
WO 2004/067796 PCT/US2004/000897  PRE-PLATING SURFACE TREATMENTS FOR
ENHANCED GALVANIC-CORROSION RESISTANCE  5 BACKGROUND  Metal-coated metal (or
metal alloy) graphite composite materials have been used in thermal
applications. Unfortunately, conventional methods for coating such  metal
graphite composite materials have disadvantages. For instance, it has been
discovered that when conventionally coated metal graphite composite
materials are 10 used, graphite extends into and often protrudes through a
metal coating, and  thereby results in the coating to fail. Such a fiber
protruding through a metal  coating creates a channel for communication of
moisture which causes corrosion.  Also, fibers protruding through the
coating also provide a channel for gas permea- tion through the composite.
15 Another problem of conventionally metal graphite composite materials is
that  the difference in the thermal expansion coefficients between the
surface graphite in  the composite material and the coating causes cracks in
the brittle metal coating.  Such defects impair the performance of the metal
graphite composite materials. For the foregoing reasons, it would be
advantageous to develop a metal- 20 coated metal graphite composite material
that is hermetically sealed. For the foregoing reasons, it would be
advantageous to develop a metal- coated metal graphite composite material
that is impervious to chemicals. For the foregoing reasons, it would be
advantageous to develop metal- coated graphite material that is corrosion
resistant. 25 For the foregoing reasons, there is a need to develop a method
that  produces a metal-coated metal graphite composite material that is
corrosion- resistant. For the foregoing reasons, there is a need to develop
a method that  produces a metal-coated metal graphite composite material
that is hermetically  30 sealed. WO 2004/067796 PCT/U52004/000897  



-2 SUMMARY  The invention relates to a method that involves (a) removing
graphite from at  least one surface of a metal graphite composite material;
(b) chemically cleaning or  plasma etching the surface of the metal graphite
composite material; (c) applying a 5 metal-containing material to the
surface of the chemically cleaned or plasma etched  metal graphite composite
material, and thereby forming an intermediate layer; (d)  applying a metal
coating on the intermediate layer, and thereby forming a metal- coated metal
graphite composite material. The invention also relates to a metal- coated
metal graphite composite material which can be made from such a method, 10
e.g., a metal-coated metal graphite composite material comprising (a) a
metal  graphite composite substrate having at least one surface that is
substantially free of  graphite; (b) a metal-containing intermediate layer
located on the substrate; and (c)  a metal coating on the intermediate
layer. 15 DESCRIPTION OF THE FIGURES These and other features, aspects, and
advantages of the'present invention  will become better understood with
reference to the following description and  appended claims, where: Fig. 1
is a picture of an aluminum graphite composite material that is made  20 in
accordance to the invention; and Fig. 2 is a picture of an aluminum graphite
composite material made without  supplemental surface modifications (not in
accordance to the invention), in which  fibers protrude a nickel coating. 25
DESCRIPTION  The invention relates to a method comprising (a) removing
graphite from at  least one surface of a metal graphite composite material;
(b) chemically cleaning or  plasma etching the surface of the metal graphite
composite material; (c) applying a  metal-containing material to the surface
of the chemically cleaned or plasma etched 30 metal graphite composite
material, and thereby forming an intermediate layer; (d)  applying a metal
coating on the intermediate layer, and thereby forming a metal- 



coated metal graphite composite material. Preferably, the composite material
formed in step (d) of the method has a surface that is hermetically sealed
or WO 2004/067796 PCT/US2004/000897  -3 corrosion-resistant or both
hermetically sealed and corrosion resistant. The  invention also relates to
a metal-coated composite material comprising (a) a metal  graphite composite
substrate having at least one surface that is substantially free of
graphite; (b) a metal-containing intermediate layer located on a surface of
the 5 substrate; and (c) a metal coating on the intermediate layer. The
metal graphite composite material from whose surface graphite is  removed
can be any metal graphite composite material, which when used in  accordance
with the invention, enables the production of a metal-coated metal  graphite
composite material of the invention. Generally, the metal graphite 10
composite material can be an aluminum graphite composite material, a copper
graphite composite material, a magnesium graphite material, or combinations
of  such materials. Also, aluminum alloy graphite composite materials,
copper alloy  graphite composite materials, magnesium alloy graphite
materials, and combinations of the foregoing can be used. 15 The metal
graphite composite material is preferably a metal matrix  composite that
includes random in-plane discontinuous fibers. Use of random in- plane
discontinuous fibers permits a high fiber volume fraction in the metal
matrix  composite C' in plane" as used herein is understood as the X-Y
plane, e.g., the  plane parallel to the bonded surface of a heat sink).
Further, by using in-plane 20 oriented fibers, substantially all of the
fibers can contribute to the control of the  coefficient of thermal
expansion in the X-Y plane. Though Z-direction coefficient of  thermal
expansion is not controlled by in-plane fibers, such control is generally
unnecessary for heat sink applications because the integrated circuit or
other object  is attached to an X-Y oriented surface of the heat sink. 25
Advantageously, use of these in-plane oriented fibers permits selection of a
coefficient of thermal expansion over a wide range of values. A desired
volume  



fraction of in-plane oriented fibers is selected to obtain a desired
coefficient of  thermal expansion. By orienting substantially all of the
fibers in the X-Y plane, a  very high volume fraction can be obtained. This
permits selection of the volume 30 fraction over a wide range and a
corresponding ability to select a wide range of  coefficient of thermal
expansion values. In one embodiment, the metal graphite composite material
has a volume  fraction of random in-plane discontinuous fibers ranging from
about 0.15 to about WO 2004/067796 PCTIUS2004/000897  -4 0.6. In another
embodiment, a minority of the random in-plane discontinuous fibers  are
oriented out of plane by an angle greater than about 10. Ina preferred
embodiment, the random in-plane discontinuous fibers are uniformly
distributed  within the metal matrix composite. Preferably, the metal matrix
composite material 5 is an aluminum graphite composite material. The metal
graphite composite material generally has a carbon fiber content  that is
sufficient to enable the material to be used in accordance with the
invention.  In one embodiment, the composite material has a carbon fiber
content that is at  least about 30 wt.%, or at least about 40 wt.%. In one
embodiment, the metal 10 graphite composite material has a carbon fiber
ranging from about 30 wt.% to about  40 wt.%. The metal graphite composite
material of can have carbon fiber content of  various quantities. In one
embodiment, the carbon content is at least about 15%. In another embodiment,
the carbon content ranges from about 15% to about 60%.  Examples of suitable
metal graphite composite materials can be found in U.S.S.N.  15 09/855,466,
incorporated herein by reference in its entirety. Graphite can be removed
from the metal graphite composite material by any  technique, which enables
graphite to be removed from a composite material so that  a composite
material of the invention can be made. For instance, graphite can be
removed by a technique selected from those such as oxidation techniques, 20
vibratory finishing techniques, plasma stripping techniques, glow discharge
techniques, mechanical blasting techniques, lapping techniques, and
combinations  



thereof. Vibratory finishing techniques generally involve the use of
components and  abrasives that move relative to each other's surfaces.
Plasma stripping techniques  generally involve partially ionized gas (e.g.
Ar) containing an equal number of 25 positive and negative charges, as well
as some other number of non-ionized gas  particles, striking the surfaces of
the components. Glow discharge techniques  generally involve the use of
globally neutral regions, as well as regions containing  net positive and
negative charge particles striking the surfaces of the components.  Most
thin film processes use "plasma" and "glow discharge" interchangeably. 30
Mechanical blasting techniques generally involve the use of abrasive
materials  such as glass beads, alumina powders, impinge under pressure on
the surfaces of  components. Lapping techniques generally involve the use of
liquid abrasive media WO 2004/067796 PCT/US2004/000897  -5_ that is injected
between components and rotating plates on one or both sides of  components.
These techniques are known to the skilled artisan. When oxidation is
selected as a technique for removing graphite, the metal  graphite composite
material can be oxidized by any technique that enables the 5 removal of at
least some of the graphite from a surface of the metal graphite  composite
material. Preferably, the metal graphite composite material is oxidized  by
heating the metal graphite composite material to a temperature that is
sufficiently high to oxidize the composite material and remove graphite from
the  composite material. Generally, the maximum temperature at which the
metal 10 graphite composite material is oxidized is below the melting
temperature of the  metal graphite composite material. In one embodiment,
the temperature at which  the metal graphite composite material is oxidized
is at least about 250 C. The amount of graphite removed from a surface of
the metal graphite  composite material is sufficient to enable the metal
graphite composite material to  15 be made in accordance to the method of
the invention. In one embodiment, at least 10% of residual graphite remains
on or below the surface of the metal  graphite composite material. In
another embodiment, less than 10% of residual  



graphite remains on or below the surface of the metal graphite composite
material.  In another embodiment, substantially all of the graphite from the
surface is 20 removed. In another embodiment, one hundred percent of the
graphite is removed  from the surface. The metal graphite composite material
can be chemically cleaned by any  technique that enables the metal graphite
composite material to be made in  accordance to the invention. Examples of
suitable chemicals for cleaning a surface 25 of the metal graphite composite
material include chemicals used in higher pH  alkaline chemical cleaning
techniques. The metal graphite composite material is  generally cleaned by
dipping and rinsing operations. In one embodiment, the metal  composite
material is subjected to a plasma etching treatment instead of a  chemically
cleaning treatment. 30 The metal-containing intermediate layer, e.g., a
film, that is applied to a  surface of the chemically cleaned or plasma
etched metal graphite composite  material can contain a metal that enables
the production of a metal-coated metal  graphite composite material of the
invention. Examples of suitable metal materials WO 2004/067796
PCTIUS2004/000597  -6 include zinc, gold, and combinations thereof.
Preferably, the metal-containing  intermediate layer is applied is a
zinc-containing material. More preferably, the  zinc-containing material is
a zincate. The metal-containing material that is applied to the surface of
the chemically  5 cleaned or plasma etched graphite composite material
generally forms an  intermediate layer that can have various thicknesses. In
one embodiment, the  intermediate layer has thickness that is less than
about 1 micron. In another  embodiment, the intermediate layer has a
thickness ranging from about I  nanometer to about 1 micron. 10 The
metal-containing intermediate layer can be applied to a surface of the
chemically cleaned or plasma etched metal graphite composite material by any
suitable technique that enables the metal graphite composite material to be
treated  



in accordance to the method of the invention and preferably form a composite
material having a surface that is hermetically sealed or corrosion-resistant
or both 15 hermetically sealed and corrosion resistant. Examples of suitable
techniques for  applying the metal-containing material to a surface of the
chemically cleaned or  plasma etched metal graphite composite material
include plating techniques, (e.g.,  immersion coating techniques,
electroplating techniques), physical vapor deposition  techniques, chemical
vapor deposition techniques, ion vapor deposition techniques, 20 and
combinations thereof. These techniques are well known and known to the
skilled artisan. Preferably, the metal-containing material is added to a
surface of a  metal graphite composite material by electroplating
techniques. The metal coating that is applied onto the intermediate layer
can be made of  any metal that enables the invention to be practiced.
Generally, the metal of the 25 coating will be selected from aluminum,
copper, nickel, gold, silver, rhodium,  ruthenium, aluminum alloys, copper
alloys, nickel alloys, gold alloys, silver alloys,  rhodium alloys,
ruthenium alloys, and combinations of the foregoing. In one  embodiment, the
metal coating applied on the intermediate layer includes multilayer
coatings, e.g., a coating made of Ni and Au layers. 30 The metal coating
that is applied by any technique that enables a suitable  metal to be
applied onto a surface covered by the metal-containing material. The  metal
coating is applied by a technique selected from plating techniques, e.g.,
electroplating, physical vapor deposition techniques, chemical vapor
deposition WO 2004/067796 PCT/U52004/000597  -7 techniques, ion vapor
deposition techniques, and combinations thereof. As  mentioned above, these
techniques are well known and known to the skilled  artisan. The metal
coating is applied to the intermediate layer generally has a 5 thickness
that is less than about 100 microns. Preferably, the metal coating is at
least 1 about micron, or from about 1 micron to about 75 microns.
Preferably, the  coating is a galvanic-corrosion resistant and hermetically
sealed coating. 



In use, a suitable metal graphite composite material is selected for
treatment. Graphite is removed from at least one surface of a metal graphite
10 composite material. Advantageously, fibers which extend above the
surfaces and  others on/in the metal surface are removed in a controlled
fashion. The graphite  present on the at least one surface is generally
present in less than about 60% of  the total surface area. In one
embodiment, at least one surface of the metal  graphite composite material
is smoothened before the metal graphite composite 15 material is subjected
to chemical cleaning or etching, e.g., before or after graphite  is removed
from the surface and before the composite is subjected to chemical  cleaning
or plasma etching. The surface can be smoothened by a technique  selected
from the group consisting of lapping techniques, ivadizing techniques,
peening techniques, and combinations thereof. 20 Once graphite has been
removed from a surface of the metal graphite  composite material, the metal
graphite composite material is chemically cleaned or  plasma etched with a
suitable technique. Thereafter, an intermediate layer forms  by applying a
metal-containing material to the surface of the chemically cleaned or
plasma etched metal graphite composite material. Finally, a metal coating is
25 applied on the intermediate layer, and the metal-coated metal graphite
composite  material forms. The composite material formed by the method of
the invention  preferably has a surface that is hermetically sealed or
corrosion-resistant or both  hermetically sealed and corrosion resistant.
Also, the composite material of the  invention is preferably also impervious
to chemicals. Advantageously, the metal 30 coated metal graphite composite
material of the invention can be corrosion  resistant and/or hermetically
sealed under various operating conditions. To test the  corrosion properties
of a coated composite material, the coated composite material  of the
invention can be salt sprayed according to military or ASTM standards. To WO
2004/067796 PCT/1JS2004/000897  test for hermeticity, a composite material
of the invention can be placed in a sealed  chamber which is pressured with
a gas (e.g. He), and its leakage rate can be  checked. 



Although the present invention has been described in detail with reference
to  5 certain preferred versions thereof, other variations are possible.
Therefore, the  spirit and scope of the appended claims should not be
limited to the description of  the versions contained therein. -g  WHAT IS
CLAIMED IS: 1. A method comprising: (a) removing graphite from at least one
surface of a metal graphite  composite material; 5 (b) plasma etching the
surface of the metal  graphite composite material; (c) applying a
metal-containing material to the surface of the plasma etched metal graphite
composite material, and thereby forming  an intermediate layer; 10 (d)
applying a metal coating on the intermediate layer, and thereby  forming a
metal-coated metal graphite composite material. 2. The method of Claim 1,
wherein the graphite is removed by a  technique selected from the group
consisting of oxidation techniques, vibratory  finishing techniques, plasma
stripping techniques, glow discharge techniques, 15 mechanical blasting
techniques, lapping techniques, and combinations thereof.  3. The method of
Claim 1, wherein the composite material formed in  step (d) has a surface
that is hermetically sealed or corrosion-resistant or both  hermetically
sealed and corrosion resistant. 4. The method of Claim 1, wherein in step
(c), the metal-containing  20 material that is applied is a zinc-containing
material. 5. The method of Claim 4, wherein the zinc-containing material is
a  zincate. 6. The method of Claim 1, wherein the metal coating in step (d)
is  selected from the group consisting of aluminum, copper, nickel, gold,
silver, 25 rhodium, ruthenium, aluminum alloys, copper alloys, nickel
alloys, gold alloys, silver  



alloys, rhodium alloys, ruthenium alloys, and combinations of the foregoing.
7. The method of Claim 1, wherein metal graphite composite material has a
carbon fiber content ranging from about 30 wt.% to about 40 wt.%.  8. The
method of Claim 1, wherein the metal graphite composite 30 material is
selected from the group consisting of aluminum graphite composite
materials, copper graphite composite materials, magnesium graphite
materials,  aluminum alloy graphite composite materials, copper alloy
graphite composite  materials, magnesium alloy graphite materials, and
combinations thereof. -10- 9. The method of Claim 1, wherein in step (a),
graphite is removed by subjecting the metal graphite composite material to
oxidization by heating the metal  graphite composite material to a
temperature that is sufficiently high to oxidize the  composite material and
remove graphite from the composite material. 5 10. The method of Claim 9,
wherein the temperature is at least about  250 C. 11. The method of Claim 9,
wherein the maximum temperature is below  the melting temperature of the
metal of the metal graphite composite material. 12. The method of Claim 1,
wherein the metal-containing material applied  10 in step (c) forms a thin
film of a zinc-containing material having thickness that is  less than about
1 micron. 13. The method of Claim 1, wherein the metal-containing material
applied  in step(c) forms a thin film of a zincate having a thickness
ranging from about 1  nanometer to about 1 micron. 15 14. The method of
Claim 1, wherein the metal coating is applied by a  technique selected from
the group consisting of plating techniques, immersion  coating techniques,
physical vapor deposition techniques, chemical vapor  deposition techniques,
ion vapor deposition techniques, and combinations thereof. 15. The method of
Claim 1, wherein the metal coating is applied to a zinc- 20 containing
intermediate layer and the metal coating has a thickness that is less  than
about 100 microns. 



16. The method of Claim 1, wherein the metal coating applied on a zinc-
containing film and the metal coating is at least 1 about micron, or from
about I  micron to about 75 microns. 25 17. The method of Claim 1, wherein
the method further comprises  smoothening a surface of the metal graphite
composite material before the metal  graphite composite material is
subjected to chemical cleaning or etching. 18. The method of Claim 17,
wherein the surface is smoothened by a  technique selected from the group
consisting of lapping techniques, peening  30 techniques, and combinations
thereof. -11- 19. A metal-coated metal graphite composite material
comprising: (a) a metal graphite composite substrate having at least one
surface that  is substantially free of graphite; (b) a metal-containing
intermediate layer located on a surface of the  substrate; and (c) a metal
coating on the intermediate layer, wherein the composite material is made by
a method comprising: (1) removing graphite from at least one surface of a
metal graphite  composite material; (2) plasma etching the at least one
surface of the  metal graphite composite material; (3) applying a
metal-containing material to the surface of the plasma etched metal graphite
composite material, and thereby forming  an intermediate layer; and (4)
applying a metal coating on the intermediate layer, and thereby  forming the
metal-coated metal graphite composite material. 20. The composite material
of Claim 19, wherein the metal-coated metal  graphite composite material
formed in step (4) has a surface that is hermetically sealed or
corrosion-resistant or both hermetically sealed and corrosion resistant. 


