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1. A method for preparing a composite 
of a metallic alloy reinforced with particles of a 
nonmetallic refractory material, comprising:

roasting the particles of the material 
in an oxidizing environment;

melting the metallic alloy;
theadding the roasted particles to

molten metal;
mixing together the molten metal and

the particles of the nonmetallic material to wet
the molten metal to the particles, under
conditions that the particles are distributed 
throughout the volume of the melt and the 
particles and the metallic melt are sheared past 
each other to promote wetting of the particles by 
the melt, said mixing to occur while minimizing 
the introduction of gas into, and while minimizing
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the retention of gas within, the mixture of 
particles and molten metal, and at a temperature 
whereat the parti cles do not -s-ub s t-an-t i a 1 ly 
chemically degrade in the molten metal in the time 
required to complete said step of mixing; and

casting the resulting mixture at a 
casting temperature sufficiently high that 
substantially no solid metal is present.
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(57) Abstract

A method for preparing cast composite materials of nonmetallic carbide particles in a metallic matrix, wherein the 
particles are roasted and then mixed into a molten metallic alloy to wet the molten metal to the particles, and the particles 
and metal are sheared past each other to promote wetting of the particles by the metal. The particles are roasted in air or 
other source of oxygen to remove the carbon from the near-surface region of the particles and to produce an oxide surface 
diffusion barrier, resulting in a reduction of carbide formation in the molten matrix. The mixing occurs while minimizing 
the introduction of gas into the mixture, and while minimizing the retention of gas at the particle-liquid interface. Mixing 
is done at a maximum temperature whereat the particles do not substantially chemically degrade in the molten metal dur­
ing the time required for processing, and casting is done at a temperature sufficiently high that there is no solid metal pres­
ent in the melt.
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Description

Preparation of Composite Materials

Technical Field

This invention relates to metal matrix 
composite materials and, more particularly, to the 
preparation of such materials by a casting 
process .
.Cross ■ Re-ference -±o Ral.a±e i CA-h ί nn.q

is / claimed under U.S. Patent 
Number 072,122, filed July 9, 

a continuation in part 
application Serial No.

, for which priority is 
a continuation in part

Priority
10 Application Serial

1987. That application is 
of pending United/ States 
856,338, filed May 1, 1986 
claimed, which /in turn is

15 of abandoned PUT application PCT/US84/02055 (which 
names the United States), filed December 12, 1984, 
for which/priority is claimed, which in turn is a 
continuation in part of abandoned U.S. patent 
application 06/501,128, filed June 6, 1983, for

20.---W-hich/pr.lorlty ..1..¾...claimed..--------
Background Art

Metal
gained 
materials 
composed

matrix composite materials have 
increasing acceptance as structural 

Metal matrix composites typically are 
25 composed of reinforcing particles such as fibers, 

grit, powder or the like that are embedded within 
a metallic matrix. The reinforcement imparts 
strength, stiffness and other desirable properties 
to the composite, while the matrix protects the 

30 reinforcement ' and transfers load within the 
The two components, matrix and 
thus cooperate to achieve results 
what either could provide on its

reinforcement 
composite . 
reinf orcement, 
improved over
own.

35 Twenty years ago such materials were
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little more than laboratory curiosities because of 
very high production costs and their lack of
acceptance by designers, 
applications for such
discovered , 
increased .

More recently, many 
materials have been 
volume of use has

10

15

20

25

30

35

and their 
The high

composite materials remains a problem that slows 
their further application, and there is an ongoing 
need for manufacturing methods that produce 
composite materials of acceptable quality at a 
price that makes them competitive with more common 
substitutes such as high-strength alloys. .

Unreinforced · metallic alloys are 
usually produced by melting and casting 
procedures. Melting and casting are not easily 
applied in the production of reinforced composite 
materials, because the reinforcement particles may 
chemically react with the molten metal during 
melting and casting. Another problem is that the 
molten metal often does not readily wet the 
surface of the particles,
two quickly separate or 
properties after casting.

In the past, attempts to produce metal 
alloy-particulate composites by the addition of 
particulate material to the molten alloy, followed 
by casting the resulting mixture, have not been 
particularly successful. It has been postulated 
that the major difficulty with such an approach is 
that the most desirable particulates, such as, for 
example, silicon carbide, are not readily wetted 
by molten metal alloys and that, because of this, 
the introduction and retention of the particles in 
the liquid matrix is extremely difficult, If not 
impossible.

An ability to prepare such composites 
by melting and casting would have important

cost of manufacturing

so that mixtures of the 
have poor mechanical

3



-A

wo 89/00614 PCT/US88/02254

10

15

20

25

30

35

-3-

advantages, and 
many attempts to

and economic 
there have been
composites. It has been suggested 

that wettability could be achieved by coating the 
particles with nickel. Another technique has 

promoting wetting of the refractory 
in the melt by saturating the melt with

of the refractory particles. Another

technical 
consequently 
produce such

involved 
particles 
anions
method involves the 
lithium, magnesium, 
melt prior to the 
particles. Still

addition of such elements as 
silicon, and calcium into the 

the refractory 
involves the

addition of 
another method 

addition of particles of silicon carbide to a 
vigorously agitated, partially solidified slurry 
of the alloy, maintained at a temperature well 
below the liquidus temperature of the alloy so 
that solid metal particles are present. Still 
another attempt to improve the wettability of the 
particulates has involved subjecting large 
particulate materials and fibers in the melt to 
ion bombardment, mechanical agitation, vacuum, and 
heat prior to, mixing with the molten alloy, in 
order to remove moisture, oxygen, adsorbed gases, 
and surface film therefrom.

The fabrication of aluminum
alloy-alumina fiber composites in one approach 
uses a stirrer blade with a paddle type design, 
the blade being designed to move very close to the 
walls of' the crucible to induce a high shear and 
create a vortex for introduction of the fibers 
into the melt. The process also requires a 
baffle, which is Immersed slightly below the 
surface of the melt with a tilt angle of about 
45° in the direction of flow, the function of 
the baffle being to divert the flow pattern in the 
melt and to aid in the entrapment of the fibers 
below the surface of the melt.

5
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In yet another approach, composites 
aluminum-silicon carbide particulate 
are prepared using the vortex method of
of
for

particles . 
60 minutes

The particles are 
at 900°C prior to

such as 
composites 
dispersion 

5 pre-heated
addition to the melt to aid in their introduction 
into the melt. The vortex is created by stirring 
the melt rapidly with a mechanical impeller, which 
causes a deep vortex to form. The particulate is

10 added through the sides of the vortex in an effort 
to promote rapid incorporation of the particles 
into the melt and wetting of the particles by the 
molten metal. Composites produced by this method 
tend to have poor bonding of the metal to the

15 particulate, as well as entrapped gas.
In a variation of melting and casting

techniques, the reinforcement is provded as a mat 
of packed material, and the molten metallic alloy 
is forced under pressure into the spaces

20 remaining. This process, termed infiltration or 
squeeze casting, produces a composite that is not 
well bonded internally. Moreover, the process is 
expensive and difficult to use, since an apparatus 
specific to each part must he prepared.

25 All of these prior melting and casting
techniques have drawbacks owing largely to the 
specialized, costly modifications that must be 
done to the particulate or the melted alloy, in 
order to accomplish wetting. Moreover, the

30 techniques have not been successful in 
manufacturing composite materials for large-scale, 
industrial applications. Instead, the primary 
method for producing composites having a metal 
matrix and particulate reinforcement has been

35- powder metallurgical processes which are different 
from the melting and casting procedures.

In the powder metallurgical processes,

,,
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carefully sized aluminum powder Is mixed with 
silicon carbide particulate in the presence of an 
organic solvent. A solvent is necessary to 
prevent a pyrophoric reaction between the aluminum 

5 and oxygen in the air. The mixture is poured into 
drying trays, and the solvent allowed to evaporate 
over a period of time. The dry, unconsolidated 
sheets, which are approximately .040 inches thick, 
are stacked to form a plate of the desired 

10 thickness. This fragile stack of sheets is placed 
into a press and heated to the liquid-solid regime 

where the metal is slushy in 
The stack is then pressed,

consolidating the particles, and forming a solid 
15 plate.

In another powder 
process, the silicon carbide
aluminum are mixed, as above, but the mixed powder 
is poured into a cylindrical mold, and

20 consolidated by vacuum hot pressing into a
cylindrical billet. Because of the high costs of 
raw materials, particularly the aluminum powders, 

the complexities of the fabrication process, 
of the composites discourage 

use in many areas. Both powder 
in considerable segregation of

alloying elements in the metallic matrix material, 
which is undesirable because of its adverse effect 
on mechanical and physical properties.

Both of the commercial processes above 
described result in composites which, while having 
high moduli and adequate strength, have ductility 
and formability which are low. The complex 
superheating and deformation cycle which is 

35 required in the above processes produce extensive 
elemental segregation in the matrix, which 
decreases ductility and prevents the attainment of

of the matrix, 
character .

metallurgical 
particles and

25

and
the current costs 
their large-scale 
processes result

30

ί
i
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maximum matrix and composite strengths. A further
problem is the 
which coated 
particles , 
ductility, 
coating 
carbide

10 for

retention of the surface oxide 
the original aluminum powder 

this serving to further decrease matrix 
It would also appear that the oxide

prevents the complete wetting of the 
particles, thus further limiting the 

ultimate composite properties.
Thus, there exists a continuing need 

a fabrication method using melting and casting
to produce metallic composites containing 
particulate reinforcement, which are technically 
acceptable with good properties. The method and 
apparatus must also be acceptable in that they

15 produce the composite materials relatively
inexpensively, both as compared with other methods 
of manufacturing composites and with methods of 
manufacturing competitive materials. The present 
invention fulfills this need, ahd further provides

20 related advantantages.

Disclosure of the. Invention

The present invention provides a 
method for preparing a metallic matrix composite 
material having wetted nonmetallic refractory

25 carbide particulate reinforcement dispersed
throughout. The composite material has properties 
superior to those of the matrix alloy due to the 
presence of the wetted particulate reinforcement, 
and is particularly noted for its high stiffness.

30 The composite material is technically and 
economically competitive with unreinforced 
high-strength alloys such as aluminum and titanium 
in certain applications. The composite is
formable by standard industrial procedures such as
rolling and extrusion into semi-finished
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products. The cost of preparing the composite 
material is presently about one-third to one-half 
that of competitive methods for producing
composite materials. For high-volume production, 
it is projected that the cost of preparing the 
composite material will fall to one-tenth that of 
competitive methods.

In accordance with the invention, a 
method for preparing a composite 
alloy reinforced
refractory oarb-i-dejr cbmprises

of a metallic 
a nonmetallic 

roasting the
IS

particles of the material in an oxidizing 
environment; melting the metallic alloy; adding 
the roasted particles to the molten metal; mixing 
together the molten metal and the particles of the 
nonmetallic material to wet the molten metal to 
the particles, under conditions that the particles 
are distributed throughout the volume of the melt 
and the particles and the metallic melt are 
sheared past each other to promote wetting of the 
particles by the melt, the mixing to occur while 
minimizing the Introduction of gas into, and while 
minimizing the retention of gas within, the 
mixture of particles and molten metal, and at a 
temperature whereat the particles do not 
substantially chemically degrade in the molten 
metal in the time required to complete said step 
of mixing; and casting the resulting mixture at a 
casting temperature sufficiently high that 
substantially no solid metal is present.

Preferably, the metallic material is 
an aluminum alloy, although other materials such 
as magnesium alloys can also be used. The 
preferred particulate is silicon carbide, although 
other refractory nonmetallic particulates such as 
silicon nitride and boron carbide can also be 
used. The preferred composite material is silicon

with particles of 
, ma-te-rioA 3OI/\

the material in an

I

40

I
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carbide particulate reinforcement fn an aluminum 
alloy matrix.

The carbide particles are roasted in 
an oxygen-containing atmosphere to alter their 
surface chemistry. In the case of silicon carbide 
particles, the as-received, unroasted particles 
exhibit high carbon concentrations at the particle 
surfaces. The carbon reacts with the molten metal 

is contacted to form, for molten 
aluminum carbide

aluminum carbide
carbide and forms a brittle 
surrounding the silicon carbide 
in the matrix of the solidified 

These aluminum carbides can alter 
of the matrix directly by

embrittlement and interface degradation, and also 
adversely affect the heat treatability of the 
matrix so that it cannot be hardened as readily 

thermal or thermomechanical

with which it 
aluminum, an 
AI4C3. The
the silicon 
intermetallic 
particles and 
aluminum alloy,
mechanical properties

believed to he 
separates from

during post-casting 
processing.

Roasting 
drastically reduces 
the surface 
the surface
roasted 
carbide 
centers , 
dioxide . 
in the 
f ormation 
dioxide 
prevent

carbon
particles ,

the carbide particles 
the level of the carbide at 

of the carbide particles by oxidizing 
to a volatile oxide. The 

which remain primarily silicon
in overall composition and in their 
present a surface predominant in silicon 

The silicon dioxide is relatively inert 
molten matrix, thereby minimizing the 
of the aluminum carbide. The silicon 

also acts as a diffusion barrier to 
diffusion of carbon from the interior of

the particles into the metallic matrix.
The carbide particles are preferably

roasted simply by heating them in air, at a
temperature of at least about 800°C, and

*4
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preferably at from about 800°C to about 
1300°C, for a time of from, about 20 minutes to 
about 24 hours. The objective of the roasting 
treatment is to reduce the carbon content at the

5 surface of the particles to less than about 25 
percent of its initial level. It Is desirable 
that a carbon-depleted, oxygen enhanced zone of at 
least about 50 Angstroms depth be formed during 
the heat treatment. As will be discussed

10 subsequently, the profile of the carbide 
concentration as a function of depth can be 
determined by Auger Electron Spectroscopy or other 
techniques .

In conventional casting procedures, it
15 is usually desirable to cast molten metal at a 

high temperature to decrease the viscosity of the 
metal so that it can be readily cast. However, 
consideration of reaction of the particulate and 
molten alloy enters into the selection of

20 temperature for the present method. During the 
mixing and casting steps, the molten metal must 
not be heated,to too high a temperature, or there 
may be an undesirable reaction between the 
particulate and the molten metal which degrades

25 the strength of the particulate and the properties 
of the finished composite, even where the 
particulate has been roasted in the manner 
described. The maximum temperature is therefore 
chosen so that a significant degree of reaction

30 does not occur between the particles and the 
metallic melt in the time required to complete 
processing. The maximum temperature is found to 
be about 20°C above the liquidus for metallic 
alloys containing volatile, reactive alloying

35 elements, about 70°C above the liquidus for most
common metallic alloys, and about 100°C to about
125°C above the liquidus for metallic alloys
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containing alloying elements that promote 
resistance· to reaction.

A vacuum is applied to the molten 
mixture of metal and particulate during the mixing 
step in the preferred approach. The vacuum 
reduces the atmospheric gases available for 
Introduction into the melt, and also tends to draw 
dissolved, entrapped and adsorbed gases out of the 
melt during mixing. The magnitude of the vacuum 
is not critical for metal alloys that do not 
contain volatile constituents such as zinc or 
magnesium. However, where volatile elements are 
present, the vacuum preferably does not exceed 
about 10-30 torr, or the volatile elements are 
drawn out of the alloy at a high rate. The 
preferred vacuum is found to provide the favorable 
reduction of gases, while minimizing loss of 
volatile elements.

In a preferred batch process, mixing 
is accomplished by a rotating dispersing impeller 
that stirs the melt and shears the particles and 
the molten metal past each other without 
introducing gas into the mixture. The impeller 
design minimizes the vortex at the surface of the 
melt. The presence of a vortex has been found to 
be undesirable, in that it draws atmospheric gas 
into the melt. In a particularly preferred batch 
process, mixing is accomplished with a mixing head 
having a rotating dispersing Impeller and a 
rotating sweeping impeller, the dispersing 
impeller shearing the particles and the molten 
metal past each other without introducing gas into 
the mixture and without stabilizing dissolved, 
entrapped, and adsorbed gas already present in the 
mixture, and the sweeping impeller promoting the 
movement of particles and molten metal into the 
vicinity of the impeller to achieve a thorough

L
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mixing of the entire , volume of material. The 
dispersing impeller preferably rotates at about 
2500 revolutions per minute (rpm) and the sweeping 
impeller preferably rotates at about 45 rpm, 
although these values are not critical and can be 
varied widely with acceptable results.

Thus, a method for preparing a 
composite of aluminum alloy reinforced with 
silicon carbide particles comprises roasting the 
particles at a temperature of at least about 

a gaseous source of oxygen, for a time
to oxidize and 
the particles,

15

800°C in 
sufficient 
surface of 
dioxide 
mixture 
roasted
temperature 
temperature 
temperature

remove carbon at the 
and to form silicon 

at the surface of the particles; forming a
of the molten aluminum alloy and the 
particles; maintaining the mixture in a 

range of from about the liquidus 
of the metallic material to a 
whereat the particles do not

20

25

substantially degrade during the time required for 
the subsequent processing steps; mixing together 
the particles and the molten metal for a time 
sufficient to wet the molten metal to the 

and to. distribute the particles 
the molten metal, using a rotating 
impeller immersed in the molten mixture 

the particles and the molten metal past

particles 
throughout 
dispersing 
to shear

30 retention 
the step

35

each other while minimizing the introduction of 
gas into the mixture and while minimizing the 

of gas already present in the mixture, 
of mixing to occur with a vacuum applied

to the mixture; and casting the resulting mixture.
The composite material made by the 

method of the invention has a cast microstructure 
of the metallic matrix, with particulate 
distributed generally evenly throughout the cast 
volume. The particulate is well bonded to the
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matrix, since the matrix was made to wet the 
particulate during fabrication. No significant 
oxide layer is interposed between the particulate

The cast composite is 
processing by known 
such as rolling and 
The properties of the

10

and the metallic matrix, 
particularly suitable for 
primary forming operations 
extruding to useful shapes,
cast or cast and formed composites are excellent, 
with high stiffness and strength, and acceptable 
ductility and toughness. Composite materials have 
been prepared with volume fractions of particulate 
ranging from about 5 to about 40 percent, so that 

of strength, stiffness and physical 
of the composite are available upon

15

a range 
properties 
request.

that the 
invention

20

25

It will now be apparent 
method and apparatus of the present 
present an important and significant advance in 
the art of manufacturing composite materials. The 
composite materials are produced economically by 
apparatus which incorporates the particulate 
reinforcement .directly into the molten metal, 
without the need to coat or otherwise treat the 
particles before incorporation and using 
conventional metallic alloys. The roasting of the 
particles prior to incorporation into the melt 

mixture to be held above the 
for greater periods of time

30

the molten 
temperature

The roasting of 
is particularly

35

permits 
melting
than in the absence of roasting, 
the silicon carbide particles
beneficial where the matrix is an aluminum alloy 
having relatively low levels of silicon, such as 
alloys that are not traditional casting alloys. 
The cast composite is of high quality and exhibits 
excellent physical properties, and can be 
subsequently processed into useful shapes. The 
method is economically competitive with methods of
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preparing unreinforced alloys, and produces 
composites much less expensively than do other 

Significantly, the roasting 
to alter the surface chemistry of

the particles prior to incorporation into the melt 
does not require coating the particles or other 
expensive surface treatment

rotary kiln is 
Other

technologies. 
treatment used

procedures. An 
readily used for 

features and advantages of the 
will become apparent from the 

detailed discussion, taken in 
the accompanying drawings, which

inexpensive 
roasting.

10 present invention 
following more 
conjunction with
Illustrate, hy 
the invention.

way of example, the principles of

15 Brief Description of Drawings

FIGURE 1 is a graph of chemistry as a 
function of depth below the surface of as received 
silicon carbide particles;

FIGURE 2 is a graph of chemistry as a 
20 function of depth below the surface of roasted

silicon carbide particles;
FIGURE 3 is a schematic side sectional 

view of a melt in a crucible before, during, and 
after conventional impeller mixing;

25 FIGURE 4 is an elevational view of a
dispersing impeller;

FIGURE 5 is a perspective view of the 
mixing apparatus using a dispersing impeller, with 
portions broken away for clarity;

30 FIGURE 6 is a side sectional view of a
mixing apparatus having both a dispersing impeller 
and a sweeping impeller; and

. FIGURE 7 is a perspective view of the
casting apparatus, with portions broken away for

35 clarity.
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Best Mode for Carrying Out the Invention

process 
material by 
reinforcement 
material.

The present invention is embodied in a 
and apparatus for preparing a composite 

incorporating particulate nonmetallic 
into a molten mass of the matrix 

In a preferred embodiment wherein
silicon carbide particles are incorporated into an 
aluminum alloy matrix, the silicon carbide 
particles are first pretreated by roasting before 
mixing with molten metal, and the mixing is 
accomplished with care to
oxygen 
wetting,

and oxides that
avoid the presence of 

can interfere with

The
heated in an 
procedure herein 
distribution of 
he determined by

particles are 
atmosphere, a 

The spatial

silicon carbide 
oxygen-containing 

termed roasting,
the elements in the particles can 

Auger Electron Spectroscopy at

FIGURE 1 
intensity of

any selected location. The surface of particles 
is first evaluated. A portion of each particle is 
then removed by sputtering or similar process, so 
that the chemical composition at a sub-surface 
position can he determined by the same Auger 
Electron Spectroscopy technique.
presents a graph of the relative
Auger electrons as a function of depth below the 
surface of as-received particles, which indicates 
the relative amount of each element present at 
that depth. The carbon and silicon contents are 
generally constant with depth, and, in particular, 
there is substantially the same carbon content 
adjacent the surface as found well below the 
surface. The oxygen content is generally low, 
with a slight increase· adjacent the surface, as 
would be expected.

A portion of the as-received silicon
35
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were analyzed 
results shown 
adjacent the 
Angstroms, is

carbide particles was heated in air at 1050°C 
for 6 hours, and the resulting roasted particles 

by this same technique, with the 
in FIGURE 2. The carbon content 

surface, and to a depth of about 300 
significantly reduced. The silicon

content is substantially unchanged as compared 
with the as-received material. The oxygen content 
is significantly increased in the same 300 
Angstrom band at the surface, as compared with the 
as-received material and the oxygen content deeper 
within the silicon carbide particle, indicating 
the formation of silicon dioxide, SIO2. at and 
adjacent the surface.

silicon carbide particles 
silicon carbide, and are 
at depths below about 300

the surface, also as shown in 
the surface of the particles, the

The roasted 
are essentially still 
unchanged in chemistry 

below 
At

Angstroms 
FIGURE 2.
carbon has been reduced to about 20 percent of its 
original level, and about 10 percent of its 
original level in some regions. Consequently, 
there is little carbon at and adjacent the surface 
to react with the molten aluminum during the later 

25 mixing process, or with any of the alloying 
of the molten aluminum.
at the surface provides

to prevent diffusion of carbide from the
of the roasted particles to the surface, 

maintain this diffusion barrier, the thickness 
the carbon-depleted layer is desirably at least

30

elements 
dioxide 
barrier 
interior 
To 
of

The silicon 
a diffusion

35

about 50 Angstroms, and preferably from 50 to 500 
Angstroms in depth. The formation of silicon 
dioxide also stabilizes and ties up the silicon in 
a relatively inert form, so that it cannot diffuse 
extensively into the matrix during incorporation 
into the aluminum melt. The roasting treatment
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therefore stabilizes the particles to subsequent 
degradation hy reducing the carbon levels at the 
surface of the particles, by providing a silicon 
dioxide diffusion barrier, and also by stabilizing
the silicon 
particle.

that is near the surface of each

10

15

The roasted silicon carbide particles 
can be incorporated Into all types of aluminum 
alloys, apparently without limitation. The use of 
roasted, as compared with unroasted, silicon 
carbide particles is particularly advantageous 
with 7000 series aluminum alloys and other 
aluminum alloys normally containing low silicon 

such as, for example, 2024 alloy. This 
arises from the stabilization of the 

in the particles by the roasting process,

20

contents , 
advantage 
silicon
as silicon dioxide, 
roasted, silicon in 
enter the melt at 
carbide is formed, 
silicon content of

25

behavior 
treatment. 
roasting 
prevents 
a barrier

When the particles are not 
the particles is freed to 

the same time that aluminum 
undesirably Increasing the 

the matrix and altering the
of the aluminum alloy during heat 

The silicon dioxide formed during the 
treatment stabilizes the silicon and also 
formation of aluminum carbide by creating 

to diffusion of the carbon from the

30

35

center of the particles to the surface, to react 
with the aluminum in the melt.

To produce an acceptable composite 
material, the molten metal must wet the surface of 
the roasted particulate. If wetting Is not 
achieved, it is difficult to disperse the 
particulate throughout the mass of metal, since 

to 
the

the surface even after 
surface by a mixer. 
also results in 

properties of the cast

the particulate rises
being forced below
Unwetted particulate
unsatisfactory mechanical
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solid composite material, especially for 
particulate matter having a relatively short ratio 
of length to thickness, also termed the aspect 
ratio. For particles having a short aspect ratio 
on the order of 2-5, there must be good bonding at 
the interface of the particle and the matrix to 
achieve good strength and stiffness values. Good 
bonding cannot be readily achieved in the absence 
of wetting of the molten matrix to the particles.

Wetting of a metal to a particle is a 
phenomenon involving a solid and a liquid in such 
intimate contact that the adhesive force between 
the two phases is greater than the cohesive force 
within the liquid. Molten metals such as aluminum 
and aluminum alloys wet and spread on many typical 
nonmetallic particulate reinforcement materials 
under the proper conditions, but the presence of 
certain contaminants at the surface. between the

20
metal and the 
Specifically, gas 
inhibit wetting 
surface. It .Is 
the presence and

25

particles inhibits wetting, 
and oxides adhered to a surface 
of a molten metal to that 
therefore necessary to minimize 

effect of gas and oxides
otherwise interposed between the molten metal and 
the particulate in order to permit the molten 
metal to wet the surface, thereby retaining the 
particulate within the molten metal during mixing
and casting, and 
bonding properties
solidification.

There are

promoting
after

good Interfacial
casting and

several sources of gas in a 
molten mixture of the metal and particulate that 
can interfere with wetting of the metal to the

35
particles, 
particles 
thorough 
themselves

Gas is adsorbed on the surface of the 
that are initially provided. Even after 
cleaning, gases immediately reattach 
to the surface of the particles, even

30
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vacuum. These layers inhibit the
wetting. Gas bubbles readily attach 
to the surfaces of the particulate

the molten metal, since the
to be most favorable for the

attachment or nucleation of bubbles.
Gas is present in the molten metal in 

a dissolved or physically entrained state. 
Gaseous species are also present as oxides on the 
surface of the metals. The preferred metal for 
use in the present invention, aluminum, is well 
known for the rapid formation of an oxide on the 
surface of the liquid or solid metal, and this 
oxide directly inhibits wetting.

Gas can also be 
mixture of metal and 
technique

wetting

in high 
subsequent 
themselves
after immersion in 
surface sites tend

introduced into the 
particulate by the 

used to mix the two together to
In the prior practice for

a paddle-type or ship’s propeller-type of 
impeller has been used to promote mixing

metal and particulate. The 
a high rate to form a vortex 

above the impeller, and then the particulate is
added into the sides or bottom of the vortex. It

25 has been thought that the metal flow along the 
sides of the vortex promotes mixing.

Instead, it has now been found that 
the presence of a vortex inhibits wetting, the 
ultimate objective of the mixing procedure, hy 

30 incorporating gas into the mixture. Gas is 
physically drawn into the molten mixture by the 
vortex, most noticeably when there is a gaseous 
atmosphere above the melt but also when the mixing 
is accomplished in vacuum.

35 FIGURE 3 graphically illustrates the
effect of vortex mixing. An experiment was
performed to determine the extent of incorporation

molten 
mixing 
promote 
mixing,

20 mixing
and wetting of the 
melt is stirred at 

the impeller,

35
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the melt.
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the molten mixture. A mixture of 
silicon carbide particulate was 

and line A represents the 
The melt was then rapidly

argon with a conventional mixing 
generate a vortex at the surface, and 

represents the shape of the surface during 
while the deep vortex characteristic of

surf ace 
stirred 
impeller 
line B 
mixing
rapid stirring of metals Is present. When mixing 
was stopped, the surface level of the melt, 
represented by line C, was significantly higher 
than before mixing, line A. The difference was 

that had been drawn into the melt by 
and entrapped during the mixing 
This physical entrainment is 

significant for melts containing 
since the gas that is drawn 
preferentially retained at the

due
the

to gas 
vortex 

process . 
particularly
solid particulate,
Into the melt is _ _
surface between the particulate and the melt. 
Thus, while mixing can have the beneficial effect 
of promoting a distribution of the particles in 
the melt and wetting, the wrong type of mixing 
ultimately inhibits the wetting.

The mixing action can also nucleate 
undesirable gas bubbles in the melt in a manner 
similar to cavitation. Dissolved or entrapped 
gases are nucleated into bubbles in the region of 
low pressure immediately behind the blades of an 
improperly designed mixing impeller due to the 
reduced pressure there, and the bubbles 
preferentially attach to the particulate surfaces, 
also inhibiting wetting.

The mixing process of the present 
minimizes the incorporation of gasesinvention 

into the 
dissolved 
the result

melt and the 
and entrapped

retention of adsorbed,
gases in the melt, with

that there is a reduced level of gases
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high
metal
shear

The mixing 
shear rates and 
and the solid 
state helps

10 contaminants
away.
onto
help

The

15

20

rapidly past

applied to
reduces the
through the

25

30

in the melt to interfere with wetting of the metal 
to the particles.

process creates a state of 
forces between the molten 

particles in the melt. The
to remove adsorbed gas and gas 

bubbles from the surface of the particulate by the 
physical mechanism of scraping and scouring the. 
molten metal against the solid surface, so that 

such as gases and oxides are cleaned 
shear also tends to spread the metal

the surface, so that the applied shear forces 
to overcome the forces otherwise preventing 

spreading of the metal on the solid surface. The 
shearing action does not deform or crack the 
particles, instead shearing the liquid metal 

the particles. .
In the preferred approach, a vacuum is 
the surface of the melt. The vacuum 
incorporation of gas into the melt 
surface during mixing. The vacuum

also aids in removing gases from the melt. A 
vacuum need not be used if other techniques are 
employed to minimize introduction of gas into the 
molten metal and to minimize retention of gas in 
the molten metal.

Preparation of a composite of a
metallic alloy, preferably aluminum or an aluminum 
alloy reinforced with roasted particles of a 
nonmetallic carbide material, preferably silicon 
carbide, begins with melting the aluminum alloy. 
A wide range of standard wrought, cast, or other 
aluminum alloys may be used, as, for example, 
6061, 2024, 7075, 7079, and A356. There is no

limitation to the
contain volatile

magnesium and zinc have

35 known
that

type of alloy. Alloys
constituents such as
been used successfully,
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5

with the vacuum and alloy chemistry controlled in 
the manner to be described. As noted above, the 
greatest beneficial effects are realized where the 
aluminum alloy contains a relatively low silicon 
content. Traditional casting alloys typically 
contain a high silicon content, while wrought 
alloys have lower silicon contents. Roasting is

10

therefore of 
castings of 
subsequently 
processed.

greatest
aluminum
worked

benefit in preparing 
alloys that are to be 
or thermomechanically

15

20

25

30

35

Before the particles are added, it is 
preferred but not necessary to clean the melt to 
remove oxides, particles, dissolved gas, and other 
impurities that inhibit wetting. In one approach, 
a nonreactive gas such as argon gas is bubbled 
through the melt for a period of time, as about 15 
minutes, before particles are added. The argon 
gas bubbles to the surface, carrying with it 
dissolved and entrapped gases that diffuse into 
the argon bubble as it rises, and also forcing 
solids floating in the metal to the surface.

Particles of the roasted silicon 
carbide are added to and mixed with the molten 
metal. The particles must exhibit a sufficiently 
low degree of degradation by chemical reaction 
with the molten metal under the conditions of 
mixing and casting. That is, a particulate that 
dissolves into the molten metal under all known 
conditions is not acceptable, nor is a particulate 
that forms an undesirable reaction product in 
contact with the molten metal. On the other hand, 
most nonmetallics react extensively with molten 
metals at high temperatures, but in many cases the 
reaction can he reduced to an acceptable level by 
controlling the temperature of the molten metal to 
a temperature whereat there is no substantial
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degree of reaction during the t, me required for 
processing. Both high-purity green and low-purity 
black silicon carbide have been found operable.

Roasting is accomplished by any 
is preferably 
done in other

layers of the 
the like is

surface 
kiln or

5 convenient method. Roasting
accomplished in air, but can be 
oxidizing environments so that the surface carbon 
is oxidized to carbon monoxide or carbon dioxide 
and lost to the roasting atmosphere, and so that 

10 oxygen diffuses into the
particles. A rotary
preferably used for roasting, as the particles are 
continuously agitated. The particles can also be 
placed into trays or the like for roasting. There 

15 is often some amount of agglomeration or sintering 
of the particles during roasting. At lower 
roasting temperatures, the degree of agglomeration 
is small and not objectionable. At higher 
roasting temperatures, there may be an 

20 unacceptably high degree of agglomeration. In 
either case, the agglomerated particles can be 
broken apart after roasting, as with a ball mill 
or a rotary crusher.

The amount of particulate silicon
25 carbide added to the melt may vary substantially, 

with the maximum amount being dependent upon the 
ability to stir the melt containing the particles 
to achieve homogeneity. With increasing amounts 
of particulate, the melt becomes more viscous and

30 harder to stir. It has been observed that the 
roasted silicon carbide particles can be added to 
a greater concentration before unacceptably high 
viscosity is reached, as compared with unroasted 
silicon carbide. Higher amounts of silicon

35 carbide also provide increased surface area for
the retention and stabilization of gas within the
melt, limiting the ability to prepare a sound,
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wetted material. The maximum amount of silicon 
carbide in aluminum alloys has been found to be 
about 40 volume percent. The size and shape of 
the silicon carbide particles may also he varied.

The use of roasted silicon carbide 
particulate also permits the molten mixture of 
aluminum alloy and silicon carbide to be held in 
the molten state for longer times without 
significant degradation or production of aluminum 
carbides, an important advantage in a commercial 
environment where melts must sometimes be held in 
the molten state until casting facilities are 
ready for use.

A combination 
the particles, prior to 
convenient method. The particles may be added to 
the surface of the melt or .below the surface,
although 
typically 
conducted 
complete
with the pieces 
melted, so that 
metal pieces 
This latter 
desirable to

of the molten metal and 
mixing, is formed by a

in the latter case the particles
rise to the surface unless mixing is 
simultaneously to achieve partial or

wetting. The particles can also he added 
of metal before the metal is
the particles remain with the

as they are melted to form the melt, 
procedure is not preferred, as it is 
clean the melt prior + i addition of 

the particulate, so that the particulate is not 
carried to the surface with the cleaning gas.

The particulate and the molten metal 
are then mixed together for a time sufficient to 

the molten metal to the particles. The mixing 
conducted under conditions of high shear strain 

and force to remove gas from the surface of 
and to promote wetting. The 
must also avoid the introduction 

of gas into the melt, and avoid the stabilizing of 
entrapped and dissolved gas already in the melt.

wet 
is
rate
the particulate 
mixing technique

ft

1
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operated 
melt but 
melt.
requirements 
dispersing

so
a
A

The preferred approach to mixing uses 
a dispersing Impeller immersed into the melt and 

as to induce high shears within the 
small vortex at the surface of the 
dispersing Impeller meeting these 

is illustrated in FIGURE 4. This 
impeller 100 Includes a dispersing

impeller shaft 102 having a plurality of flat 
blades 104. The blades 104 are not pitched with 

10 respect to the direction of rotation, but are 
angled from about 15° to about 45° from the 
line perpendicular to the shaft 102. This design 
serves to draw particulate into the melt while 
minimizing the appearance of a surface vortex and 

15 minimizing gas bubble nucleation in the melt. 
Tests have demonstrated that this dispersion 
impeller can be rotated at rates of up to at least 
about 2500 revolutions per minute (rpm) without 
inducing a significant vortex at the surface of 

20 aluminum alloy melts. A high rate of rotation is 
desirable, as it induces the highest shear rates 
and forces in . the molten mixture and reduces the 
time required to achieve wetting.

The melt is mixed with the dispensing 
25 imneller for a time sufficient to accomplish 

of the metal to the particulate and to 
the particulate throughout the metal. 

Empirically, a total mixing time of about 70 
minutes or less has been found satisfactory. The 

30 roasting treatment of the particles inhibits 
dissolution of the ' particles during the mixing, 
and also during any holding period at temperature 
after mixing but prior to casting. The necessary 
holding period can therefore be extended, a 

35 significant advantage in commercial casting 
operations.

The temperature of mixing should he

impeller
wetting
disperse
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carefully controlled to avoid adverse chemical 
reactions between the particles and the molten 
metal. The maximum temperature of the metal, when 
in contact with the particles, should not exceed 
the temperature at which the particles chemically 
degrade ln the molten metal. The maximum 
temperature is dependent upon the type of alloy 
used, and may be determined for each alloy. While 
the molten alloy is in contact with the 
particulate, the maximum temperature should not be 
exceeded for any significant period of time.

For example, the maximum temperature 
is about 20°C above the alloy liquidus
temperature for silicon carbide particulate alloys 

significant amounts of reactive
such as magnesium, zinc and lithium, 
temperature is about 70°C above the

alloy liquidus temperature for common alloys that 
do not contain large amounts of reactive or 
stabilizing elements. The maximum temperature is 
about 100°C to about 125°C above the alloy 
liquidus where the alloy contains larger amounts 
of elements that stabilize the melt against 
reaction, such as silicon. If higher temperatures 
than those described are used, it is difficult or 
impossible to melt, mix and cast the alloy because 
of increased viscosity due to the presence of the 
dissolved material. A reaction zone around the

containing 
constituents 
The maximum

20

25

30
particles 
AI4C3.

is formed , probably containing

35

rheocasting, 
in the 
of the 
formed

In a prior approach termed 
metal and particulate were mixed 

range between the solidus and the liquidus 
alloy. In this range, solid metal is 

in equilibrium with the liquid metal, and

the

the solid metal further increases the viscosity
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15
particles do 
metal. The 
llquldus of 
temperatures 
Temperature

the temperature, 
without incident, 
limited by the

and the shear forces, making „the mixing even more 
effective. However, it has now been found -that 
the use of temperatures substantially below the 
llquldus results in extensive and undesirable 

5 segregation of alloying elements in the metallic 
phase after the composite is solidified. The 
material also cannot be readily cast using
conventional casting procedures.

The molten mixture Is therefore
10 maintained in the temperature range of a minimum 

temperature where there is substantially no solid 
metallic phase formed in equilibrium with the 
liquid metal, to a maximum temperature whereat the 

not chemically degrade in the molten 
minimum temperature is about the 
the molten metal, although lower 

can be sustained briefly,
excursions to lower temperatures are 

not harmful, as long as the melt is cast without a 
20 metallic phase present. For example, when the 

particulate or alloying additions are added to the 
melt, there can be a normal brief depression of 

The temperature Is soon restored 
The maximum temperature Is 

25 limited by the onset of degradation of the 
particulate in the liquid metal. Brief excursions 
to higher temperatures are permitted, as long as 
they do not cause significant degradation of the 
particulate, but such higher temperatures should 

30 not be maintained for extended periods of time.
After mixing is complete, the 

composite can be cast using any convenient casting 
technique. After mixing with the impeller is 
discontinued, the melt Is substantially 

35 homogeneous and the particles are wetted hy the 
the particles do not tend to float 

Casting need not be accomplished
metal so that 
to the surface
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Immediately 
procedure. 
preferred.

made into 
procedures .

or with a high-rate casting 
Bottom fed pressure casting is

The resulting cast material may be 
products hy conventional metallurgical 

The composite can be annealed and
heat treated. It can be hot worked using, for 
example, extrusion or rolling in conventional 
apparatus. The final composite can also formed by 
new techniques such as solid phase casting, 
wherein the cast composite is heated to a 
temperature between the solidus and liquidus of 
the metallic alloy, so that
formed, and then forced into 
solidify.

f or 
is 

to

liquid alloy 
a die or mold

is
to

material 
and 6. 
comprises 
supported 
furnace

Apparatus 
hy casting 
Referring

a metal

preparing a composite 
illustrated in FIGURES 5 

FIGURE 5, the apparatus
stand 11, upon which is

a rotatable furnace holder 12. The 
holder 12 is equipped with shafts 13 and

14 secured thereto, that are in turn journaled to 
pillow blocks 15 and 16. A handle 17 secured to 
shaft 16 Is used to rotate the holder 12 as 
desired foi melting or casting.

A crucible 18 is formed of a material 
which is not substantially eroded by the molten 
metal. In one embodiment, the crucible 18 is 
formed of alumina and has an inside diameter of 
3-3/4 inches and a height of 11 inches. This 
crucible is suitable for melting about 5 pounds of 
aluminum alloy. The crucible is resistlvely
heated by a 
RH274 heater 
with Watlow

heater 19, such as a Thermcraft No.
The heated crucible is insulated 

blanket insulation 22 and a low
density refractory shown at 22a. The insulated
assembly is positioned inside a 304 stainless
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container 21. 
receptacle for

5

10

15

steel pipe which has a 1/4 inch thick solid base 
23 and- a top flange 24 welded thereto, to form 

Container 21 serves not only as a 
crucible 18, but also functions as

a vacuum chamber during mixing. The power for 
heater 19 is brought through two Varlan medium 
power vacuum feedthroughs 19a and 19b. Two type K 
thermocouples positioned between crucible 18 and 
heater 19 are used for temperature monitoring and 
control, and are brought into container 21 with 
Omega Swagelock-type gas-tight fittings (not 
shown).

The temperature of crucible 18 is 
with an Omega 

25 which monitors 
crucible

l 60 amp

controlled 
controller 
between the 
25 drives ί

40 proportional 
the temperature 

and the heater. Controller 
Vatlow mercury relay, which

20

switches 215 volts to heater 19, the temperature 
being monitored with a Watlow digital thermometer.

The mixing assembly consists of a 1/4 
Bodine DC variable speed motor 26 

by .a Minarik reversible solid state 
(not shown). The motor 26 is secured

to an arm 31 and is connected by cog belt 27 to a 
ball bearing spindle 28 which is supported over 
the crucible 18 and holds the rotating dispersion 
impeller 29.

horsepower
controlled
controller

25

30

35

The spindle 28 is secured to the arm 
31 which is slidingly connected to supports 32 and 
33 to permit vertical movement of the arm 31. 
Clamps 34 and 35 can be locked to secure arm 31 in 
the position desired.

The dispersion impeller 29 is machined 
from 304 stainless steel and welded together as 
necessary, bead blasted, and then coated with 
Aremco 552 ceramic adhesive. The coated impeller 
29 is kept at 200°C until needed.
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impeller 29 is 
vertically along the centerline of the 
Optionally, and preferably, a second 

sweeping impeller 110 is also 
crucible to move particles and 
the vicinity of the dispersing 
primary shearing action to 

is provided by the

dispersionThe
positioned 
crucible.
impeller termed a 
positioned in the 
molten metal into 
impeller 29. The 
promote mixing and 
dispersing impeller

creates a 
of the

29. The 
fluid flow 
crucible ,

wetting
29, but the sweeping impeller 

110 aids in bringing particles and metal into the 
active region of the mixing, and into the 
influence of the dispersing impeller
sweeping impeller 110 also
adjacent the inner walls
preventing a buildup of particulate matter
adjacent the walls. The use of the sweeping 
impeller 110 is particularly desirable for larger 
size crucibles. When larger crucibles are used, 

particulate tends to collect at the surface of 
of the melt and may not be

melt unless it Is forced from the 
melt and moved

outer periphery 
into the

the 
the 
mixed
wall toward the center of the 
toward the dispersing impeller 29.

As illustrated in 
sweeping impeller 110 comprises 
112 whose broad faces are

FIGURE 6, the 
a pair of blades 

oriented in the
circumferential direction. The blades 112 are 
positioned adjacent the inner wall of the crucible 
18, but not touching the inner wall, hy blade arms
114. The blade arms 
sweeping impeller shaft 

coincident with 
shaft 102 

hollow
shaft

passing

axis is 
impeller 
116 is 
impeller
shaft 102 
impeller

114 are attached to a 
116, whose cylindrical 
that of the dispersing 

The sweeping impeller shaft 
the dispersing

with the dispersing impeller 
down its center. The sweeping

and concentric over
102 ,

shaft 116 is supported hy bearings
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independent of the dispersing impeller shaft 102, 
so that the sweeping impeller shaft 116 and the 
dispersing impeller shaft 102 turn independently 
of each other. In practice, the sweeping impeller

5 shaft 116 and blades 112 are rotated by a motor 
(not shown) at a much slower rate than the 
dispersing impeller 100. The sweeping Impeller 
100 is typically rotated at about 45 rpm to move 
particulate away from the crucible walls and

10 toward the dispersing impeller 100, while the 
dispersing impeller is rotated at about 2500 rpm 
to draw the particulate into the melt with a 
minimum vortex and to promote wetting of the 
particulate.

15 Returning to the view of the apparatus
shown in FIGURE 5, a removable metal flange 36 
covers the container 21, with a gasket 36a between 
the upper flange of the container 21 and the 
flange 36, and can be sealed in an airtight manner

20 by clamps 28a and 28b. A shaft 37 is releasably 
secured to spindle 28 by means of a chuck 38 and 
passes through vacuum rotary feed-through 41,
equipped with a flange 41a.

A port 42 equipped with a tee-fitting
25 in flange 41a permits Ingress and egress of argon

from a source (not shown), and is adapted for 1
application to a vacuum line to permit evacuation
of the crucible 18.

When mixing Is complete, the mixing
30 head is removed and replaced with a casting head.

Referring to FIGURE 7, the pressure casting 
assembly includes a stainless steel cylindrical 
mold 43. This mold 43 is comprised of a top 42a, 
a flanged bottom 43c, and a tubular mid-section, f

35 bolted together as illustrated. The flanged j
bottom 43c of mold 43 has a machined port 44 B
through which a heavily oxidized 304 stainless
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steel tube 45 is pressed and locked in place with 
a set screw (not shown). Tube 45 is immersed in 
the liquid composite melt 46, the end of the tube 
45 being positioned within 1/2 inch from the

5 bottom of the crucible 18.
The bottom 43c of the mold 43 is

bolted to the top flange 36 which is clamped by­
means of clamps 28a and 28b to container flange 
24. A silicone gasket 36a provides a pressure

10 seal.
A port 46b in the flanged bottom 43c 

of the mold 43 serves as an inlet for low pressure 
air entering through thi tube 46a, which 
pressurizes the chamber causing the molten

15 aluminum composite material to rise up tube 45 
filling mold 43. Opening 47 in the mold top 42a
vents air during the pressure casting process.

In carrying out the process of the 
present invention to ' prepare the preferred

20 composite material of silicon carbide particulate 
in an aluminum alloy matrix, the heater is 
activated and the controller set so that the 
temperature is above the liquidus of the aluminum 
alloy. The aluminum alloy is then placed into the

25 crucible and when the alloy has melted, any other 
alloying elements which are to be incorporated 
into the melt are added. The temperature is 
thereupon reduced somewhat and the melt is blown 
with argon by bubbling the gas through the melt.

30 Roasted silicon carbide particulate is then added 
to the melt, the mixing assembly put in place, a 
vacuum pulled, and mixing begun. Periodically the 
chamber is opened to permit cleaning of the 
crucible walls, if necessary, while maintaining an

35 argon cover over the surface of the melt.
After sufficient mixing has occurred,

the mixing assembly is removed, and is replaced by
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The composite
then forced Into the mold, by air 

When the cast composite has cooled, it 
is removed from the mold.

The following examples serve to 
aspects of the invention, but should 

taken as limiting the scope of the

the pressure casting head and mold, 
melt is
pressure

illustrate 
not be
invention in any respect

Example 1

10 This example illustrates the
preparation of 7075 aluminum-15 volume percent 
roasted silicon carbide composite. Prior to 
mixing, 8.8 kilograms of silicon carbide (500 
mesh) was poured into aluminum oxide trays and

15 charged into an air furnace heated to 1050°C. 
At 1 hour intervals, the silicon carbide was raked 
to expose most of the powder to air. After 6 
hours at temperature, the furnace was shut off and 
allowed to cool to 300°C. The trays of silicon

20 carbide were removed and allowed to cool to 
ambient temperature. The roasted silicon carbide 
particles were then sieved to remove large pieces 
and placed into a holding oven at 200°C to he 
maintained dry.

25 Before mixing the silicon powder and
the aluminum alloy, the center high speed impeller 
and outer scraping Impellers were head blasted 
clean and then given three coatings of Aremco 552 
adhesive ceramic coating. After the last coating

30 was cured, the impellers were placed into a 
furnace at 200°C to keep them dry.

The metal to he used was cut to
convenient size for melting and weighed. The
mixing reactor was started and the temperature set

35 to 800°C.
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10

15

20

25

30

bar stock
argon 
alloy 
Mg-Al ) , 
copper 
670°C, 
minutes 
boil,
particles 
8.75
kilograms 
the melt,

39.75 kilograms of 7075 aluminum alloy 
was charged into the crucible and the

cover gas was 
had melted, 2 

.59 kilograms
were added 
dry argon 
at

displacing

turned on. After the 7075 
7 kilograms of A520 (10
of zinc, and 70 grams of 

The temperature was reduced to 
was blown into the melt for 15

a rate sufficient to produce a rolling 
hydrogen and bringing oxide

to the surface, which were skimmed off,

and the outer 
inner impeller 
After
powder

to rotate at 1550 rpm. 
roasted silicon carbide

of roasted silicon carbide were added to 
the mixing assembly put into place, and 

a vacuum pulled on the crucible to 5-15 Torr.
The outer mixer motor was turned on 

Impellers brought to 45 rpm. The 
was set

2-5 minutes, the
was seen to disappear below the surface of 

the melt. The melt was stirred for a total mixing 
time of 35 minutes,· and the motors were stopped.

The pressure casting head with the 
clamped into place, and the fill 

Into the molten aluminum composite
to within 1/2 inch of the bottom of the crucible. 
The Inside of the chamber was slowly pressurized 

nitrogen to 5 psi through an external valve, 
pressure was raised to 9 psi until the molten

composite seeped out of the vent holes and sealed 
them. After the metal solidified, the pressure 
was released and the composite billet removed from 
the mold.

fill
tube

tube was 
immersed

with
This

Example 2

A piece of as-cast 15 volume percent
35 roasted silicon carbide-7075 aluminum, prepared by
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the process of Example 1, was sectioned and 
metallographically polished. The resultant 
structure showed no evidence of AI4C3 
surrounding the silicon carbide particles. A 
composite produced under identical conditions 
using unroasted silicon carbide showed extensive 
aluminum carbide formation.

Example 3

A second piece of 15 volume percent 
roasted silicon carbide-7075 aluminum was hot 
pressed to put work into the matrix. Wrought 
alloys require deformation to achieve maximum 
properties. The roasted silicon carbide composite 
was heat treated to the TA condition by heating it 
for 2 hours at 890°F and then water quenching, 
followed by ageing for 24 hours at 250°F. The 
hardness of the roasted silicon carbide composite 
was 98 to 100 Rg , compared with 78-80 Rg for a 
composite material prepared similarly hut using 
unroasted silicon carbide instead of roasted 
silicon carbide in a 7075 aluminum matrix. ·

Example 4

Example 1 was repeated, except that 
the aluminum alloy was 6061 aluminum. 39.9 
kilograms of 6061 bar stock were charged into the 
crucible and the argon cover gas was turned on. 
After the 6061 had melted, 1.7 kilograms of A520, 
.185 kilograms of A356, and 18 grams of copper 
were added. The remaining procedures were 
identical to those described in Example 1.
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· Example 5

Example 1 was repeated, except that 
the aluminum alloy was 2014 aluminum alloy. 43.26 
kilograms of 2014 bar stock were charged into the 
crucible The remaining procedures were identical 
to those described in Example 1.

The examples demonstrate that a range 
of composites can be prepared with the method and 
apparatus of the invention. Different types of
matrix alloys can 
demonstrate that
replacement additions 
for volatile elements

be used. The examples 
empirically determined

can be made to compensate 
such as magnesium and zinc

that are lost during the vacuum mixing procedure. 
The use of roasted silicon carbide yields results 
superior to those·of unroasted silicon carbide in 
certain types of alloys.

It will now be appreciated that the 
method and apparatus of the present Invention 
produces particulate reinforced composite
materials by a melting and casting procedure that 
is economical and produces high-quality material. 
Wetting is accomplished by minimizing the effect 

in the matrix and mixing with a high shear 
Although particular embodiments of the 

have been described in detail for

of gas 
rate. 
invention
purposes of illustration, various modifications 
may be made without departing from the spirit and 
scope of the invention. Accordingly, the 
invention is not to limited except as by the 
appended claims.

.
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Claims !

1. A method for preparing a composite 
of a metallic alloy reinforced with particles of a 
nonmetallic refractory material, comprising:

5

10

roasting the particles of the material 
in an oxidizing environment;

melting the metallic alloy;
adding the roasted particles to the

molten metal;
mixing together the molten metal and

the particles of the nonmetallic material to wet
the molten metal to the particles , under
conditions that the particles are distributed

15

20

25

throughout the volume of the melt and the 
particles and the metallic melt are sheared past 
each other to promote wetting of the particles by 
the melt, said mixing to occur while minimizing 
the introduction of gas into, and while minimizing 
the retention of gas within, the mixture of 
particles and molten metal, and at a temperature 
whereat the particles do not -sub-s t sua-t 1 a 11 y- 
chemically degrade in the molten metal in the time 
required to complete said step of mixing; and

casting the resulting mixture at a 
casting temperature sufficiently high that 
substantially no solid metal is present.

2. The 
metallic material is

method of claim 1, 
an aluminum alloy.

wherein the

30
3. The method of claim 1, 

refractory material is a carbide.
wherein the

j

4. The method of claim 1, wherein the
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particles are roasted for a period of from 20 
minutes to 24 hours, and at a temperature of from 
about- 800°C to -aWfe- 1300°C.

5. The method of claim 3, wherein the 
5 particles are roasted for a period sufficient to

reduce the carbon content to less than about 25 
percent of its initial level, to a depth of at 
least •about- 5 0 Angstroms..

6. The method of claim 1, wherein
10 additions of volatile constituents of the metallic

material are made to the metallic material to 
compensate for loss of the volatile constitutents 
during preparation of the composite.

7. The method of claim 1, wherein the·
15 molten metal is maintained in a temperature range

of from -about the liquidus temperature of the 
metal to - about— 20°C above the liquidus 
temperature throughout said steps of adding and 
mixing.

20 8. The method of claim 1, wherein
said step of mixing is conducted v-ith a vacuum 
applied to the mixture of molten metal and 
particles.

9. The method of claim 1, wherein
25 said step of mixing is accomplished by a rotating

dispersing impeller.

10. The method of claim 9, wherein the 
dispersing impeller is rotated at a rate of from

·■ about- 500 to about 3000 revolutions per minute In
30 the mixture.

C
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11. The method of claim 9, wherein 
the dispersing impeller Is rotated at a rate of

-about- 2500 revolutions per minute and said step of 
mixing is continued for a period of about 70

5 minutes.

12. The method of claim 1, wherein 
said step of mixing is accomplished by a mixing 
head having a rotating dispersing impeller and a 
rotating sweeping impeller, the dispersing

10 impeller being immersed in the central region of 
the melt and shearing the particles and the molten 
metal past each other without introducing gas into 
the mixture and the sweeping impeller contacting 
the periphery of the melt and promoting movement

15 of particles and molten metal into the vicinity of 
the dispersing impeller.

13. A composite material prepared by
- the process of claim 1.

14. A method for preparing a
20 composite of aluminum alloy reinforced with

silicon carbide particles, comprising:
roasting the particles at a

temperature of at least about 800°C In a gaseous 
source of oxygen, for a time sufficient to oxidize

25 and remove carbon at the surface of the particles, 
and to form silicon dioxide at the surface of the 
particles;

forming a mixture of the molten 
aluminum alloy and the roasted particles;

30 maintaining the mixture in a
temperature range of from about the liquidus 

of the metallic material to . ,a 
whereat the particles do not

temperature
temperature
substantially degrade during the time required for

*
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the subsequent processing steps;
mixing together the particles and. the

molten metal for a time sufficient to wet the 
molten metal to the particles and to distribute 
the particles throughout the molten metal, using a 
rotating dispersing impeller immersed in the 
molten mixture to shear the particles and the 
molten metal past each other while minimizing the 
introduction of gas into the mixture and while 
minimizing the retention-of gas already present in 
the mixture, said step of mixing to occur with a 
vacuum applied to the mixture; and

casting the resulting mixture.

15. The method of claim 14, wherein 
the molten metal is maintained in a temperature 
range of from abou-t the liquidus of the metal to 
■about,. 20°C above the liquidus.

16. The method of claim 14, wherein a 
sweeping impeller is also immersed into the molten 
mixture to move the particulate and molten metal 
into the vicinity of the dispensing impeller.

17. The method of claim 16, wherein 
the dispersing impeller rotates at a greater rate 
than does the sweeping impeller.

18. The method of claim 16, wherein 
the dispersing impeller rotates at a rate of about- 
2500 revolutions per minute, and the sweeping 
impeller rotates at a rate of -about 45 revolutions 
per minute.

19. A 
process of claim 14.

composite material made by the
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20. A method for preparing a
composite of a metallic alloy reinforced wiTh 
particles of a carbon containing, nonmetallic 
refractory material, comprising:

roasting the particles of the 
material in an oxidizing environment to 

at the surface of the particles
refractory 
form a zone 
wherein the 
percent of

carbon content is less than atwart 25 
its initial level, the depth of the

10 zone being at least -afewt-5 0 Angstroms below the 
surface of the particles;

melting the metallic alloy;
the roasted particles to the

15

adding
molten metal;

mixing
the particles of 
the molten metal

together the molten metal and 
the nonmetallic material to wet 

to the particles, under

20

25

conditions that the particles are distributed 
throughout the volume of the melt and the 
particles and the metallic melt are sheared past 
each other to promote wetting of the particles by 
the melt, said mixing to occur while minimizing 
the Introduction of any gas
minimizing the retention 
mixture of particles and 
temperature
sub-sXan-t i-a-l X-y

into, and while 
of any gas within, the 
molten metal, and at a 

whereat the particles do not
chemically degrade in the molten

30

metal in the time required to complete said step 
of mixing; and

casting the resulting mixture at a 
casting temperature sufficiently high that 
substantially no solid metal is present.

35

21. A method for preparing a 
composite of aluminum alloy reinforced with 
silicon carbide particles, comprising:

roasting the silicon carbide particles

t'.
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form a 
wherein 
percent

zone 
the 
of

10

at a temperature of at least ab^ut-800°C in a 
source of oxygen, for a. time sufficient to 

at the surface of the particles 
carbon content is less than about-25

its initial level, the depth of the 
at least about 50 Angstroms below the

surface of the particles;
forming a mixture of the molten

aluminum alloy and the roasted particles;
maintaining the mixture in a

range of from abou-t-· the liquidus
metallic material to a 
the particles do not

zone being

temperature
temperature
temperature

15

molten
molten

metal
metal

20

25

of the 
whereat

substantially degrade during the time required for 
the subsequent processing steps;

mixing together the particles and the 
for a time sufficient to wet the 
to the particles and to distribute

the particles throughout the molten metal, using a 
rotating dispersing impeller immersed in the 
molten mixture to shear the particles and the 
molten metal past each other while minimizing the 
introduction of any gas into the mixture and while 
minimizing the retention of any gas already
present in the mixture, said step of mixing to 
occur with a vacuum applied to the mixture; and 

casting the resulting mixture.
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