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METAL MATRIX COMPOSITES, AND METHODS 
FOR MAKING THE SAME 

BACKGROUND 

[0001] In general, the reinforcement of metal matrices 
With ceramics is known in the art (see, e.g., US. Pat. No. 
4,705,093 (Ogino), US. Pat. No. 4,852,630 (Hamajima et 
al.), US. Pat. No. 4,932,099 (CorWin et al.), US. Pat. No. 
5,199,481 (CorWin et al.), US. Pat. No. 5,234,080 (Pantale) 
and US. Pat. No. 5,394,930 (Kennerknecht), and Great 
Britain Pat. Doc. Nos. 2,182,970 A and B, published May 
28, 1987 and Sep. 14, 1988, respectively). Examples of 
ceramic materials used for reinforcement include particles, 
discontinuous ?bers (including Whiskers) and continuous 
?bers, as Well as ceramic pre-forms. 

[0002] One exemplary form of metal matrix composites 
are Wires of a metal (e.g., aluminum) reinforced With con 
tinuous ceramic oxide ?bers (e.g., ceramic oxide ?bers 
marketed by 3M Company, St. Paul, Minn. under the trade 
designation “NEXTEL”) in the longitudinal direction (see, 
e.g., US. Pat. Doc. No. 6,180,232 (McCullough et al.), US. 
Pat. No. 6,245,425 (McCullough et al.), US. Pat. No. 
6,336,495 (McCullough et al.), US. Pat. N6,329,056 (Deve 
et al.), US. Pat. No. 6,344,270 (McCullough et al.), US. 
Pat. No. 6,447,927 (McCullough et al.), and US. Pat. No. 
6,460,597 (McCullough et al.), US. Pat. No. 6,544,645 
(McCullough et al.), and PCT application having Publica 
tion No. WO02/06550, published Jan. 24, 2002). Such Wires 
are used, for example in overhead poWer transmission 
cables. 

[0003] Another exemplary form of metal matrix compos 
ite are inserts for reinforcing larger constructions, Wherein 
the inserts comprise a metal (e.g., aluminum) reinforced 
With continuous ceramic oxide ?bers (e.g., ceramic oxide 
?bers marketed by 3M Company under the trade designation 
“NEXTEL”) in the longitudinal direction (see, e.g., PCT 
Applications having Publication Nos. WO2004/018718, 
WO2004/018725, and WO2004/018726, published Mar. 4, 
2004). 
[0004] In another aspect, it has been suggested that ?ber 
reinforced aluminum Wires could be used as semi-?nished 
materials for fabricating larger aluminum (including alumi 
num alloy) metal matrix composite articles by consolidation 
into structural shapes through various processes, including 
diffusion bonding, hot-pressing, sintering, or braZing. 

SUMMARY 

[0005] In one aspect, the present invention provides meth 
ods for making metal matrix composite inserts. In another 
aspect, the present invention provides methods for making 
metal matrix composite articles reinforced With metal matrix 
composite insert(s) (e.g., one, tWo, three, four, ?ve, six, or 
more inserts). 

[0006] One embodiment of a method for making a metal 
matrix composite insert comprises: 

[0007] providing a three dimensional array of elongated 
metal matrix composite articles secured together (e.g., held 
together (in some embodiments, surrounding) With at least 
one of metal Wire, graphite thread, or ceramic (e.g., ceramic 
oxide) thread and/or With at least one of metal foil (e.g., 
stainless steel foil, copper foil, and gold foil) or graphite 
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foil), the metal matrix composite insert having an outer 
surface, Wherein at least three of the elongated metal matrix 
composite articles each comprise a plurality of substantially 
continuous ?bers selected from the group consisting of 
boron ?bers, boron nitride ?bers, carbon ?bers, ceramic 
oxide ?bers, graphite ?bers, silicon carbide ?bers, and 
combinations thereof in a metal selected from the group 
consisting of aluminum, magnesium, and alloys thereof 
(e.g., a 200, 300, 400, 700, and/or 6000 series aluminum 
alloy), Wherein the metal secures the substantially continu 
ous ?bers in place, and Wherein the metal extends along at 
least a portion of the length of the substantially continuous 
?bers; and 

[0008] consolidating the three dimensional array of elon 
gated metal matrix composite articles (e.g., metal matrix 
composite Wires) secured together to provide a metal matrix 
composite insert, Wherein the metal matrix composite insert 
comprises the substantially continuous ?bers and metal of 
the elongated metal matrix composite articles, Wherein such 
metal secures the substantially continuous ?bers in place, 
Wherein such metal extends along at least a portion of the 
length of the substantially continuous ?bers, Wherein the 
metal matrix composite insert includes a microstructure 
comprising a plurality of generally polygonal (e.g., hexago 
nal) shapes, Wherein for at least some of the generally 
polygonal shapes, each generally polygonal shape generally 
shares a common vertex With at least tWo adjacent generally 
polygonal shapes (as determined from a polished cross 
section of the metal matrix composite reinforcement insert at 
25x magni?cation as described in the Example) (Wherein it 
is understood that a vertex may not necessarily be a precise 
point (e.g., it may be rounded)). In this application, “con 
solidating” means applying suf?cient heat and pressure to 
the three dimensional array of elongated metal matrix com 
posite articles to provide the metal matrix composite insert. 

[0009] In some embodiments, the metal matrix composite 
insert is separated from the material that Was initially 
securing the three dimensional array of elongated metal 
matrix composite articles together (e.g., the metal Wire, 
graphite thread, ceramic thread and/or metal foil). Option 
ally, in some embodiments, the method further comprises 
providing a metal layer onto the outer surface of the metal 
matrix composite insert, in some embodiments. In some 
embodiments, the method further comprises providing a 
metal layer having a positive Gibbs oxidation free energy at 
a temperature above at least 200° C. (e.g., silver, gold, alloys 
thereof, and combinations thereof) onto the outer surface of 
the metal matrix composite insert, Wherein in some embodi 
ments, the metal layer has a thickness of at least 8 microme 
ters (in some embodiments, at least 10 micrometers, at least 
12 micrometers, or even at least 15 micrometers, and 
typically less than 20 micrometers; in some embodiments, in 
the range from 12 to 15 micrometers). The phrase “Positive 
Gibbs Oxidation Free Energy At A Temperature Above At 
Least 200° C.” refers to the quantity AGOrXn=AHOrXn— 
TASOIXH, Where AHOIXn is the enthalpy of the oxidation 
reaction in kJ/mol, T is the temperature in degrees Kelvin, 
and ASOIXn is the entropy of the oxidation reaction (in 
kJ/mol° K) remaining positive for temperatures greater than 
200° C. (473° 

[0010] In some embodiments, the method further com 
prises providing at least one of a Zinc or tin layer onto the 
outer surface of the metal matrix composite insert. In 
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embodiments Where the method further comprises providing 
the metal layer having a positive Gibbs oxidation free energy 
at a temperature above at least 200° C., the method option 
ally further comprises providing at least one of a nickel, 
Zinc, or tin layer betWeen the metal layer having a positive 
Gibbs oxidation free energy at a temperature above at least 
200° C. and the aluminum, magnesium, and/or alloys 
thereof. Typically, if both (a) the nickel and (b) the Zinc 
and/or tin are present, the order of the metals is the Zinc 
and/or tin, (ii) the nickel, and (iii) the metal having a positive 
Gibbs oxidation free energy at a temperature above at least 
200° C. In some embodiments, the substantially continuous 
?bers include substantially continuous ceramic oxide ?bers 
and the metal of the elongated metal matrix composite 
articles is selected from the group consisting of aluminum 
and alloys thereof (e.g., a 200, 300, 400, 700, and/or 6000 
series aluminum alloy). 

[0011] The metal matrix composite inserts metal having 
the positive Gibbs oxidation free energy at a temperature 
above at least 200° C. on the outer surface thereof typically 
can provide metal matrix composite articles having very 
desirable bonding betWeen the insert(s) and the metal of the 
metal matrix composite article comprising the insert(s) (e.g., 
in some embodiments, a bond interface free of oxide (i.e., no 
visibly discernible continuous oxide layer at the interface 
(polished as described in the Example, beloW) When vieWed 
at 100>< With an optical microscope as described in the 
Example) and/or a peak bond strength value as determined 
by the “Peak Bond Strength” test described beloW) of at least 
100 MPa (in some embodiments, at least 125 MPa, at least 
150 MPa, at least 175 MPa, or even at least 180 MPa)). 
Although not Wanting to be bound by theory, it is believed 
that the presence of metal having a positive Gibbs oxidation 
free energy at a temperature above at least 200° C. aids to 
facilitate obtaining the bonding betWeen the insert(s) and the 
metal of the metal matrix composite article comprising the 
insert(s). Further, although not Wanting to be bound by 
theory, it is believed that the presence of metal having a 
positive Gibbs oxidation free energy at a temperature above 
at least 200° C aids to facilitate the absence of oxides at the 
interface betWeen the insert(s) and the metal of the metal 
matrix composite article comprising the insert(s). 

[0012] In some embodiments of methods according to the 
present invention, the consolidating is conducted at a pres 
sure less than 40 MPa (in some embodiments, less than 30 
MPa; in some embodiments, in a range from 4 MPa to 30 
MPa). Typically, the metal matrix composite articles each 
have an outer metal region, Wherein the consolidating 
includes heating at least a portion of the outer regions of the 
elongated metal matrix composite articles at least partially 
melts. In some embodiments, the metal matrix composite 
insert is encased in the resulting cooled metal. 

[0013] In some embodiments, at least 40 (in some embodi 
ments, at least 50, 55, 60, 65, 70, or even at least 75; in some 
embodiments, in a range from 40 to 70) percent by volume 
of the metal matrix composite insert are the substantially 
continuous ?bers. In some embodiments, the substantially 
continuous ?bers present in the metal matrix composite 
inserts are longitudinally positioned. In some embodiments, 
the metal matrix composite inserts have a transverse strength 
of at least 275 MPa, 345 MPa, 415 MPa, or even at least 475 
NPa (in some embodiments, in a range from 275 MPa to 475 
MPa). In some embodiments, the metal matrix composite 
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inserts have a longitudinal tensile strength of at least 1.3 
GPa, or even at least 2 GPa (in some embodiments, in a 
range from 1.3 GPa to 2 GPa). In some embodiments, the 
metal matrix composite insert includes a microstructure 
comprising a plurality of generally polygonal shapes, 
Wherein for at least some of the generally polygonal shapes, 
each generally polygonal shape generally shares a common 
vertex With at least tWo adjacent generally polygonal shapes 
(as determined from a polished cross-section of the metal 
matrix composite reinforcement insert at 25X magni?cation 
as described in the Example) (Wherein it is understood that 
a vertex may not necessarily be a precise point (e.g., it may 
be rounded)). 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] FIG. 1 is a perspective vieW of an exemplary metal 
matrix composite insert according to the present invention. 

[0015] FIG. 2 is a perspective vieW of another exemplary 
metal matrix composite insert according to the present 
invention. 

[0016] FIG. 3 is a schematic of an exemplary ultrasonic 
apparatus used to in?ltrate ?bers With molten metals and 
provide elongated metal matrix composite articles. 

[0017] FIGS. 4A and 4B are schematics of an exemplary 
apparatus used to consolidate elongated metal matrix com 
posite articles and provide elongated metal matrix composite 
inserts made according to the present invention. 

[0018] FIG. 5 is a perspective vieW of an exemplary insert 
holder. FIG. 5A is a cutaWay vieW of a portion of FIG. 5. 

[0019] FIG. 6 is a schematic of the compressive shear test 
equipment used to determine the peak bond strength value 
betWeen an insert and the metal of a metal matrix composite 
article according to the present invention made using an 
insert according to the present invention. 

[0020] FIGS. 7A and 7B are perspective vieWs of an 
exemplary brake caliper according to the present invention. 
FIGS. 7C and 7D are cross-sectional vieWs of the brake 
caliper shoWn in FIGS. 7A and 7B. 

[0021] FIGS. 8A and 8B are plan vieWs of another 
exemplary brake caliper according to the present invention. 

[0022] FIG. 9 is a perspective vieW of another exemplary 
brake caliper according to the present invention. 

[0023] FIG. 10 is a plan vieW of a foil pattern useful for 
practicing a method of the present invention. 

[0024] FIG. 11A is an optical photomicrograph at 25x of 
a polished cross-section of the metal matrix composite insert 
in the Example. 

[0025] FIG. 11B is a schematic of the polished cross 
section shoWn in FIG. 11A. 

[0026] FIG. 12 is an optical photomicrograph at 25x of a 
polished cross-section of the Comparative Example metal 
matrix composite insert. 

[0027] FIG. 13 is a schematic of an apparatus for used to 
determine transverse tensile strength of an insert according 
to the present invention. 
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[0028] FIG. 14 is an optical photomicrograph at 100>< of 
the polished cross-section of the metal matrix composite 
insert in the Example. 

DETAILED DESCRIPTION 

[0029] Typically, metal matrix composite inserts and 
articles made according to a method of the present invention 
are designed for the particular application to achieve an 
optimal, or at least acceptable, balance of desired properties, 
loW cost, and/or ease of manufacture. 

[0030] Typically, metal matrix composite inserts and 
articles made according to a method of the present invention 
are designed for a speci?c application and/or to have certain 
properties and/or features. For example, an existing article 
made of a ?rst metal (e.g., cast iron) is selected to be 
redesigned to be made from another metal (e.g., aluminum) 
reinforced With material including substantially continuous 
?bers such that the latter (i.e., the metal matrix composite 
version of the article) has certain desired properties (e.g., 
Young’s modulus, yield strength, and ductility) at least equal 
to that required for the use of the original article made from 
the ?rst metal. Optionally, the article may be redesigned to 
have the same physical dimensions as the original article. 

[0031] The desired metal matrix composite article con 
?guration, desired properties, possible metals and ?bers 
from Which it may be desirable for it to be made of, as Well 
as properties of those materials are typically used to provide 
possible suitable constructions. In some embodiments, a 
technique for generating possible constructions utiliZes 
?nite element analysis (FEA), including the use of FEA 
softWare run With the aid of a conventional computer system 
(including the use of a central processing unit (CPU) and 
input and output devices). Suitable FEA softWare is com 
mercially available, including that marketed by Ansys, Inc., 
Canonsburg, Pa. under the trade designation “ANSYS”. 
FEA assists in modeling the article mathematically and 
identifying regions Where placement of the continuous 
ceramic oxide ?bers, metal(s), and possibly other materials 
Would provide the desired property levels. It is typically 
necessary to run several iterations of FEA to obtain a more 
desirable design. 

[0032] Referring to FIG. 1, exemplary metal matrix com 
posite insert made according to a method of the present 
invention 10 comprises substantially continuous ?bers 11, 
metal 12, outer surface 13, at least one of Zinc or tin 14, outer 
surface 15, nickel 16, outer surface 17, and metal having a 
positive Gibbs oxidation free energy at a temperature above 
at least 200° C. 18. Metal matrix composite insert 10 is 
useful for making metal matrix composite articles. 

[0033] In some embodiments, metal matrix composite 
inserts and articles made according to a method of the 
present invention comprise, in the region comprising the 
substantially continuous ?bers, in the range from about 70 to 
about 30 percent (in some embodiments, about 60 to about 
35 percent, or even about 45 to about 35 percent) by volume 
metal and in the range from about 30 to about 70 percent (in 
some embodiments, about 40 to about 65 percent, or even 
about 55 to about 65 percent) by volume of the substantially 
continuous ?bers, based on the total volume of the region. In 
some embodiments, the metal matrix composite inserts and 
articles made according to a method of the present invention 
comprise, in the region comprising the substantially con 
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tinuous ?bers, at least 50 percent by volume of the substan 
tially continuous ?bers, based on the total volume of the 
region. 

[0034] In some embodiments, inserts comprise the sub 
stantially continuous ?bers, in the range from about 30 to 
about 70 percent (in some embodiments, about 35 to about 
60 percent, or even about 35 to about 45 percent) by volume 
metal and in the range from about 70 to about 30 percent (in 
some embodiments, about 65 to about 40 percent, or even 
about 65 to about 55 percent) by volume substantially 
continuous ?bers, based on the total volume of the insert. In 
some embodiments, the inserts comprise at least 50 by 
percent volume of the substantially continuous ?bers, based 
on the total volume of the insert. 

[0035] Suitable metal matrix composite articles (e.g., 
metal matrix composite Wires) for practicing the present 
invention are knoWn in the art, and include those disclosed, 
for example, in US. Pat. No. 6,180,232 (McCullough et al.), 
US. Pat. No. 6,245,425 (McCullough et al.), US. Pat. No. 
6,336,495 (McCullough et al.), US. Pat. No. 6,329,056 
(Deve et al.), US. Pat. No. 6,344,270 (McCullough et al.), 
US. Pat. No. 6,447,927 (McCullough et al.), and US. Pat. 
No. 6,460,597 (McCullough et al.), US. Pat. No. 6,485,796 
(Carpenter et al.), US. Pat. No. 6,544,645 (McCullough et 
al.); US. application having Ser. No. 09/616,741, ?led Jul. 
14, 2000; and PCT application having Publication No. 
WO02/06550, published Jan. 24, 2002. 

[0036] Substantially continuous ?bers for making the 
metal matrix composite articles for practicing the present 
invention include ceramic ?bers, such as metal oxide (e.g., 
alumina) ?bers, boron ?bers, boron nitride ?bers, graphite 
?bers, and silicon carbide ?bers. Typically, the ceramic 
oxide ?bers are crystalline ceramics and/or a mixture of 
crystalline ceramic and glass (i.e., a ?ber may contain both 
crystalline ceramic and glass phases). “Substantially con 
tinuous ?ber” means a ?ber having a length that is relatively 
in?nite When compared to the average ?ber diameter. Typi 
cally, With regard to the present invention, the substantially 
continuous ?bers have lengths of at least 5 cm (in some 
embodiments, at least 10 cm, 15 cm, 20 cm, or even at least 
25 cm; in some embodiments, in a range from 5 to 25 cm). 

[0037] Typically, the substantially continuous reinforcing 
?bers have an average ?ber diameter of at least about 5 
micrometers. Typically, the average ?ber diameter is no 
greater than about 50 micrometers, more typically, no 
greater than about 25 micrometers (in some embodiments, in 
a range from 8 micrometers to 20 micrometers, 10 microme 
ters to 15 micrometers, or even 10 micrometers to 12 

micrometers). 
[0038] In some embodiments, the ceramic ?bers have an 
average tensile strength of at least 1.4 GPa (in some embodi 
ments, at least 1.5 GPa, 2 GPa, 2.5 GPa, or even at least 2.8 
GPa). In some embodiments, the carbon ?bers have an 
average tensile strength of at least 1.4 GPa (in some embodi 
ments, at least 1.5 GPa, 2 GPa, 2.5 GPa, or even at least 5.5 

GPa). 
[0039] In some embodiments, the ?bers have a Young’s 
modulus of no greater than about 1000 GPa (in some 
embodiments, no greater than 500 GPa, 450 GPa, 420 GPa, 
400 GPa, 350 GPa, 250 GPa, 200 GPa, 150 GPa, 100 GPa, 
or even, no greater than 70 GPa). 
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[0040] In some embodiments, at least a portion of the 
substantially continuous ceramic oxide ?bers used to make 
the metal matrix composite inserts are in toWs. ToWs are Well 
knoWn in the ?ber art and refer to a plurality of (individual) 
?bers (typically at least 100 ?bers, more typically at least 
400 ?bers) collected in a rope-like form. In some embodi 
ments, toWs comprise at least 780 individual ?bers per toW, 
or even, for example, at least 2600 individual ?bers per toW. 
ToWs of ceramic ?bers are available in a variety of lengths, 
including 300 meters and longer. Typically, the ?bers have 
a cross-sectional shape that is circular or elliptical. 

[0041] Exemplary alumina ?bers are knoWn in the art and 
include those disclosed in US. Pat. No. 4,954,462 (Wood et 
al.). In some embodiments, the alumina ?bers are polycrys 
talline alpha alumina-based ?bers and comprise, on a theo 
retical oxide basis, greater than about 99 percent by Weight 
A1203 and about 0.2 to about 0.5 percent by Weight SiO2, 
based on the total Weight of the alumina ?bers. In another 
aspect, in some embodiments, polycrystalline, alpha alu 
mina-based ?bers comprise alpha alumina having an aver 
age grain siZe of less than 1 micrometer (in some embodi 
ments, less than 0.5 micrometer). In another aspect, in some 
embodiments, polycrystalline, alpha alumina-based ?bers 
have an average tensile strength of at least 1.6 GPa (in some 
embodiments, at least 2.1 GPa, or even at least 2.8 GPa). 
Exemplary alpha alumina ?bers are commercially available 
under the trade designation “NEXTEL 610” from 3M Com 
pany of St. Paul, Minn. 

[0042] Exemplary aluminosilicate ?bers include those dis 
closed in US. Pat. No. 4,047,965 (Karst et al.). In some 
embodiments, the aluminosilicate ?bers comprise, on a 
theoretical oxide basis, in the range from about 67 to about 
85 (in some embodiments, about 67 to about 77) percent by 
Weight A1203 and in the range from about 33 to about 15 (in 
some embodiments, about 33 to about 23) percent by Weight 
SiO2, based on the total Weight of the aluminosilicate ?bers. 
One exemplary aluminosilicate ?ber comprises, on a theo 
retical oxide basis, about 85 percent by Weight A1203 and 
about 15 percent by Weight SiO2, based on the total Weight 
of the aluminosilicate ?bers. Another exemplary alumino 
silicate ?ber comprises, on a theoretical oxide basis, about 
73 percent by Weight A1203 and about 27 percent by Weight 
SiO2, based on the total Weight of the aluminosilicate ?bers. 
Exemplary aluminosilicate ?bers are commercially avail 
able under the trade designations “NEXTEL 440” ceramic 
oxide ?bers, “NEXTEL 550” ceramic oxide ?bers, and 
“NEXTEL 720” ceramic oxide ?bers from 3M Company. 

[0043] Exemplary aluminoborosilicate ?bers include 
those disclosed in US. Pat. No. 3,795,524 (SoWman). In 
some embodiments, the aluminoborosilicate ?bers com 
prise, on a theoretical oxide basis: about 35 percent by 
Weight to about 75 percent by Weight (in some embodi 
ments, about 55 percent by Weight to about 75 percent by 
Weight) A1203; greater than 0 percent by Weight (in some 
embodiments, at least about 15 percent by Weight) and less 
than about 50 percent by Weight (in some embodiments, less 
than about 45 percent, and in some embodiments, less than 
about 44 percent) SiO2; and greater than about 5 percent by 
Weight (in some embodiments, less than about 25 percent by 
Weight; in some embodiments, about 1 percent by Weight to 
about 5 percent by Weight, or even about 10 percent by 
Weight to about 20 percent by Weight) B203, based on the 
total Weight of the aluminoborosilicate ?bers. Exemplary 
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aluminoborosilicate ?bers are commercially available under 
the trade designation “NEXTEL 312” from 3M Company. 

[0044] Exemplary boron ?bers are commercially avail 
able, for example, from Specialty Fibers, Inc. of LoWell, 
Mass. 

[0045] Boron nitride ?bers can be made, for example, as 
described in US. Pat No. 3,429,722 (Economy) and US. 
Pat. No. 5,780,154 (Okano et al.). 

[0046] Exemplary carbon ?bers are commercially avail 
able, for example, from BPAmoco Chemicals of Alpharetta, 
Ga. under the trade designation “THORNEL CARBON” in 
toWs of 2000, 4000, 5000, and 12,000 ?bers, Hexcel Cor 
poration of Stamford, Conn., from Gra?l, Inc. of Sacra 
mento, Calif. (subsidiary of Mitsubishi Rayon Co.) under 
the trade designation “PYROFIL”, Toray of Tokyo, Japan, 
under the trade designation “TORAYCA”, Toho Rayon of 
Japan, Ltd. under the trade designation “BESFIGHT”, 
Zoltek Corporation of St. Louis, Mo. under the trade des 
ignations “PANEX” and “PYRON”, and Inco Special Prod 
ucts of Wyckoff, N.J. (nickel coated carbon ?bers), under the 
trade designations “12K20” and “12K50”. 

[0047] Exemplary graphite ?bers are commercially avail 
able, for example, from BP Amoco of Alpharetta, Ga. under 
the trade designation “T-300” in toWs of 1000, 3000, and 
6000 ?bers. 

[0048] Exemplary silicon carbide ?bers are commercially 
available, for example, from COI Ceramics of San Diego, 
Calif. under the trade designation “NICALON” in toWs of 
500 ?bers, from Ube Industries of Japan, under the trade 
designation “TYRANNO”, and from DoW Coming of Mid 
land, Mich. under the trade designation “SYLRAMIC”. 

[0049] Some commercially available ?bers include an 
organic siZing material added to the ?ber during their 
manufacture to provide lubricity and to protect the ?ber 
strands during handling. It is believed that the siZing tends 
to reduce the breakage of ?bers, reduces static electricity, 
and reduces the amount of dust during, for example, con 
version to a fabric. The siZing can be removed, for example, 
by dissolving or burning it aWay. In some embodiments, the 
siZing is removed before forming the elongated metal matrix 
composite article. In this Way, before forming the elongated 
metal matrix composite article the ?bers are free of any 
siZing thereon. 

[0050] It is also Within the scope of the present invention 
to have coatings on the ?bers. Coatings may be used, for 
example, to enhance the Wettability of the ?bers, and/or to 
reduce or prevent reaction betWeen the ?bers and molten 
metal matrix material. Such coatings and techniques for 
providing such coatings are knoWn in the ?ber and metal 
matrix composite art. 

[0051] Typically, the metal of the metal matrix composite 
is selected such that the matrix material does not signi? 
cantly react chemically With the ?ber material (i.e., is 
relatively chemically inert With respect to ?ber material). 
The metals for the metal matrix composite articles materials 
selected from the group consisting of aluminum, magne 
sium, and alloys thereof (e.g., an alloy of aluminum and 
copper (in some embodiments, at least about 98 percent by 
Weight Al and up to about 2 percent by Weight Cu)). In some 
embodiments, the metal comprises at least 98 percent by 
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Weight aluminum (in some embodiments, at least 99, 99.9, 
or even greater than 99.95 percent by Weight aluminum). In 
some embodiments, useful alloys are 200, 300, 400, 700, 
and/or 6000 series aluminum alloy. Although higher purity 
metals tend to be more desirable for making higher tensile 
strength elongated metal matrix composite articles, less pure 
forms of metals are also useful. 

[0052] Suitable metals are commercially available. For 
example, aluminum is available under the trade designation 
“SUPER PURE ALUMINUM; 99.99% Al” from Alcoa, 
Pittsburgh, Pa. Aluminum alloys (e.g., Al-2% by Weight Cu 
(0.03% by Weight impurities)) can be obtained, for example, 
from Belmont Metals, NeW York, NY. For example, mag 
nesium is available under the trade designation “PURE” 
from Magnesium Elektron, Manchester, England. Magne 
sium alloys (e.g., WE43A, EZ33A, AZ81A, and ZE41A) can 
be obtained, for example, from TIMET, Denver, Colo. 

[0053] Typically, at least about 85% by number of the 
?bers in the elongated metal matrix articles are substantially 
continuous. In some embodiments, and typically, the ?bers 
in the elongated metal matrix articles are longitudinally 
positioned (i.e., the ?bers are oriented in the same direction 
as the length of the respective elongated metal matrix 
articles). In some embodiments, it is desirable that all of the 
continuous ?bers are maintained in an essentially longitu 
dinally aligned con?guration Where individual ?ber align 
ment is maintained Within 110° (in some embodiments 15°, 
or even 13°) of their average longitudinal axis. 

[0054] For some metal matrix composite articles made 
according to a method of the present invention, it may be 
desirable or necessary for the substantially continuous ?bers 
to be curved, as opposed to straight (i.e., do not extend in a 
planar manner). For example, the substantially continuous 
?bers may be planar throughout the ?ber length, non-planar 
(i.e., curved) throughout the ?ber length, or they may be 
planar at some portions and non-planar (i.e., curved) at other 
portions. In some embodiments, the substantially continuous 
?bers are maintained in a substantially non-intersecting, 
curvilinear arrangement (i.e., longitudinally aligned) 
throughout the curved portion of the metal matrix composite 
insert. In some embodiments, the substantially continuous 
?bers are maintained in a substantially equidistant relation 
ship With each other throughout the curved portion of the 
metal matrix composite insert. 

[0055] For example, in FIG. 2 exemplary metal matrix 
composite insert is made according to a method of the 
present invention, Wherein metal matrix composite insert 20 
comprises substantially continuous ?bers 21, metal 22, outer 
surface 23, at least one of Zinc or tin 24, outer surface 25, 
nickel 26, outer surface 27, and metal having a positive 
Gibbs oxidation free energy at a temperature above at least 
2000 C. 28. 

[0056] In some embodiments, and typically, the elongated 
metal matrix articles comprise at least 15 percent by volume 
(in some embodiments, at least 20, 25, 30, 35, 40, 45, 50, or 
even at least 60 percent by volume; in some embodiments, 
in a range from 30 to 70, or even from 40 to 60) of the ?bers, 
based on the total volume of the elongated metal matrix 
article. 

[0057] Exemplary dimensions of the elongated metal 
matrix articles include a cross-sectional dimension of at least 
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0.2 mm, 1 mm, or even at least 2 mm; in some embodiments, 
in a range from 0.2 mm to 3.5 mm. Exemplary dimensions 
of the elongated metal matrix Wires include those having 
diameters of at least 0.2 mm, 0.5 mm, 1 mm, or even at least 
2 mm; in some embodiments, in a range from 0.2 mm to 3.5 
mm. In another aspect, some exemplary elongated metal 
matrix articles have an average tensile strength of at least 0.5 
GPa (in some embodiments, at least 1 GPa). 

[0058] The particular ?bers, metal, and process steps for 
making the elongated metal matrix composite articles are 
selected to provide the elongated metal matrix composite 
articles With the desired properties. For example, the ?bers 
and metal are selected to be suf?ciently compatible With 
each other and the elongated metal matrix composite article 
fabrication process in order to make the desired elongated 
metal matrix composite article. Additional details regarding 
exemplary techniques for making elongated metal matrix 
composite articles are disclosed, for example, in US. Pat. 
No. 6,180,232 (McCullough et al.), US. Pat. No. 6,245,425 
(McCullough et al.), US. Pat. No. 6,336,495 (McCullough 
et al.), US. Pat. No. 6,329,056 (Deve et al.), US. Pat. No. 
6,344,270 (McCullough et al.), US. Pat. No. 6,447,927 
(McCullough et al.), and US. Pat. No. 6,460,597 
(McCullough et al.), US. Pat. No. 6,485,796 (Carpenter et 
al.), US. Pat. No. 6,544,645 (McCullough et al.); US. 
application having Ser. No. 09/616,741, ?led Jul. 14, 2000; 
and PCT application having Publication No. WO02/06550, 
published Jan. 24, 2002. 

[0059] Typically, the elongated metal matrix composite 
articles (e.g., Wires) can be made, for example, by a con 
tinuous metal matrix in?ltration processes. A schematic of 
an exemplary apparatus for making elongated metal matrix 
composite articles (e.g., Wires) is shoWn in FIG. 3. ToWs of 
substantially continuous ?bers 51 are supplied from supply 
spools 50, and are collimated into a circular bundle and 
heat-cleaned While passing through tube furnace 52. The 
?bers are then evacuated in vacuum chamber 53 before 
entering crucible 54 containing the melt of metallic matrix 
material 61 (also referred to herein as “molten metal”). The 
?bers are pulled from supply spools 50 by caterpuller 55. 
Ultrasonic probe 56 is positioned in the melt in the vicinity 
of the ?ber to aid in in?ltrating the melt into toWs 51. The 
molten metal of the Wire cools and solidi?es after exiting 
crucible 54 through exit die 57, although some cooling may 
occur before it fully exits crucible 54. Cooling of Wire 59 is 
enhanced by streams of gas or liquid 58 from a ?uid 
dispenser. Wire 59 is collected onto spool 60. 

[0060] As discussed above, heat-cleaning the ?ber aids in 
removing or reducing the amount of siZing, adsorbed Water, 
and other fugitive or volatile materials that may be present 
on the surface of the ?bers. For example, in some embodi 
ments, the ?bers are heat-cleaned until the carbon content on 
the surface of the ?ber is less than 22% area fraction. 
Typically, the temperature of the tube furnace is at least 
about 300° C., more typically, at least 1000° C. for at least 
several seconds at temperature, although the particular tem 
perature(s) and time(s) Will depend, for example, on the 
cleaning needs of the particular ?ber being used. 

[0061] In some embodiments, the ?bers are evacuated 
before entering the melt, as it has been observed that the use 
of such evacuation tends to reduce or eliminate the forma 
tion of defects such as localiZed regions With dry ?bers. In 
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some embodiments, the ?bers are evacuated in a vacuum of 
not greater than 20 Torr (in some embodiments, not greater 
than 10 Torr, 1 Torr, or even not greater than 0.7 Torr). 

[0062] An example of a suitable vacuum system is an 
entrance tube siZed to match the diameter of the bundle of 
?ber. The entrance tube can be, for example, a stainless steel 
or alumina tube, and is typically at least 30 cm long. One 
exemplary vacuum chamber typically has a diameter in the 
range from about 2 cm to about 20 cm, and a length in the 
range from about 5 cm to about 100 cm. In some embodi 
ments, the capacity of the vacuum pump is at least about 0.2 
to about 0.4 cubic meters/minute. The evacuated ?bers are 
inserted into the melt through a tube on the vacuum system 
that penetrates the aluminum bath (i.e., the evacuated ?bers 
are under vacuum When introduced into the melt), although 
the melt is typically at substantially atmospheric pressure. 
The inside diameter of the exit tube essentially matches the 
diameter of the ?ber bundle. A portion of the exit tube is 
immersed in the molten aluminum. In some embodiments, 
about 0.5 to about 5 cm of the tube is immersed in the molten 
metal. The tube is selected to be stable in the molten metal 
material. Examples of tubes Which are typically suitable 
include silicon nitride and alumina tubes. 

[0063] In?ltration of the molten metal into the ?bers is 
typically enhanced by the use of ultrasonics. For example, a 
vibrating horn is positioned in the molten metal such that it 
is in close proximity to the ?bers. In some embodiments, the 
?bers are Within 2.5 mm (in some embodiments, Within 1.5 
mm) of the horn tip. Exemplary horn tip are made of 
niobium, or alloys of niobium, such as 95 Wt. % Nb-5 Wt. % 
Mo and 91 Wt. % Nb-9 Wt. % Mo, and can be obtained, for 
example, from PMTI, Pittsburgh, Pa. For additional details 
regarding the use of ultrasonics for making metal matrix 
composite articles, see, for example, US. Pat. No. 4,649,060 
(IshikaWa et al.), US. Pat. No. 4,779,563 (IshikaWa et al.), 
and US. Pat. No. 4,877,643 (IshikaWa et al.), US. Pat. No. 
6,180,232 (McCullough et al.), US. Pat. No. 6,245,425 
(McCullough et al.), US. Pat. No. 6,336,495 (McCullough 
et al.), US. Pat. No. 6,329,056 (Deve et al.), US. Pat. No. 
6,344,270 (McCullough et al.), US. Pat. No. 6,447,927 
(McCullough et al.), and US. Pat. No. 6,460,597 
(McCullough et al.), 6,485,796 (Carpenter et al.), US. Pat. 
No. 6,544,645 (McCullough et al.); U.S. application having 
Ser. No. 09/616,741, ?led Jul. 14, 2000; and PCT application 
having Publication No. WO02/06550, published Jan. 24, 
2002. 

[0064] Typically, molten metal is degassed (e.g., reducing 
the amount of gas (e.g., hydrogen) dissolved in the molten 
metal) during and/or prior to in?ltration. Techniques for 
degassing molten metal are Well knoWn in the metal pro 
cessing art. Degassing the melt tends to reduce gas porosity 
in the Wire. For molten aluminum the hydrogen concentra 
tion of the melt is, in some embodiments, less than 0.2, 0.15, 
or even less than 0.1 ml3/100 grams of aluminum. 

[0065] The exit die is con?gured to provide the desired 
cross-section of the elongated metal matrix composite 
article. Exemplary cross-sections include circular, elliptical, 
polygonal (e.g., square, rectangular, triangular, or hexago 
nal, etc.), etc. Typically, it is desired to have a uniform 
cross-section along the length of the elongated metal matrix 
composite article. The opening of the exit die is usually 
slightly larger than the cross-section of the elongated metal 
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matrix composite article. For example, the diameter of a 
silicon nitride exit die for an elongated metal matrix com 
posite Wire containing about 50 volume percent alumina 
?bers is about 3 percent smaller than the diameter of the 
Wire. In some embodiments, the exit die is made of silicon 
nitride, although other materials may also be useful. Other 
materials that have been used as exit dies in the art include 
conventional alumina. 

[0066] In some embodiments, the elongated metal matrix 
composite article is cooled after exiting the exit die by 
contacting the article With a liquid (e.g., Water) or gas (e.g., 
nitrogen, argon, or air). Although not Wanting to be bound by 
theory, it is believed that such cooling aids in providing the 
desirable roundness, strength, and uniformity characteris 
tics. 

[0067] Elongated metal matrix composite articles can also 
be made, for example, by other techniques knoWn in the art, 
including squeeZe casting. For squeeZe casting, for example, 
the formed substantially continuous ?ber can be placed in a 
die (e.g., a steel die), any siZing present burned aWay, molten 
metal alloy introduced into the die cavity, and pressure 
applied until solidi?cation of the cast article is complete. 
After cooling, the resulting elongated metal matrix compos 
ite article is removed from the die. 

[0068] It is knoWn that the presence of imperfections in 
the elongated metal matrix composite articles and inserts 
made according to the present invention (e.g., intermetallic 
phases, dry ?ber, and porosity) can result, for example, from 
shrinkage or internal gas (e.g., hydrogen or Water vapor) 
voids, etc. and lead to decreases in properties such as the 
strength. Hence, it is desirable to reduce or minimiZe the 
presence of such characteristics. 

[0069] Metal matrix composite inserts made according to 
a method of the present invention can be made by arranging 
elongated metal matrix composite articles into a three 
dimensional array, and then consolidating the three dimen 
sional array of elongated metal matrix composite articles to 
provide such a metal matrix composite insert. The compo 
sition(s), shape(s) and siZe(s) (e.g., length, Width, thickness, 
and diameter, as applicable), etc. of the elongated metal 
matrix composite articles are selected, for example, along 
With the particular consolidation technique to provide the 
desired metal matrix composite article. In some embodi 
ments, the composition, shape and siZe of the elongated 
metal matrix composite articles are the same, While in others 
one or more are different. For example, to facilitate packing 
tWo or more different diameter elongated metal matrix 
composite Wires may be used. In some embodiments, for 
example, some of the elongated metal matrix composite 
articles in the three-dimensional array may contain one type 
of ?ber (e.g. alpha alumina ?bers), While others may contain 
?ber of another composition. It is also Within the scope of 
the present invention to include elongated metal articles that 
do not contain the substantially continuous ?bers in the 
three-dimensional array. 

[0070] The elongated metal matrix composite articles can 
be siZed to provide the desired length. For example, the 
elongated metal matrix composite articles can be cut using 
conventional techniques such as With a Wet saW or an 

abrasive cut-off saW. 

[0071] Typically, the elongated metal matrix composite 
articles are cleaned prior to consolidation. Techniques for 
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cleaning include rinsing the articles in Water (e. g., deionized 
Water) and/or organic liquids (e.g., alcohols (e.g., isopropyl 
alcohol)). Another exemplary cleaning liquid is a solution 
prepared by combining small amounts of sodium hydroxide 
and sodium metaphosphate in deioniZed Water. In some 
embodiments, this solution is used at an elevated tempera 
ture (e.g., 45° C.-50° C.). In some embodiments, cleaning of 
the elongated metal matrix composite articles may include 
heating the articles at elevated temperatures (e.g., 70° C.-80° 
C.) for several minutes. In some embodiments, the elongated 
metal matrix composite articles are cleaned in the liquids 
using ultrasonics. 

[0072] In some embodiments, the three dimensional array 
of elongated metal matrix composite articles are secured 
together With at least one of metal Wire (e.g., stainless steel 
Wire (e.g., such as that available from Bradford Wire and 
Manufacturing, Mountain Home, N.C.), copper Wire (e.g., 
such as that available from VWR International, Batavia, 
Ill.), nickel chromium Wire (e.g., such as that available from 
VWR International), and gold Wire), graphite thread (e.g., 
such as that available from CYTEC Carbon Fibers, Pied 
mont, S.C.), or ceramic (e.g., ceramic oxide) thread Wire 
(e.g., such as that available from 3M Company, St. Paul, 
Minn. under the trade designation “NEXTEL”). 

[0073] In some embodiments, the three dimensional array 
of elongated metal matrix composite articles is secured 
together (in some embodiments, surrounded) With at least 
one of metal foil (e.g., stainless steel foil (e.g., such as that 
available from Metal Foils, LLC, Willoughby, Ohio), copper 
foil (e.g., such as that available Revere Copper Products, 
Rome, NY), and gold foil) or graphite foil (e.g., such as that 
available under the trade designation “GRAFOIL” from 
Graftech International, Wilmington, Del.). At least one of 
metal foil or graphite foil encloses the elongated metal 
matrix composite articles, holds them in a desired packing 
arrangement for consolidation, and provides separation 
betWeen the resulting consolidated article and the consoli 
dation die. In some embodiments, the three dimensional 
array of elongated metal matrix composite articles sur 
rounded With at least one of metal foil or graphite foil is in 
turn enclosed in a ceramic ?ber sleeve. Exemplary ceramic 
?ber sleeve is available, for example, under the trade des 
ignation “NEXTEL 312 CERAMIC FIBER TAPE SLEEV 
ING” from 3M Company, St. Paul, Minn. 

[0074] In some embodiments, the three dimensional array 
of elongated metal matrix composite articles can be con 
solidated by applying a combination of temperature and 
pressure over a period of time. For example, the elongated 
metal matrix composite articles can be preheated (e.g., for 
10 to 120 minutes) at a temperature slightly beloW the 
solidus of the metal of the elongated metal matrix composite 
articles. In some embodiments, pre-heating is conducted in 
an inert atmosphere such as that provided by argon ?oWing 
into a muf?e, Wherein the elongated metal matrix composite 
articles have been placed. A cold pressing or diffusion 
bonding approach may also be useful, and typically does not 
include the preheating. The resulting elongated metal matrix 
articles can then be positioned, for example, Within a die 
(e.g., a stainless steel die). In some embodiments, the die is 
preheated. For elongated metal matrix composite articles 
With an aluminum alloy matrix, it is typically desirable to 
preheat the die to a temperature betWeen the solidus and the 
liquidus of the aluminum alloy. In some embodiments, the 
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metal matrix composite articles can be preheated to a 
temperature just beloW the solidus of the metal. In some 
embodiments, the elongated metal matrix articles are held 
together to facilitate their placement in the die (e.g., With a 
foil such as stainless steel foil). Optionally, the elongated 
metal matrix articles are covered With a thin metal layer 
(e.g., a nickel layer, tin layer, Zinc layer, and/or metal layer 
having a positive Gibbs oxidation free energy at a tempera 
ture above at least 200° C.) over the outer surfaces of the 
elongated metal matrix articles. Optionally, the die is 
enclosed in a chamber that is evacuated of air or ?lled With 
an inert gas (e.g., argon). Pressure is applied to the die (in 
some embodiments in the range of 4 MPa to 30 MPa, in 
some embodiments, for 2 to 15 minutes; in some exemplary 
embodiments, for example, a pressure of 28 MPa is applied 
for about 5 minutes) While the die temperature is maintained. 

[0075] If the elongated metal matrix article has an alumi 
num alloy matrix, the temperature of the die is desirably 
betWeen the solidus and liquidus. Optionally, the tempera 
ture of the die may be held beloW the solidus of the 
aluminum alloy. Pressure is then released, and the resulting 
(consolidated) insert is removed from the die and alloWed to 
cool to room temperature. 

[0076] Some embodiments of metal matrix composite 
inserts according to the present invention include a micro 
structure comprising a plurality of generally polygonal (e. g., 
hexagonal) shapes, Wherein for at least some of the generally 
polygonal shapes, each generally polygonal shape generally 
shares a common vertex With at least tWo adjacent generally 
polygonal shapes (Wherein it is understood that a vertex may 
not necessarily be a precise point (e.g., it may be rounded)). 
Referring to FIG. 11B (also see FIG. 11A), a schematic of 
a metal matrix composite insert according to the present 
invention including a microstructure comprising a plurality 
of generally hexagonal shapes 901B (901A) is generally 
shoWn, Wherein for at least some of the generally hexagonal 
shapes 901A (901B), each generally hexagonal shape gen 
erally shares a common vertex 902B (902A) With at least 
tWo adjacent generally hexagonal shapes. 

[0077] In some embodiments, the metal matrix composite 
inserts have a transverse strength of at least 275 MPa, 345 
MPa, 415 MPa, or even at least 475 MPa (in some embodi 
ments, in a range from 275 MPa to 475 MPa). 

[0078] The resulting metal matrix composite insert can be 
further processed (e.g., sand blasted and/or surface ground 
(e.g., With a vertical spindle diamond grinder)), for example, 
to remove or reduce oxidation on the surface of the insert). 
The metal matrix composite insert may also be cut as needed 
to provide a desired shape (including being cut With a Water 
jet). 
[0079] Some embodiments of metal matrix composite 
articles (e.g., insert) described herein are provided With a 
Zinc layer. Techniques for providing the Zinc layer include 
conventional techniques such as immersing the metal matrix 
composite article into a Zinc solution. Typically, the Zinc 
solution is either basic or acidic. Basic Zinc solutions are 
commonly referred to as “Zincate solutions”. Immersion in 
a basic Zinc solution for about 30-50 seconds is typically 
suf?cient to provide a desirable Zinc layer. Acidic Zinc 
solutions typically contains nitric acid, and requires slightly 
longer immersion times (e.g., 2-3 minutes) to provide the 
desired Zinc providing. In both the acid and base immersion 
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processes, the ?rst immersion layer may be somewhat 
uneven. A second immersion is often desirable to achieve a 
more uniform layer. To facilitate the process, it is typically 
desirable to partially strip the Zinc layer in nitric acid (50% 
by volume) betWeen immersion in the Zinc solution. 

[0080] Some embodiments of metal matrix composite 
articles (e.g., inserts) described herein may be provided With 
a tin layer. Techniques for providing the tin layer include 
conventional techniques similar to those described above for 
Zinc. 

[0081] Some embodiments of metal matrix composite 
articles (e.g., insert) described herein are provided With a 
metal layer having a positive Gibbs oxidation free energy at 
a temperature above at least 200° C. Techniques for provid 
ing metal having a positive Gibbs oxidation free energy at a 
temperature above at least 200° C. are knoWn in the art and 
include electroplating. 

[0082] Some embodiments of metal matrix composite 
articles (e.g., insert) described herein are provided With a 
nickel layer. Although not Wanting to be bound by theory, 
the use of the nickel is believed to aid in the adhesion of 
metal such as Ag to the insert. Techniques for providing a 
nickel layer include both chemical (electroless) and electro 
plating methods. 

[0083] Typically, the thickness of the metal having a 
positive Gibbs oxidation free energy at a temperature above 
at least 200° C, if present, is at least 8 micrometers; in some 
embodiments, at least 10 micrometers, at least 12 microme 
ters, or even at least 15 micrometers; and in some embodi 
ments, in the range from 12 to 15 micrometers. Although 
thicknesses of the metal having a positive Gibbs oxidation 
free energy at a temperature above at least 200° C. outside 
of speci?ed values may also be useful, if the thickness is too 
loW, the layers tend to diffuse When the insert is preheated 
and consequently may not protect the interface from oxida 
tion or otherWise aid in reducing oxidation at the interface, 
While excess thicknesses tend to interfere With the estab 
lishment of a desirable bond strength betWeen the metal of 
the insert and the metal of the metal matrix composite 
article. 

[0084] Typically, the thickness of the nickel layer, if 
present, is greater than about 1 micrometer, more typically 
greater than 2 micrometers, or even greater than 3 microme 
ters. In another aspect, typically the thickness of the metal 
layer is less than about 10 micrometers, more typically less 
than about 5 micrometers. Although thicknesses outside of 
these values may also be useful, if the thickness is too loW, 
the layers tend not be as useful in aiding the adhesion of the 
metal having a positive Gibbs oxidation free energy at a 
temperature above at least 200° C. to the insert, While excess 
thicknesses tend to interfere With the establishment of a 
desirable bond strength betWeen the metal of the insert and 
the metal of the metal matrix composite. 

[0085] Typically, the thickness of the Zinc or tin layer, if 
present, is at least 0.2 micrometer, at least 0.3 micrometer, 
at least 0.4 micrometer, at least 0.5 micrometer, at least 1 
micrometer, or even at least 1.5 micrometer; in some 
embodiments, in the range from 0.2 to 2 micrometers. In 
another aspect, typically the thickness of the metal layer is 
not greater than about 2 micrometers. Although thicknesses 
outside of these values may also be useful, if the thickness 
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is too loW, the layers tend not be as useful in aiding the 
adhesion of the nickel or the metal having a positive Gibbs 
oxidation free energy at a temperature above at least 200° C., 
While excess thicknesses tend to provide a less desirable 
composition and strength of the aluminum alloy. 

[0086] Metal matrix composite articles made according to 
a method of the present invention can be cast using inserts 
made according to a method of the present invention using, 
in general, techniques knoWn in the art (e.g., squeeZe casting 
and permanent tool gravity casting). Finite Element Analysis 
(FEA) modeling can be used, for example, to identify 
optimal positions and quantities of the substantially continu 
ous ?ber for meeting desired performance speci?cations. 
Such analysis can also be used, for example, to aid in 
selecting the dimension(s), number, and location, for 
example of the inserts used. Typically, the insert(s) and/or 
die is preheated prior to casting. Although not Wanting to be 
bound by theory, it is believed that preheating the insert(s) 
facilitates desirable metallurgical bonding betWeen the 
insert(s) and the metal matrix composite articles. In some 
embodiments, the insert(s) is preheated to about 500° 
C.-600° C. In some embodiments, the die is preheated to 
200° C.-500° C. Although casting can typically be con 
ducted in air, it is also Within the scope of the present 
invention to cast in other atmospheres (e.g., argon). 

[0087] FEA, may also be used, for example, to aid in 
choosing a casting technique, casting conditions, and/or 
mold design for casting a metal matrix composite article 
according to the present invention. Suitable FEA softWare is 
commercially available, including that marketed by UES, 
Annapolis, Md., under the trade designation “PROCAST”. 

[0088] As discussed above, the metal matrix composite 
inserts and articles are typically designed for a certain 
purpose, and as a result, are desired to have certain proper 
ties, to have a certain con?guration, be made of certain 
materials, etc. Typically, the mold is selected or made to 
provide the desired shape of the metal matrix composite 
articles to be cast so as to provide a net shape or near net 

shape. Net-shaped or near net-shaped articles, can, for 
example, minimiZe or eliminate the need for and cost of 
subsequent machining or other post-casting processing of a 
cast metal matrix composite articles. Typically, the mold is 
made or adapted to hold the insert(s) in a desired location(s) 
such that the substantially continuous ?bers are positioned in 
the resulting metal matrix composite articles in the desired 
manner. Techniques and materials for making suitable cavi 
ties are knoWn to those skilled in the art. The material(s) 
from Which a particular mold may be made depends, for 
example, on the metal used to make the metal matrix 
composite articles. Commonly used mold materials include 
graphite or steel. 

[0089] Optionally, an insert holder(s) is used to hold a 
metal matrix composite insert(s) made according to a 
method of the present invention. Such insert holders can 
help facilitate placement of an insert(s) in the mold, Which 
in turn facilitates placement of the insert(s) in the resulting 
metal matrix composite article. In one exemplary embodi 
ment, the insert holder includes at least one portion for 
securing at least one metal matrix composite insert made 
according to a method of the present invention, Wherein the 
insert holder comprises a metal (e.g., a metal selected from 
the group consisting of aluminum, alloys thereof (e. g., a 200, 
















