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HEAT-PROCESSABLE THERMALLY CONDUCTIVE POLYMER COMPOSITION

The present invention relates to a heat-processable thermally
conductive polymer composition comprising a thermoplastic polymer and thermally
conductive filler, and a process for its preparation.

Heat built-up in electronic components, lighting, transformer housings
and other devices that produce unwanted heat can severely limit service life and
reduce operating efficiency. Metal, an excellent thermal conductor, has traditionally
been used for thermal management equipment such as heat sinks and heat
exchangers. However, the metal parts suffer from heavy weight and high production
costs. Thus, they are being replaced by injection mouldable and extrudable heat-
conducting polymer compositions that provide lightweight cooling solutions.
Advantages include design flexibility, parts consolidation, corrosion and chemical
resistance, reduction of secondary finishing operations and the processing benefits of
polymers.

Thermally conductive polymer compositions are typically formed by
loading a variety of thermally conductive fillers including metals, ceramics or carbon
into a base polymer matrix, wherein the fillers impart thermal conductivity properties to
the overall composition. Specifically, examples of common thermally conductive filler
materials include aluminium, alumina, copper, magnesium, brass, carbon such as
carbon black and graphite, silicon nitride, aluminium nitride, boron nitride, zinc oxide,
glass, mica, titanium oxide, and boron carbide. However, in order to produce a
composition that has relatively high thermal conductivity values, a high amount of filler
material (generally more than 50 weight %) must be loaded into the base polymer
matrix. Such highly loaded polymer compositions generally suffer from inferior
mechanical properties, e.g. increased brittleness and/or poor mouldability i.e. reduced
flow properties, excluding these materials from certain applications.

Such thermally conductive polymer compositions are disclosed in
US2003/022043A1. These compositions comprise 20-80% by weight of thermoplastic
polymer and 20-80% by weight thermally conductive filler materials. More particular
thermally conductive fillers comprise about 30 to 60% by weight of the composition.
The thermally conductive filler include metals, metal oxides, ceramics such as boron
nitride, and carbon materials such as carbon black and graphite. The polymer
composition preferably has a thermal conductivity greater than 3 W/m-K, more
preferably greater than 22 W/m-K. The polymer composition of US2003/022043A1 can
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be injection moulded or melt extruded into products with a planar structure, such as
films. However, as is the case with many thermally conductive polymer compositions,
when moulded into flat shaped articles, or into articles with flat shaped parts, the
thermal conductive properties in through-plane direction are generally very low, much
lower than in in-plane direction. Moreover, for obtaining a high in-plane thermal
conductivity already high loadings of thermally conductive filler are needed. It has been
observed by the inventors that for thermally conductive polymer compositions with for
example with boron nitride or graphite or carbon pitch fibres, a loading of well above 20
wt.% or even above 30 wt.% is required to obtain an in-plane thermal conductivity of at
least 3 W/m-K. Meanwhile, the through-plane thermal conductivity is still well below 3
W/m-K, more particular in several of the cases even below 1 W/m-K. The high loadings
of thermally conductive filler needed for obtaining high thermal conductivity has a
negative impact on the monarchical properties of the thermally conductive polymer
compositions.

It is thus an object of the present invention to provide a new heat-
processable thermally conductive polymer composition, and a process for its
preparation. Compared to common thermally conductive polymer compositions of the
prior art, e.g. those comprising boron nitride as filler material, the thermally conductive
polymer composition should exhibit a relatively high thermal conductivity already at a
relatively low weight percentage of filler material. The relatively low amounts of filler will
result in reasonable mechanical properties of the polymer composition.

The object is met by the heat-processable thermally conductive
polymer composition according to the invention, comprising

(@) 30 to 95 % by weight of a thermoplastic polymer selected from polyamides,
polyesters, polyarylene sulfides, polyarylene oxides, polysulfones,
polyarylates, polyimides, poly(ether ketone)s, polyetherimides,
polycarbonates, copolymers of said polymers among each other and/or
with other polymers, including thermoplastic elastomers, and mixtures of
said polymers and copolymers;

(b) 5 to 40 % by weight of a graphite powder; and

(c) 0to 65 % by weight of optional further component(s),

- wherein all weight percentages being based on the total weight of the heat-
processable thermally conductive polymer composition, and

- wherein the particles of the graphite powder are in the form of platelets

having a thickness of less than 500 nm.
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This heat-processable thermally conductive polymer composition can be
prepared with the process according to the invention, comprising steps of

- melt mixing of a thermoplastic polymer, a conductive filler and optionally
one or more further components, thereby forming a mixed homogenous
melt, and

- cooling the mixed homogenous melt thereby obtaining the polymer
composition in a solid form,

wherein thermoplastic polymer is selected from the polymers mentioned above,

and wherein the thermally conductive filler comprises graphite powder

comprising platelets having a thickness of less than 500 nm.

The characteristic feature of the graphite powder used in the present
heat-processable thermally conductive polymer composition is the shape of its particles
which are in the form of thin platelets. Platelets are herein understood to be particles
having a flat shape with a large difference in the three dimensions such that the
smallest dimension (the thickness) is much smaller than the size of the particles in the
other two dimension (the length and the width). The platelets may consist of one or
more individual graphite layers closely packed together.

The thickness (smallest dimension) of the platelets is less than 500
nm, preferably less than 200 nm, more preferably less than 100 nm, even more
preferably less than 80 nm, and most preferably less than 50 nm. For the sake of clarity
it is noted that the platelets do not need to have a flat structure. Due to the very low
thickness these might be bended, curved or waved or deformed otherwise as well.

The thickness of the platelets can be determined by standard
methods, such as by electron microscopy.

Where further herein the term graphite powder comprising platelets of
less than 500 nm, if not indicated otherwise, this is intended to include the preferred
embodiments of thinner platelets as well. This grahite powder will also be indicated as
graphite powder in the form of thin platelets.

When used as a filler material the present graphite powder
surprisingly imparts to a thermoplastic polymer a relatively high thermal conductivity
already at a relatively low weight percentage of filler. It is sufficient to load the matrix
polymer with 5 to 40 % by weight of the graphite powder, based on the total weight of
the polymer composition, in order to obtain a polymer composition with reasonable
thermal conductivity values. Preferably, the heat-processable thermally conductive

polymer composition according to the present invention comprises 10 to 30 % by
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weight of the graphite powder, based on the total weight of the polymer composition.
Due to the low amount of filler the present polymer composition has better flow and
mechanical properties than most known thermally conductive polymer compositions
requiring high amounts of filler in order to obtain reasonable conductivity values.

Typically, the graphite powder used in the present heat-processable
thermally conductive polymer composition is characterized by a relatively high specific
surface area in combination with a relatively large particle size. Preferably, the graphite
powder has a BET specific surface area of at least 10 m%g and a particle size
distribution characterized by a D(v, 0.9) of at least 50 um. Normal graphite powders
including powders of both synthetic graphites and natural graphites have either a high
specific surface area in combination with a low particles size or vice versa a low
specific surface area in combination with a large particles size.

The graphite powder used in the heat-processable thermally
conductive polymer composition according to the present invention preferably has BET
specific surface area of at least 10 m?g, more preferably at least 15 m?g, even more
preferably at least 20 m?/g, and most preferably at least 25 m?g. The BET specific
surface area is determined according to ASTM D3037.

The present graphite powder preferably has a particle size
distribution characterized by a D(v, 0.9) of at least 50 um, more preferably at least 60
pMm, even more preferably at least 70 um, and most preferably at least 80 ym. In some
embodiments, the particle size distribution is further characterized by a volume median
diameter D(v, 0.5) of at least 20 uym, preferably at least 25 ym, more preferably at least
30 um, and most preferably at least 35 um. Moreover, the particle size distribution is
usually characterized by a D(v, 0.1) of at least 6 um, preferably at least 7 ym, more
preferably at least 8 ym, and most preferably at least 9 ym. In one embodiment the
graphite powder has a particle size distribution characterized by a D(v, 0.9) of at least
50 ym, a volume median diameter D(v, 0.5) of at least 20 ym, and a D(v, 0.1) of at
least 6 um. The particle size is not bound by a specific maximum limit, but in practice it
will be limited by the minimum specific surface area required. The higher the minimum
specific surface area the smaller the particles in general will be and also the smaller the
maximum size of the particles.

D(v, 0.9), D(v, 0.5), and D(v, 0.1) are determined by laser diffraction
using a Malvern Mastersizer.

Typically, the graphite powder has a xylene density in the range of

2.0 - 2.4, preferably 2.1 - 2.3 g/cm®, more preferably 2.20 - 2.27 g/cm?.
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A graphite powder suitable as filler in the heat-processable thermally
conductive polymer composition according to the present invention is available from
TIMCAL Ltd., Bodio, Switzerland under the trade name TIMREX® BNB90.

The thermoplastic polymer being the matrix polymer of the heat-
processable thermally conductive polymer composition of the present invention is
selected from polyamides; polyesters; polyarylene sulfides such as polyphenylene
sulfides; polyarylene oxides such as polyphenylene oxides; polysulfones; polyarylates;
polyimides; poly(ether ketone)s such as polyetheretherketones; polyetherimides;
polycarbonates, copolymers of said polymers among each other and/or with other
polymers, including thermoplastic elastomers such as copolyetherester block
copolymers, copolyesterester block copolymers, and copolyetheramide block
copolymers; and mixtures of said polymers and copolymers. The thermoplastic polymer
suitably is an amorphous, a semi-crystalline or a liquid crystalline polymer, an
elastomer, or a combination thereof. Liquid crystal polymers are preferred due to their
highly crystalline nature and ability to provide a good matrix for the filler material.
Examples of liquid crystalline polymers include thermoplastic aromatic polyesters.

Preferably, the thermoplastic polymer is chosen from the group
consisting of polyamides, polyesters, polyphenylene sulphides, polyphenylene oxides,
polysulfones, polyarylates, polyimides, polyetheretherketones, and polyetherimides,
and mixtures and copolymers thereof.

Suitable polyamides include both amorphous and semi-crystalline
polyamides. Suitable polyamides are all the polyamides known to a person skilled in
the art, comprising semi-crystalline and amorphous polyamides that are melt-
processable. Examples of suitable polyamides according to the invention are aliphatic
polyamides, for example PA-6, PA-11, PA-12, PA-4,6, PA-4,8, PA-4,10, PA-4,12, PA-
6.6, PA-6,9, PA-6,10, PA-6,12, PA-10,10, PA-12,12, PA-6/6,6-copolyamide, PA-6/12-
copolyamide, PA-6/11-copolyamide, PA-6,6/11-copolyamide, PA-6,6/12-copolyamide,
PA-6/6,10-copolyamide, PA-6,6/6,10-copolyamide, PA-4,6/6-copolyamide, PA-
6/6,6/6,10-terpolyamide, and copolyamides obtained from 1,4-cyclohexanedicarboxylic
acid and 2,2,4- and 2,4,4-trimethylhexamethylenediamine, aromatic polyamides, for
example PA-6,l, PA-6,1/6,6-copolyamide, PA-6,T, PA-6,T/6-copolyamide, PA-6,T/6,6-
copolyamide, PA-6,1/6,T-copolyamide, PA-6,6/6,T/6,I-copolyamide, PA-6,T/2-MPMDT-
copolyamide (2-MPMDT = 2-methylpentamethylene diamine), PA-9,T, copolyamides
obtained from terephthalic acid, 2,2,4- and 2,4,4-trimethylhexamethylenediamine,

copolyamide obtained from isophthalic acid, laurinlactam and 3,5-dimethyl-4,4-diamino-
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dicyclohexylmethane, copolyamides obtained from isophthalic acid, azelaic acid and/or
sebacic acid and 4,4-diaminodicyclohexylmethane, copolyamides obtained from
caprolactam, isophthalic acid and/or terephthalic acid and 4,4-diaminodicyclohexyl-
methane, copolyamides obtained from caprolactam, isophthalic acid and/or terephthalic
acid and isophoronediamine, copolyamides obtained from isophthalic acid and/or
terephthalic acid and/or other aromatic or aliphatic dicarboxylic acids, optionally alkyl--
substituted hexamethylenediamine and alkyl-substituted 4,4-
diaminodicyclohexylamine, and also copolyamides and mixtures of the aforementioned
polyamides.

More preferably, the thermoplastic polymer comprises a semi-
crystalline polyamide. Semi-crystalline polyamides have the advantage of having good
thermal properties and mould filling characteristics. Also still more preferably, the
thermoplastic polymer comprises a semi-crystalline polyamide with a melting point of at
least 200°C, more preferably at least 220°C, 240°C, or even 260 °C and most
preferably at least 280°C. Semi-crystalline polyamides with a higher melting point have
the advantage that the thermal properties are further improved. With the term melting
point is herein understood the temperature measured by DSC with a heating rate of
5°C falling in the melting range and showing the highest melting rate. Preferably a
semi-crystalline polyamide is chosen from the group comprising PA-6, PA-6,6, PA-
6,10, PA-4,6, PA-11, PA-12, PA-12,12, PA-6,l, PA-6,T, PA-6,T/6,6-copolyamide, PA-
6, T/6-copolyamide, PA-6/6,6-copolyamide, PA-6,6/6,T/6,l-copolyamide, PA-6,T/2-
MPMDT- copolyamide, PA-9,T, PA-4,6/6-copolyamide and mixtures and copolyamides
of the aforementioned polyamides. More preferably PA-6,I, PA-6,T, PA-6,6, PA-6,6/6T,
PA-6,6/6,T/6,l-copolyamide, PA-6,T/2-MPMDT- copolyamide, PA-9,T or PA-4,6, or a
mixture or copolyamide thereof, is chosen as the polyamide. Still more preferably, the
semi-crystalline polyamide comprises PA-4,6, or a copolyamide thereof.

The heat-processable thermally conductive polymer composition
according to the present invention may comprise 0 to 65 % by weight of optional further
component(s), also denoted herein as additives. Preferably, the total amount of
optional further components, if any, is in the range of 0-40 % by weight. Herein, the
weight percentages are based on the total weight of the heat-processable thermally
conductive polymer composition.

As additives, the polymer composition may comprise any auxiliary
additives, known to a person skilled in the art that are customarily used in polymer

compositions. Preferably, these other additives should not detract, or not in a
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significant extent, from the invention. Such additives include, in particular, additional
thermally conductive fillers next to the above specified graphite powder; other fillers not
considered thermally conductive such as non-conductive reinforcing fillers; pigments;
dispersing aids; processing aids for example lubricants and mould release agents;
impact modifiers; plasticizers; crystallization accelerating agents; nucleating agents;
flame retardants; UV stabilizers; antioxidants; and heat stabilizers.

A "thermally conductive filler" within the meaning of the present
invention includes any material that can be dispersed in the thermoplastic polymer and
that improves the heat conductivity of the thermoplastic composition. The thermally
conductive filler material has an intrinsic thermal conductivity of at least 5 W/m-K,
preferably at least 10 W/m-K. Non-limiting examples of additional thermally conductive
filler include boron nitride, silicon nitride, aluminium nitride, alumina, calcium oxide,
titanium oxide, zinc oxide, carbon materials such as graphite being different from the
above specified graphite powder, carbon black, carbon fibres e.g. pitch and pan based
carbon fibres, ceramic fibres and metals such as aluminium, copper, magnesium,
brass. The particles of the additional thermally conductive filler may have any shape,
for example they may be in the form of spheres, ellipsoids, platelets, strands,
polyhedra, and fibres including whiskers. Mixtures of different additional filler materials
and shapes may also be used. When a graphite different from the above specified
graphite powder is used as additional thermally conductive filler in the heat-
processable thermally conductive polymer composition according to the present
invention, the weight ratio of the above specified graphite powder to graphite different
from the above specified graphite powder is preferably greater than 1:1 and more
preferably greater than 2:1.

In a preferred embodiment of the invention, wherein the heat-
processable thermally conductive polymer composition optionally comprises one or
more additional thermally conductive fillers, the total amount of graphite powder in the
form of platelets having a thickness of less than 500 nm and additional thermally
conductive fillers is in the range of 5 to 40 % by weight relative to the total weight of the
polymer composition, and the graphite powder in the form of platelets having a
thickness of less than 500 nm is present in an amount of at least 50 wt.%, more
preferably at least 75 wt.% relative to the total weight of graphite powder and the
additional thermally conductive fillers.

In particular, the non-conductive fillers that may be used as additives

in the heat-processable thermally conductive polymer composition according to the
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present invention include non-conductive inorganic fillers. Suitable for use as non-
conductive inorganic fillers are all the fillers, such as reinforcing and extending fillers,
known to a person skilled in the art, for example asbestos, mica, clay, calcinated clay,
talcum, silicates such as wollastonite, and silicon dioxide, especially glass fibres. In this
context, "not thermally conductive" or "non-conductive” is used to describe filler
materials having an intrinsic thermal conductivity of less than 5 W/m-K in order to
differentiate these materials from those thermally conductive filler materials described
in the paragraph above. It is understood that various of those thermally conductive filler
materials also have some reinforcing effect. However, their thermal conductivity
classifies them as thermally conductive fillers within the meaning of the present
invention.

In one preferred embodiment the heat-processable thermally
conductive polymer composition comprises glass fibres, typically 10 to 40 % by weight
of glass fibres, based on the total weight of the polymer composition including filler and
further optional components.

Typically, the heat-processable thermally conductive polymer
composition according to the present invention has a through-plane thermal
conductivity of 0.5 to 10 W/m-K, preferably 1 to 5 W/m-K, and more preferably 1.5 to
2.5 W/m-K. Typically, the heat-processable thermally conductive polymer composition
has a parallel thermal conductivity of 2 to 50 W/m-K, preferably 3 to 40 W/m-K, and
more preferably 4 to 25 W/m-K. Herein the thermal conductivity is derived from the
thermal diffusivity (D) measured by laser flash technology according to ASTM E1461-
01 on injection moulded samples of 80x80x2 mm in through plane respectively in-plane
direction, the bulk density (p) and the specific heat (Cp), at 20°C, using the method
described in Polymer Testing (2005, 628-634).

The thermal conductivity of a plastic composition is herein understood
to be a material property, which can be orientation dependent and which also depends
on the history of the composition. For determining the thermal conductivity of a plastic
composition, that material has to be shaped into a shape suitable for performing
thermal conductivity measurements. Depending on the composition of the plastic
composition, the type of shape used for the measurements, the shaping process as
well as the conditions applied in the shaping process, the plastic composition may
show an isotropic thermal conductivity or an anisotropic, i.e. orientation dependent
thermal conductivity. In case the plastic composition is shaped into a flat rectangular

shape, the orientation dependent thermal conductivity can generally be described with
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three parameters: A, Ay and A., wherein A, is the through-plane thermal conductivity,
Ay is the in-plane thermal conductivity in the direction of maximum in-plane thermal
conductivity, also indicated herein as parallel or longitudinal thermal conductivity and
A.is the in-plane thermal conductivity in the direction of minimum in-plane thermal
conductivity. It is noted that the through-plane thermal conductivity is indicated
elsewhere also as “transversal” thermal conductivity.

In case of a polymer composition with a dominant parallel orientation
of plate-like particles in plane with the planar orientation of the plate, the polymer
composition may show an isotropic in-plane thermal conductivity, i.e. A, is
approximately equal to A..

For measurement of A, and A, samples with dimensions of 80 x 80 x
2 mm were prepared from the material to be tested by injection moulding using an
injection moulding machine equipped with a square mould with the proper dimensions
and a film gate of 80 mm wide and 2 mm high positioned at one side of the square. Of
the 2 mm thick injection moulded plaques the thermal diffusivity D, the density (p) and
the heat capacity (Cp) were determined. The thermal diffusivity was determined in a
direction in-plane and parallel (D)) to the direction of polymer flow upon mould filling, as
well as through plane (D), according to ASTM E1461-01 with Netzsch LFA 447
laserflash equipment. The in-plane thermal diffusivity D, was determined by first cutting
small strips or bars with an identical width of about 2 mm wide from the plaques. The
length of the bars was in the direction perpendicular to the polymer flow upon mould
filling. Several of these bars were stacked with the cut surfaces facing outwards and
clamped very tightly together. The thermal diffusivity was measured through the stack
from one side of the stack formed by an array of cut surfaces to the other side of the
stack with cut surfaces.

The heat capacity (Cp) of the plates was determined by comparison
to a reference sample with a known heat capacity (Pyroceram 9606), using the same
Netzsch LFA 447 laserflash equipment and employing the procedure described by W.
Nunes dos Santos, P. Mummery and A. Wallwork, Polymer Testing 14 (2005), 628-
634. From the thermal diffusivity (D), the density (p) and the heat capacity (Cp), the
thermal conductivity of the moulded plagues was determined in a direction parallel (A))
to the direction of polymer flow upon mold filling, as well as perpendicular to the plane

of the plaques (A,), according to formula:



10

15

20

25

30

WO 2009/043850 PCT/EP2008/063088

-10-

Ax=Dy*p*Cp

wherein x = //and 1, respectively.

The heat-processable thermally conductive polymer composition
according to the invention has a high thermal conductivity and good mechanical
properties, which can vary over a wide range depending on the amount of the graphite
powder in the form of thin platelets, and optionally additional thermally conductive fillers
therein. Due to the graphite powder in the form of thin platelets, already at very low
total amount of thermally conductive filler, reasonably high thermal conductivities are
obtained, which with many other thermally conductive fillers are reached at much
higher contents and at the cost of mechanical properties. At higher total amounts of
thermally conductive filler much higher thermal conductivities are obtained compared to
other thermally conductive fillers when used in similar amounts.

In preferred embodiments of the invention, the heat-processable
thermally conductive polymer composition comprises:

- 5 up to 20 wt.% of thermally conductive filler, and having a parallel thermal
conductivity of at least at least 3 W/m-K , preferably in the range 4-6 W/m-K,
and/or a through-plane thermal conductivity of at least 0.8 W/m-K, preferably
at least 1.0 W/m-K, more preferably in the range 1.2-1.6 W/m-K; or

- 20 up to 30 wt.% of thermally conductive filler, and having parallel thermal
conductivity of at least 5 W/m-K, preferably at least 6 W/m-K, more preferably
in the range 7- 15 W/m-K and/or a through-plane thermal conductivity of at
least 1.2, preferably at least 1.3 W/m-K, more preferably in the range 1.4-2.0
W/m-K; or

- 30 up to 40 wt.% of thermally conductive filler, and having a parallel thermal
conductivity of at least 8 W/m-K, preferably at least 10 W/m-K, more preferably
in the range 12 - 20 W/m-K and/or a through-plane thermal conductivity of at
least 1.2 W/m-K, preferably at least 1.3 W/m-K, more preferably in the range
1.4-2.5 W/m-K,

wherein the weight percentages refer to the total amount of the graphite powder in the

form of thin platelets and optionally additional thermally conductive fillers are relative to

the total weight of the polymer composition.

As already pointed out above, the thermally conductive polymer

composition according to the present invention generally has good flow properties
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ensuring a good heat-processability. Preferably, the heat-processable thermally
conductive polymer composition has a spiral flow length of at least 40 mm, more
preferably at least 70 mm and most preferably at least 100 mm. The spiral flow length
is determined by injecting the molten thermoplastic material into a long spiral-channel
cavity having dimensions 280 x 15 x 1 mm and the length of the resulting flow for that
material is its spiral flow length. The material is injected by using a 22 mm Engel 45B
L/d = 19 injection moulding machine having a theoretical shot volume of 38 cm?; the
cylinder temperature is 10°C above the melting point of the main polymer component,
and the effective injection pressure is 100 MPa.

The heat-processable thermally conductive polymer composition
according to the present invention is further characterized by a reasonable mechanical
performance. Typically, the thermally conductive polymer has a tensile strength of at
least 40 MPa, preferably at least 50 MPa and more preferably at least 60 MPa.
Typically, the heat-processable thermally conductive polymer composition has an
elongation at break of at least 0.7 %, preferably at least 1.0 %, more preferably at least
1.5 %, and most preferably at least 2.0 %. Typically, the heat-processable thermally
conductive polymer composition has a stiffness of at least 4,000 MPa, more preferably
at least 6,000 MPa. Tensile modulus, tensile strength and elongation at break are
determined at 23°C and 5 mm/min according to ISO 527; the dried granulate of the
thermoplastic material to be tested was injection moulded to form the test bars for the
tensile tests having a thickness of 4 mm conforming to 1ISO 527 type 1A.

The heat-processable thermally conductive polymer composition
according to the present invention may be prepared by mixing the thermoplastic
polymer, the graphite powder and further optional component(s) in an extruder as it is
well known to the person skilled in the art.

Preferably, the process comprising steps, following the melt mixing,
of
- extruding the melt through one or more orifices to form an extruded strand or

strands;
- cutting the extruded strand or strands, to form pellets,
- and cooling the pellets, thereby forming solid pellets.

The advantage of cutting the strands prior to cooling, is that this
allows the thermally conductive polymer composition to be obtained in pellets. In case
of cooling prior to cutting, in particular with somewhat higher contents of the graphite

powder in the form of thin platelets, curtting of the material might have become very
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hard, and a powdered material rather than pellts are obtained. Pellets are preferred in
most cases for further processing, such as in injection moulding.

Typically, the extruded polymer composition is converted to pellets by
using a water-ring pelletizer. In this case the polymer composition is extruded through
the orifices in a die-plate and is cut immediately after leaving the die by cutting blades,
cooled and optionally grinded to reduce the particle size. The so or otherwise prepared
pellets may be further processed into the desired shape by any known method suitable
for processing thermoplastic materials. Preferably, the heat-processable thermally
conductive polymer composition according to the present invention is processed by
injection moulding.

The heat-processable thermally conductive polymer composition may
for example be used in components of an electrical or electronic assembly or in engine
parts. In particular, the present thermally conductive polymer composition may be used in
heat sinks.

The invention is further illustrated by the following examples and

comparative experiments.

EXAMPLES

Moulding compositions according to the present invention were
prepared from polyamide-46 and varying amounts of graphite powder TIMREX®
BNB90 (denoted as BNB), available from TIMCAL Ltd., Bodio, Switzerland, in a
Berstorff ZE25-48D co-rotatign twin screw extruder. The temperature settings of the
extruder were such that the melt temperature at the exit of the extruder was typically
320°C.

As comparative examples moulding compositions were prepared
from polyamide-46 and varying amounts of synthetic graphite TIMREX® KS44
(denoted as KS44), available from TIMCAL Ltd., Bodio, Switzerland; carbon pitch fibers
Dialead® K223QG (denoted as CPF), available from Mitsubishi Chemical Corporation;
and boron nitride PolarTherm® PT100 (denoted as BN), available from Momentive
Performance Materials, Inc. (formerly GE Advanced Ceramics), respectively, in an
extruder using a standard melt compounding process. The reference example is
polyamide-46 without any filler.

Specification of TIMREX® BNB90: BET specific surface area = 28.4
m?/g; D(v, 0.9) = 85.2 ym, D(v, 0.5) = 36.1 um, D(v, 0.1) = 10.0 pm.

Specification of TIMREX® KS44: BET specific surface area = 9 m?/g;
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D(v, 0.9) =45.4 ym, D(v, 0.5) = 18.6 ym, D(v, 0.1) = 4.9 ym.

The formulation of the moulding compositions is shown in Table 1.
The weight percentages of the filler materials are based on the total weight of the
polymer composition, the remainder adding up to 100 % being polyamide-46.

Test samples with dimensions of 80 x 80 x 2 mm were prepared from
the moulding compositions by injection moulding using an injection moulding machine
equipped with a square mould with the proper dimensions and a film gate of 80 mm
wide and 2 mm high positioned at one side of the square. Of the 2 mm thick injection
moulded plaques the thermal diffusivities in a direction in-plane and parallel (D,) to the
direction of polymer flow upon mould filling and through plane (D)), the density (p) and
the heat capacity (Cp) were determined as described in the general part of the
description and the thermal conductivity in a direction parallel (A,) and perpendicular to
the plane of the plaques (A, ) was calculated.

Elongation at break was determined at 23°C and 5 mm/min
according to ISO 527.
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Table 1: Composition (amount of heat conductive component in weight percentages,
relative to the total weight of the composition), thermal conductivity (W/m-K) in and
mechanical properties (E-a-b = elongation at break, in %) of moulding compositions of

Examples 1-2 and Comparative Experiments A-J.

BNB | KS44 | CPF BN A Ay E-a-b

Reference 0.3 0.3

Ex. 1 15 1.41 3.2 2.7
Ex. 2 30 1.74 13.3 1.2
Comp. Exp. A 15 0.46 0.8 4.7
Comp. Exp. B 30 1.02 2.6 2.0
Comp. Exp. C 15 0.5 2.1 3.1
Comp. Exp. 30 0.6 4.1 1.7
D

Comp. Exp. E 45 0.9 6.0 1.1
Comp. Exp. F 60 1.1 8.2 0.7
Comp. Exp. G 15 0.5 1.4 3.1
Comp. Exp. H 30 0.7 3.6 2.1
Comp. Exp. | 45 0.9 7.8 0.7
Comp. Exp. J 60 1.5 13.5 0.4

As can be seen from this table, the comparative examples with 15
wt.% thermally conductive filler exhibit an in-plane parallel thermal conductivity far
below 3 W/m-K, while this level is only reached with an amount of thermally conductive
filler around 30 wt.%. To obtain much higher in-plane parallel thermal conductivities,
e.g. above 10 W/m-K the amount of thermally conductive filler has to be as high as
60% or even higher, which has a detrimental effect on the mechanical properties as

exhibited by the elongation at break. Meanwhile the through plane thermal
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conductivities remain still very low.

It is immediately evident from Table 1 that the heat-processable
thermally conductive polymer compositions of the present invention (Ex. 1 and 2)
exhibit the highest conductivity values at the relatively low filler amounts of 15 and 30
% by weight. Thus, only the heat-processable thermally conductive polymer
compositions of the present invention show the unique combination of high conductivity
and reasonable elongation at break; the prior art polymer composition are all either less
thermally conductive or have a lower elongation at break.

The following examples and comparative experiments show the
effect of further increasing the amount of graphite powder comprising the thin platelets
or combining the graphite powder comprising the thin platelets with another thermally

conductive filler, in this case KS44, or adding glass fibres (GFR).

Table 2: Composition (amount of heat conductive component and glass fibres in weight
percentages, relative to the total weight of the composition), thermal conductivity
(W/m-K) in and mechanical properties (E-a-b = elongation at break, in %) of moulding

compositions of Examples 3-8 and Comparative Experiment K.

BNB | KS44 | GFR A Ay Mech.
Properties

Ex. 3 45 2.52 22.6 +/-
Ex. 4 60 4.45 34.4 -

Ex. 5 15 15 1.5 7.53 +

Ex. 6 15 30 2.3 10.5 +/-
Ex. 7 30 15 3.2 16.6 +/-
Ex. 8 30 15 22 14.3 ++
Comp. Exp. K 45 1.64 7.5 +/-

The results show that the compositions according to the invention comprising the
graphite powder comprising the thin platelets are much more effective in increasing the
thermal conductivity at the same high amounts. If needed the thermal conductivity both

in-plane as well as through plane, can be further increased by adding additional
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thermally conductive filler, but also here the graphite powder comprising the thin
platelets is much more effective than the other thermally conductive filler, in this case
KS44. Since the compositions according to the invention exhibit very good thermal
conductivity properties already at relatively low amounts of thermally conductive filler,
other fillers or reinforcing agents, in particular glass fibres, can be added to further
increase the mechanical properties, meanwhile retaining the very good thermal

conductivity properties. This is illustrated with the results of Example 8.



10

15

20

25

30

35

WO 2009/043850 PCT/EP2008/063088

17-

CLAIMS

Process for preparing a heat-processable thermally conductive polymer

composition comprising steps of

- melt mixing of a thermoplastic polymer, a thermally conductive filler and
optionally one or more further components, thereby forming a mixed
homogenous melt, and

- cooling the mixed homogenous melt thereby obtaining the polymer
composition in a solid form,

wherein thermoplastic polymer is selected from polyamides, polyesters,

polyarylene sulfides, polyarylene oxides, polysulfones, polyarylates,

polyimides, poly(ether ketone)s, polyetherimides, polycarbonates, copolymers

of said polymers among each other and/or with other polymers, including

thermoplastic elastomers, and mixtures of said polymers and copolymers, and

wherein the thermally conductive filler comprises graphite powder comprising

platelets having a thickness of less than 500 nm.

Process according to claim 1, wherein the graphite powder in the form of

platelets having a thickness of less than 500 nm is present in an amount of 5

to 40 % by weight, relative to the total weight of the polymer composition.

Process according to claim 1 or 2, wherein the thermally conductive filler is

present in a total amount of 5 to 40 % by weight, relative to the total weight of

the polymer composition, and comprises at least 50 wt.%, more preferably at

least 75 wt.% of the graphite powder in the form of platelets having a

thickness of less than 500 nm, relative to the total weight of the thermally

conductive filler.

Process according to any of claims 1-3, wherein the graphite powder has a

BET specific surface area, determined by the method according to ASTM

D3037, of at least 10 m?/g and a particle size distribution characterized by a

D(v, 0.9) of at least 50 ym as determined by laser diffraction.

Process according to any of claims 1-4, comprising steps, following the melt

mixing, of

- extruding the melt through one or more orifices to form an extruded strand
or strands;

- cutting the extruded strand or strands, to form pellets,

- and cooling the pellets, thereby forming solid pellets.
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Heat-processable thermally conductive polymer composition comprising

(a) 30 to 95 % by weight of a thermoplastic polymer selected from
polyamides, polyesters, polyarylene sulfides, polyarylene oxides,
polysulfones, polyarylates, polyimides, poly(ether ketone)s,
polyetherimides, polycarbonates, copolymers of said polymers among
each other and/or with other polymers, including thermoplastic
elastomers, and mixtures of said polymers and copolymers; and

(b) 5 to 40 % by weight of a graphite powder in the form of platelets having a
thickness of less than 500 nm;

wherein the weight percentages are relative to the total weight of the polymer

composition.

Heat-processable thermally conductive polymer composition according to

claim 6, obtainable by a process according to any of claims 1-5.

Heat-processable thermally conductive polymer composition according to

claim 6 or 7, consisting of

(a) 30 to 95 % by weight of the thermoplastic polymer;

(b) 5 to 40 % by weight of the graphite powder in the form of platelets having
a thickness of less than 500 nm; and

(c) 0to 40 % by weight of one or more further components.

Heat-processable thermally conductive polymer composition according to any

of claims 6-8, wherein the thermoplastic material comprises a polyamide.

Heat-processable thermally conductive polymer composition according to any

of claims 6-9, comprising a reinforcing filler, preferably comprising 10 to 40 %

by weight of glass fibers, relative to the total weight of the polymer

composition.

Heat-processable thermally conductive polymer composition according to any

of claims 6-10, optionally comprising one or more additional thermally

conductive fillers, wherein the total amount of graphite powder in the form of

platelets having a thickness of less than 500 nm and additional thermally

conductive fillers is in the range of 5 to 40 % by weight relative to the total

weight of the polymer composition, and the graphite powder in the form of

platelets having a thickness of less than 500 nm is present in an amount of at

least 50 wt.%, more preferably at least 75 wt.%, relative to the total weight of

graphite powder and the additional thermally conductive fillers.
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Heat-processable thermally conductive polymer composition according to any
of claims 6-11, having an in-plane parallel thermal conductivity of 2 to 50
W/m-K and/or a through-plane thermal conductivity of 0.5 to 10 W/m-K,
wherein the thermal conductivity is derived from the thermal diffusivity (D)
measured by laser flash technology according to ASTM E1461-01 on injection
moulded samples of 80x80x2 mm in in-plane respectively through plane
direction, the bulk density (p) and the specific heat (Cp), at 20°C, using the
method described in Polymer Testing (2005, 628-634).

Heat-processable thermally conductive polymer composition according to

claim 12, wherein the composition comprises:

- 5upto 20 wt.% of thermally conductive filler, and having a parallel
thermal conductivity of at least at least 3 W/m-K and/or a through-plane
thermal conductivity of at least 0.8 W/m-K; or

- 20 up to 30 wt.% of thermally conductive filler, and having parallel thermal
conductivity of at least 5 W/m-K, and/or a through-plane thermal
conductivity of at least 1.2; or

- 30 up to 40 wt.% of thermally conductive filler, and having a parallel
thermal conductivity of at least 8 W/m-K, and/or a through-plane thermal
conductivity of at least 1.2 W/m-K;

wherein the weight percentages are relative to the total weight of the polymer

composition.

Use of the heat-processable thermally conductive polymer composition

according to any of claims 6 -13 in a component of an electrical or electronic

assembly or in an engine part or in a heat exchanger.
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