilsætningsstofopløsning, og

13) eventuelt recirkuleret monomer,

ii) at fortsætte polymerisering i præpolymeriseringsreaktoren eller rækkefølgen 

af reaktorer,

iii) at tilsætte varmestråleuigennemtrængelige fyldstoffer: a) siliciumdioxid og b) 

grafit, og eventuelt yderligere tilsætningsstoffer, fortrinsvis flammehæmmer,

iv) at afgasse polymeren,

v) at tilføre polymeren i smeltet tilstand til en strengpresse, fortrinsvis direkte fra 

polymeriseringsanlægget,

vi) eventuelt at tilsætte et flammehæmmersystem indbefattende synergistisk stof 

og varmestabilisatorer,

vii) at indsprøjte blæsemiddel,

viii) at ekstrudere en homogene polymerblanding, og

ix) at pelletere i en undervandstabletmaskine til opnåelse af granulatet,

hvor parametrene måles ifølge fremgangsmåderne beskrevet i beskrivelsesdelen,

a) siliciumdioxiden er amorf og har

- en BET-overflade på 1 til 100 m2/g,

- en gennemsnitlig partikelstørrelse i området 3 nm til 1000 nm, og

siliciumdioxiden er til stede i en mængde fra 0,01 til under 2 % efter vægt på basis af po­

lymerens vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), og

b) grafitten har

- et kulstofindhold i området 50 til 99,99 % efter vægt, og

- en partikelstørrelse i området fra 0,01 til 100 μm, og

grafitten er til stede i en mængde på 0,1 til 10 % efter vægt på basis af den vinylaromati­

ske polymers vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel); hvor siliciumdioxiden og grafitten anvendes i et vægtforhold på 1:1 til 1:10.

16. Ekspanderbart polymergranulat omfattende et eller flere drivmidler, a) silici­

umdioxid, b) grafit og c) vinylaromatisk polymer, hvor paratrene måles ifølge fremgangs­

måder beskrevet i beskrivelsesdelen,

a) siliciumdioxiden er amorf og har

- en BET-overflade på 1 til 100 m2/g,

- en gennemsnitlig partikelstørrelse i området 3 nm til 1000 nm, og

siliciumdioxiden er til stede i en mængde fra 0,01 til under 2 % efter vægt på basis af po­

lymerens vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), og

b) grafitten har
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- et kulstofindhold i området 50 til 99,99 % efter vægt, og

- en partikelstørrelse i området fra 0,01 til 100 μm, og

grafitten er til stede i en mængde på 0,1 til 10 % efter vægt på basis af den vinylaromati­

ske polymers vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), 
hvor siliciumdioxiden og grafitten anvendes i et vægtforhold på 1:1 til 1:10.

17. Ekspanderbart polymergranulat ifølge krav 16, hvor granulatet kan opnås 

ved fremgangsmåden ifølge et hvilket som helst af kravene 13 til 15,

fortrinsvis hvor det ekspanderbare polymergranulat yderligere omfatter et eller 

flere tilsætningsstoffer udvalgt blandt s) pulvere af calciumphosphat, mineral med perov- 

skitstruktur, geopolymer og geopolymerkomposit, og t) kønrøg, petroleumskoks, grafitise- 

ret kønrøg, grafitoxider og grafen.

18. Ekspanderet polymerskum omfattende a) siliciumdioxid, b) grafit og c) vinyl­
aromatisk polymer, hvor parametrene måles ifølge fremgangsmåderne beskrevet i beskri­

velsesdelen,

a) siliciumdioxiden er amorf og har

- en BET-overflade på 1 til 100 m2/g,

- en gennemsnitlig partikelstørrelse i området 3 nm til 1000 nm, og 

siliciumdioxiden er til stede i en mængde fra 0,01 til under 2 % efter vægt på basis af po­

lymerens vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), og

b) grafitten har

- et kulstofindhold i området 50 til 99,99 % efter vægt, og

- en partikelstørrelse i området fra 0,01 til 100 μm, og

grafitten er til stede i en mængde på 0,1 til 10 % efter vægt på basis af den vinylaromati­

ske polymers vægt (inklusiv faste og eventuelle flydende tilsætningsstoffer, men eksklusiv 

drivmiddel), 
hvor siliciumdioxiden og grafitten anvendes i et vægtforhold på 1:1 til 1:10, og

skummet har

en densitet på 8 til 30 kg/m3, og

en varmeledningsevne på 25-35 mW/K ■ m.

19. Ekspanderet polymerskum ifølge krav 18, hvor skummet kan opnås ved eks­

pansion af det ekspanderbare polymergranulat ifølge et hvilket som helst af kravene 16 og 

17.

20. Forblanding omfattende a) siliciumdioxid, b) grafit og c) vinylaromatisk poly­
mer, hvor parametrene måles ifølge fremgangsmåder beskrevet i beskrivelsesdelen,

a) siliciumdioxiden er amorf og har

- en BET-overflade på 1 til 100 m2/g,

- en gennemsnitlig partikelstørrelse i området 3 nm til 1000 nm, og
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b) grafitten har

- et kulstofindhold i området 50 til 99,99 % efter vægt, og

- en partikelstørrelse i området fra 0,01 til 100 μm, og

hvor den samlede mængde af a) og b) er i området fra 10 til 70 % efter vægt baseret på 

forblandingens vægt, og 
hvor siliciumdioxiden og grafitten fortrinsvis er til stede i forblandingen i et vægtforhold på 

1:1 til 1:10.

21. Forblanding ifølge krav 20, hvor den samlede mængde af a) og b) er i området 

fra 10 til 65 % efter vægt på basis af forblandingens vægt,

fortrinsvis hvor den samlede mængde af a) og b) er i området fra 20 til 60 % efter vægt, 

mere foretrukket hvor den samlede mængde af a) og b) er i området fra 25 til 55 % efter 

vægt.

22. Forblanding ifølge krav 20 eller krav 21, hvor c) er en vinylaromatisk polymer 

med et smelteindeks i området fra 4 til 30 g/10 min som målt ifølge ISO 1133, 

fortrinsvis hvor den vinylaromatiske polymer er en homopolymer eller copolymer med p- 

tertbutylstyren eller alfa-methylstyren.

23. Forblanding ifølge et hvilket som helst af kravene 20 til 22, yderligere omfat­

tende en eller flere silaner (fortrinsvis udvalgt blandt aminopropyltriethoxysilan, aminopro- 

pyltrimethoxysilan og phenyltriethoxysilan), fortrinsvis hvor mængden af silan er i området 

fra 0,01 til 1 % efter vægt på basis af vægten af det varmestråleuigennemtrængelige til­

sætningsstof i forblandingen.


