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THERMALLY CONDUCTIVE RESIN COMPOSITIONS

Field of the Invention

Thermally conductive plastic resin compositions comprising polymer
and combination of spherical or granular shape thermally conductive fillers
with platy shaped thermally conductive fillers are useful gs encapsulant com-
pagitions.

Background of the nvention

Because of their excellent mechanical and slectrical insulation proper-
ties, polymeric resin composttions are used in a broad range of applications
such as in automotive pants, electrical and electronic parts, machine parts and
the fike. In many cases, because of the design flexibility they permit, sealing
capability and their electnical insulation properties, polymer resin compositions
can be used as encapsulants for eleclrical and electronics devices or molors.
However, not anly are electrical insulation properties nesded in the encapsu-
iating polymer compositions, but they also often need 1o have higher thermal
conductivities especially with  the downsizing frend of some electiical devices.
Another impaortant requirement for encapsulating polymer compositions is
that their Coefficients of Linear Thermal Expansions {CLTEs) should be close
to CLTEs of materials encapsulated with the polymer compositions to retain
seal integrity while releasing heal generated by the encapsulated devices.

In general, higher foading with thermally conductive filler in polymer leads to
higher thermal conductivity and lower CLTE because the fillers’ CLTEs are
often lower than polymers’ CLTES. However, high filler loadings offen de-
creases flow-ability of polymer compositions in melt forming processes, and
that can lead to fallure of sealing performance or damage of core devices en-
capsulated with the polymer compositions. Thus, a thermally conductive,
electrically insulating, low CLTE polymer composition with good flowability is
desired.

Japanese patent application publication 2003-040619 discloses 2
method of surface treating calcium fluorde powder with a sHlane coupling
agent and blending the coated powder with thermaoplastic resins and, option-

ally, fiters to produce a thermally conductive composition. However, there is
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ne mention of @ way o achieve both thermal conductivity and fow CLTE with-
out significant increase of viscosily of the polymer compositions.

WO 2005071001 discloses a polymer composition comprising thermo-
plastic polymer and calcium fluoride and fibrous filler. However use of fibrous
filler leads to anisotropy in mold shrinkage and in thermal conductivity be-
tween flow direction and transverse direction due to orientation of the fibrous
filler.

Summary of the Invention

A thermally conductive polymer composition, comprising:
{a) 25 o 75 volume percent of one or more polymers;
{b} 7 1o about 85 volume percent of electncally insulative and spherical
of granutar shape thermally conductive,
{cy 2 to 50 volume percent of electrically msulative platy thermally con-
ductive fillers; and
the volume ratio of (¢} 1o {b} is between 10 10 80 and 70 to 30, and
the above stated psrcentages are based on the total volume of the composi-
tion.
Detailed Description of the Invention

The composition of the present invention comprises {a) at least one
polymer, (b} at lsast spherical or granular shape thermally conductive filler, (¢}
at least one platy shape thermally conductive filler, and optionally (d) at least
one polymeric toughening agent.

{a) The polymer is {he polymer matrix of the compestion, in ather
words the one or more polymers are the continuous phase.. Uselul thermo-
plastic polymers  include polycarbonates, polyolefing such as polysthylens
and polypropylene, polyacetals, acrylics, vinyls, fluoropolymers | polyamides,
polyesters, polysulfones, polyphenylene sulfides, liquid crystal palymers such
as aromatic polvesters, polystherimides, polvamideinides, polyacetals, poly-
phenylene oxides, polyarylates, polyetheratherketones (PEEK], polystherke-
toneketones (PEKK), and syndictactic polystyreénes, and blends thereof,

Altarnatively, thermosetiing polymers such asg epoxies, polyimides,
siicones, unsaturated polyester and polyurethanes can be used as compo-

nant (a).

o
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Preferred are thermoplastic polymers and polyesters, polyamides, and
iguid crystal polymers are espedially preferred.

More preferred thermoplastic polyesters include polyesters, and more
preferably are, in genersl, linear saturated condensation products of diols and
dicarboxylic acids, or reaclive derivatives thereof. Preferably, they will com-
prise condensation products of aromatic dicarboxylic acids having 8 to 14
carbon atoms and at least ane dicl selected from the group consisting of
neopentyl glyeol, cyclohexanadimethanol, 2 2-dimethyl-1, 3-propane diol and
aliphatic glycols of the formula HO{CH ). OH where nis an integer of 2 {o 10
Up o 20 mole percent of the diol may be an aromatic diol such as ethoxylated
bisphenol A, sold under the tradename Dianol® 220 by Akzo Nobel Chemy-
cals, inc.; hydrogquinone; biphenol, or hisphenol A, Up o 50 mole percent of
the aromatic dicarboxylic acids can be replaced by at least one different aro-
matic dicarboxylic acid having from 8 to 14 carbon atoms, and/or up 0 20
mole percent can be replaced by an aliphatic dicarboxylic acid having from 2
to 12 carbon atoms. Copolymers may be prepared from two or more diols or
reactive equivalents thereof and at least one dicarboxylic acid or reactive
aquivalent thereof or two or more dicarboxylic acids or reactive equivalents
thereof and at least one diol or reactive equivalent thereof. Difunctional hy-
droxy acid monomers such as hydroxybeanzole acid or hydroxynaphthoic acid
of their reactive equivalents may 8iso be used 35 comonomers.

Preferred polyesters include poly{ethylene terephihalate) (PET),
poty(1 4-butviens terephthalate) (PBT), polv(1,3-propylene terephthalate}
{(PPT), poly(1.4-bubdens 2 G-naphthalate) (PBN), poly(sthyiens 2.6-
naphthalate) (PEN), polv{1 4-cyciohexyiene dimsthylene terephthalate) (PCT),
and copolymers and mixtures of the foraegoing. Also preferred are 1.4-
eyciohaxylene dimethylene terephthalatedsophthalate copolymer and other
lingar homopolymer esters derived from aromatic dicarboxylic acids, including
isaphthahc acid; bibenzoic acid; naphthalenedicarboxylic acids including the
1,5-; 2.8-; and 2, V-naphthalenedicarboxylic acids; 4 4'-
diphenylenedicarboxylic acid;
his{p-carhoxyphenyl) methane; sthylene-bis-p-benzoic acid; 1.4~

tetrarnethyiene bis{p-oxybenzoic) acid; ethylene bis{p-oxybenzoic) acid; 1,3-
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trimethylene bis{p-oxybenzoic) acid; and 1,4-tetramethylene bis(p-
oxybenzoic} acid, and glveols selected from the group consisting of 2,2-
dimethyl-1,3-propane dicl; neopeantyl glyeol, cyclohexane dimethanol; and ali-
phatic glycols of the general formula HO{CH).0H where n is an integer from
§ 21010, a.g., sthylene ghyeol, 1.3-trimethylene glycol;, 1 4-teframethylens gly-
col-1,.8-hexamethylens glveol: 1,8-octamethyiene glycol, 1,10-decamethylene
ghycol; 1,3-propylene glyeol; and 1,4-butyiene glycal. Up to 20 mole percent,
as indicated above, of ong or more aliphatic acids, including adipic, sebatig,
azelaic, dodecanedioic acid or 1. 4-cyclohexanedicarboxylic acid can be pre-

i senl. Also preferred are copolymers denved from 1.4-bulanediol, sthoxylated
bisphenol A, and terephthalic acid or regctive equivalents thereof. Also pre-
ferred are random copolymers of at least two of PET, PBT, and PPT, and mix-
tures of at least two of PET, PET, and PPT, and mixtures of any of the forgo-
ing.

£x The thermoplastic polyester may also be in the form of copolymers that
contain poly(alkylene oxide} soft segments (blocks). The poly{atkviene oxide)
segments arg present it about 1 1o about 15 paris by weight per 100 pads
per weight of thermoplastic polyester. The poly(alkylene oxide} segments
have a number averags molecular weight in the range of about 200 {o about

2 3,250 or, preferably, in the range of about 600 to abowt 1,580, Preferred co-
polymers contain poly(ethylene oxide) or poly(letramethylene glycol) blocks
incorporated info 8 PET or PBT chain, as to form a thermoplastic poly{ether-
ester). Methods of incorporation are known to those skilled in the art and can
include using the poly(alkylene oxide) soff segment as a comonomer during

25 the polymernization reaction to form the polvester. PET may be blended with
copolymers of PBT and at least one polv{atkylene oxide). A poly{alkyiene ox-
ide) may also be copolymerized in a PET/PRT copalymer. The inclusion of a
poly{alkylene oxide) soft segment into the polysster portion of the composition
may accelsrate the rate of crystallization of the polyester.

30 Polvamides are another preferred type of polymer. Preferred polyam-
ides include polyamide 8, polyamide 88, polyamide 812, polyamide 810, or
other aliphatic polyamides and semi-aromatic polyamides, such as those de-
rived from terephthalic acid and/or isophthalic acid. Examples include poly-
amides 97; 107 127, polyamides derived from hexamethylensdiamine, adipic



R

2

WO 2009/064883 PCT/US2008/083401

acid, and terephthalic acid, and polyamides derived from hexamethiylenedia-
mine, 2-methylpentamethylenediamineg, and terephthalic acid. Blends of two
or more polyamides may be used.

Polyacetals are another preferred type of polvmer. Polyacetals can be
gither ohe or more homopolymers, copolymers, or a mixture thereof, Ho-
mopolymers are preparsd by polymerizing formaldehyde or formaldehyde
equivalents, such as cyclic oligomers of formaldehyde. Copolymers can con-
{ain one or morg comonamers generally used in preparing polyoxymethylene
compositions. Commonly used comonomers include alkylene oxides of 2-12
carbon atoms. If a copolymer is selected, the gquantity of comanomer will not
be more than 20 weight percent, preferably not more than 15 weight percent,
and most preferably about two weight percent. Preferable comonomers are
sthylens oxide and butylene oxide, and preferable polvoxymethviens copaly-
mers are copolymers of formaldehyde and sthylene oxide of butviene axide
where the quantity of ethylene oxide or butylene oxide is aboul two (2) weight
percent. i is also preferred thatl the homo- and copolymers are; 1) those
whose terminal hydroxy groups are snd-capped by a chemical reaction {o
form ester or ether groups; or, 2) copolymers that are not completely end-
capped, but that have some free hydroxy ends from the comonomer unit,
Preferred and groups, in either case, are acelate and methoxy.

Liquid crystaliine polymers (LCP) are another prefarred type of paly-
mer. By a LCP is meant a polymer that is anisotropic when tested using the
TOT test or any reasonable variation thereof, as described in U8, Patent
4,118,372, which is hereby included by reference. Useful LCPs include poly-
esters, poly(ester-amides), and poly{esterimides). One preferred form of
LCP is “all aromatic”, that is all of the groups in the polymer main chain are
aromatic {except for the linking groups such as aster groups}, biud side groups
which are not aromatic may be present,

The polymer (a) will preferably be present in about 25 to about 78 vol-
ume percsnt, or more preferably about 30 {0 ahout 60 wolume percent, based
on the total valume of the composition.

The thermally conductive fillers used as compaonent (b} in the present
invention are electrically insulative, and their shapes are spherical or granular
shape. By electrically insulative is meant the volume resistivity of both types
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of thermally conductive filler are higher than 10° chmom, preferably higher
than 10" ohmom.  Volume resistivity of the fillers is measured according to
ASTM 257,

‘Sphercal” or ‘granular” means that the aspect ratio of the filler (bl is
iow. Average aspect ratio of the filler (b) is less than 5, or preferably less than
3. The thermai conductivity of the sphericsl or granuar filler is 5 WimK or
more, praferably 10 Wim™K ar more, more preferably 20 Wim®K or more, and
very preferably 50 W/imK or more. The thermal conductivity of the platy filler
is & WimPK, preferably 10 Wim®K, more preferably 20 Wim™K and very pref-
arably 50 Wim"K.

Examples include ceramic powders, including aluminum oxide, mag-
nesium oxide, sphernically agglomerated boron nitride, aliminum nitride, sili-
con rifnde, catcium fluonde, zine oxide.

The filler parlicles or granules can have a broad particle size distribu-~
tton.  Preferably, maximum particle size is less than 300 microns, and mora
preferably, less than 200 microns. Preferably the average pariicle size is 5
wm {0 100 pwm, more preferably 15 umto 80 ym.

Surface of the thermally-conductive fillers as component (b) can be
madified with other material 1o improve properties of the compositions.  For
example, a coupling agent such as aminosilanes and epoxysilanes to improve
mechanical strength and flow-ahility of the compositions, and a coating agent
such as siicon to improve water resistance of the fillers.

Preferably, component (b} are thermally conductive fillers whose Mohs
hardness is less than 7, and more preferably less than 5. I a filler whose
Mahs hardness is not less than 7 is used, screws, mold surface and objects
encapsulated with the compositions is damaged in injection molding process.
Preferred examples are magnesium oxide and calclum fluoride. More pre-
ferred is calctum fluoride.

The component (b) will preferably be present in 7 to 85 volume per-
cent, or more preferably 25 to 55 volume percent, based on the total volume
of the composition.

The thermally conductive fillers used as component (o) in the presemt

invention are platy and electrically insulative. The average aspectratio of

&
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the platy filler (¢} is greater than &, preferably greater than about 10, Exam-
ples include boron nitride, and graphite coated with slectrically insulative ma-
terials.  Surface of the tharmally-conductive fillers as component {¢) can be
madified with other material to improve properties of the compositions. For
sxample, a coupling agent such as aminosilanes and epoxysilanes to improve
machanical strength of the compositions, and a coating agent such as silicon
o improve waler resistance of the fillers. A preferred filler (o) is boron nitride.
The component {C) will preferably be presentin 2 to 50 volume percent, or
more preferably & to 25 volume percent, based on the total volume of the
camposition.

The volums ratio of {c)/(b) is between 10/90 and 70/30, or preferably
between 15/85 and BO/50.

The polymernc toughening agent oplionally used as component (d) in
{he presaent invention is any toughening agent that s effective for the polymer
used. When the thermoplastic polymer is a polyestar, the toughening agent
will typically be an elastomer or has a relgtively low melting point, generally
<200°C, preferably <150°C and that has altached fo it funclional groups that
can react with the thermoplastic polyester {and oplionally ather polymaers pre-
sent). Since thermaoplastic polyesters usually have carboxyl and hydroxyl
groups present, these functional groups usually can react with carboxyl andfor
hydroxyl groups. Examples of such funclional groups include epoxy, carbox-
ylic anhydride, hydroxyt {alcohol}, carboxyl, and isooyanate. Preferred func-
fional groups are epoxy, and carboxylic anhydride, and epoxy is especially
preferred. Such functional groups are usually "attached” to the polymeric
mer or by copolymerizing & monomer containing the desired functional group
when the polymeric tougher molecules are made by copolymerization. As an
example of grafling, maleic anhydride may be grafted onto a hydrocarbon
rubber using free radical grafling techniques. The resulting grafted polymer
has carboxylic anhiydnds andior carboxyl groups attached fo it An exampls
of a polymeric toughening agent wherein the functional groups are copolymer-
izad into the polymer is a copolymer of sthylene and a {methjacrylate mono-
mer containing the appropriate functional group. By {methjacrylate herein is
meant the compound may be sither an acryiate, a methacrylate, or 8 mixiurs

i
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of the two. Useful (methjacrylate funclional compounds include {mathjacrylic
acid, 2-hydraxyethyl (meth)acrviate, glycidy! (meth)acrylate, and 2-
isocyanatoethyl (methjacrylate. In addition to ethylene and a functional
(meth)acrylate monomer, other monomers may be copolymerized into such a
polymer, such as vinyl acetale, unfunclionalized {meth)acrylate esters such as
gthyl (meth)acrylate, n-butyl (msth)aoryiate, and cyclohexyl {methiacrdate.
Praferred {oughening agents include those listed in U.S. Patent 4,753 980,
which is hereby included by reference. Especially preferred foughening
agenis are copolymers of ethylene, ethyl acrylate or n-butyl acrylate, and gly-
cidyt methacrylate.

It is preferred that the polymeric toughening agent used with thermo-
plastic polyesters contain about 0.5 fo about 20 weight percent of monomers
containing funclional groups, preferably about 1.0 to about 15 weight percent,
more preferably abowt 7 1o about 13 weight percent of monomers containing
functional groups. There may be more than one type of functional monomer
present in the polymeric toughening agent, it has been found that foughness
of the composifion is increased by increasing the amount of polymeric {ough-
ening agent and/or the amount of functional groups. However, these amounts
should preferably not be increased to the point that the composition may
crosslink, especialty before the final part shape is attained.

The polymeric toughening agent used with thermoplastic polyesters
may also be thermoplastic acrylic polymers that are not copolymers of ethyl
ena. The thermoplastic acrylic polymers are made by polymerizing acntic
actd, acrylate esters (such as methyl acnvlate, n-propyl acrylate, isapropyl
gorylate, n-butyl acrylate, n-hexyvl acrylate, and n-octyl gorylate), methacorylic
goid, and methacrylate esters (such as methyl methacoylate, n-propyt
methacrylate, isopropyl methacrylate, n-butyl methacrylate (BA), isobutyl
methacryigte, n-amyl methacrylate, n-octyl methaorylate, glycidyl methacrylate
{GMA} and the likej. Copolymers derived from two or more of the forgoing
types of monomers may also be used, as well as copolymers made by polym-
erizing one or more of the forgaing types of monomers with styrene, ascryloni-
trile, butadiene, isoprene, and the like. Part or all of the componeants in these

copolymers should preferably have a glass transition temperature of not
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higher than 0 °C. Preferred monomers for the preparation of a thermoplastic
acrylic polymer toughening agent are methyl acrylate, n-propy! acrylate, iso-
propyt acryiate, n-butyl acryiate, n-hexyl acryviate, and n-ochd aorvlate.

i is preferred that a thermoplastic acrylic polymer toughening agent
nave a core-shell structure. The core-shell structure is ane in which the core
pattion preferably has a glass transition temperature of 0 °C or less, while the
shell porlion is preferably has a glass transition temperature higher than that
of the core portion. The core portion may be grafted with silicone. The shell
gection may be grafted with a low surface energy substrate such as silicone,
flucnne, and the like. An acnvlic polymer with g core-shell structure that has
iow surface energy substrates grafted o the swface will aggregate with itself
during or after mixing with the thermoplastic polyester and other components
of the composition of the invention and can be gasily unformly dispersed in
the compositon.

Suitable toughening agents for polyamides are described in US Patent
4,174,358, Preferred toughening agents include polyolefins modified with &
compatibilizing agent such as an acid anhydride, dicarboxylic acid or derva-
tive thereaf, carboxylic acid or derivative thereof, and/ar an epoxy group. The
compatibilizing agent may be introduced by grafting an unsaturated aad an-
hydride, dicarboxylic acid or derivalive thereo!, carboxylic acid or derivative
thereof, andior an epoxy group fo 3 polyolefin, The compatibilizing agent may
also be introduced while the polyplefin is being made by copolymerizing with
monomers containing an unsaturated acid anhydride, dicarboxylic acid or de-
rivative thereof, carboxylic acid or derivative thersof, andfor an epoxy group.
The compatibiizing agent preferably contains from 3 {o 20 carbon aloms. Ex-
amples of fypical compounds that may be grafted to {or used as comonomers
o make) a polyolefin are acrylic acid, methacrylic acid, maleic aaid, fumaric
acid, daconic acid, arolonic acid, cifraconic acid, maleic anhydride, itaconic
anhydride, crotonic anhydride and citraconic anhydride.

Preferred foughening agents for polyacetals include thermoplastic
polyirethanes, polyester polyether elastomers, other funclionalized andior
grafted rubber, and polyolefins that contain polar groups that are aither
grafted to their backbones or were incorporated by copolymerizing with a

4
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monomer that contained one or more polar groups. Preferable comonomers
are those that contain epoxide groups, such as glycdyl methacrylate, A pre-
ferred toughening agent is EBAGMA {a terpolymer derived from ethylene, bu-
tyl acryiate, and glycidyl methacrylate).

When used, the optional polymeric toughening agent will preferably be
prasent in about 0.5 {o about 25 volume percent, or more preferably in about
2 1o about 20 volume percent, based on the total weight of the compasition.

The compositions of this invention may optionally include one or more
plasticizers, nucleating agents, flame retardants, flams retardant synergists,
heat stabilizers, anfioxidants, dyes, pigments, mold release agents, lubricants,
UV stabilizers, {paint) adhesion promoters, and the like which are somatimes
conventionally part of such polymer compositions.

The compositions of the present invention are preferably in the form of
a melt-mixed or g solution-mixed blend, more preferably melt-mixed, wherein
all of the polymeric components are well-dispersed within each other and all
of the non-polymeric ingredients are homogeneously dispersed in and bound
by the polymer matrix, such that the blend forms a unified whole. The blend
may be obtained by combining the component materials using any melt-
mixing method or by mixing components other than matrix polymer with
monomers of the polymer matrix and then polymerizing the monomers. The
companeant materials may be mixed to homogensity using a melt-mixer stch
as a single or twin-soraw axtruder, blender, kneader, Banbury mixer, etc. to
give a resin composition. Part of the materials may be mixed in g meli-mixer,
and the rest of the materials may then be added and further melt-mixed until
homogeneous. The sequence of mixing in the manufacture of the thermally
conductive polymer resin composition of this invention may be such that indi-
vidual components may be melted i one shot, or the filler andfor other com-
ponents may be fed from a side fesder, and the ke, as will be understood by
those skilled i the art.

The composition of the present invention may he formed into articles
using methods known to those skilled in the ar, such as, for example, injec-
ton molding, blow molding, extrusion, press molding or transfer molding.
Such articles can include those for use in motor housings, lamp housings,

lamp housings mt sautomobies and other vehicles, elscincal and electronic
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housings, insulation bobbin which exist between colled wirg and magnetic in-
ducible melal core in stator of motors or generators, and housings which sub-
stantially encapsulates the stator core of motors or generators.  Examples of
lamp housings in automobiles and other vehicles are front and rear lights, in-

s cluding headlights, tall lights, and brake lights, particularly those that use light-
gmitting diode (LED) lamps. The arlicles may serve as replacements for arti-
cles made from aluminum or other metals in many applications.

Examples
Compounding and Molding Methad

1 The polymeric compositions shown in Table 1 were prepared by com-
pounding in a 32 mm Werner and Plleiderer twin screw extruder. All ingredi-
ents were blended together and added to the rear of the extruder except that
fibers were side-fed into 8 downstream barrel. Barrel temperatures were setl
at about 320°C for HTN (high temperature nyion) compositions and about

1y 330%C for LOP compositions, raspectively.

The compositions were molded info IS0 test specimens and on an in-
iection molding machine for the measurement of CLTE and thermal conductiv-
ity,  And, the compositions weare molded into 0.8nwn thickness dumbbetl
shape bars which have weld line in the center portion by injecting the resins

2 from each end for the measurement of tensile weld elongation. Melt tem-
perature were about 325°C and mold temperatures were about 140°C for the
compositions,

Testing methods

CLTE in mold flow direction (MDD} and transverse direction (TDY) were deter-
23 mined on about center portion of the SO bar in the temperature range from ~

40 1o 180 degree C using ASTM D886 method,

Thermal conductivity was determined on gate side area of the ISC bar with a

thickness of 4mm using Laser Flash Method as described in ASTM E1461.

Results are shown in Table 1.

The following terms are used in Table 1:

HIN-1 refers fo Zytel® HTNSD1, g polyamide 8T/07 (a copolymer of
terephthalic acid and 1.6-hexanediamine and 2-methyl-1,8-pentanediaming)
manufactured by £.1. du Pont de Nemours and Co., Wilmington, DE, USA.,
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PABE refers 1o Jytel® 101, a polyamidet8 manufactired by E1 du Pont de
Nemours and Co,, Wimingion, DE, USA
Modified-EPDM refars {o EPDM {ethylene/prapylene/diene polyolefin} grafted

with maleic anhydride.

tured by Sankyo Seifun Co., Lid., and an aspect ratio of 1.8. CaF; has a re-
ported thermal conductivity of 10 Wim K.

m-MgQ refers to magnesium oxide powder made by surface modification with
1% of an amino-silane coupling agent on Coolfillerss OF2-100A manufaciured
by Tateho Chemical Industries Co,, Uid,, and has an average aspectratio of
1.7. An average size of the Coclfifler is shout 25um. MgQ's reported thermal
condiuctivity is 40 Wim®K.

BN refers to Denka boron nitride GP with an gverage size of 8 wmn and no siz-
ing available from Nyco Minerals, Calgary, Alberta, Canada. ithas an aver-
age aspect ratio of 13. s thermal conductivity is reported to ba >200 WimK.

Table 1

v . | Canp. i Comp. | Caimg.
Ex. 1iBEx. 2 Ex. 3 Ex 1 Ex 2 | Ex 3

HTN-1 33 33 33 33 33 33
PAGE 14 14 14 14 14 14
MOﬁ!ﬁEﬁ‘« %
EPDM 3 N 3 3 3 3
CafFa 20 40 - - - 50
m-MgQ - ~ 40 - 50 .
BN 30 104 10 50 - -~
Thermal con-
ductivity 13 13 1 186 | 1.0 1.5 1.3
{W/moK)
CLTE in MD . -
; ‘ 29 38 41 11 43 50
f{gpm)

ITEnTD " \
. 42 4 52
(oo 26 41 2 8 4 2
CLTE in MDY -
CLTE in TD 1120831088 138 ¢ 0,88 | D98

All ingrecdisnt quaniities are given in volume percent relative o the total vol-
ums of the composition.
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GLAIMS

What is Claimed is

1.

A thermally conductive polymer composition, comprising:
{a} about 25 to about 75 volume percent of polymer,
{b} about 7 fo about 65 volume percent of electrically insulative and
gphencal or granular shaped thermally conductive filler;
{c) about 2 to about 50 volume percent of electrically insulative platy
thermatly conductive fillers;
and wherein the volume ratic of () to (b) is between 100 80 and 70 to
3Q.

the above stated percentages being based on the {otal volume of the compo-

sitian.

[

0

2

The composition of claim 1 wherein the polymer is thermoplastic polymer.

The composition of claim 2 wherein the polvmer is at least one selected
from the group cansisting of thermoplastic polyester, thermoplastic poly-

amide and liquid crystaliine polymer.

The composition of claim 1 whersin Mohs hardness of the filler (b} is less
than 7.

The compaosition of claim 1 wherein the filler (b} is at least one selected
from calcium fluoride, and magnesium oxide whose surfgce s modified o
improve water resistance.

The composition of claim 1 whersin the filler (b} ts calcium fluoride,

The composition of claim 1 wherein the plaly filler {¢) is atleast ong se-
lected fram the group consisting of | boron nitride, and graphite whose

swrface is coated with an electrically insulative compound.

An aricle made from the composition of claim 1.
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9. A metalipolymer hybrid afticle made with the composition of daim 1.

10.An insulator of a stator core of motors or generators made of the composi-

fion of claim 1.

11.A stator assembly encapsulated with the composition of daim 10,

12. The compasition of claim 1 additionally comprising about 0.01 to abowd 18
volume percent of atleast one polymeric toughening agent.

13. The composition of claim 12 wherein the polymer is thermoplastic poly-
mer.

14. The composition of claim 12 wherein the polymer is af least one selected
from the group consisting of thermoplastic polyester, thermoplastic polyamide
and liquid crystalline polymer.

15. The composition of claim 12 whersin the polymeric toughening agent is
present in about 2 {0 about 20 volume percent, based on the total weight of
the composition.

18. The composiion of claim 12 wherein Mohs hardness of the filler {b) is less
than 7.

17. The composition of claim 12 wherein the filler {b) is af least one selected
from calcium flucride or magnesium axide, each of whose surface's is madi-
fiad to improve water resistance.

18, The composition of claim 12 wherein the filler (D) is calcium fluonde.
18. The compaosition of claim 12 wherain the platy filler {t) is at least ong se-

lected from the group consisting of boron nitride and graphite whose surface
is coated with an electrically insulative compound.
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20, An article made from the composition of claim 12

21, A metalipolymer hybrid article made with the composition of claim 12.

22. An insulator of g stator care of molors or generators made of the composi-

tior of clainy 12,

23 A slator assembly encapsulated with the compaosition of claim 1.
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