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ABSTRACT 

High theoretical density, metal-based materials containing 
graphite or hexagonal boron nitride have loW coefficients of 
friction and Wear rates are useful for bearings, bushings and 
other articles subject to bearing loads. 
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HIGH DENSITY, METAL-BASED MATERIALS 
HAVING LOW COEFFICIENTS OF FRICTION 

AND WEAR RATES 

FIELD OF THE INVENTION 

[0001] The invention relates generally to high theoretical 
density metal-based materials having loW coefficients of 
friction and Wear rates and more particularly to high-density 
metal-based materials containing graphite or hexagonal 
boron nitride. 

BACKGROUND OF THE INVENTION 

[0002] Journal bearings, bushings and other fabrications 
subject to loads bearing require a material that has a low 
coefficient of friction. As there is alWays relative motion 
betWeen a bearing and its mating surface, friction is alWays 
a concern. Friction results in loss of poWer, generation of 
heat and increased surface Wear. Therefore, a major consid 
eration is that the material of a bearing, bushing and similar 
load-bearing items, has a loW coefficient of friction. 

[0003] As friction causes Wear, also of concern is that the 
material be highly resistant to Wear. Another major concern 
is that the material has sufficient strength or hardness for 
bearing loads that may continuously vary in magnitude. 

[0004] Bearing alloys used in engine parts generally con 
sist of either an aluminum or copper matrix containing 
alloying additions of an elemental metal Which is not soluble 
in the matrix and exists therefore as a discrete phase. In 
aluminum matrix alloys the Well-known and used elemental 
metals are tin, lead and cadmium and many alloys contain 
ing these constituents. 

[0005] In the case of copper based alloys, hoWever, only 
lead has been generally used. Lead is one of the feW loW 
melting point metals, Which has the properties necessary to 
form a good bearing material With copper. The copper-lead 
alloys have given good service as engine bearing alloys but 
they have some limitations. 

[0006] The tWo most serious problems With copper-lead 
alloys are: 

[0007] (1) lead is a toxic substance and the use of lead 
in the production of alloys involves expensive con 
trol procedures; and 

[0008] (2) the lead phase in copper-lead alloys is 
seriously affected by corrosive attack in hot engine 
oil. When engine oil is oxidiZed While hot (during the 
normal running of an engine) the oil breaks doWn to 
form peroxides and organic acids that dissolve the 
lead phase; this seriously Weakens the bearing alloys 
and causes eventual malfunction and failure. 

[0009] Currently copper, bronZe or brass lead-bearing 
alloys are cast using special techniques to achieve the ?ne 
distribution of lead necessary for machinability and tribo 
logical properties. 

[0010] For certain applications, other metal and metal 
alloy materials have been used. For example, it is knoWn to 
use tantalum, among other metals and alloys, With a solid 
lubricant exposed at its surfaces, for a roller bearing appa 
ratus to be used in a molten metal bath. 
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[0011] Graphite and hexagonal boron nitride are both 
knoWn to be solid lubricants useful in improving the 
machinability of metals and alloys, such as brass. Graphite 
and hexagonal boron nitride also have been used in metal 
based, load-bearing articles. For example, the prior art 
describes a sliding member made by mixing a matrix 
material of iron-based poWder containing chromium With 
0.1 to 3.5 Weight % hexagonal boron nitride and 0.1 to 3.5 
Wt. % graphite. The resultant poWder mixture is compacted 
then sintered While in contact With copper or copper alloy 
such that the copper or copper alloy in?ltrates into the 
iron-based matrix and the hexagonal boron nitride is dis 
tributed in the copper phase. The graphite reacts With the 
chromium to be precipitated as chromium carbide. The 
porosity of the obtained sintered product Was at least 3% (by 
volume). HoWever, neither graphite nor hexagonal boron 
nitride is knoWn to be suitable as a full replacement for lead. 

[0012] Shaped articles consisting of hexagonal boron 
nitride are knoWn. Some prior art references describe shaped 
articles of hexagonal boron nitride having a density of at 
least 95% of its theoretical density consisting of pure 
hexagonal boron nitride that Was hot isostatically pressed. 
HoWever, the use of hexagonal boron nitride to form a 
highly densi?ed metal-based material With loW coefficients 
of friction and Wear rates is not knoWn. 

SUMMARY OF THE INVENTION 

[0013] The invention provides a shaped, metal-based 
material comprising a mixture of a metal and from about 0.1 
to about 5 Weight percent of a solid lubricant selected from 
the group consisting of hexagonal boron nitride, graphite 
and mixtures thereof. The metal-based material has an actual 
density of at least about 99 percent of its theoretical density. 
The metal-based material is Wear-resistant, and may be 
subject to high bearing loads. 

[0014] The invention is based on the discovery that a 
mixture incorporating boron nitride or graphite With a metal 
can be densi?ed to or near its theoretical density. The 
maximal structural integrity of the resultant metal-based 
material yields excellent Wear and strength properties. As 
these properties can be superior to metal-based materials 
containing lead, the invention enables the production of 
lead-free metal materials suitable for use in such demanding 
applications as journal bearings, bushings and other mate 
rials subject to bearing high loads. 

[0015] In one embodiment, the invention includes com 
pacted metal-based material comprising a metal and about 
0.1 to about 5 Weight percent of hexagonal boron nitride or 
graphite, or mixtures thereof, and having an actual density of 
at least about 99 percent of the theoretical density of the 
metal-based material. As hot isostatically processed metal 
based material is readily producible, these metal-based 
materials are particularly Within the invention. 

[0016] In another embodiment, the invention provides a 
method for preparing a Wear-resistant, shaped, metal-based 
material, subject to high bearing loads. This method com 
prises forming a uniform mixture of a metal and about 0.1 
to about 5 Weight percent of a solid lubricant selected from 
the group consisting of hexagonal boron nitride, graphite 
and mixtures thereof; and compacting the mixture to form a 
compact having an actual density of at least 99 percent of the 
theoretical density of the compact. 
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[0017] The method of the invention permits the use of 
powders of the metal and solid lubricant, thereby enabling 
the direct control of the amount and distribution of the solid 
lubricant incorporated With the metal through the selection 
of the poWders and the degree of mixing. 

[0018] In still another embodiment, the present invention 
provides a Wear-resistant, shaped, metal-based product made 
by methods comprising forming a uniform mixture of a 
metal and a solid lubricant selected from the group consist 
ing of hexagonal boron nitride, graphite and mixtures 
thereof; and compacting the mixture to form a compact 
having an actual density of at least 99 percent of the 
theoretical density of the compact. 

[0019] In yet another embodiment, the present invention 
provides a Wear resistant, metal-based, bearing and a Wear 
resistant, metal-based bushing, each comprising a hot-isos 
tatically pressed, uniform mixture of from about 95 to about 
99 Weight percent copper or copper alloy and from about 1 
to about 5 Weight percent hexagonal boron nitride lubricant; 
With the pressed mixture having an actual density of at least 
99 percent of the theoretical density of the mixture. 

[0020] Accordingly, it is one advantage of the present 
invention to provide high-density metal-based materials 
having loW coefficients of friction and Wear rates. Another 
advantage of the present invention is to provide high-density 
metal-based materials containing a solid lubricant of graph 
ite or hexagonal boron nitride. Also, yet another advantage 
of the invention is to provide high-density metal-based 
materials having loW coefficients of friction and Wear rates 
that are lead-free. 

[0021] The high-density metal-based materials of the 
present invention are suitable for use as journal bearings, 
bushings and other materials subject to bearing high bearing 
loads. 

[0022] Other advantages of the present invention include 
methods for readily preparing high-density metal-based 
materials containing a solid lubricant of graphite or hexago 
nal boron nitride. Yet other advantages of the present inven 
tion include methods for readily preparing high-density 
metal-based materials using poWders of a metal and a solid 
lubricant of graphite or hexagonal boron nitride. 

[0023] For a better understanding of the present invention 
together With other and further advantages and embodi 
ments, reference is made to the folloWing description taken 
in conjunction With the examples, the scope of Which is set 
forth in the appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The invention Will noW be described in connection 
With preferred embodiments. These embodiments are pre 
sented to aid in an understanding of the present invention 
and are not intended to, and should not be construed to, limit 
the invention in any Way. All alternatives, modi?cations and 
equivalents that may become obvious to those of ordinary 
skill on reading the disclosure are included Within the spirit 
and scope of the present invention. 

[0025] The metal-based materials of the invention com 
prise a metal and a solid lubricant selected from graphite, 
hexagonal nitride boron, and mixtures thereof. 
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[0026] Although embodiments of the invention include 
both graphite and hexagonal boron nitride as the solid 
lubricant, the metal-based materials containing hexagonal 
boron nitride of the invention are exempli?ed and explained 
in more detail than the metal-based materials containing 
graphite. HoWever, these descriptions are similarly appli 
cable to metal-based materials containing graphite. 

[0027] The metal is the base material, and is the major 
constituent. It may be selected from iron, carbon steel, 
stainless steel, chromium, aluminum, copper, brass, bronZe, 
and other copper based alloys. 

[0028] The invention permits the use of poWders to form 
the metal-based materials. This alloWs for direct control of 
the amount of each element and its distribution in the 
metal-based material through individual selection of the 
poWders and management of their mixing. Thus, it is pre 
ferred that metal poWders be used to carry-out the invention. 

[0029] The siZe of the metal poWder particles is desirably 
no greater than about 100 mesh maximum, more desirably 
no greater than about 150 mesh, and most desirably no 
greater than about 200 mesh. 

[0030] The amount of metal used is the remainder after the 
amount of solid lubricant and any additives employed in the 
material. 

[0031] Stainless steel pre-alloy poWders are commercially 
available. 

[0032] Pure copper, and atomiZed pure copper may be 
used in embodiments of the invention. Also, bronZe or brass, 
or another copper alloy may be used in embodiments of the 
invention. 

[0033] “Alloys” Within the scope of the present invention 
means the intentional combination of a metal With another 
element. 

[0034] Copper alloys may be provided as pre-alloyed 
poWders or may be alloyed during the hot-compaction 
process from a poWder mixture made by mixing copper 
poWder such as OMG grade 150A (obtained from OMG 
Americas, Research Triangle Park, NC, USA.) With Zinc 
poWder or tin poWder, or a poWder of one or more other alloy 
metals such as cobalt, iron or the like. In a case of using 
poWder mixture, the poWders should be sufficiently mixed so 
that no segregation takes place. Accordingly, the use of alloy 
poWder that can facilitate the mixing of the poWders is 
preferred. 
[0035] Regarding pre-alloy poWders, brass, bronZe and 
other copper alloy poWders are commercially available. The 
usable poWders include any copper-based alloy; particularly 
brass, bronZe, and beryllium-copper alloys. 

[0036] A copper alloy should be selected appropriately 
according to the hardness of a mated member, but also for 
its loW coefficient of friction. Copper alloys containing about 
10 to about 30 Weight % tin and the balance Cu, or 
preferably containing about 10 to about 15 Weight % tin and 
the balance Cu, are particularly useful because they impart 
strength and hardness. 

[0037] Other useful copper alloys include alloys contain 
ing beryllium or aluminum Which improve strength and 
hardness. A preferred copper alloy is one containing about 
0.5 to about 2 Weight % beryllium. 
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[0038] Any commercially available graphite powder can 
be used. Further, for the purpose of obtaining a shaped 
article having high density, high strength, and a graphite 
poWder having a purity of at least about 99.0 Weight % and 
an average particle siZe of not more than about 20 microns 
is preferred. It is preferred more that the graphite have a 
purity of at least about 99.5 Weight % and an average particle 
siZe of not less than about 10 microns. 

[0039] The hexagonal boron nitride used in the invention 
is not restricted in particular, and any commercially avail 
able hexagonal boron nitride poWder can be used. HoWever, 
it is preferred that commercially available loW oxygen 
content boron nitride poWder, preferably having less than 
about 0.5 Weight % oxygen, is used as the starting material 
to avoid boron oxide formation. Further, for the purpose of 
obtaining a shaped article having high density, and high 
strength, a hexagonal boron nitride poWder having a purity 
of at least about 99.5 Weight % and an average particle siZe 
of not more than about 8-12 microns is preferred. It is 
preferred more that the hexagonal boron nitride have a 
purity of at least about 99.9 Weight % and an average particle 
siZe of not more than about 9-12 microns. Both AC6004 and 
HCPL grades of hexagonal boron nitride poWders (obtained 
from Advanced Ceramics Corporation, Lakewood, Ohio, 
USA.) have been found to be useful in the practice of the 
invention. 

[0040] Regarding the amount of solid lubricant to be 
employed, it is preferred that graphite, hexagonal boron 
nitride, or a mixture of the tWo, be present in an amount 
sufficient to reduce by at least about 20 percent the coef? 
cient of friction of the mixture beloW that of the mixture 
Without the solid lubricant. In the case of less than about 0.1 
Weight % of solid lubricant, suf?cient lubricating operation 
is not obtained. Also, it is preferred that the amount of the 
solid lubricant present reduces by less than about 10 percent 
the yield strength of the mixture Without the solid lubricant. 
More than about 10 Weight % solid lubricant may signi? 
cantly reduce the strength. For practical purposes, there is 
generally no need to use more than about 5 Weight % of solid 
lubricant to achieve the improved properties of the inven 
tion. Thus, the amount of solid lubricant preferably is from 
about 0.5 to about 5 Weight %; more preferred is an amount 
from about 2 to about 5 Weight percent. 

[0041] Although the metal-based materials of embodi 
ments of the invention are all based on a metal and a solid 
lubricant, other additions can be made Which are either to 
ease production or to modify the metal-based material’s 
properties. 

[0042] The metal poWder(s), graphite, or hexagonal boron 
nitride poWder, and any additives are blended together to 
form a mixture Where the poWders are evenly distributed. 
Any poWder blending technique that renders a uniform 
mixing can be used. KnoWn devices such as a v-blender or 
v-cone may be used to mix the ingredients. The mixing can 
be carried out at room temperature under atmospheric pres 
sure, and is not adversely affected by temperature or pres 
sure conditions. In a preferred embodiment, double vee-cone 
blending Was employed for 1 hour to obtain a uniform 
mixture. 

[0043] A uniform distribution of hexagonal boron nitride 
in the metal poWder brings about excellent mechanical 
properties and lubricating performance. 
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[0044] After a uniform mixture is obtained, the mixture is 
either ?lled into a prefabricated casing or a cold-compacted 
“green” piece of a desired shape is made from the mixture. 
The poWder mixture or green piece then is subjected to a 
hot-compaction process to achieve an actual density that is 
at least about 99% of the theoretical maximum density. 
Suitable methods of hot-compaction may include hot-isos 
tatic pressing, extrusion, hot pressing, rapid omni-direc 
tional compaction (“ROC”), and a high pressure/high tem 
perature (“HPHT”) process. Hot-isostatic pressing is knoWn 
in the art and is described in, for example, Price and Kohler, 
“Hot Isostatic Pressing of Metal PoWders”, Metals Hand 
book, Vol. 7, pp. 419-43 (9th ed. 1984). Extrusion also is 
knoWn in the art and is generally described in Mielnick, 
“Metalworking Science and Engineering”. McGraW Hill, 
1991. Rapid omni-directional compaction is described in 
US. Pat. Nos. 4,428,906 and 4,656,002. The HPHT process 
is described in Us. Pat. Nos. 5,676,496 and 5,598,621. The 
teachings of the above cited reference and patents are 
incorporated herein by reference. 

[0045] Although it is preferred that a hot-compaction 
process be used to obtain the desired density, any compac 
tion process, including cold-compaction may be used. Fur 
ther, compaction to an actual density to less than 99% of the 
theoretical density may be acceptable for some applications. 

[0046] In a preferred embodiment, hot-isostatic pressing is 
employed. In this process, high-pressure gas is used to 
transfer heat and pressure through a ?exible metallic mem 
brane (“HIP can”) to bring about densi?cation and bonding 
of the metal and solid lubricant. The time, temperature, and 
pressure parameters for the process are selected based on the 
values required to achieve densi?cation of the solid lubricant 
and the metal particles, and to bring about a chemical 
reaction (and therefore form a strong bond) betWeen the tWo. 
Thus, it Will be obvious to those skilled in the art, that the 
bonding parameters Will be expected to vary according to 
the siZe, shape, speci?c compositions, and other properties 
of the materials that make up the shaped material as Well as 
other factors such as ?xturing, furnace design, and furnace 
load. 

[0047] In hot isostatic pressing, it is necessary that the 
poWder to be densi?ed, or the article preshaped from the 
poWder, have pores open to the surface, With a gas-tight 
casing to prevent the gas used as a pressure-transfer medium 
from penetrating into the article and interfering With densi 
?cation. The poWders either are ?lled into prefabricated 
casings or are pre-shaped to form green bodies having pores 
open to the surface and then placed in prefabricated casings 
or coated With a material Which forms a vacuum-tight 
casing. 

[0048] In the ?rst instance, the poWder mixture is placed 
in a hermetically sealable container made of a suitable metal. 
The starting poWder may be either loaded and compacted by 
vibrating or tapping or cold isostatically pressed and 
machined to ?t the container. The poWder mixture also may 
be pre-pressed to facilitate loading into the containers and to 
help control ?nal shrinkage. If desired, small amounts of a 
temporary binder such as polyvinyl alcohol may be used. 

[0049] The container loaded With pre-pressed poWder 
mixture is then heated and evacuated (subject to vacuum) to 
remove any temporary binder, residual Water vapor and 
other gases in order to enhance ?nal densi?cation. The 
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casing, together With its contents, are then evacuated and 
sealed gas-tight. If a temporary binder is utilized, it must be 
removed from the poWder mixture preferably by heat and 
vacuum before sealing the casing. 

[0050] The poWder mixture also may be pre-shaped into 
green bodies having pores open to the surface and then 
sealed under vacuum in a gas-tight casing. The shaping can 
be carried out by conventional methods as, for example, by 
die pressing or cold isostatic pressing. The concomitant use 
of a temporary binder is generally not necessary. If desired, 
hoWever, small amounts of a temporary binder may be used, 
such as polyvinyl alcohol or camphor. 

[0051] After being shaped, the green bodies are provided 
With a gas-tight casing. The material used for the casings 
must be able to be sealed gas-tight, and must be plastically 
deformable at the densi?cation temperatures required. Met 
als such as iron, chromium or nickel; metal alloys such as 
steel, and glasses or vitreous compositions Which are plas 
tically deformable Within the densi?cation temperature 
range can be used. 

[0052] When using unshaped poWder mixtures, prefabri 
cated casings or capsules are required. Prefabricated casings 
can also be used With preshaped green bodies. In the case of 
preshaped green bodies, the gas-tight casing also can be 
produced by direct coating as, for example, by electroless 
Wet deposition of a metal layer or by application of a 
vitreous composition Which can subsequently be fused or 
sintered to form the gas-tight casing. 

[0053] The poWders or the green bodies in the vacuum 
tight casings are subjected to an isostatic hot-pressing pro 
cess in a high-pressure Zone using an inert gas such as argon 
or nitrogen, as the pressure-transfer medium. 

[0054] The encased materials are placed in a high-pressure 
autoclave and hot isostatically pressed at suitable tempera 
ture and pressure for a suitable time interval. In the process, 
it is advantageous to control pressure and temperature 
separately that is, to increase the gas pressure When the 
casing material begins to plastically deform under the pres 
sure and temperature conditions. The pressure applied is 
preferably Within the range of from about 5 to about 30 MPa 
and is reached by gradual increase in pressure after the 
densi?cation temperature required in each case, Which is 
preferably at least about 1400° F. The optimum temperature 
in each case is dependent on the ?neness, purity and melting 
point of the poWders used. In a preferred embodiment of the 
process the poWder mixture in a steel container is hot 
isostatically pressed at 1392 to 1650° F. and 15 KSI (103 
MPa) argon pressure for 3 hours. 

[0055] After the pressure and temperature have been 
reduced, the cooled articles are removed from the high 
pressure autoclave and freed from the casings as, for 
example, by machining aWay the container, tWisting off 
metal casings, sand-blasting glass casings or etching or other 
suitable process. 

[0056] Depending on the pressure applied, and the tem 
perature and the dWell time under these conditions, the 
shaped articles manufactured by the present process have a 
density of at least about 99% of its theoretical density. (In a 
poWder mixture, there typically is a certain degree of poros 
ity. The theoretical maximum density of a mixture refers to 
the density of a mixture With Zero porosity.) 
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[0057] The metal-based materials made in accordance 
With embodiments of the invention may be used for bearings 
and bushings for aircraft fuel pumps, automobile lifter 
bushings, tie rod bushings for automobile pistons, and other 
articles currently made from leaded copper based alloys. 
Other uses include high performance bearings used in heavy 
construction and off-road equipment and machinery as Well 
as other articles subject to high bearing loads. 

[0058] Metal-based materials made in accordance With 
embodiments of the invention have shoWn reductions in 
coefficients of friction to 20% of that of leaded bronZe, as 
Well as higher bearing stress to lubrication failure as mea 
sured in a PV (pressure/velocity) cube on ring Wear test. 

EXAMPLES 

[0059] The invention is described in more detail With 
reference to the folloWing examples. The examples are 
solely for illustrative purposes and are not to be construed as 
limiting the scope of the invention. 

Example 1 

[0060] A mixture of 90 volume % 150A copper poWder, 
provided by OMG Americas, Inc., Research Triangle Park 
NC, Was blended With 10 volume % BN poWder (HCP 
poWder obtained form Advanced Ceramics Corporation, 
Lakewood, Ohio) by mixing 297 grams of the copper With 
3 grams of BN. Blending Was conducted in a Patterson 
Kelley double vee cone blender. 

[0061] The blended poWders Were loaded into steel can 
isters, and vacuum de-gassed at a temperature of 1000° F. for 
48 hours. Hot Isostatic Pressing Was performed at a tem 
perature of 1392° F, 15 KSI (103 MPa) for 3 hours. 

[0062] This tensile properties of this material Were; A 
0.2% yield strength 14.9 KSI, an ultimate tensile strength of 
29 KSI and an elongation of 13.2% elongation With an 
electrical conductivity of 91.1% IACS. 

Example 2 

[0063] Example 1 Was repeated except using a mixture of 
98 Weight percent A150 copper and 2.0 Weight percent tin, 
With an addition of 2 Weight percent graphite, formed by 
mixing 294.4 grams of 150A copper poWder With 6 grams of 
tin grade L-10 poWder (obtained from OMG Americas) and 
3 grams of graphite poWder 325. 

[0064] The tensile properties of this material Were a 0.2% 
yield strength 23.4 KSI, an ultimate strength of 32.1 KSI, 
7.9% elongation and an electrical conductivity of 33.4% 
IACS. 

Example 3 

[0065] Example 1 Was repeated except using a mixture of 
98.5 Wt % A150 copper poWder and 1.5 Wt % L-10 grade tin 
poWder to Which 2 Wt % of-325 graphite poWder had been 
added. This Was formed by mixing 295.5 grams of A-150 Cu 
With 4.5 grams of Sn, and adding 6.12 grams of graphite. 
This blend Was and treated as in Example 1. 

[0066] The tensile properties of this material Were a 0.2% 
yield strength 20.1 KSI, an ultimate strength of 21.1 KSI, 
0.5% elongation and an electrical conductivity of 31.2% 
IACS. 
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Example 4 

[0067] Example 1 Was repeated except using a mixture of 
50% Weight percent 150A copper, 50 Weight percent RLX 
copper powder, to Which 1% graphite and 1% boron nitride, 
grade AC6004 had been added. 

[0068] The tensile properties of this material Were a 0.2% 
yield strength 17.7 KSI, an ultimate strength of 24.1 KSI, 
5% elongation and an electrical conductivity of 79.9% 
IACS. 

Example 5 

[0069] Example 1 Was repeated except using a mixture of 
90 volume percent copper and 10 volume percent boron 
nitride, formed by mixing 2,010 grams of 150A copper With 
21 grams boron nitride AC6004 grade (obtained from 
Advanced Ceramics). The material Was degassed at 1000° 
F, and held at that temperature for 48 hours. Hot Isostatic 
pressing Was done in a With a hold of 3 hours time at a 
temperature of 1392° F. and an applied pressure of 15 KSI 

(15 MPa). 
[0070] The hot isostatically pressed rod Was machined into 
cube on ring specimens. The formed rod Was found to have 
a coefficient of friction of 0.01, and a bearing stress-to 
lubrication failure of 37,500 psi. 

[0071] Although the invention has been described in com 
bination With speci?c embodiments and examples, it is 
evident that many alternatives, modi?cations and variations 
Will be apparent to those skilled in the art in light of the 
foregoing description. Accordingly, it is intended to embrace 
all modi?cations and variations as fall Within the spirit and 
broad scope of the claims that folloW. 

1. (canceled) 
2. (canceled) 
3. (canceled) 
4. (canceled) 
5. (canceled) 
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6. (canceled) 
7. (canceled) 
8. (canceled) 
9. (canceled) 
10. (canceled) 
11. A method for preparing a metal-based material com 

prising: 

i. forming a mixture of a metal and a solid lubricant 
selected from the group consisting of hexagonal boron 
nitride, graphite and mixtures thereof; and 

ii. isostatically processing the mixture to form the metal 
based material having an actual density of at least 99 
percent of the theoretical density of the mixture. 

12. A method for preparing a Wear-resistant, shaped, 
metal-based material, subject to high bearing loads, com 
prising: 

i. forming a uniform mixture of a metal and a solid 
lubricant selected from the group consisting of hexago 
nal boron nitride, graphite and mixtures thereof; and 

ii. compacting the mixture to form a compact having an 
actual density of at least 99 percent of the theoretical 
density of the mixture. 

13. A method of claim 12, Wherein the forming of a 
uniform mixture comprises mixing a poWder of the metal 
With a poWder of the solid lubricant. 

14. A method of claim 12, Wherein the compacting 
comprises hot-compacting. 

15. A method of claim 14, wherein the hot-compacting 
comprises hot-isostatic pressing. 

16. A method of claim 14, Wherein the compacting 
comprises extruding. 

17. (canceled) 
18. (canceled) 
19. (canceled) 


