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1
THERMAL CONDUCTIVE MATERIAL

This is a continuation-in-part of U.S. Ser. No.
07/570,308 filed Aug. 20, 1990, now abandoned which
in turn is a continuation-in-part application of U.S. Ser.
No. 07/251,783 filed Oct. 3, 1988 and now abandoned.

BACKGROUND OF THE INVENTION

This invention relates to thermally conductive mate-
rial and, more particularly, it relates to a carbon fiber
reinforced resin matrix for use as a strong, structuraily
stable thermal conductive material.

The market segment for electrical devices such as for
windings of motors, transformers and solenoids is in-
creasingly moving to miniaturization of such devices.
This in turn leads to a rise in internal equipment operat-
ing temperature resulting in not only a need for higher
temperature ratings on insulation materials used for
these applications, but also a need for materials with
improved thermal conductivity properties.

It is known to attempt to improve thermal conductiv-
ity by adding many kinds of filler as disclosed in “Ther-
mally Conductive Polymer Compositions”, D. M. Bigg,
Polymer Composites, June 1986, Vol. 7, No. 3, pp.
125-140. The fillers include spherical particles of vari-
ous metals, glass or carbon black, non-spherical metal
or ceramic particles and aluminum fibers. Bigg teaches
that the thermal conductivity of the composite is largely
determined by the resin and that in the case of fibers, the
most important variables influencing composite con-
ductivity are fiber volume fraction and fiber 1/d in the
actual composite.

SUMMARY OF THE INVENTION

With the recognition that fiber orientation is a key
determinant of thermal conductivity in a composite
material, a composite material has been developed to
complement the move toward miniaturization of elec-
trical devices which exhibits high strength, structural
stability and has improved thermal conductivity capa-
bility. More particularly, if a laminate is made with
continuous fibers all oriented in the same direction (a
“unidirectional” laminate), the thermal conductivity
along the fiber axis will be determined by the “rule of
mixtures”. That is, it will be equal to the area of fiber
times the fiber conductivity plus the area of resin times
the resin conductivity. The thermal conductivity along
the axis perpendicular to the fibers, however, will be
dominated by the resin, and will typically be a small
multiple of the resin conductivity. The case of discon-
tinuous fibers is more complex; however, it may gener-
ally be said that the thermal conductivity of a laminate
along any axis is strongly dependent upon the fraction
of fibers oriented in the direction of that axis. In any
practical application, the most important axis will be the
one with the lowest thermal conductivity, since this will
limit the flow of heat in the part. Thus, in the case of
planar samples, the limiting thermal conductivity will
be through-the-plane.

This material comprises 10 to 70% by weight carbon
fiber and preferably about 15 to about 60% by weight
carbon fiber, the balance being made up of a resin. Pref-
erably the ratio of the thermal conductivity of the com-
posite (K) to the thermal conductivity of the resin Kp)
is above 10. The carbon fibers are preferably made from
a mesophase pitch by the process described in U.S. Pat.
No. 4,861,653 which is incorporated by reference. The
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fibers are in a three-dimensional arrangement, each fiber
has a lamellar microstructure, and there is a distribution
of diameters among the fibers ranging from about 1
micrometer to more than 10 micrometers and a number
average less than 8 micrometers. The fibers also are heat
treated in an inert atmosphere to a temperature above
1600° C., more preferably above 2400° C.

Suitable resinous materials which may be used as the
resin include, but are not limited to, commercially avail-
able thermoplastic and thermosetting resins. Suitable
processes for making useful parts include, but are not
limited to, injection molding, compression molding,
melt casting and blow molding.

Surprisingly, the fibers described above may be in-
corporated into composite material at much higher
volume fractions than fibers described in the prior art.
Also, surprisingly, the thermal conductivity in the criti-
cal through-the-plane test is above about 10 (BTU)-
(in)/(ft2)(hr)(°’F.) as measured on the axis of lowest
thermal conductivity for the composite material or
articles formed from the material. The thermal conduc-
tivity performance of these articles is attributed to main-
taining the three-dimensional arrangement of the fibers
during forming so that at least a fraction of the fibers are
oriented in any one of the axes through article.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a composite article formed from the mate-
rial of this invention.

FIG. 2 is a photomicrograph of the material of this
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, the component structure 10
is an injection molded motor housing made from resin
reinforced with a three dimensional arrangement of
mesophase pitch based discontinuous carbon fibers.

In FIG. 2 a structure is displayed showing a resin
filled with a three-dimensional fiber structure with fi-
bers of varying lengths and dimensions. More particu-
larly, FIG. 2 is a photograph taken on a Scanning Elec-
tron Microscope at 1000 X magnification. It is a view of
the fracture surface of a tensile test bar. The bar was cut
from an injection molded plaque made from the mate-
rial of this invention. The resin is principally polyethyl-
ene terephthalate (PET). In the photograph, the fibers
12 are seen in a three-dimensional arrangement as cylin-
drical or elliptical rods of varying size. The fine threads
14 are polymer. It will be observed that the fibers are
oriented in many directions; indeed, they appear to be
oriented quite randomly so that at least a fraction on the
fibers are oriented in any one of the axes through the
structure.

One way the composite material is made is by feeding
the resin and a carbon fiber batt made according to the
disclosure in above-noted patent into a single screw
extruder and extruding the composite material as a
strand which is then chopped and collected. The
chopped strand is then used in various molding pro-
cesses to form articles having high thermal conductiv-
ity. Another way to form the composite material of this
invention is by grinding a planar laminate into small
pieces and recompressing them or forcing a very high
viscosity molten resin perpendicular to the plane of a
fiber assembly and moving some fibers into the third
dimension.
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Thermal conductivity (T.C.) is measured in accor-
dance with ASTM Standard F-433 with a Dynatech
C-Matic instrument, model TCHM-DV, and is desig-
nated as (BTU)(in)/(ft2)(hr)(°F.).

The composite material exhibits a three dimensional
arrangement of fibers within the resin matrix as esti-
mated from percent shrinkage data in the x, y, and z
coordinate axes directions from mold size to the final
part. More particularly, essentially equal percent
shrinkage of the final part in the x, y, and z directions
indicates three dimensional isotropic fiber reinforce-
ment while percent shrinkage of the final part that var-
ies by several orders of magnitude between directions
suggests highly oriented reinforcing fibers.

EXAMPLE I

A multiple six layer sandwich consisting of alternate
layers of 5-mil thick Du Pont Teflon TM PFA fluoro-
carbon polymer film and mesophased based graphite
fiber mat, made according to the procedure described in
U.S. Pat. No. 4,861,653, was formed into a 7" X 7" mold
of a standard compression molding machine. This multi-
layer sandwich was cold compressed in order to fit the
fiber and film into the cavity for one minute at 1 ton, 2
ton and 2.5 ton pressures. The mold was then put into a
hot press at 740° F. and the mass consolidated accord-
ing to the following schedule:

5 min contact pressure

5 min 1.25 ton pressure

20 min 12.5 ton pressure
then cooled at 1.25 ton pressure.

Good consolidation was not accomplished because of
the high viscosity of the PFA resin and the distance it
was required to travel through the mat. The laminate
was then repressed to improve consolidation by rein-
serting into the mold and heating to 740° F. and pressing
to 37.5 tons for 20 minutes, then cooling at 1.25 tons.
The volume fraction of the fiber in the composite is
about 40%. A section of a laminate, made according to
the above procedure, was tested according to ASTM
F-433 for thermal conductivity at 50°.C. and shown to
be-about 14 (BTU)(in)/(f12)(hr)(°F.) versus about 1.3 for
the matrix as measured through the thickness, i.e., on
the axis of lowest thermal conductivity for the laminate.

EXAMPLE 11

A sample was made by compression molding a granu-
lated molding compound. The molding compound was
made by interleaving equal weights of a FR-PET film
(Rynite TM FR by Du Pont) (3.5 mil) and a pitch based
carbon fiber mat heat-treated at 2600° C. at about 220
g/m? with a total of about 15 plies of mat. This stack
was vacuum bagged between plates and consolidated
by heating to 570° F. under contact pressure, only then
applying 500 psi at temperature for 10 minutes, then
cooling under pressure. The plate was then ground into
particles using an 1.M.S. model 3144-SP granulator
machine with a § screen. A 6" X6" mold was filled
with 120 g of predried granules with essentially random
orientation. The mold was heated to 590° F. under
contact pressure for 20 minutes, then 350 psi was ap-
plied for 10 minutes, then cooled under pressure. Ther-
mal conductivity was measured according to ASTM
F-433 on the axis of lowest thermal conductivity of the
sample. This yielded a thermal conductivity of 47.6
(BTU)(in)/(ft2)(hr)(°F.) at 50° C. and 63.2 (BTU)-
(in)/(ft2)(hr)( F) at 150° C.
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The same granulated material was also injection
molded using an “8 oz. Van Dooran” lab injection
molder. A “gentle” screw design was used to maintain
fiber length. A mold with 3" X 5" plaques was used and
subsequently 2 diameter disc was cut and thermal con-
ductivity was measured according to ASTM F-433 on
the axis of lowest thermal conductivity of the disc. This
yielded a thermal conductivity as 22.4 (BTU)-
(in)/(f2)(he)CF.).

The same fiber and resin were compounded using a
2" single screw with vacuum. This unit is normally used
to compound glass. The screw is not as *gentle” as that
used for injection molding. Strands were extruded and
then chopped replacing the granulated material above.
This material was then injection molded as described
above and tested for thermal conductivity as described
above, giving a value of 21.1 (BTU)(in)/(ft2)(hr)(°F.).

EXAMPLE III

Injection molded plaques were made from the formu-
lation used in Du Pont’s Rynite TM resins with glass,
polyacrylonitrile-based carbon fiber (PAN) and ultra-
high modulus pitch-based carbon fiber (UHM) repre-
senting the ultimate in high conductivity carbon fibers.
Methods of blending the fiber with the resin varied. The
Rynite TM resin with glass was a commercial formula-
tion. The Rynite ® resin with PAN fiber was produced
by feeding resin into a rear port of an extruder, the PAN
fiber into a vacuum port, blending in the extruder, being
forced out through an orifice as a small diameter rod
and chopped into pellets. The UHM fibers were too
brittle to process in a conventional sense. They were cut
into 4" lengths and blended with polymer pellets in the
feed hopper of an extruder, fed through and chopped
into pellets. Plaques 3" x5 Xx0.125"” were made from
the fiber/polymer mixtures and samples were cut from
these to measure thermal conductivity at 50° C. accord-
ing to ASTM Standard F-433 on the axis of lowest
thermal conductivity.

The results are summarized below:

Thermal Conductivity

(BTUXin)/(ft2)hr)(°F.)
PET/PAN 2.3
PET/Glass 2.3
PET/UHM Carbon 3.5
EXAMPLE IV

Three laminates were prepared according to Exam-
ple 2, U.S. Pat. No. 4,861,653 in the following manner:

The weight of fiber needed for the desired volume %
loading was cut from the carbon fiber batts using a
7" X 7" square template. The fiber was placed on a tray
inside a vacuum oven at 70 degrees Centigrade and 28"
Hg and left overnight to remove residual moisture. The
following morning 100 grams of Hercules 3501-6 epoxy
resin was placed in each of two aluminum pauns, and to
each pan was added 10 grams of Araldite RD-2 reactive
diluent, which serves to reduce the viscosity of the
epoxy resin, and to allow it to flow better within the
fiber assembly. This mixture was then degassed and
dried in the vacuum oven along with the fiber. Care was
taken to maintain the vacuum below 12" Hg to avoid
foaming of the resin. Periodically the resin uniform
viscosity. The resin was heated for about 2 hours.
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The apparatus used to make the plaque was a “picture
frame” stainless steel mold with a cavity 7" X 7", which
was 13" deep. The frame was placed in a “‘vacuum can”,
which had previously been sprayed with Frecote 33
mold release. The vacuum can was lined with a fiber-
glass cloth to absorb the resin squeezed from the mold
during consolidation. A bottom plate, " thick was
placed in the frame. A Kapton ®) release film which has
been sprayed with Frecote 33 mold release was placed
on top of the bottom plate. Next the fiber and epoxy
were added. In order to make a plaque 0.1” thick, 7 to
12 pieces of batt each about }" thick may be required,
because of the low volume density of the batt. A layer
of fiber was placed in the frame, and a small quantity of
resin poured around the edges of the fiber sheet, and
also criss-cross on the fiber surface. This step was re-
peated until all the fiber was in the mold. Then a release
film of Kapton ® which had been sprayed with Frecote
33 mold release was placed on top of the fiber, and a
7" X7"x1"” thick ram plate placed on top of the fiber.
Shims were placed on top of the mold so that when the
ram plate was squeezed down to their level the plaque
would be of the desired thickness. Finally, “tacky tape”
was placed along the flanged perimeter of the vacuum
can to create a vacuum seal, and a large piece of Kap-
ton ® film placed over the vacuum can and pressed into
the tacky tape to seal. The film was held in place with
Bulldog clips.

The assembly was placed in a hydraulic press for
curing. A vacuum connection was made to the vacuum
can, and the vacuum maintained at 10 to 12" Hg. The
cure cycle was as follows: the assembly was heated to
70° C. and held for one hour, to allow the epoxy to
soften and distribute within the fiber; it was next heated
to 112° C. and held for an hour; next, the ram plate was
pressed down to the shims—this was done slowly to
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release cycles to move air bubbles from the center to the
edge of the mold, where they could be removed by
vacuum; when the ram plate was pressed to the shims
the temperature was raised to 124° C., and it was held
for 18 hours—once it had reached the desired tempera-
ture the vacuum was turned-off; the assembly was then
cooled to ambient temperature under pressure.

A 2" diameter disk was cut from each of three lami-
nates and identified as sample A, B and C and thermal
conductivity measured in accordance with ASTM stan-
dard F-433 at about 50° C. on the axis of lowest thermal
conductivity of each disc. The compositional and ther-
mal conductivity data of the samples is summarized
below:

Sample Fiber Temperature Thermal Conductivity
Ref. Vol. % Degrees C. BTU (in)/(ft?) (hr) CF.)
A 33.6 55.6 3.6
B 35.3 55.2 44
C 35.8 54.6 49

What is claimed is:

1. A thermally conductive composite material com-
prising a resin reinforced with a three-dimensional ar-
rangement of discontinuous mesophase pitch based
carbon fibers said material having a thermal conductiv-
ity above about 1(BTU) (in)/(ft2) (hr) (°F.) as mea-
sured on the axis of lowest thermal conductivity
through the material.

2. The thermally conductive material as defined in
claim 1 wherein said resin is polyethylene terephthalate
polymer.

3. The thermally conductive material of claim 1
wherein said resin is fluorocarbon polymer.

4. A component made from the material of claim 1.
* * * * *



