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METAL MATRIX COMPOSITES WITH INTERMETALLIC REINFORCEMENTS

Backeround of the Invention

Generally, composite materials constitute a class of materials that provide for design
flexibility by allowing their properties to be tailored according to the specific requirements for
different applications. For example, metal matrix composites, such as aluminum matrix
composites may be used for a variety of structural and non-structural applications, including
applications for electronics, automotive and aerospace industries. Composite materials are
generally classified on the basis of the shape and size of the reinforcements.

One type of composite material contains continuous fibers running along the length of the
matrix. Figure 2 shows a continuous fiber composite (10) made of a metal matrix (20) which is
reinforced with ceramic fiber (30). Figure 3 shows another type of composite material that has
discontinuous ceramic fiber reinforcements. In the metal matrix composite (50) shown in Figure
3, the particulate reinforcements (60) are intermetallics.

The properties of the composite materials are influenced by the matrix material as well as
by the type, shape, size, and volume fraction of the reinforcing material. The main strengthening
mechanism of continuous fiber composites is based on load transfer from the matrix to the fibers
and the load is mainly carried by the fibers. The highest levels of strength and stiffness are
attained using continuous fibers aligned in the direction of loading as the strong fibers carry the
majority of the load. Although continuous fiber composites have superior strength in the
direction of the fibers, their applications are limited by their high costs of production, the
problems associated with their processing and their inferior transverse properties.

Generally, discontinuously reinforced composites are weaker than continuous fiber
composites. However, discontinuously reinforced matrix composites are attractive for reasons
such as their low cost, increased flexibility in processing and isotropy of mechanical properties.

For example, silicon carbide (SiC) is commonly used to manufacture discontinuously

" reinforced metal matrix composite materials. In particular, particulate composites of aluminum
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matrices with silicon carbide as the reinforcing material are commonly used. However, the load
sharing by the silicon carbide particles is limited by the inherently weaker bond of the
metal/ceramic systems.

There is need for a discontinuously reinforced metal matrix composite that has improved
strength, stiffness and toughness and provides greater flexibility in processing. There is also a
need for a processing method which allows for better processing control.

Summary of the Invention

This invention provides a discontinuously reinforced metal matrix composite, comprising
a metal matrix and a plurality of intermetallic particles comprising at least two different metals,
the intermetallic particles having a size ranging from 1um to about 10um and being dispersed
within the metal matrix in an amount of at least 20% by volume, wherein the intermetallic
particles are particles having at least one same metal as the metal in the metal matrix.

This invention separately provides a method for processing metal matrix composites,
comprising atomizing a molten alloy of at least two different metals to form a metal matrix to
produce powder particles containing a metal matrix and intermetallic particles, wherein the
intermetallic particles are dispersed in the metal matrix in an amount of at least 20% by volume.

This invention separately provides a method for processing metal matrix composites,
comprising atomizing a molten alloy of at least two different metals to form a metal matrix to
produce powder particles containing a metal matrix and intermetallic particles with a size
ranging from 1pm to about 10pm.

Brief Description of the Drawings

These and other features and advantages of this invention are described in the following
detailed description of various exemplary embodiments of this inve;ntion.

Figure 1 is a schematic of a discontinuous metal matrix composite in accordance with
one embodiment of the present invention.

Figure 2 is a schematic of a continuous fiber metal matrix composite.
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Figure 3 is a schematic of a discontinuous and randomly oriented ceramic/metal fiber
composite.

Detailed Description of the Invention

This invention provides a discontinuously reinforced metal composite having
intermetallic particles with at least two different metals dispersed within a metal matrix. The
interfacial properties of metal/intermetallics are superior to those of metal/ ceramic particles.
Further, the intermetallic particles allow for greater flexibility in their processing as compared to
metal matrix composites with non-metallic particles (i.e., ceramic particles) as the reinforcing
material.

This invention separately provides processing of particulate composites of metals with
intermetallic reinforcements through rapid solidification and powder metallurgy (P/M)
techniques. Rapid solidification processing can be adopted when using intermetallic particles.
Also, when using intermetalliq particles, liquid alloys of desired compositions are gas atomized
to produce pre-alloyed powders. This processing method allows for better control over the size
range and distribution of the reinforcing particles and thereby, provides discontinuously
reinforced metal matrix composites with improved properties.

The reinforcing effects of particulates in metals include various strengthening
mechanisms. For example, the particulates exert constraints on the plastic deformation of the
matrix. Although load sharing by the particles occurs in a discontinuously reinforced matrix, the
particles share a smaller amount of the load than fibers do. Matrix strengthening is a part of the
overall strength of discontinuously reinforced metal matrix composites.

Various factors that influence the mechanical behavior of the particulate composites
include the nature and type of the particulate phase (strength and deformability), particle size,
volume fraction, shape of particles (aspect ratio), coefficient of thermal expansion (CTE)
between the matrix and the particulate phase, bond strength between the matrix and the

particulate material, and matrix characteristics.
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Generally, particulate composites encompass a very wide range of particulate sizes. One
category of particulate: composites is the dispersion strengthened metals consisting of submicron
sized and hard particles that directly inhibit dislocation motion in the matrix through the Orowan
mechanism. Generally, the required fraction of particulate phase in dispersion strengthened
materials is relatively small. Such dispersion strengthened materials may be used, for example,
for elevated temperature applications. However, such dispersion strengthened materials undergo
more extensive and expensive processing.

A second type of particulate composites involves particulates of micron size where
stiffness and strength enhancements occur and these composites can be used for structural
applications. A third type of particulate composites has coarser particulates with sizes in the
range of about 50 to 250pm. This type of particulate composites provides greater flexibility and
ease of processing and they are useful for applications susceptible to wear.

The strengthening mechanism of these composites, in general involves several
components, such as, matrix strengthening, thermal residual stresses through coefficient of
thermal expansion (CTE) mismatch, and load transfer from the matrix to the particles. The
aspect ratio of the particles is an important factor that influences the load transfer from the matrix
to the particles. The extent of strengthening in these particulate composites increases as the
particle size decreases and also with the increase in the amount of particulate phase.

For structural applications, the properties of interest are strength, stiffness and fracture
toughness. Usually, for structural applications, fine particles (particles with a diameter of 20 pm
or less and preferably, less than about 10 pm) and a high volume fraction of particles (greater
than or equal to about 20% by volume) are used.

Development of metal matrix particulate composites for structural applications involves
enhancing their mechanical properties while increasing their processing flexibility. The load
sharing component of the particulate phase should be improved in order to increase the overall

strength and stiffness of the metal matrix composite. An important property with regard to the
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load sharing feature is the interfacial shear strength between the matrix and the reinforcing
intermetallic phase because the load transfer-ability and the strengthening effect of reinforcement
will increase with bond strength between the intermetallic phase and the matrix.

A higher bond sﬁength may also be of interest from the viewpoint of the fracture
toughness of the discontinuously reinforced metal matrix composite. As compared to a metal
matrix strengthened through alloying and heat treatment, a metal matrix strengthened with
intermetallics is more capable of retaining its strength at elevated temperatures, and thus, can be
used under higher operating temperatures. A Fiber Push-Out Scanning Electron Microscope
may be used to measure the bond strength and sliding friction between fibers and their matrices.

In one embodiment of this invention the discontinuously reinforced metal composite
includes a metal matrix and intermetallic particles having at least two different metals dispersed
within the metal matrix. In various embodiments of this invention, the metal used for the metal
matrix is not particularly limited and may include, for example, aluminum, magnesium, titanium,
and other processable metals and alloys thereof that form intermetallic compounds on alloying
suitably. As discussed above, the interfaces between metals and intermetallics are generally
stronger than those between metals and ceramics.

In various embodiments of this invention, at least one metal in the intermetallic particle is
the same as the matrix metal. The combination of metals used for the intermetallic particles is
not particularly limited and may include, for example, aluminum, titanium, niobium, iron, and
other metals that form intermetallics with the matrix metal.

In forming the discontinuously reinforced metal composite of the present invention the
intermetallic particles are dispersed within the metal matrix. As discussed above, for structural
applications, the particle size of the intermetéllic particles should be below 20 pm, and more
preferably below about 10 pm.

In the various embodiments of this invention, the intermetallic particles should be added

to the metal matrix in an amount necessary to increase the strength and stiffness of the metal
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matrix composite relative to those of the metal matrix alone. In the various embodiments of this
invention, the intermetallic paiticles are added in an amount ranging from about 10% to about
70% by volume.

Figure 1 shows a discontinuously reinforced metal matrix composite 100 in accordance
with an exemplary embodiment of the present invention. The discontinuous reinforced metal
matrix composite 100 includes intermetallic particles 300 dispersed within a metal matrix 200.

The selection of the intermetallic particles may involve a variety of considerations. In
various embodiments of the invention, the intermetallic particles are intermetallic particles which
have a low density, high elastic modulus and strength, and good thermal stability. One such
material is, for example, tri-aluminide of iron (FeAls).

Discontinuously reinforced metal matrix composites according to this invention may be
processed through rapid solidification and powder metallurgy routes. The alloys of desired
composition may be inert gas atomized to produce pre-alloyed powders. The cooling rate of the
powder particle depends on the powder particle size. The smaller the powder particle size, the
greater is the cooling rate. The intermetallic particle size varies with the cooling rate. Finer
and/or coarser powder sizes may be used for further processing to vary the particulate size.

Selection of pre-alloyed powder size is the basis for varying the particulate size. In
various embodiments of this invention, the size of the particulate phase is about 20 pm or less
(preferably about 10 pm or less) in the composite.

The pre-alloyed powders produced by inert gas atomization may be consolidated through
powder metallurgy routes of processing which include vacuum hot pressing followed by hot
extrusion to obtain bars of round or rectangular cross-section.

The following is a description of the method for processing of the composites th;oug.h -
powder metallurgy (P/M) route. In general, the P/M route includes the following steps: (1)

producing atomized powder of the matrix alloy; (2) blending of the matrix alloy powder and
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reinforcement in powder form; (3) canning and degassing of the blended powders; (4) vacuum
hot pressing to produce billets; and (5) hot extrusion into bars.

The following is an exemplary example of processing through the P/M route. In this
example, aluminum is used as the metal matrix and FeAls is used as the intermetallic particle.
However, as discussed above, various metals and intermetallic particles may be used.

First, Al-Fe alloy composition is selected from phase diagrams to yield a given volume
fraction of FeAl;. Then, a liquid alloy of the desired composition is inert gas atomized to
produce powder particles containing aluminum matrix and FeAls particles which are formed
during rapid solidification of the melt. Next, the powder particles are sieved to obtain particles
in the desired size range. Then, the powder is canned, degassed and vacuum hot pressed to
produce billets before the bars are formed via hot extrusion. In particular, to can the powder, for
example, the powder particles, the powder particles may be initially subjected to cold
compaction during which the powder is canned at about room temperature or slightly higher and
then subjected to hard compaction during which the canned powder is pressure packed into a
container and heated.

It should be obvious to one of ordinary skill in the art that the discontinuous reinforced
metal matrix composites of the present invention may be used in the variety of structures
requiring greater strength and stiffness than the metal alone. The materials of the present
invention may be used for vehicle parts, structural materials, and the like.

It should be obvious to one of ordinary skill in the art at the time of the invention that
this invention provides a metal matrix having intermetallic particles formed of at least two
metals dispersed therein. By providing a metal matrix with intermetallic particles dispersed
therein, the resulting composites have a better interfacial bond strength than metal/ceramic
composites. In addition, this invention allows for good control on the size range and distribution
of the intermetallic particles through rapid solidification and powder metallurgy (P/M) route of

processing. The resulting intermetallic/metal matrix composites according to this invention have
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improved properties as compared to metal/ceramic particulate composites for a given particulate

size and volume fraction of reinforcing particles.
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What is claimed is:
1. A discontinuously reinforced metal composite, comprising:
a metal matrix; and
a plurality of intermetallic particles comprising at least two different metals, the
intermetallic particles having a size ranging from 1pm to about 10pm and being dispersed within
the metal matrix in an amount of at least 20% by volume, wherein the intermetallic particles are

particles having at least one same metal as the metal in the metal matrix.

2. The discontinuously reinforced metal composite of claim 1, wherein the metal
matrix comprises aluminum and the plurality of intermetallic particles comprise aluminum and at

least one other metal.

3. The discontinuously reinforced metal composite of claim 2, wherein the

intermetallic particles are FeAls.

4, The discontinuously reinforced metal composite of claim 1, wherein the
intermetallic particles are dispersed within the metal matrix in an amount ranging from at least

20% by volume to about 50% by volume.

5. The discontinuously reinforced metal composite of claim 1, wherein the metal

matrix is at least one of aluminum, titanium, niobium, and magnesium, or an alloy thereof.

6. The discontinuously reinforced metal composite of claim 5, wherein the
intermetallic particles comprise the metal of the metal matrix and at least one metal other than

the metal of the metal matrix.
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7. The discontinuously reinforced metal composite of claim 1, wherein the at least
one metal other than the metal of the metal matrix is at least one of aluminum, titanium,

niobium, magnesium, iron, chromium, vanadium and zirconium.

8. A method for processing metal matrix composites, comprising atomizing a molten
alloy of at least two different metals to form a metal matrix to produce powder particles
containing a metal matrix and intermetallic particles, wherein the intermetallic particles are

dispersed in the metal matrix in an amount of at least 20% by volume.

9. The method of processing of claim 8, wherein the intermetallic particles are
dispersed in the metal matrix in an amount ranging from about 20% by volume to about 70% by

volume.
10.  The method of processing of claim 8, wherein the intermetallic particles are
dispersed in the metal matrix in an amount ranging from about 30% by volume to about 70% by

volume.

11.  The method of processing of claim 8, wherein a size of the intermetallic particles

ranges from 1pm to about 10pm.

12.  The method of processing of claim 8, further comprising post processing of the

powder particles by hot pressing and extrusion.

13.  The method of processing of claim 8, further comprising post processing of the

powder particles by hot pressing and rolling.

10
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14.  The method of processing of claim 8, further comprising post processing of the

powder particles by hot isostatic pressing.

15. A method for processing metal matrix composites, comprising atomizing a molten
5  alloy of at least two different metals to form a metal matrix to produce powder particles
containing a metal matrix and intermetallic particles with a size ranging from 1pum to about

10pm.

16.  The method of processing of claim 15, wherein the size of intermetallic particles

10  ranges from about 2pm to about 10um.

17.  The method of processing of claim 15, further comprising post processing of the

powder particles by hot pressing and extrusion.

15 18.  The method of processing of claim 15, further comprising post processing of the

powder particles by hot pressing and rolling.

19.  The method of processing of claim 15, further comprising post processing of the

powder particles by hot isostatic pressing.

11
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