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(57) Abstract: The invention relates to the use of a mineral
having perovskite structure in vinyl aromatic polymer foam,
i) for decreasing the thermal conductivity, ii) for increasing
the mechanical properties (namely compressive strength and
bending strength), or iii) for improving the self-extinguishing
properties of the foam. The polymer foam further comprises
one or more athermanous additives selected from a) powder
inorganic additive selected from powders of silica and calci-
um phosphate, b) powder carbonaceous additive selected
from powders of graphite, carbon black, petroleum coke,
graphitized carbon black, graphite oxides, and graphene, and
¢) powder geopolymer and powder geopolymer composite.
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Use of a mineral having perovskite structure in vinyl aromatic

polymer foam

The present invention relates to the use of mineral having
perovskite structure in vinyl aromatic polymer foam, prefera-
bly i) for decreasing the thermal conductivity, 1ii) for in-
creasing the mechanical properties (namely compressive
strength and bending strength), or iii) for improving the
self-extinguishing properties of the foam. The invention also
relates to processes for the preparation of expandable polymer
granulate and the expandable polymer granulate. The invention
further relates to vinyl aromatic polymer foam and to a mas-

terbatch comprising the mineral having perovskite structure.

Vinyl aromatic polymers are known and are used for the prepa-
ration 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 de-
mand for expanded vinyl aromatic polymers with low thermal
conductivity as well as good mechanical and self-extinguishing

properties.

It is generally known that the addition of athermanous addi-
tives 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 aro-
matic polymer foams. Examples for such types of polymers are
those obtained by suspension polymerization of wvinyl aromatic
monomer (s) (in particular of styrene) and optionally comono-

mers. Other examples for such type of polymers are those ob-
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tained by the extrusion of general purpose polystyrene or its

copolymers.

Typically, the addition of a combination of athermanous addi-
tives 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 scatter-
ers and IR reflectors can influence the reduction of the con-
centration 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, espe-
cially in extrusion processes, regquires the addition of a
relatively high amount of brominated flame retardant, to main-
tain acceptable self-extinguishing properties, e.g. suitable
performance for passing the flammability test according to the

German industry standard DIN 4102 (B1, B2).

Poor thermal stability of foams made of vinyl aromatic poly-
mers 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 conduc-
tivity, 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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On the other hand, the presence of small amounts of atherman-
ous 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 car-
bon-based additives, i.e. comprising athermanous additives of
the heat absorber or of the heat reflector type (in particular

carbon blacks and/or graphites).

WO 2006/058733 Al teaches expandable styrene polymer granu-
lates containing a) filler selected from the group of inor-
ganic 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 Al has an average parti-

cle diameter in a range of from 1 to 100 um.

EP 0 620 246 Al teaches the use of athermanous materials in
polystyrene hard foam (EPS or XPS). Examples for athermanous
materials are metal oxides (such as Fey03 or Al,03), non-metal
oxides (such as Si0O;, metal powder, aluminium powder, carbon
(such as carbon black, graphite or even diamond), or organic

colorants or colorant pigments.

JP 63183941 teaches the use of aluminium pigment, titanium di-
oxide and graphite, having specific particle size and heat ra-
diation reflectivity, to decrease the thermal conductivity of

polystyrene foams. The silica powder used in Example 6 as
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listed in Table 1 of JP 63183941 has an average particle size
of 3.2 pm.

EP 0 ©32 522 A, JPH08311232 and JP2001279014 A teach foams
containing powder ceramics and the use of such foams in the

preparation of dielectric lenses.

W02010/128369 Al teaches thermoinsulating expanded articles
comprising an expanded polymeric matrix, obtained by expansion
and sintering of beads/granules of a vinyl aromatic
(co)polymer, in whose interior a filler is homogeneously dis-
persed, which comprises at least one athermanous material se-
lected from coke, graphite and carbon black and optionally an
active inorganic additive within the wave-lengths ranging from
100 to 20,000 cm™*. The polymeric matrix comprises a copolymer
of styrene and at least one vinyl aromatic comonomer substi-
tuted in the ring or on the wvinyl group and/or a mixture of
polystyrene and up to 10% by weight, with respect to the mix-
ture, of a thermoplastic polymer compatible with polystyrene

and having a glass transition temperature > 100°C.

US 2012/0091388 Al discloses expanded vinyl aromatic polymers
comprising a. graphite, b. optional self-extinguishing bromi-
nated 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 typi-
cal aerosilica is well above 100 Hf/g, and the particle size is
well below 10 nm. When using aerosilica for example in an ex-
trusion process for the production of expandable wvinyl aro-
matic polymer granulate, it 1is impossible to stabilize the

process even 1in the presence of small amounts of aerosilica,
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e.g. below 1 wt.%: because of aerosilica’s very high BET, the
resultant modification of rheology is so strong that pressure
increases dramatically and it is not possible to stabilize the

process and the granulate.

WO 2012/024709 Al 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.

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.

It has now surprisingly been found in accordance with the pre-
sent invention that the wuse of mineral having perovskite
structure decreases the thermal conductivity of vinyl aromatic
polymer foam, without adversely affecting the foam’s flamma-

bility and mechanical properties.

The present invention has the following aspects:
(I) the use of mineral having perovskite structure in

vinyl aromatic polymer foam;

(IT) processes for the preparation of expandable polymer
granulate;
(I1I) expandable polymer granulate comprising x) mineral

having perovskite structure and vy) wvinyl aromatic

polymer;



WO 2016/113328 PCT/EP2016/050616

(IV) vinyl aromatic polymer foam comprising x) mineral
having perovskite structure and vy) wvinyl aromatic
polymer; and

(V) a masterbatch comprising X) mineral having

perovskite structure and y) vinyl aromatic polymer.

Detailed description

In a first aspect, the invention relates to the use of a min-
eral of the general formula ABX;, A and B being cations and X
being anionsg, wherein the mineral has perovskite crystal
structure (in the following “mineral having perovskite struc-
ture”, or ‘“perovskite”) in vinyl aromatic polymer foam. The
foam further comprises one or more athermanous additives se-
lected from a) powder inorganic additive selected from powders
of silica and calcium phosphate, b) powder carbonaceous addi-
tive selected from powders of graphite, carbon black, petro-
leum coke, graphitized carbon black, graphite oxides, and gra-
phene, and c) powder geopolymer and powder geopolymer compos-—

ite.

According to a first embodiment of the first aspect, the in-
vention relates to the use of mineral having perovskite struc-
ture for decreasing the thermal conductivity of the vinyl aro-
matic polymer foam, the decrease being measured according to

ISO 8301.

According to a second embodiment of the first aspect, the pre-
sent invention relates to the use of mineral having perovskite
structure for improving the mechanical properties, specifi-
cally for increasing compressive strength and  bending

strength, of vinyl aromatic polymer foam, the increase in com-



WO 2016/113328 PCT/EP2016/050616

pressive strength and in bending strength being measured in

accordance with EN 13163.

According to a third embodiment of the first aspect, the pre-
sent invention relates to the use of mineral having perovskite
structure for improving the self-extinguishing properties of
vinyl aromatic polymer foam, the improvement being measured in
accordance with EN IS0 11925-2. Perovskite reduces flame de-
velopment by the creation of char with higher viscosity and
thus reduces dripping and flaming. Preferably, the improvement
of the self-extinguishing properties 1s an improvement as

measured in accordance with DIN 4102 B1l, B2.

The preferred concentration of mineral having perovskite
structure in the vinyl aromatic polymer foam, for i) the de-
crease of the thermal conductivity, 1i) the improvement of the
specified mechanical properties, and iii) the increase of the
self-extinguishing properties, is in a range of from 0.01 to
50 wt.%, based on the weight of wvinyl 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.%.

The mineral having perovskite structure as used in accordance
with the invention has a crystalline structure of general for-
mula of ABX3;, where A and B are two cations of different sizes
and X is an anion that bonds to both, the A atoms are larger
than the B atoms, and its ionic radii close to that on the an-
ion X thus they can form together a cubic (orthorhombic) close

packing with space group Pm3m. In the structure, the B cation
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igs 6-fold coordinated and A cation 12-fcld coordinated with

the oxygen anions.

A ideal cubic perovskite structure has cations A at the cor-
ners of the cube, and cation B in the centre, with oxygen ions
in the face-centered positions, as shown in Fig. 1 (structure
of the ideal cubic perovskite (ABO;), where A represents
cation, B represents cation, and O represents oxygen anions

forming an octahedron).

For the stoichiometric oxide perovskites, the sum of the oxi-

dation states of cations A and B should be equal to 6.

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.

(CH3NH5) *.

Among the most preferred representatives of perovskite struc-
tures are dielectric BaTiO;, high-temperature semiconductor
YBa,Cu;0,.x, materials exhibiting magnetoresistance R;_xAMnOs;,
where R = La®*', Pr®** or other earth ion, A = ca®*" sSr?', Ba’',

Bi?%*, ce?', and multiferroic materials.

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

thereof.

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

SUBSTITUTE SHEET (RULE 26)
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the like and reduce the amount of absorbed energy in the in-

frared range.

A preferred perovskite has a BET surface size in a range of
from 0.01 to 100 Hf/g, as measured according to the standards

ASTM C1069 and ISO 9277, as explained below.

The method to determine the mineral having perovskite struc-
ture’s BET surface is preferably based on the standards ASTM
Cl069 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 meas-

ured using the Micromeritics Tristar 3000 instrument.

The BET active gsurface 1is preferably in a range of from
0.05 to 50 Hf/g and more preferable in a range of from 0.1 to

15 m’/g.

Typical perovskites have an average particle size in a range
of from 0.01 to 100 pm, as measured according to the standard
procedure using a Malvern Mastersizer 2000 apparatus. The av-
erage particle size is preferably in a range of from 0.1 to

50 um, more preferably in a range of from 0.5 to 30 pum.

Average particle size in the description of the present inven-
tion 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%
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is larger. This value is also known as the Mass Median Diame-

ter (MMD) or the median of the volume distribution.

Furthermore, it is preferred that i) the thermal conductivity,
ii) the mechanical and 1iii) the self-extinguishing properties
of the polymer foam are improved by the use of minerals with

perovskite structure having:

i) an average particle size, as determined by laser diffrac-

tion, in the range of from 0.01 to 600 um.

In a further preferred embodiment, the mineral Thaving
perovskite structure has a thermal conductivity of less than

10 W/m'K, preferably 5 W/m-'K or less (300°C).

It is further preferred that the mineral having perovskite
structure has a moisture content in a range of from 0.01 to

3.0 wt.%, preferably in a range of from 0.05 to 1.5 wt.%.

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 homopoly-

mer or a copolymer.

The polymer used in accordance with all aspects of the inven-
tion is based on one (or more) vinyl aromatic monomer (s),
preferably styrene, and optionally one or more cComonomers,

i.e. it is a homopolymer or a copolymer.

The addition of a co-monomer of a gpecific styrene comonomer

possessing steric hindrance, in particular p-tert-
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butylstyrene, or alpha-methyl styrene comonomer, or some other
sterically hindered styrene comonomer, to styrene, may advan-
tageously 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 wvinyl aromatic copolymer, which subse-
quently leads to Dbetter dimensional stability of moulded

blocks made thereof.

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 1n wt.%, based on the total amount of

monomer) :
Monomer Preferred | More preferred Most preferred
(wt. %) (wt. %) (wt. %)
Styrene 1-99 50-99 70-98
p-tert-Butyl styrene 99-1 1-50 30-2

Alternatively, the wvinyl 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 More pre- Most pre-
(wt. %) ferred ferred
(wt.$%) (wt.%)
Styrene 1-99 50-98 75-95
alpha-Methyl styrene 99-1 2-50 25-5
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In addition to the mineral having perovskite structure, the
materials according to the invention (the polymer composition,
the granulate, the foam and the masterbatch) may contain fur-

ther additives, as 1s set out below.

The polymer foam further comprises one or more athermanous ad-
ditives selected from a) powder inorganic additive (other than
mineral having perovskite structure), b) powder carbonaceous
additive, and c¢) powder geopolymer or powder geopolymer com-
posite. The powder inorganic additive is selected from powders
of silica and powders of calcium phosphate. The powder carbo-
naceous additive is selected from powders of graphite, carbon
black, petroleum coke, graphitized carbon black, graphite ox-

ides and graphene.

Silica
The silica as preferably used in accordance with the invention

is amorphous and has the following specific properties:

(1) a BET surface of from 1 to 100 m?/g, and

(ii) an average particle size in a range of from 3 nm to 1,000

nm.

The method to determine the silica’s BET surface is the method
for the determination of BET described above. The silica as
preferably used according to the invention has a BET surface
in a range of from 3 to 80 g/m?, more preferably 5 to 70 m’/g,
most preferably 8 to 60 H@/g, such as 10 to 50 Hf/g, in par-
ticular 13 to 40 HF/g, or 15 to 30 Hf/g, such as about 20 HF/g.
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Moreover, the silica as preferably used according to the pre-
sent invention 1is defined by an average particle size, as
measured according to the procedure detailed below, of 3 nm to

1000 nm.

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 dis-
persed in an external ultrasonic probe for 5 min at 100% am-
plitude. The measurement is performed automatically using the
primary agglomerate program in a Malvern MasterSizer 2000 de-

vice.

It is preferred that the average particle size of the silica
as preferably used according to the present invention 1is
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.

According to the present invention, the silica is preferably
used 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). More prefera-
bly, the silica is used in an amount of 0.1 to 1.6 wt.%, most
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, 1f any, liquid additives, but exclusive of propellant).

The silica as preferably used according to the invention is
amorphous (i.e. non-crystalline) silicon dioxide, and the sil-

ica particles are preferably spherically shaped.
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It is most preferred that the silica comprises Sidistar type
of material from ELKEM, typically with an average primary par-
ticle size of about 150 nm and a low BET surface area of about

20 m’/g, and most preferred is that a) is Sidistar T120.

Calcium phosphate

The calcium phosphate as typically used according to the in-
vention has an average particle size, as measured by laser
diffraction, of 0.01 pm to 100 um. It is preferred that the
average particle size is from 0.1 pm to 50 um, such as 0.5 pm
to 30 um. The calcium phosphate is preferably tricalcium phos-

phate (specifically a type of hydroxyapatite).

According to the present invention, the calcium phosphate, if
present, 1is preferably used in an amount of from 0.01 to
50 wt.%, based on the weight of vinyl aromatic polymer includ-
ing solid and, if any, liquid additives, but exclusive of pro-
pellant, more preferably 0.1 to 15 wt.%, most preferably 0.5

to 10 wt.%, in particular 1 to 8 wt.%.

Moreover, b) carbon-based athermanous additives can be present
in the foam, such as graphite, carbon black, petroleum coke,

graphitized carbon black, graphite oxides, and graphene.

Graphite
The graphite as preferably used in the present invention has

the following properties:

(i) a carbon content in a range of from 50 to 99.99 wt.3

and
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(11) a particle size in a range of from 0.01 to 100 pm.

Preferably, the graphite’s carbon content is in a range of
from 95 to 99.9 wt.% and more preferably over 99.5 wt.%. Pref-
erably, the carbon content is measured according to the method

L-03-00A of the company GK.

The graphite as preferably used according to the invention has
a particle size in a range of from 0.01 to 100 um, 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 1is preferred that the particle
size of the graphite as used according to the invention 1is
from 0.1 to 30 pm. The most preferred particle size range is
from 0.5 to 25 pm, in particular from 1 to 10 um; specifi-

cally, for example, a range of from 3 to 8 um.

The graphite’s mean particle size is preferably in a range of
from 5 to 7 pym, D90 in a range of from 7 to 15 pm, and D100 in

a range of from 15 to 20 um.

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

The ash content of the graphite as preferably used according
to the invention is in a range of from 0.01 to 2 wt.%, pref-
erably 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.
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The moisture content of the graphite as preferably used ac-
cording to the invention is in a range of from 0.01 to 1 wt.%,
preferably from 0.1 to 0.5 wt.%, in particular below 0.4 wt.5%.
The moisture content is preferably measured according to a

method of the company GK (L-01-00).

The graphite is preferably used 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, ligquid addi-
tives, 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.%. 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 graph-
ite 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.

The best performance in foams in terms of i) decrease of ther-
mal conductivity, 1ii) increase in mechanical properties and
iii) improvement in self-extinguishing properties is achieved,
accompanied by a reduction in the required content of graph-
ite, when (in addition to the mandatory mineral having
perovskite structure as athermanous additive) silica and
graphite are present, gspecifically Sidistar T120 from Elkem is
used in combination with the natural graphite CR5995 from GK,
in a weight ratio of about 1:3, as further athermanous addi-

tives. Then it is possible to reduce the graphite content to
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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 addi-
tion of Sidistar T120 and/or a mineral having perovskite

structure.

Carbon Black

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 m?/g.

It is preferred that the BET surface of the carbon black as
used according to the invention is from 41 to 200 m?/g, pref-

erably from 45 to 150 m’/g, in particular from 50 to 100 m’/g.

The sulphur content of the carbon black as preferably used ac-
cording 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.

The carbon black is preferably present in an amount of 0.1 to
12 wt.%, based on the weight of the vinyl aromatic polymer in-
cluding 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.5.

c) Geopolymer and geopolymer composite

It has further been found that it is possible to maintain the

foam’s self-extinguishing and mechanical properties 1in the
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same range as 1in 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 compos-—
ite 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 par-
ticles 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.

Geopolymer synthesis from aluminosilicate materials takes
place by the so-called geopolymerization process, which in-
volves polycondensation phenomena of aluminates and silicate
groups with formation of Si-0O-Al-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 polystyrene-butadiene rubbers. This phenomenon
allows a significant decrease of the required concentration of
brominated flame retardant in expandable vinyl aromatic poly-

mer composites.

A preferred geopolymer composite 1s 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
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or more athermanous additives selected from the group consist-

ing of

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

b. titanium oxides, ilmenite, rutiles, chamotte, fly
ash, fumed silica, hydromagnesite/huntite mineral,
barium sulfate and mineral having perovskite struc-

ture,

preferably the athermanous additive component of the
geopolymer composite comprises one oOr more carbon-based
athermanous additives selected from the group of heat ab-

sorbers and heat reflectors,

in particular the athermanous additive component is carbon

black, graphite, or a mixture thereof.

Further details of the preparation of geopolymer composite may
be found in the international application entitled “Geopolymer
and composite thereof and expandable wvinyl aromatic polymer
granulate and expanded vinyl aromatic polymer foam comprising

the same”, PCT/EP2016/050594, filed on even date herewith.

In the following, the further athermanous fillers that are
present, namely one or more of a) powder inorganic additive
selected from powders of silica and calcium phosphate, b) pow-
der carbonaceous additive selected from powders of graphite,
carbon black, petroleum coke, graphitized carbon black, graph-

ite oxides, and graphene, and c¢) powder geopolymer and powder
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geopolymer composite, will be referred to as additional ather-

manous fillers or additives.

The foam also preferably comprises one or more of nucleating
agent, flame retardant, synergist, thermal oxidative stabi-

liser, flame retardant thermal stabiliser, and dispersion aid.

For instance, the flame retardant system is, especially in an
extrusion process, usually a combination of two types of com-
pounds, namely x) a brominated aliphatic, cycloaliphatic, aro-
matic or polymeric compound containing at least 50 wt.% of
bromine, and a second compound (so called synergistic com-
pound, V) which can be Dbicumyl (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.

The total content of flame retardant system, i.e. x) plus vy),
is typically in a range of from 0.1 to 5.0 wt.% based on the
weight of wvinyl aromatic polymer including solid and, if any,
liquid additives, but exclusive of propellant, preferably be-
tween 0.2 and 3 wt.%. The weight-to-weight ratio of bromine
compound x) to gynergistic compound y) 1is 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.

In a further aspect, the invention relates to (II) processes
for +the preparation of expandable polymer granulate. The
granulate according to the invention comprises one or more ad-
ditional athermanous additives selected from a) powder inor-

ganic additive selected from powders of silica and calcium
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phosphate, b) powder carbonaceous additive selected from pow-
ders of graphite, carbon black, petroleum coke, graphitized
carbon black, graphite oxides, and graphene, and c¢) powder

geopolymer and powder geopolymer composite.

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

i) feeding vinyl aromatic polymer into an extruder,

ii) adding mineral having perovskite structure and optionally

thermal stabiliser and flame suppressant,

iii) injecting blowing agent into the melt of polymer,

iv) extruding the homogenous blend, and

v) pelletizing the blend in an underwater pelletizer, so as to

obtain the granulate.

Preferably, the extrusion process (IIa) comprises the steps:

i) feeding a first polymer component comprising vinyl

aromatic polymer into a first mixer;

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 com-

ponent;
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iii) feeding a second polymer component b) comprising

vinyl aromatic polymer into a second mixer;

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;

V) combining the first and second mixtures, to produce

a third mixture;

vi) injecting blowing agent c¢) into the third mixture,

to produce a fourth mixture;

vii) mixing the fourth mixture; and

viii) pelletizing the fourth mixture, to obtain the

granulate.

The first polymer component can be a vinyl aromatic polymer
having a melt index from 4 to 20 g/10 min, as measured accord-

ing to ISO 1133.

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

1133.
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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 addi-
tion 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 particu-
lar in view of their stability under those processing condi-
tions that are necessary so that the different additive compo-
nents can best perform their desired function. Typically, at
least a part (and preferably all) of the mineral having
perovskite structure is introduced as part of the second addi-
tive component in this extrusion process, whereas at least a
part (and preferably all) of the flame retardant system is in-
troduced as part of the first additive component in this ex-
trusion process. This is advantageous since the flame retar-
dant system typically regquires more moderate processing condi-
tions, 1in particular as compared to mineral having perovskite
structure. Thus, according to the invention, a mixture com-
prising mineral having perovskite structure can be prepared in
a dedicated mixer that provides for the high shearing that is
preferred for this type of additive, so that it 1is properly

dispersed.

As a first alternative, the second additive components (e.g.
the mineral having perovskite structure and the additional
athermanous filler) 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
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the mixture containing the first additive components, to give

a mixture that is ultimately charged with blowing agent.

As a second alternative, the second additive components (e.g.
the mineral having perovskite structure and the additional
athermanous filler) 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 mineral having perovskite struc-
ture, e.g. high shearing conditions. The masterbatch can for
instance be prepared off-site, in dedicated processing equip-
ment, and having to provide such processing equipment on site
can be dispensed with. The masterbatch comprising the mineral
having perovskite structure and the additional athermanous
filler is subject of the fifth aspect of the present inven-

tion, and is described below.

According to a second embodiment of the second aspect (IIb),
expandable polymer granulates 1is prepared in an agueous SsSus-

pension polymerization process comprising the steps:

i) adding a vinyl aromatic monomer and optionally one or more
comonomers to the reactor, and subsequently adding
il) optional polymeric suspension aid,
i2) athermanous fillers (mineral having perovskite struc-
ture and additional athermanous additive),
i3) flame retardant,
i4) at least one peroxide (or the mixture of two or more

peroxides) as reaction initiator,

ii) adding the demineralised water, and
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iil) at least one suspending agent which is an inorganic
acid salt,

ii2) at least one peroxide (or the mixture of two or more
peroxides) as reaction initiator,

ii3) at least one suspension stabilizer selected from the
group of anionic surface active compounds and/or high molecu-
lar weight compounds (e.g. hydrophilic and/or amphiphilic

polymers), and

iii) continuing the polymerization (preferably until the con-
centration of vinyl aromatic monomer(s) is below 1000 ppm

by weight, based on the weight of the polymer),

iv) adding the blowing agent during or after the polymeriza-

tion step,

V) cooling, and then separating the granulate from the water.

The athermanous filler that is mandatory according to the pre-
sent invention (namely mineral having perovskite structure)
may be added in the form of a masterbatch, it may be intro-
duced at the beginning of the suspension polymerization proc-
ess, or may be dissolved in the monomer and/or a mixture of
the monomer and comonomer. The same applies for the additional

athermanous fillers, a), b), and c) as mentioned above.

According to the present invention, the mineral Thaving
perovskite structure and the additional athermanous filler are
introduced as athermanous fillers 1i2), and they may also be
introduced in step 1i) and/or in step 1ii) of this suspension

process.
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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 sul-

phate) .

The salts are supported in their suspending action by anionic
surface-active compounds, such as sodium dodecylobenzene sul-
fonate 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 al-
cohol or hydroxyethylcellulose or hydroxypropylmethyl-

cellulose.

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 fa-
cilitates the creation of a suspension. The same or similar
effect can be achieved by mass pre-polymerization of the mono-
mer or mixture of comonomers and additives until the suitable
melt viscosity is obtained (as for 1% to 30% of polymer con-

centration).
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In the most preferred process, before start of the polymeriza-
tion step iii), athermanous fillers in the form of a concen-
trated masterbatch are added to the styrene and/or its mixture
with comonomer, particularly p-tert-butylstyrene. The master-
batch can contain from 10 to 60 % of athermanous fillers (i.e.
the mineral having perovskite structure, and the additional
ones, a), b) and c¢)), pre-silanized or silanized in the mas-

terbatch compounding process by e.g. triethoxy(phenyl)silane,

to decrease its hydrophilic properties.

The polymerization is then continued in an agqueous suspension
phase, in the ©presence of the above-mentioned suspending
agents, suspension stabilizers, athermanous fillers, flame re-
tardants and flame suppressors, optionally at least in the

presence of suspension aid.

The polymerization process 1is triggered by initiators. Nor-
mally, two organic peroxides are used as initiators. The first
peroxide, with a half-life of about one hour at 80-95°C, 1is
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 fol-
lowing polymerization process continued at higher temperature,
in the so called high temperature cycle (HTC). For the above
specific process with the presence of carbon black, a composi-
tion of three peroxides was used to achieve suitable average
molecular weight despite the negative inhibiting effect caused
by the carbon black’s 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-
ethylperoxyhexanocate as low temperature cycle peroxide (82-

90°C) .
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The end of the process is typically indicated by a concentra-
tion 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 1in suspension polymerization 1is
well known and is described in detail in Journal of Macromo-
lecular Science, Review in Macromolecular Chemistry and Phys-

ics C31 (263) p. 215-299 (1991).

During the polymerization process, conventional additives can
be added directly to the monomer(s), their solution with sus-
pension aid, to the pre-polymer, or to the suspension. Addi-
tives 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.

The flame retardant systems suitable for the present suspen-
sion process are similar to those used in the extrusion proc-
ess 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, pen-
tabromomonochlorocyclohexane, or a polymeric bromine compound,
specifically brominated styrene-butadiene rubber) and a second

compound called synergistic compound which can be e.g. an ini-
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tiator or peroxide (e.g. dicumyl peroxide, cumene hydroxide,
and 3,4-dimethyl-3,4-diphenylbutane). The content of flame re-
tardant system is typically in a range of from 0.1 to 5.0 wt.%
with respect to the total weight of wvinyl 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.

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 car-
bons and their derivatives. Typically are wused 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.

At the end of the polymerization, spherical particles of ex-
pandable 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.

In the final step after the HTC step, the mass is cooled down
to e.g. 35°C, and the polymer granulate 1is separated from the

water, preferably in a centrifuging process. The particles are
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then dried and preferably coated with a mixture of mono- and

triglycerides of fatty acids and stearic acid salts.

After discharging the particles from the reactor, they are
typically washed: first with water, then with non-ionic sur-
factant 1in aqueous solution, and finally again with water;
they are then desiccated and dried with hot air having a tem-

perature in the range 35-65°C.

The final product is typically pre-treated by applying a coat-
ing (the same as for the extruded granulate) and can be ex-

panded by the same method as the extrusion product.

According to a third embodiment of the second aspect (IIc),
expandable polymer granulate 1is prepared in a continuous mass

process comprising the following steps:

i) providing continuously to a mass prepolymerization reactor

(or the first from a cascade reactor) a stream of:

il) vinyl aromatic monomer and optionally at least one co-
monomer (preferably p-tert-butylstyrene),
i2) at least one additive solution, and

i3) optionally recycled monomer,

ii) continuing polymerization in the prepolymerization reactor

or the segquence of cascade reactors,

iii) adding athermanous fillers (mineral having perovskite

structure and additional athermanous additive),
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iv) degassing the polymer,

v) feeding the polymer in molten state into the extruder,

preferably directly from the polymerization plant,

vi) optionally adding a flame retardant system including syn-

ergist and thermal stabilisers,

vii) injecting the blowing agent,

viii) extruding the homogenous polymer mixture, and

ix) pelletizing in an underwater pelletizer, so as to obtain

the granulate.

The reactor or cascade reactor is preferably arranged horizon-
tally. If a cascade reactor is used, then there are preferably
up to 5 reactors, in particular up to 4, such as three reac-

tors.

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.

The mass polymerization reactor (or first from cascade reac-
tors) 1is fed continuously by wvinyl aromatic monomer, particu-
larly styrene, and optionally by its vinyl aromatic comonomer,

for instance p-tert-butylstyrene.
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At this stage, athermanous fillers in the form of a master-
batch or in the form of powders are fed into the mass polym-
erisation reactor, one or more additives and optionally recy-

cled monomer recovered from the process.

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

polymerization reactor.

The polymerisation reaction 1is initiated thermally, without
addition of initiators. In order to facilitate heat collec-
tion, polymerisation is generally carried out in the presence

of for instance monocyclic aromatic hydrocarbon.

The prepolymerised mass from the pre-polymerisation reactor is
pumped through the sequence of several horizontal reactors,

and the polymerisation reaction is subsequently continued.

At the end of the mass polymerization stage, the rest of un-

polymerized monomer is removed by degassing of the melt.

A vinyl polymer in the molten state, produced in mass polym-
erization 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 re-
tardant 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 synerg-

istic compound, which can be Dbicumyl (2,3-dimethyl-2, 3-
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diphenylbutane) or 2-hydroperoxy-2-methylpropane. The concen-
trations of additives are typically the same as for the extru-

sion process, as set out above.

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 car-
bons and their derivatives. The polymer with all additives and
blowing agent is subsequently extruded to give expandable

beads.

The homogenous polymer mixture comprising additives and blow-
ing 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 ro-
tating knives 1in a pressurized underwater pelletizer, to ob-

tain micropellets (granulate).

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.

In a further aspect, the invention relates to (III) expandable
polymer granulate comprising one or more propellants, x) min-
eral having perovskite structure and y) polymer of vinyl aro-

matic monomer and optionally one or more Comonomers.

Preferably, the expandable polymer granulate 1s obtainable
(and is more preferably obtained) by the process according to

the second aspect.
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The expandable polymer granulate further comprises one or more
of the additional athermanous additives a), b) and c¢) above.
Specifically, the expandable polymer granulate further com-
prises one or more additional athermanous additives selected
from a) powders of silica and calcium phosphate, b) powders of
graphite, carbon Dblack, petroleum coke, graphitized carbon
black, graphite oxides, and graphene, and c) powder geopolymer

and powder geopolymer composite.

In a further aspect, the invention relates to (IV) expanded
vinyl aromatic polymer foam comprising x) mineral having
perovskite structure and y) polymer of vinyl aromatic monomer
and optionally one or more comonomers. The expanded polymer
foam has

- a density of 8 to 30 kg/m’, and

- a thermal conductivity of 25 - 35 mW/K -m.

The foam further comprises one or more athermanous additives
selected from a) powder inorganic additive selected from pow-
ders of silica and calcium phosphate, b) powder carbonaceous
additive selected from powders of graphite, carbon black, pe-
troleum coke, graphitized carbon black, graphite oxides, and
graphene, and c) powder geopolymer and powder geopolymer com-

posite.

Preferably, the expanded polymer foam 1is obtainable and 1is
more preferably obtained by expansion of the expandable poly-

mer granulate according to the third aspect.
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According to the fifth aspect, the invention relates to (V) a
masterbatch. The masterbatch comprises x) mineral having
perovskite structure and y) vinyl aromatic polymer, and the
amount of x) is in a range of from 10 to 70 wt.%, based on the

weight of the masterbatch.

Preferably, the amount of mineral having perovskite structure
x) 1s in a range of from 10 to 65 wt.%, based on the weight of
the masterbatch, more preferably from 20 to 60 wt.%, in par-

ticular from 25 to 55 wt.%.

In a preferred embodiment, y) 1is a vinyl aromatic polymer hav-
ing a melt index in a range of from 4 to 30 g/10 min, as meas-
ured according to ISO 1133, and the wvinyl aromatic polymer is
preferably a homopolymer or copolymer with p-tert butyl sty-

rene or alpha-methyl styrene.

The masterbatch, in addition to components x) mineral having
perovskite structure and y) vinyl aromatic polymer, further
comprises one or more of the additional athermanous additives
a) to c¢). Additional athermanous fillers that are present in
the masterbatch are one or more powders of a) silica and cal-
cium phosphate, b) graphite, carbon Dblack, petroleum coke,
graphitized carbon black, graphite oxides, and graphene, and
c) geopolymer and geopolymer composite. These additional pow-
der athermanocus fillers very often require processing condi-
tions that are similar to the conditions required by the min-

eral having perovskite structure.

Moreover, the masterbatch preferably comprises one or more si-

lanes. Preferred silanes are for example aminopropyl-
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triethoxysilane (e.g. Dynasylan AMEO from Evonik), aminopro-
pyltrimethoxysilane (e.g. Dynasylan AMMO from Evonik), and
phenyltriethoxysilane (e.g. Dynasylan 9265 from Evonik).

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.

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 charac-
terize the additives in granulate and foam with reference to

the properties of the additives as initially used.

The advantages of the present invention become apparent from
the following examples. Unless indicated otherwise, all per-

centages are given by weight.

Moreover, whenever reference is made in the present descrip-
tion of the invention to an amount of additive “by weight of
vinyl aromatic polymer”, this refers to the amount of the ad-
ditive by weight of polymer component inclusive of (solid and,

if any, liquid) additives, but exclusive of propellant.

Examples

Expandable polymer granulate was prepared in an extrusion
process, with addition of athermanous fillers in powder form
(Examples 1 to 11):

Example 1 (comparative)
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A mixture of wvinyl aromatic polymer in the form of granules,
and containing 2.5 wt.% of polymeric brominated flame retar-
dant (Emerald 3000), 0.5 wt.? of bicumyl, Irganox 1010 in an
amount of 0.125 wt.%, Irgafos 126 in an amount of 0.125 wt.%,
Epon 164 in an amount of 0.250 wt.%, XIRAN S$Z15170 in an
amount of 1 wt.% and F-2200 HM in an amount of 1 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.

The powder of carbon black (Regal 350 from Cabot Corporation
with a BET surface of 55.0 n@/g) was dosed to the side arm
(54D/25 mm) twin-screw co-rotating extruder via one side
feeder, in an amount of 3 wt.%, based on the total weight of
granulate, excluding propellant, and the vinyl aromatic poly-
mer (in the form of granules) was dosed to the main hopper of
this extruder. The melt, then containing 40 wt.% of concen-
trated carbon black, was transported to the main extruder. The

melt temperature inside the extruder was 190°C.

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 to-

tal mass of product.

The melt of vinyl aromatic polymer containing flame retardant,
bicumyl, carbon black and blowing agent was transported to the
30D/90 mm cooling extruder and pumped through a static mixer,
melt pump, screen changer, diverter valve, was then and ex-
truded through the die head with 0.75 mm diameter holes, and
was finally underwater pelletized Dby the rotating knifes.

Downstream, the rounded product (a granulate with a particle
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size distribution of 99.9 % of the fraction 0.8-1.6 mm) was
centrifuged to remove the water, and was finally coated by the
suitable mixture of magnesium stearate with glycerine
monostearate and tristearate. The melt temperature 1in the

cooling extruder was 170°C.

The coated beads were expanded, and the final general proper-
ties of the expanded foam composite were then determined:

- thermal conductivity according to standard ISO 8301.

- mechanical properties (compressive and bending strength) ac-
cording to standard EN 13163.

- flammability according to tests methods: EN ISO 11925-2 and
DIN 4102 B1l, B2.

Example 2 (comparative)

The components according to Example 1 were used. Regal 350
carbon black was replaced with the CSX910 from Cabot Corpora-

tion, having a BET surface area of 71.8 m?/g.

Example 3 (according to the invention)

The components according to Example 1 were used. 1 wt.% of
calcium titanate was added, premixed with 3 wt.% of Regal 350,
and dosed to the side arm extruder. The concentration of the

two additives in the melt in side arm extruder was 40 wt.%.

Example 4 (according to the invention)

The components according to Example 3 were used, and the cal-
cium titanate content was increased to 3 wt.%. The flame re-
tardant concentration was reduced to 2.0 wt.%, bicumyl to
0.4 wt.% and thermal stabilizers subsequently were reduced
too. XIRAN S715170 and F-2200 HM were absent from the composi-

tion.



WO 2016/113328 PCT/EP2016/050616
39

Example 5 (according to the invention)

Again, the components according to Example 4 were used. The

calcium titanate content was increased to 5 wt.5%.

Example 6 (according to the invention)

The components according to Example 5 were used. The Regal 350

was replaced with CSX910.

Example 7 (according to the invention)

The components according to Example 6 were used. The calcium

titanate was replaced with barium titanate.

Example 8 (according to the invention)

The process and components according to Example 1 were used.
The flame retardant was added in an amount of 1 wt.%. The
thermo-oxidative and thermal stabilizers were excluded, as was

XIRAN S715170. The calcium titanate was used in an amount of 5

o\°

wt.

Example 9 (according to the invention)

The process and components according to Example 8 were used,

and calcium titanate was replaced with barium titanate.

Example 10 (according to the invention)

The process and components according to Example 8 were used,

and calcium titanate was replaced with strontium titanate.

Example 11 (according to the invention)

The process and components according to Example 8 were used,

and calcium titanate was replaced with magnesium titanate.



PCT/EP2016/050616

WO 2016/113328

40

*UOT3USAUT 99Ul 03 burtpxoodoe sIe [T 03 ¢ so7duexs

‘soaTiexedwod sIe g pur [ soTduexy

G ¢Q

G ¢Q

0c/08
surjuadosI/sueius(g

WH 00Z2¢-4

OLTGTZS NVAIIX

000z xXemATod

791 uodyd

9ZT soFebir

0T0T XouebiT

TAWNDTY

O N

— O

000¢ PpTEJdSUHA

91BURITY WNISSUbPR

91PULRIT] WNTIUOIAS

L0
|

21R'URIT] wntIeg

21'URIT] WNTOTRD

o

016 XSO

0GE Tebay

+ +

l_l

XG8G6dD

T

0T

L 9

S

<+ (O

M|+ [™M

— |+ (™M

rSoTdwexy

(%°3m)
sausuodwo)

‘IT 03 T soTduexdy FoO Axzeummnsg

sTqeL




PCT/EP2016/050616

WO 2016/113328

41

*UOT3USAUT 99Ul 03 burtpxoodoe sIe [T 03 ¢ so7duexs

‘soaTiexedwod sIe g pur [ soTduexy

(=) possed 10N (19 I0 zg I0 +) poassed q

/€9TET Nd/
1cc olc cce 0ce 0T< AN 90¢ 86T 98T G38T oLT (edy) yabusiis butpusq -
/€9TET Nd/

(edy)
8¢CT LCT 9¢T GZT €T 9¢T ¢cl GTT 00T 86 b6 *Jop 207 2e yibusids saTssoxdwo) -
/2d/19 Z0T¥ NIQ/
+/+ | +/+ | +/+ | +/+ | /| H/ | A/ | A/ A/ /- |/ AJTTTgRPUWRT ] A
/Z-GC6TT OSI Nd/
+ + + + + + + + + + + AyTTTgRUWe T 4 -
/T0E8 0OSI/
6°0E | 2°TC | P TE|8°2E|0°0€ | T°0C|L°0€|0°TEC|0"Ce|9°TE |G C¢E (M- w/pw) AITATIONPUOD TRWIDYL,
1T 0T 6 8 L 9 S i S 4 T xSoTdwexy -

*I/6 0°6T "0 Fo AjTsusp weojy ® 3e siojsureaed jonpoad Teutd

"IT 03 T soTdwexg -z STqeLl




WO 2016/113328 PCT/EP2016/050616
42

Expandable polymer granulate was prepared in an extrusion
process, with addition of athermanous fillers in the form of a

masterbatch (Examples 12 to 22):

Examples from 1 to 11 were repeated. The masterbatch was pre-
pared on the same extruder as side arm co-rotating twin-screw
extruder - 54D/25 mm. Synthos PS 585X was used a the master-
batch’s polymer carrier. The results were very similar to
those obtained from Examples 1 to 11 (where the athermanous
fillers in powder form were used in an extrusion process and

were (directly) dosed via the side extruder).

Expandable polymer granulate was prepared in a suspension

process (Examples 23 to 33):

Example 23 (comparative)

20 000 kg of styrene was dosed to the 60 m’ reactor. In the
next step, the following components (calculated per styrene)
were added: 3.0 wt.% of Regal 350 in the form of a 40 wt.3%
concentrated masterbatch (based on Synthos PS 585X), 0.002
wt.% of divinylbenzene, 2.0 wt.% of Emerald 3000, 0.3 wt.% of
Polywax 1000, and 1.0 wt.% of dicumyl peroxide.

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 mix-
ing 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 po-
lymerization was started and the following surfactant composi-

tion was introduced:
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- 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

- DCloud 45 - 0.1 wt.%

- Arbocel CE 2910HE50LV - 0.1 wt.3 (hydroxypropylmethyl-
cellulose supplied by J. RETTENMAIER & SOHNE GMBH)

The polymerization was then continued for 120 min. at a tem-
perature 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 poly-
mer. Alternatively, the surfactant (sodium dodecylbenzenesul-

fonate, SDBS) can be used (in an amount of 0.2 wt.%).

The reactor was closed and the n-pentane/isopentane 80/20%
mixture was added in an amount of 5.5 wt.% over 60 min. Simul-
taneously, 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.

The product was removed from the reactor and water was removed
in a Dbasket centrifuge. The particles were then dried in a
fluid bed drier at a temperature of 40°C for 30 min. and frac-

< <

tionated on 80 % of particles fraction 0.8-1.6 mm, 15 % of

X

0.3-1.3, 4 % of 1.0-2.5 mm and 1 % of higher and lower size.
Fractions were then coated the same way as the product as ob-
tained in the extrusion process, and then expanded to foam at

35°C. Then the polymer was centrifuged from water and dried in
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the fluid bed dryer. Finally, after sieving, the granulate was
coated with a mixture of glycerol monostearate and glycerol

tristearate.

Example 24 (comparative)

The components according to Example 23 were used. Regal 350
carbon black was replaced with CSX9%910 from Cabot Corporation,

having a BET surface area of 71.8 m’/g.

Example 25 (according to the invention)

The components according to Example 1 were used. 1 wt.% of
calcium titanate (silanized with 0.1 wt.% of Dynasylan 9265),
premixed with 3 wt.% of Regal 350, was dosed in the form of a

40 wt.% concentrate to the side arm extruder.

Example 26 (according to the invention)

The components according to Example 25 were dosed and the cal-
cium titanate content was increased to 3 wt.%. The flame re-
tardant concentration was reduced to 1.5 wt.%, dicumyl perox-

ide content to 0.8 wt.5%.

Example 27 (according to the invention)

Again, the components according to Example 26 were dosed. The

calcium titanate content was increased to 5 wt.5%.

Example 28 (according to the invention)

The components according to Example 27 were used. The Regal

350 was replaced with CSX910.
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Example 29 (according to the invention)

The components according to Example 28 were used. The calcium
titanate was replaced with barium titanate (silanized with

0.1 wt.% of Dynasylan 9265).

Example 30 (according to the invention)

The process and components according to Example 23 were used.
The flame retardant (in an amount of 0.6 wt.%) and dicumyl
peroxide (in an amount of 0.4 wt.%) were dosed. Calcium titan-

ate was used in an amount of 5 wt.%.

Example 31 (according to the invention)

The process and components according to Example 30 were used,

and calcium titanate was replaced with barium titanate.

Example 32 (according to the invention)

The process and components according to Example 31 were used,
and calcium titanate was replaced with strontium titanate (si-

lanized with 0.1 wt.% of Dynasylan 9265).

Example 33 (according to the invention)

The process and components according to Example 32 were used,
and calcium titanate was replaced with magnesium titanate (si-

lanized with 0.1 wt.% of Dynasylan 9265).
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Expandable polymer granulate was prepared in a continuous mass

polymerization process (Examples 34 to 44):

Example 34 (comparative)

In this set of experiments, continuous mass polymerization was
carried out in a three reactor cascade. The polymerization of
styrene was initiated by heating. The powder form of carbon
black (Regal 350 from Cabot Corporation with a BET surface of
55.0 m’/g) was added to the first reactor in an amount of 3
wt.% based on the total weight of granulate. After polymeriza-
tion and degassing of the polymer melt, the flame retardant
was added, directly to the extruding raw polystyrene and in an
amount of 2.5 wt.%, together with: bicumyl in an amount of 0.5
wt.%, Irganox 1010 in an amount of 0.125 wt.%, Irgafos 126 in
an amount of 0.125 wt.%, Epon 164 in an amount of 0.250 wt.%
and nucleating agent (Polywax 2000) in an amount 0.3 wt.%. An
extrusion was performed in similar like extruder 32D/40 mm at-
tached to the degassing unit. Pentane in admixture with
isopentane (80/20 %) was dosed into the extruder during the
process (in a concentration of 5.5 wt.%). The granulate form

was obtained by means of underwater pelletizing.

Example 35 (comparative)

The components according to Example 34 were used. Regal 350
carbon black was replaced with the CSX910 from Cabot Corpora-

tion, having a BET surface area of 71.8 m?/g.

Example 36 (according to the invention)

The components according to Example 34 were used. 1 wt.% of
calcium titanate was added (silanized with 0.1 wt.% of Dynasy-

lan 9265), premixed with 3 wt.% of Regal 350 and dosed to the
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side arm extruder. The concentration in the melt in the side

arm extruder was 40 wt.%.

Example 37 (according to the invention)

The components according to Example 36 were dosed, and the
calcium titanate content was increased to 3 wt.%. The flame
retardant concentration was reduced to 2.0 wt.%, Dbicumyl to
0.4 wt.% and thermal stabilizers subsegquently were reduced
too. XIRAN S715170 and F-2200 HM were absent from the composi-

tion.

Example 38 (according to the invention)

Again, the components according to Example 36 were dosed. The

calcium titanate content was increased to 5 wt.5%.

Example 39 (according to the invention)

The components according to Example 38 were used. The Regal

350 was replaced with CSX910.

Example 40 (according to the invention)

The components according to Example 39 were used. The calcium
titanate was replaced with barium titanate (silanized with 0.1

wt.% of Dynasylan 9265).

Example 41 (according to the invention)

The process and components according to Example 34 were used.
The flame retardant was used in an amount of 1 wt.%. The
thermo-oxidative and thermal stabilizers were absent, as was
XIRAN SZ15170. Calcium titanate was used 1in an amount of

5 wt.5%.
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Example 42 (according to the invention)

The process and components according to Example 41 were

and calcium titanate was replaced with barium titanate.

Example 43 (according to the invention)

The process and components according to Example 42 were
and calcium titanate was replaced with strontium titanate

lanized with 0.1 wt.% of Dynasylan 9265).

Example 44 (according to the invention)

The process and components according to Example 43 were
and calcium titanate was replaced with magnesium titanate

lanized with 0.1 wt.% of Dynasylan 9265).

used

used

(si-
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Claims

1. Use of a mineral of the general formula ARXs3, A and B be-
ing cations and X being anions, wherein the mineral has
perovskite crystal structure, in vinyl aromatic polymer
foam, wherein the polymer foam further comprises one or

more athermanous additives selected from

a) powder inorganic additive selected from powders of
silica and calcium phosphate,

b) powder carbonaceous additive selected from powders of
graphite, carbon black, petroleum coke, graphitized car-
bon black, graphite oxides, and graphene, and

c) powder geopolymer and powder geopolymer composite.

2. The use according to claim 1, wherein the mineral having

perovskite structure is used

i) for decreasing the thermal conductivity of the
vinyl aromatic polymer foam, the decrease being

measured in accordance with ISO 8301,

ii) for increasing the compressive and Dbending
strengths of the wvinyl aromatic polymer foam,
the increase being measured in accordance with

EN 13163, or

iii) for improving the self-extinguishing properties
of the vinyl aromatic polymer foam, the improve-
ment being measured in accordance with EN ISO

11925-2,
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preferably wherein the improvement of the self-
extinguishing properties of the wvinyl aromatic
polymer foam is measured in accordance with DIN

4102 B1, BZ2.

3. The use according to claim 1 or claim 2, wherein the
mineral having perovskite structure is of the general
formula ABX;, A and B being cations and X being anions,
and A is selected from the group consisting of Ca, Sr,

Ba, Bi, Ce, Fe, and mixtures thereof.

4., The wuse according to any one of the preceding claims,
wherein the mineral having perovskite structure is of
the general formula ABX;, A and B being cations and X be-
ing anions, and B is selected from the group consisting
of Ti, %4r, Ni, Al, Ga, In, Bi, Sc, Cr, Pb, ammonium

groups, and mixtures thereof.

5. The use according to any one of the preceding claims,
wherein the mineral having perovskite structure is of
the general formula ABX;, A and B being cations and X be-
ing anions, and X is selected from oxygen, halide, and

mixtures thereof.

6. The use according to any one of the preceding claims,

wherein the mineral having perovskite structure has

(i) a BET surface area in a range of from 0.01 to
100 m’/g, as measured according to the standards

ASTM C1069 and ISO 9277,
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preferably wherein the BRBRET surface is in a range of

from 0.05 to 50 m’/g,

more preferably wherein the BET surface is in a range

of from 0.1 to 15 m?/g.

7. The use according to any one of the preceding claims,
wherein the mineral having perovskite structure further

has

(ii) an average particle size in a range of 0.01 to
100 pm, as measured using a Malvern Mastersizer

2000 apparatus,

preferably wherein the average particle size is in a

range of from 0.1 to 50 um,

more preferably wherein the average particle size is in

a range of from 0.5 to 30 um.

8. The use according to any one of the preceding claims,
wherein the mineral having perovskite structure further

has

(iii) a moisture content in a range of from 0.01 to

3.0 wt.5%,

preferably wherein the moisture content is in a range

of from 0.05 to 1.5 wt.%.
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The use according to any one of the preceding claims,
wherein the amount of mineral having perovskite struc-
ture is in a range of from 0.01 to 50 wt.%, based on the
vinyl aromatic polymer inclusive of (solid and, if any,

liquid) additives, but exclusive of propellant,

preferably wherein the amount of mineral having
perovskite structure 1is 1in a range of from 0.05 to

25 wt.5%,

more preferably wherein the amount of mineral having
perovskite structure is in a range of from 0.1 to

15 wt.%

most preferably wherein the amount of mineral having
perovskite structure is in a range of from 0.5 to

12 wt.%.

The use according to any one of the preceding claims,
wherein the polymer is a styrene homopolymer or styrene

copolymer.
The use according to claim 10, wherein the polymer is a
styrene copolymer and the comonomer is p-tert-

butylstyrene.

Process for the preparation of expandable polymer granu-

lates comprising the following steps:

i) feeding vinyl aromatic polymer into an extruder,
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ii) adding mineral of the general formula ABX;, A and B
being cations and X being anions, wherein the mineral
has perovskite crystal structure, and optionally thermal

stabiliser and flame suppressant,

iii) injecting blowing agent into the melt of polymer,

iv) extruding the homogenous blend, and

v) pelletizing the blend in an underwater pelletizer, so

as to obtain the granulate,

wherein the granulate further comprises one or more

athermanous additives selected from

a) powder inorganic additive selected from powders of
silica and calcium phosphate,

b) powder carbonaceous additive selected from powders of
graphite, carbon black, petroleum coke, graphitized car-
bon black, graphite oxides, and graphene, and

c) powder geopolymer and powder geopolymer composite.

Process for the preparation of expandable polymer granu-

lates comprising the following steps:

i) adding a vinyl aromatic monomer and optionally one or
more comonomers to the reactor, and subsequently add-
ing
il) optional polymeric suspension aid,
i2) athermanous additives (mineral of the general

formula ABX;, A and B being cations and X being ani-
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ons, wherein the mineral has perovskite crystal
structure, and additional athermanous additive),

i3) flame retardant,

i4) at least one peroxide (or the mixture of two or

more peroxides) as reaction initiator,

ii) adding the demineralised water, and

iil) at least one suspending agent which is an inor-
ganic acid salt,

1ii2) at least one peroxide (or the mixture of two or
more peroxides) as reaction initiator,

1ii3) 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 amphi-

philic polymers), and

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 poly-

mer),

iv) adding the blowing agent during or after the polym-

erization step,

V) cooling, and then separating the granulate from the

water,

wherein the mineral having perovskite crystal structure
and the additional athermanous additive are introduced as
athermanous additives 1i2), and may also be introduced in

step 1i1) and/or step i1ii), and
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wherein the additional athermanous additive 1s selected

from one or more of

a) powder inorganic additive selected from powders of
silica and calcium phosphate,

b) powder carbonaceous additive selected from powders of
graphite, carbon black, petroleum coke, graphitized car-
bon black, graphite oxides, and graphene, and

c) powder geopolymer and powder geopolymer composite.

Process for the preparation of expandable polymer granu-

late comprising the following steps:

i) providing continuously to a mass prepolymerization
reactor (or the first from a cascade of reactors) a

stream of:

il) wvinyl aromatic monomer and optionally at least
one comonomer (preferably p-tert-butylstyrene),
i2) at least one additive solution, and

i3) optionally recycled monomer,

ii) continuing polymerization in the prepolymerization

reactor or the sequence of cascade reactors,

iii) addition of athermanous fillers (mineral of the
general formula ABX;, A and B being cations and X being
anions, wherein the mineral has perovskite crystal
structure, and additional athermanous additive) and op-
tionally further additives (preferably flame suppres-

sant),
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iv) degassing the polymer,

v) feeding the polymer in molten state into the ex-
truder, ©preferably directly from the ©polymerization

plant,

vi) optionally adding a flame retardant system including

synergist and thermal stabilisers,

vii) injecting blowing agent,

viii) extruding the homogenous polymer blend, and

ix) pelletizing in an underwater pelletizer, so as to

obtain the granulate,

wherein the additional athermanous additive 1s selected

from one or more of

a) powder inorganic additive selected from powders of
silica and calcium phosphate,

b) powder carbonaceous additive selected from powders of
graphite, carbon black, petroleum coke, graphitized car-
bon black, graphite oxides, and graphene, and

c) powder geopolymer and powder geopolymer composite.

Expandable polymer granulate, comprising one or more
propellants, x) mineral of the general formula ABXs3;, A
and B being cations and X being anions, wherein the min-

eral has perovskite crystal structure, and y) polymer of
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vinyl aromatic monomer and optionally one or more cCo-

monomers,

wherein the expandable polymer granulate further com-

prises one or more athermanous additives selected from

a) powder inorganic additive selected from powders of
silica and calcium phosphate,

b) powder carbonaceous additive selected from powders of
graphite, carbon black, petroleum coke, graphitized car-
bon black, graphite oxides, and graphene, and

c) powder geopolymer and powder geopolymer composite.

The expandable polymer granulate of claim 15, wherein
the granulate is obtainable by the process according to

any one of claims 12 to 14.

Expanded polymer foam comprising x) mineral of the gen-
eral formula ABX;3;, A and B being cations and X being ani-
ons, wherein the mineral has perovskite crystal struc-
ture, and y) polymer of wvinyl aromatic monomer and op-

tionally one or more comonomers,
the foam having
- a density of 8 to 30 kg/m’, and
- a thermal conductivity of 25 to 35 mW/K'm as

measured according to ISO 8301,

wherein the polymer foam further comprises one or more

athermanous additives selected from
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a) powder inorganic additive selected from powders of
silica and calcium phosphate,

b) powder carbonaceous additive selected from powders of
graphite, carbon black, petroleum coke, graphitized car-
bon black, graphite oxides, and graphene, and

c) powder geopolymer and powder geopolymer composite.

The expanded polymer foam of claim 17, wherein the foam
is obtainable by expansion of the expandable polymer

granulate according to claim 15 or claim 16.

Masterbatch comprising x) mineral of the general formula
ARXs3, A and B being cations and X being anions, wherein
the mineral has perovskite crystal structure and y) vi-

nyl aromatic polymer,

wherein the amount of mineral having perovskite struc-
ture is in a range of from 10 to 70 wt.%, based on the

weight of the masterbatch, and

wherein the masterbatch further comprises one or more

athermanous additives selected from

a) powder inorganic additive selected from powders of
silica and calcium phosphate,

b) powder carbonaceous additive selected from powders of
graphite, carbon black, petroleum coke, graphitized car-
bon black, graphite oxides, and graphene, and

c) powder geopolymer and powder geopolymer composite.
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The masterbatch according to claim 19 wherein the amount
of mineral having perovskite structure is in a range of
from 10 to 65 wt.%, based on the weight of the master-
batch,

preferably wherein the amount is in a range of from 20

to 60 wt.%,

more preferably wherein the amount is in a range of from

25 to bb wt.%.

The masterbatch according to c¢claim 19 or claim 20
wherein y) 1s a vinyl aromatic polymer having a melt in-
dex in a range of from 4 to 30 g/10 min, as measured ac-

cording to ISO 1133,

preferably wherein the vinyl aromatic polymer is a ho-
mopolymer or copolymer with p-tert butyl styrene or al-

pha-methyl styrene.

The masterbatch according to any of claims 19 to 21,
further comprising one or more silanes (preferably se-
lected from aminopropyltriethoxysilane, aminopropyl-

trimethoxysilane, and phenyltriethoxysilane),

preferably wherein the amount of silane is in a range of
from 0.01 to 1 wt.?%, based on the weight of the ather-

manous additive in the masterbatch.
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