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EXPANDABLE GRANULATES BASED ON VINYL-AROMATIC POLYMERS HAV-
ING AN IMPROVED EXPANDABILITY AND PROCESS FOR THE PREPARA-
TION THEREOF

The present invention relates to expandable granu-
lates, based on vinyl-aromatic polymers, having an improved

expandability, and to the relative process for the prepara-

tion thereof.

More specifically, the present invention relates to
compositions based on expandable polystyrene granulates
(EPS) with an improved expandability, having enhanced ther-

mal insulation properties and to the relative preparation

process.

Vinyl aromatic polymers, and among these, 1n particu-
lar, polystyrene, are known products which have been used
for a long time for preparing compact and/or expanded arti-
cles which can be adopted i1n various applicative fields,
among which the most important are household appliances,

the building industry, office machines, etc. A particular

interesting sector is the field of thermal insulation where
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vinyl-aromatic polymers are essentially used in expanded

form.

These expanded products are obtained by swelling in a
pre—expander beads of expandable polymer previously impreg-
nated with an expanding agent and moulding the swollen par-
ticles contained inside a closed mould by means of the con-
temporaneous effect of pressure and temperature. The swell-
ing of the particles is generally effected with vapour, or
another gas, mailintained at a temperature slightly higher
than the glass transition temperature (Tg) of the polymer.

It 1s known that the expanding capacity of wvinyl-
aromatic polymers éuch as EPS can be 1mproved by incorpo-
rating suitable additives. According to European patent
217.516, for example, the expandability of wvinyl-aromatic
polymers can be 1mproved by adding plasticizers such as
rubbers and oils to the polymer. The additives contained in
resins do in fact lead to a good, 1mmediate expandability
but, as they keep 1inside 1in the pélymeric matrix, they
cause the expanded product to collapse with a consequent
deterioratipn in the density.

The use of oligomers of aliphatic olefins, as de-
scribed in the US patent 5,783,612, also i1mproves the ex-

pandability of polystyrene but reduces the processability

range.

It has also been verified that the reduction in the
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molecular weight of the polymer to values lower than 50, 000

also implies an excellent expandability, but to the detri-

ment of the processability and mechanical characteristics
of the end-product.

o In any case, whether the EPS be produced in the pres-
ence of expandability improver additives or without these,
it 1s necessary for a quantity of expanding agent to be
added, generally an aliphatic or cyélo-aliphatic hydrocar-
bon, which, 1in order to reach required densities, prefera-

10 bly ranges from 6 to 8%.

According to international patent application WO
03/53651, EPS granulates can be prepared by means of a con-
tinuous mass process which comprises:

i) melting the polymer in a single- or multi-screw ex-
15 tl.:.uder;

ii) incorporating an expanding agent in the polymer in the

molten state;

111) granulating the polymer thus obtained in a device

which comprises a die, a cutting chamber and a cutting sys-
20 tem; and

1v) re-annealing the annealed granules at room temperature

and for a time of at least 30 prime minutes.

According to this application it is necessary to re-

anneal the granules to have a good cellular structure of-

25 the expanded beads and therefore a good expandability.
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An objective of the present invention 1s toO provide an
expandable granulate based on vinyl-aromatic polymers hav-
ing an improved expandability and which can be processed
with the technologies and operating conditions analogous toO
those of equivalent products available on the market.

A further objective of the present invention is also
to provide a continuous mass process for the production of
expandable granulates based on .vinyl—aromatic polymers
which overcomes the drawback of the necessarily long an-
nealing time, typical of continuous mass processes.

Yet another objective of the presént invention 1is to
provide a continuous mass process for the production of ex-
pandable granulates based on vinyl-aromatic polymers which
allows to obtain a polymer containing expandability addi-
tives which do not negatively influénce the physical and
mechanic properties of the expanded end-product and which
also allows expanding agents to be used in a reduced guan-
tity with respect to the traditional expandable vinyl-
aromatic polymers.

The Applicant has now fouﬁd that these and other ob-
jectives, which will appear evident from the following de-
scription, can be obtained through expandable granulates
with compositions based on vinyl-aromatic polymers prefera-

bly having a weight average molecular weight Mw ranging

from 50,000 to 300,000 and essentially consisting of:



10

15

20

25

CA 02625401 2008-04-08

WO 2007/045454

PCT/EP2006/010045

a) 65-99.8% by weight of a copolymer obtained by polymeriz—

b)

ing 85-100% by weight of one or more vinyl-aromatic

monomers having general formula (I) and 0-15% by weight

of an a-alkylstyrene in which the alkyl group contains‘

from 1 to 4 carbon atoms:

0-25% by weight, calculated with respect to the polymer

(a), of a carbon black having an average diameter rang-

ing from 10 to 1000 nm and a surface area ranging from 5

to 200 m?/g;

c) at least one of the following products:

e)

cl) 0.01-5% by weight, calculated with respect to the

polymer (a), of graphite having an average diame-

ter ranging from 0.5 to 50 um;

cZ2) 0.01-5% by weight, calculated with respect to the

polymer (a), of oxides and/or sulfates and/or la-

mellar dichalcogenides of metals of groups IIA,

I11A, 1IB, IVB, VIB or VIIIB,

c3) 0.01-5% by weight, calculated with respect to the

polymer (a), of inorganic derivatives of silicon

of the lamellar type;

0-5% by weight, calculated with respect to the polymer

(a), of a nucleating agent; and

1-6% by weight, calculated with respect to 100 parts of

the total of (a)-(d), of one or more expanding agents.

The term “expandable granulate”,

as used

in the

pre-
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sent description and claims:, refers to a granule of an es-~
‘sentially polymeric nature p‘foduced by drawing of the poly-
mer in the molten state, to which the additives (b)-(d)
have been pre-added before the feeding to the extruder or
after melting. Consequently- essentially spherical beads,

produced by suspension are excluded.

According to the present invention, the vinyl-aromatic

polymer preferably has a weight -average molecular weight

ranging from 70,000 to 200,000 and can be obtained by po-
lymerizing at least one vinyl-aromatic monomer which corre-

sponds-to the following general formula:

CH=CHs

(Y

wherein n 1is zero or an integer ranging from 1 to 5 and Y
is a halogen, such as chlorine or bromine, or an alkyl or
alkoxyl radical having from 1 to 4 carbon atoms.

E:éamples of vinyl-aromatic monomers having the “genéral

formula defined above are: styrene, methylstyrene, ethyl-

- styrene, butylstyrene, dimethylstyrene, mono-, di-, tri-,

tetra- and penta-chlorostyrene, bromo-styrene, methoxy-

styrene, acetoxy-styrene, etc. Styrene is the preferred'vi-

nyl-aromatic monomer.,
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According to another aspect of the present i1nvention,
there 1s provided expandable granulates, having compositions
based on vinyl-aromatic polymers, essentially comprising: a)
65-99.8% by weight of a copolymer obtained by polymerizing

5 85-100% by weight of one or more vinyl-aromatic monomers having

general formula (I)

CH=CH,

(D)
(Y)n

and 0-15% by weight of an a-alkylstyrene in which the alkyl

group contains from 1 to 4 carbon atoms; b) 0.01%-20% by

10 weight, calculated with respect to the polymer (a), of a carbon

black having an average diameter ranging from 10 to 1000 nm and

a surface area ranging from 5 to 200 m°/qg; c) 0.01-5% by

welght, calculated with respect to the polymer (a), of natural,

synthetic or expandable graphite having an average diameter

gr——

15 ranging from 0.5 to 50 um and a specific area of 5-20 m“/g;

d) at least one of the following additives (dl)-(d2):
dl) 0.01-5% by weight, calculated with respect to the

polymer (a), of oxides and/or sulfates and/or lamellar

dichalcogenides of metals of groups IIA, II1IA, 11IB, 1VB, VIB or

20 VIIIB, d2) 0.01-5% by weight, calculated with respect to the

P

polymer (a), of inorganic derivatives of silicon of the

lamellar type; e) 0-5% by weight, calculated with respect to
the polymer (a), of a nucleating agent; and f) 1-6% by weilght,

calculated with respect to 100 parts of the total of (a)-(e),

25 of one or more expanding agents.

— 6a__.
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According to still another aspect of the present

invention, there is provided a process for the continuous mass

P ﬂ

preparation of expandable granulates of vinyl-aromatic polymers

which essentially consists in the followlng steps 1n series: 1)

gr—

mixing a vinyl-aromatic polymer 1n the form of granules or

already in the molten state, obtained by polymerizing 85-100%

ﬁ

by weight of one or more vinyl-aromatic monomers having

general-formula (I)

CH=CH>»

(I
(V)

and 0-15% by weight of an a-alkylstyrene wherein the alkyl

group contains from 1 to 4 carbon atoms, with the additives

(b)-(d) as defined and in the quantities 1ndicated above;
ii) incorporating one or more expanding agents in the polymeric

composition brought to the molten state; 1i1i) granulating the

composition thus obtained in a device which comprises a die, a

cutting chamber and a cutting system.

The term “vinyl-aromatic monomer”, according to the
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present invention, also implies that the vinyl-aromatic

monomers having general formula (I) can be used alone or 1in
a mixture of up to 50% by weight with other copolymerizable
monomers. Examples of these monomers are (meth)acrylic
acid, C;-Cs alkyl esters of (meth)acrylic acid, such as
methyl acrylate, methylmethacrylate, ethyl acrylate, ethyl-
methacrylate, isopropyl acrylate, butyl acrylate, amides
and nitriles of (meth)acrylic acid such as acrylamide,
methacrylamide, acrylonitrile, methacrylonitrile, butadi-
ene, ethylene, divinylbenzene, maleic anhydride, etc. Pre-

ferred copolymerizable monomers are acrylonitrile.and me-

thylmethacrylate.

' The vinyl-aromatic monomers, and possible other co-

polymerizable monomers, are also copolymerized with an o-

alkylstyrene in quantities preferably rangling from 2 to
10%, to give the copolymer (a). The preferred oa-
alkylstyrene according to the present inventilon 1s O-

methylstyrene, a-ethylstyrene or o-propylstyrene. o

methylstyrene is particularly preferred.

Any expanding agent capable of being incorporated in a
polymeric matrix can be used in a combination with the vi-
nyl-aromatic polymers used for producing the expandable
granulates, object of the present invention. In general,
liquid substances can be used, with a boiling point ranging

from 10 to 100°C, preferably from 20 to 80°C. Typical exam-
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ples are aliphatic or cyclo-aliphatic hydrocarbons contain-
ing from 3 to © carboh atoms such as n-pentane, 1s0-
pentane, cyclopentane or their mixtures; halogenated deri-
vates of aliphatic hydrocarbons containing from 1 to 3 car-
bon atoms suc;h as, for example, dichlorodifluoromethane,
l,2,2—trifluoroethane, 1,1,2-trifluroethane; carbon dioxide
and water. In order to promote the retention of the expand-
ing agent in the polymeric matrix, additives capable of
forming bonds of both the weak type (for examble hydrogen
bridges) and étrong type (for example acid-base adducts)
can be used with the expanding agent. Examples of these ad—
ditives are methyl alcohol, isopropyl alcohol, dioctyl-
phthalate, dime.thyl carbonate, derivatives contalning an
amine group.

The carbon black filler has an average diameter rang-

ing from 10 to 1000 nm, preferably from 100 to 1000, a spe-

cific surface ranging from 5 to 200 mz/g, preferably from

10 to 100 m?/g, (measured according to ASTM D-6556), a sul-
fur content ranging from 0.1 to 2000 ppm, preferably from 1
to 500 ppm, an ash residue ranging from 0.001 to 1%, pref-
erably from 0.01 to -0.3% (measured according to ASTM D-
1506), a loss with heat (ﬁeasured according to ASTM D-1509)
ranging from 0.001 to 1%, preferably from 0.01 to 0.5%, a
DBPA (measured according to ASTM D-2414) of 5-100 ml/ (100

g), preferably 20-80 ml/ (100 g) and an iodine number (meas-
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ured according to ASTM D-1510) ranging from 0.01 to \-20
g/kg, preferably from 0.1 to 10 g/ kg. ‘

The carbbn black filler can be added to the vinyl-
aromatic polymer in such quantities as to give a final con-
centration in the polymer of 0-25% by weight, preferably
0.01 to 20%, even more preferably from 0.1 to 5%.

The carbon black used in the present invention can be
prepared according to the following main technologies:

. furnace process (partial combustion of a liquid con-

taining aromatic hydrocarbons) ;

¢ thermal black process (method based on the decomposi-

tion of natural gas or liquid hydrocarbons in the ab-

sence of ailr or flame):;

o acetylene black process (thermal decomposition proc-

ess, 800-1000°C, at atmospheric pressure);

° lampblack process (combustion of various liquids or
raw materials in the absence of air).
Greater details can be found, for example, 1n the
Kirk—Othmer encyclopaedia, edition 4, volume 4.
The natural or synthetic graphite can have a size

ranging from 0.5 to 50 pum, preferably from 1 to 13 um, with

a specific area of 5-20 m°/g. An example is the product UF

2 of Kropfmuhl having a diameter of 4.5 um. The graphite

can also be of the expandable type.

The oxides and/or sulfates and/or lamellar dichalco-—
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genides of metals of groups IIA, IIIA, IIB, IVB, VIB or

VIIIB are preferably those of Ca, Mg, Ba, for the group

IIA, those of aluminum, for the group IIIA, those of Fe,

for the group VIIIB, those of Mo, for the grﬁup VIB, and

5 those of zinc and titanium for the group IIB and IVB re-

spectively. The dichalcogenides are preferably those of
sulfur, selenium or tellurium.

The inorganic silicon derivative is a product of the

'clay family, such as kaolinite and talc, micas, clays and

10 montmorillonites, with a sire ranging from 0.5 to 50 um.

The silicon derivative is preferably talc. An example 1is

TM |
the product Minstron R10 of Luzenac with a size of 3.4 um.

The nucleating agent is selected from polyethylene,
polyamide waxes, having a molecular weight ranging from 500
15 to 10,000 or from S-B, S-B-S, SIS, SEBS, SEP block copoly-

mers both of the linear and branched type, wherein:

I

S = Styrene; B = Butadiene; I = Isoprene; E = Ethylene; P
Propylene. The concentration ranges from 0 to 5% by weight,

preferably from 0.01 to 4.5%

20 At the end of the addition of the expanding agent. and
other additives, a polymeric composition is obtained which
can be transformed to produce expanded articles havihg a
density ranging from 5 to 50 g/1, preferably from 8 to 25

g/l, obtained after expansion, at a temperature slightly

25 higher than the glass transition temperature of the polymer

- 10 =~
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and for the necessary times, of the expandable -granulates‘
object of the present invention.

These materials aiso have a certain thermal insulation
capacity expressed by a thermal conductivity ranging from
27 to 50 mW/mK, measured at 10°C according to ISC 8301,

preferébly from 30 to 45 mW/mK, which 1is generally lower

‘than that of equivalent non-filled expanded materials cur-

™™
rently on the market, for example EXTIR A-5000 of Polimeri

Europa S.p.A.

Cpnventional additives, generally used with commercial
materials, such as pigments, stabilizers, flame-retardants,
mineral (fillers, refracting and/or reflecting additives
such as titanium dioxide, antistatic agents, detaching
agents, anti-shock agents, etc., can be added to the ex-
pandable' granulates of vinyl-aromatic polymers, object of
the present invention. In particular, among the additives,
flame-retardant agents are preferred in a quantity ranging
ffom 0.1 to 8% by weight, with respect to the weight of the
resulting polymeric composition. Flame-retardant agents
particularly suiltable for the expandable granulates, based
on vinyl-aromatic polymers, object of the present inven-

tion, are aliphatic, cyclo-aliphatic, brominated aromatic

compounds such as hexabromocyclododecane, pentabromo-

monochlorocyclohexane and pentabromophenyl allyl ether.

A further object of the present invention relates to a

- 11 -

-
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process for the continuous mass preparation of expandable

granulates, based on vinyl-aromatic polymers, which con-

sists 1n the following steps in series:

1) mixing & vinyl-aromatic polymer in the form of gran-
ules or already in the molten state, obtained by po-
lymerizing 85-100% by weight of one or more vinyl-
aromatic moﬁomers having general formula (I) and 0.15%
by weight of an a-alkylstyrene wherein the alkyl group
contains from 1 to 4 carbon atoms, with the additives
(b)-(d) indicated above;

11) 1ncorporating one or more expanding agents in the
polymeric compoSition’brought to the molten state;

111) granulating the composition thus obtained in a device
which comprises a die, a cutting chamber and a cutting
system.

According to the present invention, step (i) can be
carried out by feeding the polymeric granulate already
formed, optionally mixed with processing waste products,
and the additives (b)-(d), into an extruder. The single
components are mixed herein, the polymeric part is subse-
quently melted and thé expanding agent is then édded.

Alternatively, the polymer can be used in the molten

state coming directly from the polymerization plant (in so-

lution), 1n particular from the devolatilization unit. The

molten polymer 1is fed to suitable devices, for example an
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extruder or static mixer, where it is mixed with the addi-

~tives and then with the expanding agent and is subsequently

extruded to gilive the expandable granulate, object of the
present invention. '

The wvinyl-aromatic polymer according to fhe present
invention can consist of a copolymer containing from 50 to
100% by weight of a vinyl-aromatic polymer and 0-15% by
welght of an oa-alkylstyrene in which the alkyl group con-
tains from 1 to 4 carbon atoms, the possible complement to
100 consisting of one or more copolymerizable monomers se-
lected from those 1indicated above. Alternatively, the vi-
nyl-aromatic polymer can consist of a mixture of two
(co)polymers, the first consisting of 50-100% by Qeight of
vinyl-aromatic monomer and 0-50% by weight of copolymeriz-

able monomer and the second of a vinyl-aromatic monomer-o-

alkylstyrene monomer copolymer, in such a ratio as to give

a final concentration of a-alkylstyrene preferably equal to

2-10% by weight. Even if not necessary, the granules of: the
polymeric composition can optionally be re-annealed at a

temperature 1lower than or equal to the glass transition

temperature (Tg) or slightly higher, for example the Tg in-

creased by up to 8°C, optionally under pressure.
Details on the continuous mass preparation of polymers
and vinyl-aromatic compositions according to the present

invention can be found in international patent application
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The granulates obtained with the process, object of
the present invention, are not necessarily subjected to re-
annealing but are sﬁbjected to pre-treatment generally ap-
plied to the traditional expandable materials and which es-
sentially consists of:

1. covering the granulates with an antistatic liquid agent
such as amines, tertiary ethoxylated alkylamines, ethylene
oxide-propylene oxide copolymers, sorbitol esters, glyc-
erin, etc. This agent 1is essentially used for adhesion of
the coating and for reducing the staticity;

2. applying the coating to said granulates, said coating
essentially consisting'of a mixture of mono-, di- and tri-
esters of glycerin (or other alcohols) with fatty acids and
of metallic stearates such as zinc and/or magnesium
stear;tes.

‘Some illustrative but non-;lj_miting examples are pro-
vided for a better understanding of the present invention
and for its embodiment.

EXAMPLE 1

The following products are fed into an extruder, di-
rectly from the devolatilization section of the polymeriza-
tion plant: 95.1 parts of molten polystyrene EdistiQMN1782

having an MFI, measured at 200°C/5 kg of 8 g/107, having a

Mw of 180,000, 4 parts of carbon black T990 (with an aver-

- 14 -~
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age diameter of 362 nm, BET of 10 m’/g) of Cancarb of Hous-

ton, 0.5 parts of graphite, also adding 0.4% of SIS Euro-

™ .
prene SOLT 89326 having 31.3% of PS and 68.7% of PB+PI rub-

ber, sold by the company Polimeri Europa.

After bringing the polystyrene to 200°C, 4% of a mix-
ture of n/i-pentane 80/20 is injected, as expanding agent;
through a specific line.

The polymer containing the expanding agenﬁ 15 extruded
through the holes of the die, cut with knives, dried, then
200 ppm of glycerin are added and the mixture is lubricated
with 0.1% by weight of magnesium stearate and O.3% by
weight of glycerylmonostearate.

The granules are then by steam expanded at 3 and 7

minutes, and the density is evaluated the following day to

guarantee a correct drying..The expandability result ig in-

dicated in the table below.
EXAMPLE 2

Example 1 is repeated by feeding 95.35 parts of molten
polystyrene N1782, 4 parts of carbon black T990, 0.25 parts
of graphite and also adding 0.4% of SIS.

4% of a mixture of n/i-pentane 80/20 is fed to the eX-
truder as expanding agent. The expandability result is in-

dicated in the table below.

COMPARATIVE EXAMPLE 1

Bxample 1 1s repeated but without adding graphite.

...15...
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As can be seen from the table below, the product ex-

pands only a little.

COMPARATIVE EXAMPLE 2

Comparative example 1 is repeated but re-annealing the
granules at a temperature 5°C higher than the Tg.

As can be seen from the table below, the re-annealing
improves the expandability without reaching the wvalue of

Example 1.

COMPARATIVE EXAMPLE 3

Comparative example 1 is repeated but feeding 6% of a
mixture of n/i-pentane 80/20 and re-annealing the granules

at a température 5°C higher than the Tg.

As can be seen from the table below, the product ex-
pands as in Example 1 but having 6% of pentane.

COMPARATIVE EXAMPLE 4

Comparative Example 2 1is repeated but excluding the

carbon black.

As can be seen from the table below, the product ex-
pands only a little.

EXAMPLE 3

Example 1 is repeated, feeding to the extruder 94.6
parts of molten polystyrene N1782, 4 parts of carbon black
T990, 1 part of graphite and also adding 0.4% of SIS.

4% of a mixture of n/i-pentane 80/20 1is also fed to

the extruder as expanding agent. The expandability result

~ 16 -
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is indicated in the table below.

EXAMPLE 4

Example 1 is repeated but substituting the SIS with
0.4% of polyethylene wax having a molecular weight of 1000
(such as Polywax 1000 of Clariant). The expandability re-

sult is indicated in the table below.

EXAMPLE 5

Example 1 is repeated but substituting the polystyrene

Fdistir N1782 with a copolymer having 4% by weight of al-

pha-methylstyrene and with an MFI of 20 g/10’ measured at
200°C/5 kg. The expandability result is indicated in the

table below: the density reaches 13 g/l after 7 minutes.

EXAMPLE 6

The following products are fed to an extruder: 93.95
parts of molten polystyrene Edistir N1782, 4 parts of car-
bon black T990, 0.5 parts of graphite, 1.2 parts of stabi-
lized hexabromocyclododecane (EBCD), sold by Great Lakes as
BRE 5300, 0.4 parts of diphenylbutane, and also adding 0.4%

of SIS Europrene SOLT 9326.

After mixing the additives, 4% of a mixture of n/i-

pentane 80/20 is fed to the extruder, as expanding agent,
through a specific injection line.

The polymer containing the expanding agent 1s extruded
through the holes of the die, cut with knives, dried, 200

ppm of glycerin are added and the mixture 1s lubricated
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with 0.1% by weight of metallic stearates and 0.3% Dby
weight of glycerylmonostearate.

The granules are then expanded and moulded to obtailn
test samples for the fire test according to the regulation
DIN 4102. The test is carried out after conditioning in an
oven: the product passes the test BZ2.

EXAMPLE 7

Example 1 1is repeated feeding to the extruder: 99.2

parts of molten polystyrene N1782 and 0.8 parts of Minstron

R10 talc produced by Luzenac with a size of 3.4 um.

% of a mixture of n/i-pentane 80/20 is fed to the ex-
truder, as expanding agent. The expandability result 1s in-

dicated in the table below.

TABLE
Vaporization time (min) | Density after 24 hrs (g/l) |
EXAMPLE 1 3 | 155 ]
EXAMPLE 1 7 A
EXAMPLE 2 3 16
EXAMPLE 3 3 145
— -— N
EXAMPLE 4 3 16.1
EXAMPLE 5 3 157
EXAMPLE 5 7 ‘il___—_'fs ]
EXAMPLE 7 3 148
[ COMPARATIVE 1 | 3 20
COMPARATIVE 2 3 18
COMPARATIVE 3 3 15.6
3 27

COMPARATIVE 4

_18_
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CLAIMS:

1. Expandable granulates, having compositions based on

vinyl-aromatic polymers, essentially comprising:

a) 65-99.8% by weight of a copolymer obtained by

polymerizing 85-100% by weight of one or more vinyl-aromatic

monomers having general formula (I)

CH=CH,

D
(Y)n

wherein n 1s zero or an integer ranging from 1 to 5
and Y 1s a halogen, or an alkyl or alkoxy radical having from 1

to 4 carbon atoms

and 0-15% by weight of an a-alkylstyrene in which the alkyl

group contains from 1 to 4 carbon atoms;

b) 0.01%-20% by weight, calculated with respect to

the polymer (a), of a carbon black having an average diameter

ranging from 10 to 1000 nm and a surface area ranging from 5 to

200 m?/qg;

c) 0.01-5% by weight, calculated with respect to the
polymer (a), of natural, synthetic or expandable graphite
having an average diameter ranging from 0.5 to 50 um and a

specific area of 5-20 m?/g;

d) at least one of the following additives (dl)-(d2):

- 19 -
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dl) 0.01-5% by weight, calculated with respect to the

polymer (a), of oxides and/or sulfates and/or lamellar

dichalcogenides of metals of groups IIA, IIIA, IIB, IVB, VIB or

VIIIB,

d2) 0.01-5% by weight, calculated with respect to the
polymer (a), of inorganic derivatives of silicon of the

lamellar type;

e) 0-5% by weight, calculated with respect to the

polymer (a), of a nucleating agent; and

f) 1-6% by weight, calculated with respect to
100 parts of the total of (a)-(e), of one or more expanding

agents.

2. The expandable granulates of vinyl-aromatic polymers
according to claim 1, having a weight average molecular weight

Mw ranging from 50,000 to 300, 000.

3. The expandable granulates of vinyl-aromatic polymers
according to claim 1 or 2, wherein the alkylstyrene 1s present

in a quantity rangiﬁg from 2 to 10% by weight.

4, The expandable granulates of vinyl-aromatic polymers

according to claim 1, 2 or 3, wherein the alkylstyrene 1s

a-methylstyrene.

5. The expandable granulates of vinyl-aromatic polymers
according to any onevof claims 1 to 4, wherein the carbon black
has an average diameter ranging from 10 to 1000 nm, a specific
surface ranging from 5 to 200 m°/g, a sulfur content ranging
from 0.1 to 2000 ppm, an ash residue ranging from 0.001 to 1%,

a loss with heat ranging from 0.001 to 1%, a DBPA of
_20_
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5-100 ml/ (100 g), and an iodine number ranging from 0.01 to
20 g/kg.

0. The expandable granulates of vinyl-aromatic polymers
according to any one of claims 1 to 4, wherein the oxides

and/or sulfates and/or lamellar dichalcogenides of metals of

groups IIA, IIIA, IIB, IVB, VIB, VIIIB are those of Ca, Mg, Ba,

for the group IIA, those of aluminum, for the group IIIA, those

of Fe, for the group VIIIB, those of Mo, for the group VIB, and

those of zinc and titanium for the group IIB and IVB

respectively and wherein the lamellar dichalcogenides are those

of sulfur, selenium or tellurium.

7. The expandable granulates of vinyl-aromatic polymers

according to any one of claims 1 to 4, wherein the inorganic

ﬁ

derivative of silicon is a product of the group of clays,

micas, clays and montmorillonites with an average size ranglng

from 0.5 to 50 pm.

3 . The expandable granulates of vinyl-aromatic polymers
according to any one of claims 1 to 4, wherein the nucleating

agent is selected from polyethylene, polyamide waxes having a

molecular weight ranging from 500 to 10,000 or from S-B, S-B-S5,
SIS, SEBS, SEP block copolymers of both the linear and branched

type.

9. The expandable granulates of vinyl-aromatic polymers
according to any one of claims 1 to 4, comprising

flame-retardant agents in a quantity ranging from 0.1 to 8% Dby
weight, with respect to the total weight of the resulting

polymeric composition.

- 21 -



10

15

20

CA 02625401 2014-03-06

78959-22

p—|

10.

Expanded articles having a density ranging from 5 to
50 g/1, having a thermal conductivity ranging from 27 to

50 mW/mK obtained after expansion, at a temperature slightly

N

higher than the glass transition temperature of the polymer, o:

the expandable granulates of vinyl-aromatic polymers according

to any one of claims 1 to 4.

V)

|

11. A process for the continuous mass preparation o:
expandable granulates of vinyl-aromatic polymers which

essentially consists 1n the following steps 1n series:

i) mixling a vinyl-aromatic polymer in the form of

granules or already 1n the molten state, obtained by

ﬁ

polymerizing 85-100% by weight of one or more vinyl-aromatic

monomers having general-formula (1)

CH=CH,

(D

(Y)n

wherein n 1s zero or an 1nteger ranging from 1 to 5

and Y 1s a halogen, or an alkyl or alkoxy radical having from 1

to 4 carbon atoms

and 0-15% by weight of an oa-alkylstyrene wherein the alkyl
group contains from 1 to 4 carbon atoms, with the additives

(b)-(d) of claim 1 1n the guantities indicated above;

11) incorporating one or more expandling agents 1n the

polymeric composition brought to the molten state;

- 22 -
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111) granulating the composition thus obtalned 1in a

device which comprises a die, a cutting chamber and a cutting

system.

12. The process according to claim 11, whereiln the

expandable granulates are re-annealed at a temperature lower

than or equal to the glass transition temperature (Tg), or

slightly higher than the Tg, optionally under pressure.

13. The process according to claim 11 or 12, wherein

P
SN

vinyl—-aromatic polymer comprises 2-10% by welght of

a—alkylstyrene monomer.

14. The process according to claim 13, wherein the

"

vinyl-aromatic polymer consists of a mixture of two

1

(co)polymers, the first consisting of 50-100% by weight of

o

the

vinvl-aromatic monomer and 0-50% by weight of copolymerizable

monomer and the second of a vinyl-aromatic monomer-o-

alkylstyrene monomer copolymer, 1n such a ratio as to give

*

15. The process according to any one of claims 11 to

d

final concentration of o-alkylstyrene equal to 2-10% by weight.

14,

wherein the vinvyl-aromatic polymer already 1n the molten state

#

comes from a devolatilization step of a polymerization plant.

ﬁ

16. The process according to any one of claims 11 to

14,

wherein the vinyl-aromatic polymer already 1n the molten state

P

comes from a pre-melting step of already formed polymeric

granules, already mixed with processing waste products and/or

F

with the additives (b)-(d) of claim 1 1n the quantities

indicated above.

- 23 -
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