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(57) Abstract: An electrical insulation paper that is made of mica flakelets (22), having an average size range of 0.01 to 0.05 mm in
their thinnest dimension, hexagonal boron nitride (26), which has an average size range of 10 to 1,000 nm in their longest dimension,
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@ to the paper after formation, the ratio by weight of the hexagonal boron nitride to the mica flakelets is directly proportional to the
average size of the hexagonal boron nitride compared to the average size of the mica flakelets, within an adjustment factor.
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INSULATING TAPE HAVING A MULTI-LAYERED PLATELET STRUCTURE

Cross-reference to Related Applications

[0001] This application is a continuation-in-part of US application
11/106,846, “Insulation Paper with High Thermal Conductivity Materials” filed
April 15th, 2005, by Smith, et al., which is incorporated herein by reference.

Field of the Invention

[0002] The field of the invention relates to the fillers within a host resin

matrix and their interaction therewith.

Background

[0003] With the use of electrical appliances, there is a need to
electrically insulate conductors. With the push to continuously reduce the size
and to streamline electrical and electronic systems there is a corresponding

need to find better and more compact insulators and insulation systems.

[0004] Various epoxy resin materials have been used extensively in
electrical insulation systems due to their practical benefit of being tough and
flexible electrical insulation materials that can be easily adhered to surfaces.
Traditional electrical insulation materials, such as mica flake and glass fiber,
can be surface coated and bonded with these epoxy resins, to produce
composite materials with increased mechanical strength, chemical resistance
and electrical insulating properties. In many cases epoxy resins have
replaced traditional varnishes despite such materials having continued use in

some high voltage electrical equipment.
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[0005] Good electrical insulators, by their very nature, also tend to be
good thermal insulators, which is undesirable. Thermal insulating behavior,
particularly for air-cooled electrical equipment and components, reduces the
efficiency and durability of the components as well as the equipment as a
whole. It is desirable to produce electrical insulation systems having

maximum electrical insulation and minimal thermal insulation characteristics.

[0006] Electrical insulation often appears in the form of insulating tapes,
which themselves have various layers. Common to these types of tapes is a
paper layer that is bonded at an interface to a fiber layer, both layers tending
to be impregnated with a resin. A favored type of insulation material is a
mica-tape. Improvements to mica tapes include catalyzed mica tapes as
taught in US Patent 6,103,882. The mica-tape may be wound around
conductors to provide extremely good electrical insulation. An example of this
is shown in Fig. 1. lllustrated here is a coil 13, comprising a plurality of turns
of conductors 14, which in the example illustrated here are assembled into a
bakelized coil. The turn insulation 15 is prepared from a fibrous material, for
example glass or glass and Dacron which is heat treated. Ground insulation
for the coil is provided by wrapping one or more layers of composite mica tape
16 about the bakelized coil 14. Such composite tape may be a paper or felt of
small mica flakes combined with a pliable backing sheet 18 of, for example,
glass fiber cloth or polyethylene glycol terephthalate mat, the layer of mica 20
being bonded thereto by a liquid resinous binder. Generally, a plurality of
layers of the composite tape 16 are wrapped about the coil depending upon
voltage requirements. A wrapping of an outer tape 21 of a tough fibrous

material, for example, glass fiber, may be applied to the coil.

[0007] Generally, multiple layers of the mica tape 16 are wrapped
about the coil with sixteen or more layers generally being used for high
voltage coils. Resins are then impregnated into the tape layers. Resins can
even be used as insulation independently from the insulating tape.
Unfortunately this amount of insulation only further adds to the complications
of dissipating heat. What is needed is electrical insulation that can conduct
heat higher than that of conventional methods, but that does not compromise
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the electrical insulation and other performance factors including mechanical

and thermal capability.

[0008] Other difficulties with the prior art also exist, some of which will

be apparent upon further reading.

Summary of the Invention

[0009] With the foregoing in mind, methods and apparatuses consistent
with the present invention, which inter é|ia facilitates the thermal conductivity
of insulating materials by producing a mica and hexagonal boron nitride (hBN)
composition. Depending on the size distribution of the mica and hBN
components, the composition will be used to produce an insulating paper or a
powder that can be combined with various materials, such as resins, that are

useable as moldable and extrudeable insulators.

[0010] The mica-hBN composition of the present invention can also be
impregnated with other types of high thermal conductivity (HTC) fillers to
further increase thermmal conductivity and other physical properties. If
insulating paper is formed from the composition, the insulating paper may
stand alone or be combined with other materials to form an insulating tape.
These other materials typically comprise a fibrous backing, such a glass, and
a resin impregnator. The other materials may also be mixed with HTC

materials to produce a combined HTC material tape product.

[0011] These and other objects, features, and advantages in
accordance with the present invention are provided particular embodiments
by an electrical insulation component that comprises mica flakelets, which

have an average size range of 0.01 to 0.05 mm in their thinnest dimension,
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and hexagonal boron nitride, which has an average size range of 10 to 10,000
nm in their longest dimension, and a resin matrix. In other aspects, the
hexagonal boron nitride has an average size range of 10-100 nm and a ratio
of hexagonal boron nitride to mica between 1:100 and 1:20 by weight, or an
average size range of 100-1000 nm, and ratio between 1:50 and 1:10 by
weight, or an average size range of 1000nm to 10,000nm, ratio between 1:10
and 1:2 by weight. The mica flakelets and the hexagonal boron nitride are
mixed, and the ratio by weight of the hexagonal boron nitride to the mica
flakelets is directly proportional to the average size of the hexagonal boron
nitride compared to the average size of the mica flakelets, within an
adjustment factor of 0.5 to 2, and, the ratio by weight of the hexagonal boron

nitride to the mica flakelets is never greater than approximately 1:1 by weight.

[0012] in another embodiment, the present invention provides a
particular aspect of the electrical insulation component that comprises high
thermal conductivity fillers, which can be comprised of silica, alumina,
magnesium oxide, silicon carbide, boron nitride, aluminum nitride, aluminum
oxide, zinc oxide, titanium oxide and diamonds and dendrimers of
approximately 1-1000 nm in size, and such high thermal conductivity
materials have aspect ratios of 10-50. In a particular aspect, the high thermal
conductivity fillers are loaded into the resin, and the high thermal conductivity

material comprises 25-40% by volume of the resin.

[0013] In another embodiment of the present invention, in the electrical
insulation component, the mica flakelets and the hexagonal boron nitride are
formed into a paper, and in one aspect, the resin is impregnated into the mica

flakelets and the hexagonal boron nitride after the paper is formed. In a
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related embodiment, the mica flakelets and the hexagonal boron nitride are
mixed with the resin to form a putty or dough compound of very high viscosity

suitable for use as dough moulding compounds.

[0014] In another embodiment, the present invention provides for an
electrical insulation paper that comprises mica flakelets, having an average
size range of 0.01 to 0.05 mm in their thinnest dimension, hexagonal boron
nitride, which has an average size range of 10 to 1,000 nm in their longest
dimension, and a resin matrix. The mica flakelets and the hexagonal boron
nitride are mixed and formed into a paper, and the resin is added to the paper
after formation, the ratio by weight of the hexagonal boron nitride to the mica
flakelets is directly proportional to the average size of the hexagonal boron
nitride compared to the average size of the mica flakelets, within an
adjustment factor of 0.5 to 2, and the ratio by weight of the hexagonal boron

nitride to the mica flakelets is never greater than approximately 1:1 by weight.

[0015] In another embodiment, the present invention provides for an
electrical insulation composite that comprises a mixture of platelet boron
nitride, (and in a more particular aspect, hexagonal boron nitride), and mica
flakelets, the ratio of which is directly proportional to the average size ranges
within a factor of 0.5 to 2. The hexagonal boron nitride has an average size
range of 10 to 10,000 nm in their longest dimension, and in a more particular
aspect, the boron nitride has an average size range of 1000nm to 10,000nm,
and the factor is greater than 1. Finally, in this embodiment, the electrical
insulation composite is combined with a resin matrix. In a more particular
aspect of the electrical insulation composite, the mica flakelets have an

average size range of 1000nm to 10,000nm and the ratio of the platelet boron
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nitride to the mica flakelets is approximately 1:1, and in a more particular

aspect, the resin forms a paste with the composite.

[0016] Other embodiments of the present invention also exist, which

will be apparent upon further reading of the detailed description.

Brief Description of the Figures

[0017] The invention is explained in more detail by way of example with

reference to the following drawings:

[0018] Figure 1 shows the use of an insulating tape being lapped

around a stator coil.

[0019] Figure 2 illustrates a stylize of mobile electric charge (e.qg.
mobile positive or negative ions, electrons and holes) flowing through a paper

~made according to the present invention.

Detailed Description of the Invention

[0020] The present invention provides for the combination of platelet
boron nitride, and in particular hexagonal boron nitride (hBN), in the range of
10-10,000nm in length, which is combined with mica to produce a highly
thermally conductive composition. Mica has a structure which enables it to be
split into platelet form, which can easily be forméd into products such as a

layered paper, and then the paper can be formed into an insulating tape. The
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present invention uses similar properties in boron nitiride to substitute some of

the mica material for a higher thermally condcuting boron nitride material.

[0021] One of the reasons that mica is a great insulator is the size of
the mica flakes and flakeletts. The size ranges that the mica can be formed
into can be varied, but generally the mica is in the macro sized (0.01-0.05mm)
thickness range with longest platelet dimensions typically up to 10mm, range
for naturally occurring and conventionally processed micas (including all
known common mineral forms). For synthetic micas the longest dimension
size range may be in the micron and sub-micron range from 100nm to
10,000nm. In insulating tapes, the mica paper is combined with a backing
fabric for strength, such as a glass matt or fabric. This can then later be

mixed or impregnated with a resin.

[0022] Mica is not only good at forming paper, but since the platelets
create high tortuosity pathways for electrical treeing processes, it also makes
an excellent electrical insulation material. Mica, unfortunately, is also very
thermally insulating as well, which is an undesired side effect. Attempts have
been made to combine the mica with other materials to improve the thermal
conductivity, but one of the challenges is to not compromise too greatly the

mechanical stability and dielectric strength properties of the mica.

[0023] Microscopic platelet hBN, has a similar platelet morphology to
mica, with a much greater thermal conductivity, and comparable mechanical
stability in regard to shear cleaving (or delamination) in the plane of the sheet
or particle. When comparing similar size scales, the hBN commonly has
smaller dimensions in the planar directions than mica, and is much smaller in

the thickness dimension normal to the plane, giving it in some forms a
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comparable aspect ratio to that of mica platelets or a greater aspect ratio than
mica. In particular, hBN can readily be created in the desired microscopic
size ranges, and it is commercially available. Although hBN is an ideal type of

platelet BN, other forms of platelet BN also exist, such as rhombohedral.

[0024] The size ranges of hBN that are combined with the mica
produce different types of physical properties according to the composition
used. This is then manipulated to vary mechanical stability and thermal
conductivity of the resulting composite. The larger the weight fraction of hBN
used, the greater the thermal conductivity in the resulting composition, but the
weaker the mechanical strength. The larger the average size of the hBN used

the weaker the mechanical strength.

[0025] Higher strength compositions can be used to produce paper with
good mechanical integrity. While weaker strength compositions can be used
as a powder filler to enhance the thermal conductivity and dielectric
proprieties of various matrices. A particular type of matrix is a resin that,
when combined with the mica-hBN compositions, can be impregnated, cast,
extruded, coated or even used as a paste, putty or a dough moulding
compound. In these process methods viscosity control is important and such
control can be achieved by changing the concentration and particle size

distribution of both the mica and the hBN components.

[0026] Further, other types of HTC materials, particularly those of the
nano (1-1000nm) scale, can be combined with the mica-hBN composition to
further enhance thermal conductivity and mechanical properties. The HTC
materials can also be added to the resulting products to which the

composition is added, such as a tape. Types of HTC fillers include metal
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oxides, nitrides, carbides and mixed stoichiometric and non-stoichiometric

combinations, which are discussed more below.

[0027] The size ranges of the hBN can be broken down into three
categories, which impart general characteristics and particular uses to the
ensuing composition. The mica, on the other hand, is commonly of the macro
scale (eg: mm size range) which contributes better to mechanical strength
and a higher dielectric strength by creating higher tortuosity structures in the
insulating products. An exception to this is to use micro sized mica particles

when producing extrudable insulating materials.

[0028] The three categories of hBN are nano, meso and micro, which
will have an average size distribution of 10-100 nm, 100-1000 nm and
1000nm to 10,000nm in their planar length. The hBN increases thermal
conductivity, but in relation to the mica it will weaken the mechanical stability
of paper forming compositions by interrupting the mica-mica particle bonding

but it will support the maintaining of good electrical insulation properties.

[0029] The ratio of hBN to mica by weight will depend on the properties
sought. For mechanically stable papers nano sized hBN mixed with macro
sized micé can be done with approximately 1-5% by weight hBN. A meso
hBN with a macro mica in the range of about 2-10% by weight may also
produce a mechanically stable paper, but the use of micro sized hBN with a
macro mica will produce a mechanically unstable paper above 1% hBN.
Higher weight fraction compositions than these will produce mechanically
weak mats or powders that can be mixed with or impregnated by resins to
enable processing by compression of flow molding, flow casting, extrusion

coating and putty or dough moulding application. Control of the weight ratios
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and patrticle size distribution will produce the desired physical properties of the

resulting insulating materials formed from the composition.

[0030] For nano sized hBN, the composition can be formed into a self
supporting paper with high thermal conductivity. The large mica flakes will
form the bulk of the paper, while the smaller hBN will improve phonon
transport. In particular, the smaller hBN will collect in the mica paper pore

regions, which are prone to poor thermal conduction.

[0031] A meso sized hBN will have a higher loading on the mica than
the nano sized. The composition will still be able to foom a self supporting
paper, but this will be weaker than the paper formed with nano sized hBN

since the hBN will interfere with some of the mica to mica bonding.

[0032] A micro sized hBN with a macro sized mica will produce a two
phase composition that can be processed as a powder form. This powder
can then be combined with a resin matrix to produce liquid insulation
materials which can be processed by casting, extrusion, coating and other

means and then converted to solids by reaction of the resin.

[0033] A micro sized hBN can also be combined with similarly sized
mica platelets. This will form a powder, that when combined with a host resin

matrix will produce insulating substances that are moldable and extrudable.

[0034] One of the reasons that mica is such a good electrical insulator
is that it creates a tortuous path for the transport of electric charge (ions,
electrons and holes). This is illustrated in Fig. 2, where an electron 30 in
order to pass through a section of composite paper 17, is required to by pass

large overlapping flakelets of mica 22. Platelet BN, such as hBN 26 serves a

10
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similar function 32. The platelet BN has similar resistivity as mica, as well as
good mechanical stability properties. When combined with mica flakelets, it
compliments the tortuous path that electrical propagation much take through

the insulating material.

[0035] In one embodiment, the present invention provides for an
electrical insulation component that comprises-mica flakelets, which have an
average size range of 0.01 to 0.05 mm in their thickness dimension, and
hexagonal boron nitride, which has an average size range of 10 to 10,000 nm
in their longest dimension, and a resin matrix. In other aspects, the
hexagonal boron nitride has an average size range of 10-100 nm and a ratio
of hexagonal boron nitride to mica between 1:100 and 1:20 by lweight, or an
average size range of 100-1000 nm, and ratio between 1:50 and 1:10 by
weight, or an average size range of and 1000nm to 10,000nm, ratio between
1:10 and 1:2 by weight. The mica flakelets and the hexagonal boron nitride
are mixed, and the ratio by weight of the hexagonal boron nitride to the mica
flakelets is directly proportional to the average size of the hexagonal boron
nitride compared to the average size of the mica flakelets, within an
adjustment factor of 0.5 to 2, and, the ratio by weight of the hexagonal boron

nitride to the mica flakelets is never greater than approximately 1:1 by weight.

[0036] In another embodiment, the present invention provides a
particular aspect of the electrical insulation component that comprises high
thermal conductivity fillers, which can be comprised of silica, alumina,
magnesium oxide, silicon carbide, boron nitride, aluminum nitride, zinc oxide
and diamonds and dendrimers of approximately 1-1000 nm in size, and such

high thermal conductivity materials have aspect ratios of 10-50. In a particular

11
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aspect, the high thermal conductivity fillers are loaded into the resin, and the

high thermal conductivity material comprises 25-40% by volume of the resin.

[0037] In another embodiment of the present invention, in the electrical
insulation component, the mica flakelets and the hexagonal boron nitride are
formed into a paper, and in one aspect, the resin is impregnated into the mica
flakelets and the hexagonal boron nitride after the paper is formed. In a
related embodiment, the mica flakelets and the hexagonal boron nitride are

mixed with the resin to form a putty including a dough moulding compound.

[0038] In another embodiment, the present invention provides for an
electrical insulation paper that comprises mica flakelets, having an average
size range of 0.01 to 0.05 mm in their thinnest dimension, hexagonal boron
nitride, whfch has an average size range of 10 to 1,000 nm in their longest
dimension, and a resin matrix. The mica flakelets and the hexagonal boron
nitride are mixed and formed into a paper, and the resin is added to the paper
after formation, the ratio by weight of the hexagonal boron nitride to the mica
flakelets is directly proportional to the average size of the hexagonal boron
nitride compared to the average size of the mica flakelets, within an
adjustment factor of 0.5 to 2, and the ratio by weight of the hexagonal boron

nitride to the mica flakelets is never greater than approximately 1:1 by weight.

[0039] In another embodiment, the present invention provides for an
electrical insulation composite that comprises a mixture of platelet boron
nitride, (and in a more particular aspect, hexagonal boron nitride), and mica
flakelets, the ratio of which is directly proportional to the average size ranges
within a factor of 0.5 to 2. The hexagonal boron nitride has an average size

range of 10 to 10,000 nm in their longest dimension, and in a more particular

12
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aspect, the boron nitride has an average size range of 1000nm to 10,000nm,
and the factor is greater than 1. Finally, in this embodiment, the electrical
insulation composite is combined with a resin matrix. In a more particular
aspect of the electrical insulation composite, the mica flakelets have an
average size range of 1000nm to 10,000nm and the ratio of the platelet boron
nitride to the mica flakelets is approximately 1:1, and in a more particular

aspect, the resin forms a paste with the composite.

[0040] In regards to insulating papers, they tend to comprise a host
matrix, such as mica, that is formed into a paper that is often then
impregnated with resin or accelerator or both. Before or after being
impregnated, the paper used in tapes is added to a high tensile strength
backing, such as glass or polymer film. The host matrix of an insulating tape
acts as a very good electrical insulator, but also insulates thermally as well,

which is an undesired side effect.

[0041] It is desirable to increase the thermal conductivity of the
substrate, which as discussed above can be formed from a mica-hBN. As
used herein substrate refers to the host material that the insulating paper is
formed from, while matrix refers to the more complete paper component made
out of the substrate. These two terms may be used somewhat
interchangeably. Matrix can also refer to host resins, which can then be
combined with a host tape, both of which can severably be impregnated with
HTC materials. The increase of thermal conductivity should be accomplished
without significantly impairing the electrical properties, and dielectric
properties such as dissipation factor, or the mechanical properties of the

substrate, such as tensile strength and cohesive properties. The physical

13



WO 2008/091489 PCT/US2008/000166

properties can even be improved in some embodiments, such as with surface
coatings. In addition, in some embodiments the electrical resistivity of the

host matrix can also be enhanced by the addition of HTC materials.

[0042] The HTC materials can be added to the substrate or matrix at
one or more of the various stages of manufacture of the insulating paper.
Distinct stages in the manufacture of an insulating paper exist. These can be
separated into three stages. The raw material stage, the slurry stage, and the
paper product stage. For example, a mica paper begins as mica which is
converted to flakes then to mica flakelets that are then combined with a liquid

into a slurry, which is then run through a machine to produce a mica paper.

[0043] In addition to the standard mica (Muscovite,Phlogopite) that is
typically used for electrical insulation there is also Biotite mica as well as
several other Mica-like Alumino-Silicate materials such as Kaolinite,
Halloysite, Montmorillonite and Chlorite. Montmorillonite has lattices in its
structure which can be readily intercalated with HTC materials such as metal
cations, organic compounds and monomers and polymers to give high

dielectric strength composites.

[0044] The addition of HTC materials can occur at any or all of the
production stages. Each of these stages, of course, will comprise of multiple
sub-stages at which the HTC material may be added. The process of
applying the HTC materials at the various stages will have to account for the
difference in physical characteristics of the host matrix at these various
stages. For example, adding the HTC materials to loose mica flakes or mica
flakelets is different than adding the materials to the mica in the slurry or the

paper product. HTC materials may also be present in other component parts

14



WO 2008/091489 PCT/US2008/000166

of the finished insulating tape, such as the backing fabric, or the interlayer

bonding resins.

[0045] The process of manufacture of insulating paper combines
thermal, chemical, and mechanical treatments individually or in combinations,
to produce a pulp that is then transformed into sheets that make up the paper.
HTC-materials can be added to the raw material stage either in the dry form
or contained in a liquid or other medium. The HTC material is added to the
substrate, such as dry mica flakelets, and intermixéd to form, in one instance,
a homogeneous distribution within the substrate. Methods such as heat may
be used to remove the liquid medium that delivers the HTC materials to the

substrate.

[0046] HTC materials are incorporated into the matrix at the slurry
stage by adding them to a suspension in an agglomerated or non-
agglomerated form in a liquid carrier. Aggregation of the HTC material is
generally not preferred at this stage but in some cases it may be used
depending on the nature of the aggregate structure. Surfactants, chemical
surface preparation, or pH control may be used to ensure the particles do not -
aggregate or that they aggregate in particular ways. If the HTC are to some
degree self aligning or can be aligned by external forces then full dispersion

on mixing may not be necessary.

[0047] In the slurry stage the fillers may either be added as a powder or
as a suspension in a liquid phase. The liquid can be of a variety of types used
in the art, though water is typical. The water itself can be deionized,

demineralized, or have additives to control its pH value.

15
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[0048] To add the HTC materials into the paper product the fillers may
be incorporated into a suitable solvent as a suspension. Examples are typical
organic solvents such as hexane, toluene, methylethylketone etc.. Similarly, it
is desired that the HTC material be uniformly distributed in the liquid as a non-
aggregated suspension. The size distribution of the particles may be chosen
to fulfill the desired objective in relation to the void size distribution in host
matrix. The HTC material size and shape distribution may be employed to
influence the thermal conductiQity and other physical properties, and use can
be made of the different close packing behavior of such components or of

their different aggregation or self-assembling behavior, to achieve this.

[0049] At the slurry or paper product stage, the solvents may aléo
contain one or more accelerators, such a zinc naphthenate and other metal-
salts or organometallics, which may be used to accelerate the reaction of a
later impregnated resin. HTC material can be added together with the

accelerator in a common solvent or accelerator.

[0050] HTC materials are inserted into a host matrix, or substrate, such
as a mica and polyester. Other substrate components include glass flakes,
and Kapton™, which is a polyimide, or Mylar™ which is a polyester such as
polyethylene terephthalate. The HTC materials can be applied to any and all
external and internal surfaces. Although flakes are a common first stage
substrate, some types of substrate materials may use different physical
formations, or even combinations of physical formations that can form

composite paper that can be multi-layered or continuous.

[0051] The term HTC material refers to .particles that increase the

thermal conductivity of the host matrix. In one embodiment these are

16
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nanofillers having dimensions of about 1 — 1000 nm. These may be spherical,
platelets or have a high aspect ratio such as whiskers, rods or nanotubes, and
their related assembled forms such as aggregates, fibrillar dendrites, ropes,
bundles and nets and other forms. In addition, HTC materials also refers to
coatings, such as diamond like coatings (DLC) and various metal oxides,
nitrides, carbides and mixed stoichiomertric and non-stoichiometric
combinations that can be applied to the host matrix. As will be discussed, it is
possible to combine HTC materials, such as combination of nano, meso or
micro spheres and rods, or a DLC or metal oxide coating on nano, meso or
micro particulates. It is also important to note that there may be diamond
nanofillers of various forms, which are distinct from diamond like coatings.
Since many paper insulators are eventually impregnated with resins, it is an
objective of these embodiments that the HTC materials increase the thermal
conductivity of the matrix after impregnation. After impregnation the particles
may cause an increase in thermal conductivity by forming a thermally
conducting network on the surfaces of the host matrix particles or with the
impregnating resin or some combination of both. The impregnating resin may
also have HTC materials of its own, which can act in conjunction with, or

independent of the HTC materials intercalated with the insulating paper.

[0052] The HTC materials therefore further comprise nano, meso, and
micro inorganic HTC-materials such as silica, alumina, magnesium oxide,
silicon carbide, boron nitride, aluminium nitride, zinc oxide and diamond, as
well as others that give higher thermal conductivity. These materials can
have a variety of crystallographic and morphological forms and they may be

processed with the host matrix either directly or via a solvent which acts as a
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carrier liquid. Solvents may be the preferred delivery system when the HTC-

materials are added into the matrix at stages such as the paper product.

[0053] In one embodiment, the HTC materials are dendrimers, and in
another embodiment they are nano or micro inorganic fillers having a defined
size or shape including high aspect ratio particles with aspect ratios (ratio
mean lateral dimension to mean longitudinal dimension) of 3 to 100 or more,

with a more particular range of 10-50.

[0054] In one embodiment the surface coating of nano, meso and micro
inorganic fillers having the desired shape and size distribution and the
selected surface characteristics and bulk filler properties are complimentary to
each other. This enables better percolation of the host matrix and
independent interconnection properties are controlled independently while

maintaining required bulk properties.

[0055] In regards to shape, utilize shapes tending towards natural rods
and platelets for enhanced percolation in the host matrix with rods being the
most preferred embodiment including synthetically processed materials in
addition to those naturally formed. A rod is defined as a particle with a mean
éspect ratio of approximately 5 or greater, with particular embodiments of 10
or greater, though with more particular embodiments of no greater than 100.
In one embodiment, the axial length of the rods is approximately in the range
10 nm to 100 microns. Smaller rods will percolate a host matrix better when

added to a finished host matrix using a solvent.

[0056] Many micro particles form spheroidal, ellipsoidal and discoidal

shapes, which have reduced ability to distribute evenly under certain
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conditions and so may lead to aggregated filamentary structures that reduce
the concentration at which percolation occurs. By increasing the percolation,
the thermal properties of the substrate can be increased, or alternately, the
amount of HTC material that needs to be added to the substrate can be
reduced. Also, the enhanced percolation results in a more uniform distribution
of the HTC materials within the substrate rather than agglomeration which is
to be avoided, creating a more homogenous product that is less likely to have
undesired interfaces, incomplete particle wetting and micro-void formation.
Likewise aggregated filamentary or dendritic structures, rather than globular
(dense) aggregates or agglomerates, formed from higher aspect ratio

particles confer enhanced thermal conductivity

[0057] In one embodiment the dendrimer comprises discrete organic-
dendrimer composites in which the organic-inorganic interface is non-discrete
with the dendrimer core-shell structure. Dendrimers are a class of three-
dimensional nanoscale, core-shell structures that build on a central core. The
core may be on of an organic or inorganic material. By building on a central
core, the dendrimers are formed by a sequential addition of concentric shells.
The shells comprise branched molecular groups, and each branched shell is
referred to as a generation. Typically, the number of generations used is from
1-10, and the number of molecular groups in the outer shell increase
exponentially with the generation. The composition of the molecular groups
can be precisely synthesized and the outer groupings may be reactive
functional groups. Dendrimers are capable of linking with a host matrix, as
well as with each other. Therefore, they may be added to a host as an HTC

material.
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[0058] Generally, the larger the dendrimer, the greater its ability to
function as a phonon transport element. However, its ability to permeate the
material and its percolation potential can be adversely affected by its size so
optimal sizes are sought to achieve the balance of structure and properties
required. Like other HTC materials, solvents can be added to the dendrimers
so as to aid in their impregnation of a substrate, such as a mica or a glass
tape. In many embodiments, dendrimers will be used with a variety of

generations with a variety of different molecular groups.

[0059] Commercially available organic Dendrimer polymers include
Polyamido-amine Dendrimers (PAMAM) and Polypropylene-imine Dendrimers
(PP1) and PAMAM-OS which is a dendrimer with a PAMAM interior structure
and organo-silicon exterior. The former two are available from Aldrich

ChemicalTM and the last one from Dow-CorningTM.

[0060] Similar requirements exist for inorganic—organic dendrimers
which may be reacted together or with the substrate. In this case the surface
of the dendrimer could contain reactive groups similar to those specified
above which will either allow dendrimer-dendrimer, dendrimer-organic,
dendrimer-hybrid, and dendrimer-HTC matrix reactions to occur. In this case
the dendrimer will have an inorganic core and an organic shell, or vice-versa
containing either organic or inorganic reactive groups or ligands of interest. It
is therefore also possible to have an organic core with an inorganic shell
which also contains reactive groups such as hydroxyl, silanol, vinyl-silane,
epoxy-silane and other groupings which can participate in inorganic reactions

similar to those involved in common sol-gel chemistries.
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[0061] The molecular groups can be chosen for their ability to react,
either with each other or with a substrate. However, in other embodiments,
the core structure of the dendrimers will be selected for their own ability to aid

in thermal conductivity; for example, metal oxides as discussed below.

[0062] Electrical insulation materials can be based on organic-inorganic
composites. The thermal conductivity is optimized without detrimentally
affecting other insulation properties such as dielectric properties (permittivity
and dielectric loss), electrical conductivity, electric strength and voltage
endurance, thermal stability, tensile modulus, flexural modulus, impact
strength and themmal endurance in addition to other factors such as
viscoelastic characteristics and coefficient of thermal expansion, and overall
insulation. Organic and inorganic phases are constructed and are selected to

achieve an appropriate balance of properties and performance.

[0063] Micro and nano HTC patrticles may be selected on their ability to
self aggregate into desired shapes, such as rods and platelets. Particles may
be selected for their ability to self-assemble naturally, though this process
may also be amplified by external forces such as an electric field, magnetic
field, sonics, ultra-sonics, pH control, use of surfactants and other methods to
affect a change to the particle surface charge state, including charge
distribution, of the particle. In a particular embodiment, particles that
exemplify surface coatings, such as boron nitride, aluminum nitride, diamond
are made to self assemble into desired shapes. In this manner, the desired
rod-shapes can be made from highly thermally conductive materials at the

outset or assembled during incorporation into the host matrix.
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[0064] In many embodiments, the size and shape of the HTC-materials
are varied within the same use. Ranges of size and shape are used in the
same product. A variety of long and shorter variable aspect ratio HTC-
materials will enhance the thermal conductivity of a host matrix, as well as
potentially provide enhanced physical properties and performance. One
aspect that should be observed, however, is that the particle length does not
get so long as to cause bridging between layers of substrate/insulation unless
this is by design. Also, a variety of shapes and length will improve the
percolation stability of the HTC-materials by providing a more uniform volume
filing and packing density, resulting in a more homogeneous matrix. When
mixing size and shapes, in one embodiment the longer particles are more rod-
shaped, while the smaller particles are more spheroidal, platelet or discoid
and even cuboids. For example a matrix containing HTC-materials could
contain as low as about 0.1% to as high as 65% HTC materials by volume,

with a more particular range begin about 1-25% by volume.

[0065] In a related embodiment, the HTC materials may have a defined
size and shape distribution. In both cases the concentration and relative
concentration of the filler particles is chosen to enable a bulk connecting (or
so-called percolation) structure to be achieved which confers high thermal
conductivity with and without volume filling to achieve a structurally stable
discrete two phase composite with enhanced thermal conductivity. In another
related embodiment, the orientation of the HTC materials increases thermal
conductivity. In still another embodiment, the surface coating of the HTC
materials enhances phonon transport. These embodiments may stand apart

from other embodiments, or be integrally related. For example, dendrimers
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are combined with other types of highly structured materials such as
thermoset and thermoplastic materials. They are uniformly distributed
through a host matrix such that the HTC materials reduce phonon scattering
and provide micro-scale bridges for phonons to produce good thermally
conducting interfaces between the HTC materials. The highly structured
materials are aligned so that thermal conductivity is increased along a single
direction to produce either localized or bulk anisotropic electrically insulating
materials. In another embodiment HTC is achieved by surface coating of
lower thermal conductivity fillers with metal oxides, carbides or nitrides and
mixed systems having high thermal conductivity which are physically or
chemically attached to fillers having defined bulk properties, such attachment
being achieved by processes such as chemical vapour deposition and

physical vapour deposition and also by plasma treatment.

[0066] The addition of surface functional groups may include hydroxyl,
carboxylic, amine, epoxide, silane or vinyl groups which will be available for
chemical reaction with the host matrix. These functional groups may be
naturally present on the surface of inorganic fillers or they may be applied
using wet chemical methods, non-equilibrium plasma deposition including
plasma polymerization, chemical vapour and physical vapour deposition,

sputter ion plating and electron and ion beam evaporation methods.

[0067] Organic surface coatings, and inorganic surface coatings such
as, metal-oxide, -nitride, -carbide and mixed systems may be generated
which, when combined with the selected particle size and shape distribution,

provide a defined percolation structure with control of the bulk thermal and
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electrical conductivity of the insulation system while the particle permittivity

may be chosen to control the permittivity of the system.

[0068] Reactive surface functional groups may be formed from surface
groups intrinsic to the inorganic coating or may be achieved by applying
additional organic coatings both of which may include hydroxyl, carboxylic,
amine, epoxide, silane, vinyl and other groups which will be available for
chemical reaction with the host matrix. These single or multiple surface
coatings and the surface functional groups may be applied using wet chemical
methods, non-equilibrium plasma methods including plasma polymerization
and chemical vapour and physical vapour deposition, sputter ion plating and

electron and ion beam evaporation methods.

[0069] Diamond-Like Carbon Coatings (DLC) have high hardness, low
friction, chemical inertness, and can combine high electrical resistivity (~ 1013
Ohm cm) for electrical insulation with high thermal conductivity (>
1000W/mK). There are several methods for producing a DLC, such as
plasma assisted chemical vapor deposition (PACVD), physical vapor
deposition(PVD), and ion beam deposition(IBD). In general, the DLC is less
than one micron thick and is of amorphous carbon and hydrocarbons which
results in mixed sp? and sp® bonds. The bond ratio can be varied by varying
the process parameters, for example the ratio of gases and DC voltage, with
resultant changes in properties. The bond ratio can be directly measured

using, for example, Raman spectroscopy.

[0070] Relatively large areas can be coated quite quickly. For example
using a PICVD low pressure non equilibrium process a 20 —100 nm coating

can be applied to a glass cloth surface approximately 1 sq ft in area in
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minutes. To control or optimize the coating parameters to reduce, for
example, the stress in the coating the DLC can be applied to a bare substrate
or substrates that have other coatings. The DLC can be continuous or have ‘
gaps in the coverage. Gaps may be advantageous, for example, in allowing

for better bonding of an impregnated resin.

[0071] In thermal conductivity, phonon transport is enhanced and
phonon scattering reduced by ensuring the length scales of the structural
elements are shorter than or commensurate with the phonon distribution
responsible for thermal transport. Larger HTC particulate materials can
actually increase phonon transport in their own right, however, smaller HTC
materials can alter the nature of the host matrix, thereby affect a change on
the phonon scattering. This may be further assisted by using nano-particles
whose matrices are known to exhibit high thermal conductivity and to ensure
that the particle size is sufficient to sustain this effect and also to satisfy the
length scale requirements for reduced phonon scattering. It is also necessary
to consider the choice of structures that are more highly ordered including
reacted dendrimer lattices having both short and longer range periodicity and

ladder or ordered network structures that may be formed from matrices.

[0072] Applying a DLC to particles of nano, meso, micro and larger
dimensions enables the size and shape of the high thermal conductivity
particles to be engineered, so benefit can be obtained from percolation effects
occurring naturally or created. In one example a DLC is applied to quasi-
continuously coat the surface of a glass fiber or number of fibers. The surface
of the fiber before coating is chosen to promote the desired properties from

the coating. The fiber is then broken up by mechanical or other means into
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short DLC coated rods of the desired dimensional distribution. In another
example a DLC coating is applied to flake-shaped particles having a high

surface to thickness ratio, mica flakelets and BN particles being examples.

[0073] In poly-crystalline and mono-crystalline nano-particulate form,
the particles may associate with the surface of a carrier particle, eg silica.
Silica by itself is not a strong thermally conducting material, but with the
addition of a surface coating it may become more highly thermally conducting.
Silica and other such materials, however, have beneficial properties such as
being readily formed into rod-shaped particleé, as discussed above. In this
manner, various HTC properties can be combined into one product. These
coatings may also have application to the latter resin impregnation and to the

glass components of the insulating tape.

[0074] Additionally, fluid flow fields and electric and magnetic fields can
be applied to the HTC materials to distribute them. By using alternating or
static electric fields, the rod and platelet shapes can be aligned on a micro-
scale. This creates a material that has different thermal properties in different
directions. The creation of an electric field may be accomplished by a variety
of techniques known in the art, such as by attaching electrodes across an

. insulated electrical conductor or by use of a conductor in the centre of a

material or the insulation system.

[0075] Although the present invention has been discussed primarily in
use with electrical industries, the invention is equally applicable in other areas.
Industries that need to increase heat transference would equally benefit from
the present invention. For example, the energy industries, inclusive of oil and

gas. Other focuses of the present invention include power electronics, printed
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circuit boards, conventional electronics, and integrated circuits where the
increasing requirement for enhanced density of components leads to the need

to remove heat efficiently in local and large areas.

[0076] While specific embodiments of the invention have been
described in detail, it will be appreciated by those skilled in the art that various
modifications and alternatives to those details could be developed in light of
the overall teachings of the disclosure.  Accordingly, the particular
arrangements disclosed are meant to be illustrative only and not limiting as to
the scope of the inventions which, is to be given the full breadth of the claims

appended and any and all equivalents thereof.
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What is claimed is:
1. An electrical insulation component comprising:

mica flakelets, wherein said mica flakelets have an average size range

of 0.01 to 0.05 mm in their thinnest dimension;

hexagonal boron nitride, wherein said hexagonal boron nitride has an

average size range of 10 to 10,000 nm in their longest dimension; and
a resin matrix;

wherein said mica flakelets and said hexagonal boron nitride are

mixed;

wherein the ratio by weight of said hexagonal boron nitride to said mica
flakelets is directly proportional to the average size of said hexagonal boron
nitride compared to the average size of said mica flakelets, within an

adjustment factor of 0.5 to 2;

wherein the ratio by weight of said hexagonal boron nitride to said mica

flakelets is never greater than approximately 1:1 by weight.

2. The electrical insulation of claim 1, further comprising high thermal

conductivity fillers.

3. The electrical insulation of claim 2, wherein said high thermal
conductivity fillers comprises at least one of silica, alumina, magnesium oxide,
silicon carbide, boron nitride, aluminum nitride, aluminum oxide, zinc oxide,

titanium oxide and diamonds and dendrimers of approximately 1-1000 nm in
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size, and wherein said high thermal conductivity materials have aspect ratios

of 10-50.

4. The electrical insulation of claim 2, wherein said high thermal
conductivity fillers are loaded into said resin, and wherein said high thermal

conductivity material comprises 25-40% by volume of said resin.

5. The electrical insulation of claim 1, wherein said mica flakelets and said

hexagonal boron nitride are formed into a paper

6. The electrical insulation of claim 5, wherein said resin is impregnated
into said mica flakelets and said hexagonal boron nitride after said paper is

formed.

7 The electrical insulation of claim 1, wherein said mica flakelets and said

hexagonal boron nitride are mixed with said resin to form a putty.

8. The electrical insulation of claim 1, wherein the hexagonal boron nitride
has an average size range of 10-100 nm, and wherein the ratio of hexagonal

boron nitride to mica is between 1:100 and 1:20 by weight.

9. The electrical insulation of claim 1, wherein the hexagonal boron nitride
has an average size range of 100-1000 nm, and wherein the ratio of

hexagonal boron nitride to mica is between 1:50 and 1:10 by weight.

10.  The electrical insulation of claim 1, wherein the hexagonal boron nitride
has an average size range of and 1000nm to 10,000nm, and wherein the ratio

of hexagonal boron nitride to mica is between 1:10 and 1:2 by weight.
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11.  An electrical insulation paper comprising:

mica flakelets, wherein said mica flakelets have an average size range

of 0.01 to 0.05 mm in their thinnest dimension;

hexagonal boron nitride, wherein said hexagonal boron nitride has an

average size range of 10 to 1,000 nm in their longest dimension; and
a resin matrix;

wherein said mica flakelets and said hexagonal boron nitride are mixed
and formed into a paper, and wherein said resin is added to said paper after

formation;

wherein the ratio by weight of said hexagonal boron nitride to said mica
flakelets is directly proportional to the average size of said hexagonal boron
nitride compared to the average size of said mica flakelets, within an

adjustment factor of 0.5 to 2;

wherein the ratio by weight of said hexagonal boron nitride to said mica

flakelets is never greater than approximately 1:1 by weight.

12. The electrical insulation paper of claim 1, further comprising high

thermal conductivity fillers.

13.  An electrical insulation composite comprising:

a mixture of platelet boron nitride and mica flakelets, wherein the ratio
of said platelet boron nitride to said mica flakelets is directly proportional to

the average size ranges within a factor of 0.5 to 2;
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wherein said hexagonal boron nitride has an average size range of 10

to 10,000 nm in their longest dimension;

wherein said electrical insulation composite is combined with a resin

matrix.

14.  The electrical insulation composite of claim 13, wherein said platelet

boron nitride is hexagonal boron nitride.

15. = The electrical insulation composite of claim 13, wherein said boron
nitride has an average size range of 1000nm to 10,000nm, and the factor is

greater than 1.

16.  The electrical insulation composite of claim 13, wherein said mica
flakelets have an average size range of 1000nm to 10,000nm and of said

platelet boron nitride to said mica flakelets is approximately 1:1

17. The electrical insulation composite of claim 16, wherein said resin

forms a paste with said composite.
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