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ABSTRACT OF THE DISCLOSURE

A two-phase composite material whose microstructure
consists of berylium dispersed in a copper-magnesium-
beryllium solid solution alloy matrix was produced by
liquid phase sintering pressed powder mixtures of beryl-
lium, copper, magnesium or powder mixtures of beryl-
lium and prealloyed copper-magnesium.

—— R — e

The present invention relates to ductile composites of
beryllium-copper-magnesium which can be sintered to
substantially theoretical density and to means and meth-
ods for providing said composites through liquid phase
sintering. . :

Liquid phase sintering differs from the several other
types of sintering techniques in that the sintering of the
compact is carried out in the presence of a liquid phase.
Liquid phase sintering encompasses raising the tempera-
ture of the compressed powder metal constituents of
beryllium, copper and magnesium to a temperature
wherein a predetermined amount of the liquid phase
appears. In the liquid phase, one of the metal constit-
uents, the solid, is progressively dissolved in the other
metal constituent or constituents, the liquid. However,
the quantities of these constituents are such that, at
equilibrium, some solid phase always exists. It is thought
that the liquid wets the solid so as to bring about favor-
able surface energies existing between the liquid and the
solid thereby permitting solution into the liquid phase.

However, heretofore, when beryllium-copper-mag-
nesium composites were fabricated in accordance with

known liquid phase sintering techniques, it was found

that the solid beryllium expelled the liquid copper-mag-
nesium-beryllium alloy from the compact during liquid
phase sintering. It is thought that the unfavorable surface
energy equilibrium causing expulsion of the liquid copper-
magnesium-beryllium alloy is due to a tough, tenacious
film of beryllium oxide which is present on each particle
of beryllium.

The present invention prevents the expulsion of the
liquid copper-magnesium-beryllivm alloy from the
specimen by using an agency to intervene in the sintering
stage. The agency either breaks down the oxide film on
the beryllium or segregates to the metal oxide interface
and lowers the surface energy of the liquid metal with
respect to the beryllium oxide film so that the liquid
metal progressively dissolves the solid metal.

The agency can be called a fluxing agent or flux, how-
ever, the agent has other characteristics which assist in
wetting beryllium so as to surround the beryllium with
a ductile envelope phase of copper-magnesium-beryllinum
alloy matrix metal thereby avoiding the expulsion of
the liquid from the specimen.

Beryllium has several desirable physical features which
make it attractive for a variety of commercial applica-
tions such as lightweight gears, lightweight fasteners,
brackets, housings, airplane parts or the like, However,
beryllium has one major drawback which has seriously
limited its commercial acceptance, that is, beryllium is
inherently brittle at room temperature.

The lack of ductility of beryllium is attributed to the
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crystal structure of beryllium which is hexagonal close
packed. During deformation, the basal planes of the
hexagonal close packed structure, being the easiest to
slip, are aligned along the working direction. Since slip
is crystallographically difficult perpendicular to the basal
plane, the ductility of beryllium perpendicular to the
primary fabrication direction is practically nonexistent.

Several- possible solutions have been advanced in an
attempt to make beryllium metal sufficiently ductile so
as to permit a widespread commercial acceptance of
beryllium. Cross-rolling and cross-forging have been sug-
gested as fabrication methods which might enhance the
ductility of beryllium. These fabrication techniques re-
duced the number of basal planes along the direction of
roliing and resulted in improved ductility. However, the
degree of improvement was far from satisfactory. The
fact remained that beryllium must be classified as brittle
at room temperature even utilizing the aforementioned
method when ductility perpendicular to the fabrication
temperature is considered, In addition, the above-men-
tioned technique would not be feasible where the fabrica-
tion is, by nature, solely along one axis such as swag-
ing, drawing and extrusion.

In recent years, attention has been directed to the

5 fabrication of beryllium alloys not having the inherent

brittleness of beryllium itself but possessing various out-
standing properties of the metal such as, for example,
low density combined with high strength. It is thought
that U.S. Patent 3,082,521 fabricated the first ductile
beryllium alloy by rapidly cooling the part from a tem-
perature at which it was liquid. However, the beryllium
content of the alloy was not in excess of 86.3 atomic per-
cent which is approximately 33 weight percent of the
alioy. Although the beryllium alloy was ductile, the den-
sity of the alloy was in excess of that of aluminum and
about equal to that of titanium.

It has also been suggested that beryllium alloys might
be fabricated by pressing and sintering a mix of metal
powders. However, such a method results in expulsion of
the matrix metal or metals from the beryllium specimen
and the eventual freezing of the matrix metal or metals
into globs on the surface of the solid specimen. It is
thought that the expulsion of the matrix metal or metals
is due to the surface energies of the solid beryllium and
the various liquids formed. The unfavorable surface
energy equilibrium is believed to be due to a tough,
tenacious film of beryllium oxide which is present on
each particle of beryllium.

A means and method have been discovered for prepar-
ing a composite of beryllium, copper and magnesium
containing about 50 to 85 percent, by weight, of
beryllium, about 14.5 to about 50.0 percent, by weight,
copper, and a trace to about 1.4 percent, by weight, mag-
nesium. A composite having 60 percent, by weight, or
more beryllium content produces a composite having a
density about the same as or less than that of aluminum,
having high strength, and having good ductility. The
ductility is due to the resulting microstructure of the
composite. By surrounding the beryllium particles with
a ductile envelope phase, a composite is formed where,
under load, the beryllium is so constrained by the ductile
phase that it and the ductile phase deform continuously.

The 85 percent, by weight, beryllium composite showed
a considerable amount of particle contiguity and would
represent, it is thought, an upper limit on the percent by
weight of beryllium contained by the composite. A de-
crease in beryllium content below 50 percent would raise,
it is thought, the density value of the composite to a
value of little interest.

Alkali and alkaline earth halogenide agents such as
lithium fluoride-lithium chloride or the like in a deter-
mined ratio are utilized to segregate to the solid interface
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of the bryllium particle and either break down the film
on the particle of beryllium and/or alter the liquid-solid
surface energy in the system.

Therefore, it is an object of the present invention to
provide a ductile beryllium-copper-magnesium comgpcesite
having low density and high strength.

A further object of the present invention is to provide
a ductile composite of beryllium-copper-magnesium in
which beryllium is the predominate ingredient.

Yet still another object of ti:e present invention is to
provide a means and method of producing a ductile com-
posite of beryllium-copper-magnesium whercin the micro-
structure comsists of beryllium particles surrounded by a
ductile envelope phase of copper-magnesium-beryllium
alloy matrix metal.

Yet another object of the present invention is to pro-
vide a ductile composite of beryllium-copper-magnesium
containing about 50 to 85 percent, by weight, beryllium,
about 14.5 to 50.0 percent, by weight, copper and a trace
to 1.4 percent, by weight, magnesium.

Another object of the present invention is to provide a
ductile beryliium-copper-magnesium composite having a
matrix phase that is heat treatable,

Anoher object of the present invention is to provide a
composite of beryllium-copper-magnesium that may be
sintered to substantially theoretical density.

Another object of the present invention is to provide
a ductile composite of beryllium-copper-magnesium con-
taining about 50 to 85 percent, by weight, beryllium and
the remainder an alloy of copper-magnesium consisting
of about 97.2 percent, by weight, copper, the remainder
magnesium,

Yet another object of the present invention is to provide
a means and method whereby a ductile beryllium-copper-
inagnesium composite may be successfully fabricated in
both a practical and economical manner.

A further object of the present invention is to provide
an agent which eliminates the expulsion of an alloy of
copper-magnesium-beryilium from a beryllium specimen.

Still another object of the present invention is to provide
an agent to promote liquid phase sintering of a beryllium-
copper-magnesium mixture.

Still another object of the present invention is to pro-
vide alkali and alkaline earth halogenide agents used in
the fabrication of a beryllium-copper-magnesium com-
posite.

A further object of the present invention is o provide
a lithium fluoride-lithium chloride agent for promoting
liquid phase sintering in a beryllivm, copper and mag-
nesium mix.

Yet still another object of the present invention is to
provide a lithium fluoride-lithium chloride agent wherein
the constituents are used in a predetermined ratio.

The present invention, in another of its aspects, relates
to novel features of the instrumentalities of the invention
described herein for teaching the principal object of the
invention and to the novel principles employed in the
instrumentalitics whether or not these features and prin-
ciples may be used in the said object and/or in the said
field.

With the aforementioned objects enumerated, other ob-
jects will be apparent to those persons possessing ordinary
skill in the art. Other objects will appear in the following
description and appended claims. The invention resides
in the novel combination of elements and in the means
and method of achieving the combination as hereinafter
described and more particularly as defired in the appended
claims.

In the drawings:

FIGURE 1 is a phase diagram for binary alloys of
copper-magnesium.

FIGURE 2 is a photomicrograph of a beryllium speci-
men illustrating a copper-magnesium-beryllium matrix
metal expelled from the specimen by the forces of sur-
face energy of colid beryllium and the copper-magnesium-
beryllium liquid. )
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FIGURE 3 is an enlargement showing about a 70 per-
cent, by weight, beryllium, abous 29.1 percent, by weight,
copper, remainder magnesium composite illustrating beryl-
lium particles surrcuaded by a ductile envelope of a
copper-magnesivm-beryllium alloy.

Generally speaking, the means and method of the pres-
ent invention relates to a ductile beryllium-copper-mag-
nesium composite fabricated by liquid phase sintering to
substantially theoretical density. The composite contains
about 50-85 percent, by weight, of berylliium about 14.5
to 50 percent, by weight, copper and a trace to abtout 1.4
percent, by weight, magnesium.

The method of producing the beryllium-copper-magne-
sium composite by lignid phase sintsring coemprises the
steps of mixing predetermined portions of powder beryl-
lium and a powder alloy of copper-magnesium or copper
powder and magnesium powder with a predetermined por-
tion of an agent selected from the group cousisting of
alkali and alkaline earth halogenides. The portions are
pressed in a die to form a green compact. The compact
is then heated to the sintering temperature of berylifum.
At this temperature the agent provides a favorable sur-
face energy equilibrium between the beryliium and th
copper-magnesium alloy so that the alloy progressively
dissolves the beryllium at the sintering temperature so as
to form a copper-magaesium-beryllivm alloy matii
Thereafter, the beryllium-copper-magnesiim compos
may be heat treated aznd rapidly quenched so as to pre-
scrve the heat treating temperature structure and the
copper is supersaturated with magaesium, Precipitation
or ageing may be carried out followed by air cooling to
room temperature.

More particularly, the method of the present invention
compsises mixing powder beryliium of about 50-85 per-
cent, by weight, with a powder alloy of copper-mague-
sium or the elemental powders of copper and magnesium.
An agent of lithiom fluoride-lithium chloride is in about
0.5 to 2.0 percent, by weight, of the total metal additions
is mixed with the beryllium or wi

[¢]

with the beryllium and
the alloy powder or elemental powder. The preferred ratio
of the constifuents of the agent is abonut a one to one
ratio by weight. The beryllium, the alloy powder of cle-
mental powder, and the agent arc pressed so as to form
a green compact. The green compact is heated in a non-
oxidizing atmosphere such as argon at a temperature of
about 1100° C. to about 1200° C. At the aforementioned
temperatures, the agent provides a favorable curface
energy equilibrium between the beryllium and the alloy
so that the copper-maguesium alioy progressively dis-
solves the beryllium. The microstructure of the resultant
composite consists of beryllium particles surrouvnded by
a ductile envelope phase of a copper-magnesium-beryl-
lium alley matrix metal. The alloy is sintered to substan-
tially its theoretical density. The alloy may be speciaily
heat treated and rapidiy quenched so that the heat treat-
ing temperature structure is preserved and the copper
is supersaturated wtih magnesium, Precipitation or agsing
may be carried out followed by 2ir cooling to room ter-
perature.

In carrying out the present invention, a beryllium base
compact is fabricated by any svitable means such as pow-
der metallurgy techniques. A suggested method utilizing
this technique is to mix beryllium powder with an agent
of equal parts of lithium fluoride-lithium chioride. Tt is
seen that ratio of lithium fluoride to lithium chlcride may
be varied. The milling is carricd out for about 1 heur tsing
ceramic balls. Thereafter, a powder zlloy of copper-mac-
nesium or the elemental powders are ball mill mixed with
the beryliium and the ageat for an additional hour. The
blended and mixed powders are compacted to form a
green compact by accepted metallurgical methods such a
by compacting within the confines of a die in a hvdraulic
or an auiomatic press or by placing the powder in a rab-
ber or plastic mold and compacting in a hydrostatic press.
The green compact is sintered in a non-oxidizing almos-
phere such as argon or the like at a temperature of abou
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11006° C. to about 1200° C. It is seen that the range of
the sintering temperature is below the 1277° C. melting
point temperature of the beryllium and is above the melt-
ing point temperature of the copper-magnesium alloy.
The copper-magnesium alloy will dissolve smaller beryl-
lium particles and will dissclve the surfaces of the larger
beryllium powder particles so as to surround the remain-
ing beryliium particles with a ductile envelope phase of a
copper-magnesium-beryllium allsy during sintering of the
compact. The resuitant composite of beryilium had a den-
sity of about 98.5 percent of theoretical density.

Composites containing about 50 to 85 percent, by
weight, of beryliium, and the remainder an alloy of copper-
magnesivm were successfully fabricated. The agent pre-
vented the expulsion of the liguid copper-magnesium-
beryllinm alloy from the compact by the forces of sur-
face energy, that is, prevented the formation of very fine
rounded droplets of the copyer-magnesmm-berylh'um al-
loy on the suiface of the beryllium specimen. FIGURE
2 shows a beryllium specimen 20 havmg on the surface
thereof an expelled alloy 21 of copper-magnesium-beryl-
lium. Specimens from which the copper- mavnesium-beryl-
lium alloy has been expeiled have gross porosity and as
a result are weak, brittle, and of little commercial value.

The compusition of the agent utilized is about 50 parts,
by weight, of lithium fluoride to about 50 parts, by weiglht,
of lithium chloride. The agent provides an action, such
that, upon heating or sintering of the pressed powder
mix to the temperature at which the hqud phase forms,
expulsion of the melt from the specimen is eliminated.
Furthermore, it was found that sclution of the beryllium
into the alloy was enhanced as evidenced by the rounded
particles of beryliiom in the microstructure.

It was found that the amount by weight of lithium fluo-
ride-lithium chloride agent should exceed 0.5 percent, by
weight, of the total of ail metal additions. It would ap-
pear that the optimum range of the agent is from about
0.5 percent to about 2.0 percent, by weight, of the total
of all metal additions. It is believed that the quastity of
lithium fiuoride-lithivm chloride agent required is related
to the amount necessary to cover the total beryliium sur-
face area. Hence, the minimum amount of agent nseded
would be a function of the surface area of the beryliium
powder. The utilization of lithium fluoride-lithium chlo-
ride agent in other than egual partts was dope. Tt is
thounght, however, than an equal parts mixture achieves
optintum results

It was found during sintering that substantially 109
percent of the fluxing agent was lost during sintering.
This result would seem to iandicate that the ﬁd‘( eniered
into a chemical reaction wherecn it decomposed and then
volatilized and/or the fux volati'ized as lithium fleoride-
lithiura chloride.

By using the methods of the present invention and the
fithium finoride-lithium chloride agents, compacts were

iring up to 85 percent, by weight, of beryl-

toris

fabricated contai
linm, the remainder an alloy of conﬂer—magnesi.vn with-
out thas use of pressure during sintering. Using powder
beryllinm havizg a particle size of 20 microns or ficer
and using ceramic balls to blend the powder meta’s and
the agent resu’*ed in a combosite haviag a high density.
The good strength and low deusity characteristics of the
beryllium were retained and the resuliing beryllium-cop-
per-magnesium composite possessed gcod ductility. The
composite was sintered to about 98.5 percent of its theo-
retical density by a single sinter.

Thus, by substantially surrounding the beryllium par-
ticles with a ducti'e envelope phase of a copper-magnesi-
um-beryllivm alloy matrix metal, the beryllium and the
matrix metal deform continuously under load.

A copper-magnzsiim phase dingram is illustrated in

GURE 1. Magnesium sirengthens copper by solid solu-
th‘. hardening and precipitation hardening. The theory
cf the deformation of dispersed particle composite mate-
rials states that ductility in such a composite wil be en-
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hanced when the constrained flow stress of the matrix
phase can be made as equal as possible to the flow stress
of the dispersed particles. Hence, magnesinm is used to
harden copper. Once the composite has been cooled to
room temperature, the effectiveness of the copper is fur-
ther brought into play by a subsequent hzat treatment.
It was found that heat treating the compozite at about
722° C. for about 12 hours is sufficient to completely dis-
solve all the magnesium in the copper. The composite is
rapidly quenched into a satisfactory medium such as water
or the like, such that the high temperature structure is pre-
served and the copper is supersaturated with magnesium.
Hence, the solutionizing treatment coniains all the mag-
nesium in solution. Ageing is carried out by heating the
composite to about 350-560° C. for 6 hours followed by
air cooling. An advantage of the beryllium-copper-mag-
nesium composite is that the matrix phase is heat treat-
able.

Attention is directed to FIGURE 3, wherein a photo-
micrograph of about 500 magnifications shows a conipos-
ite of 30 percent, by weight, copper-magnesium alloy in
beryllium after being etched by any suitable etching means
such as a cilute solntion of ammenium hydroxide and
hydrogen peroxide. The areas 1& are beryliinm particles.
The areas 11 are the copper-magnesium-beryilium alloy
surrounding the beryllium particles.

It wiil be recognized by those skilled in the art that
misor additions of other metals may be added to the
matrizx cf the composite to improve one or more of the
physical propertizs such as machinabiiity, deoxidation,
and the like. For example, an addiiion of a trace to about
1 percent, by weight, of either bismuth manganese, or
lead to the composite improves machinability thereof. An
addiion of a trace to about 1 percent, by weight, of a

- suitable metal to the composite will improve the deoxida-

£1
e

tion property ¢f composite.

Hxample 1 shows the expulsion of the liguid from a
bcry”ium specimen and Examples 2-10 are illusirative
of the preparation of be rylhwm-uop'wr-maf"x»smm com-
posites by liguid phase siatering.

EXAMPLE

Expulsion of the liquid copper wesium-beryliium
alloy from the solid berylium 'r‘ en cccurs during
liguid p.mie sintering when the agent of lithium fi= soride-
chloride is not used ia the preparation cof a bery Hum-

¥ wesizm compaosite.

A mixture of about 7& percent, by weizht, of teryliinm
having a particle size of 200 mesh eor finer was ball mill
mixed with about 30 percent, by weight, of an 2 10/ of
copper- mab“exmm or the e‘e:}ental powder of suiizhlz
pariicle size. The alloy contained about 97.2 percent,
by weight, copper, and about 2.8 perceat, by wexght

ShHEC

magnesium. The milled mixture was prezsed by any bul -
able means such 2s by an avtomatic press at suiiab’e
pressure to provide a green compact sturdy en g‘l to “:,
handled. It was found that pressures of f om about
15,600 to 20,000 pounds per sguare inch res:lted in
green compact having a densit Y from about 59 to CO pe
cent of theoreiical dencity and sufficiently strong to be
handled. Sintering of the compact was carried out in an

argen atmosphere at about 11¢0° C. for atout 1 kour.
This technique, due to the sur fwc e eryies of the soli
beryllium and the liguid fo'rr\,\., resulted in the expulsio
of the liquid from the specimen and its ntual fresrin
into rounded globs on the surface of specimen
shown in FIGURE 2

:5 o

u:z

ever
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EXAMPLE 2

A composite of about 70 percent, by weight, beryllium,
about 29.1 percent, by weight, copper, and the remainder
magnesitm.

A mixture of about 70 percent, by weight, of beryllium
powder having a particle size of 200 mesh or finer was
ball mill mixed using ceramic balls with abont 3¢ percent,
by weight, of an ailoy of copper-magnesinm powder of
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suitable particle size. The alloy contained about 97.2 per-
cent, by weight, copper and about 2.8 percent, by weight,
magnesium. Also ball mill mixed with the beryliium and
alloy powders was about 1.0 percent, by weight, of the
total metal additions equal parts of an agent of lithium
fluoride-lithium chloride, Mixtures of the beryllium and
alloy powders were also prepared with the agent having
0.5 and 2.0 percent, by weight, of the total metal additions
using varying ratios of lithinm fluoride-lithium chloride.
The milled mixture was pressed by any suitable means
such as by an automatic press at a suitable pressure to
provide a green compact sturdy enough to be handled.
It was found that pressures of from about 15,000 to
20,000 pounds per square inch resulted in a green compact
having a density of from 50 to 60 percent of theoretical
density and sufficiently strong to be handled. Sintering of
the compact was carried out in an argon atmosphere
at about 1100° C. for about 1 hour. The density of the
composite was about 98.5 percent of theoretical density.
The composite was heat treated at about 722° C. for about
12 hours so as to completely dissolve all the magnesium
into the copper. The composite was then rapidly quenched
so that the heat treating temperature structure was pre-
served and the copper is supersaturated with magnesium.
Ageing of the composite was carried out by heating to
about 350-500° C. for 6 hours followed by air cooling.

EXAMPLE 3

A composite of about 70 percent, by weight, beryllium,
about 29.1 percent, by weight, copper, and the remainder
magnesium.

A mixture of beryllium powder having a particle size of
20 microns or finer was ball mill mixed with about 2.0
percent, by weight, of the total metal additions equal parts
of an agent of lithium fluoride-lithium chloride. The mill-
ing was carried out with ceramic balls for about 1 hour.
Thereafter, an alloy powder of about 97.2 percent, by
weight, copper and 2.8 percent, by weight, magnesium
was ball mill mixed with the beryllium for about 1 hour.
Ceramic balls were used to mix the powders. The beryl-
lium constituted about 70 percent, by weight of the
blended powders and the alloy powder constituted about
30 percent of the blended powders. Mixtures of the beryl-
lium and alloy powders were also prepared with the agent
having 0.5 and 1.0 percent, by weight, of the total metal
additions using varying ratios of lithium chloride to lith-
ium fluoride. The milled mixture was pressed by any suit-
able means such as by an automatic press at a suitable
pressure to provide a green compact sturdy enough to be
handled. It was found that pressures of from about 15,000
to 20,000 pounds per square inch resulted in a green com-
pact having a density of from about 50 to 60 percent of
theoretical density and sufficiently strong to be handled.
Sintering of the compact was carried out in an argon
atmosphere at about 1200° C. for about 1 hour. A com-
pact was yielded having a density of about 98.5% of
theoretical density. Another composite was prepared us-
ing the above procedure but sintering for ¥ hour. Each
composite was heat treated at about 722° C. for about 12
hours so as to dissolve the magnesium into the copper.
Each composite was then rapidly quenched so that the
heat treating temperature structure was preserved and the
copper was supersaturated with magnesium. The com-
posites were aged at about 500° C. for 6 hours followed
by air cooling.

EXAMPLE 4

A composite of about 70 percent, by weight, beryllium,
29.1 percent, by weight, copper and the remainder mag-
nesium.

The procedure of Example 3 was followed using about
70 percent, by weight, beryllium, about 29.1 percent, by
weight, copper powder, and the remainder magnesium
powder. Individual composites were prepared using 0.5,
1.0 and 2.0 percent, by weight, of the total metal addi-
tions.
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EXAMPLE 5

A composite of about 70 percent, by weight, beryllium,
29.1 percent, by weight, copper, and the remainder mag-
nesium.

The procedure of Example 3 was followed using about
70 percent, by weight, beryllium powder, mixed with
about 30 percent, by weight, of an alloy powder of cop-
per-magnesium. The alloy contains about 97.2 percent,
by weight, copper and about 2.8 percent, by weight, mag-
nesium. Individual composites were prepared using 0.5,
1.0 and 2.0 percent by weight of the total metal additions
of the agent lithium fluoride-lithium chloride in equal
proportions and in unequal proportions at temperatures of
about 1100° and 1200° C. for ¥2 hour and 1 hour using
the aforementioned procedure.

EXAMPLE 6

A composite of about 50 percent, by weight, beryllium,
about 50 percent, by weight, copper, and a trace of mag-
nesium.

The procedure of Example 3 was following using 50
percent, by weight, beryllinm powder, mixed with about
50 percent, by weight, of an alloy powder of copper-
magnesitm. The alloy contains about 100 percent, by
weight, copper and a trace of magnesium. Individual com-
posites were prepared using 0.5, 1.0 and 2.0 percent by
weight of the total metal additions of the agent lithium
fluoride-lithium chloride at temperatures of about 1100°
and 1200° C. for ¥2 hour and for 1 hour using the afore-
mentioned procedure.

EXAMPLE 7

A composite of about 50 percent, by weight, beryllium,
about 48.6 percent, by weight, copper, and the remainder
magnesium,

The procedure of Example 3 was followed using 50
percent, by weight, beryllium powder, mixed with about
48.6 percent, by weight, copper powder and the remainder
magnesium powder. Individual composites were prepared
using 0.5, 1.0 and 2.0 percent by weight of the total metal
additions of an agent lithium fluoride-lithinm chloride at
temperatures of about 1100° and 1200° C. for ¥ hour
and for 1 hour using the aforementioned procedure.

EXAMPLE 8

A composite of about 60 percent, by weight, beryllium,
38.9 percent, by weight, copper, and the remainder mag-
nesium.

The procedure of Example 3 was followed using 60
percent, by weight, beryllium powder, mixed with about
40 percent, by weight, of an alloy powder of copper-mag-
nesium. The alloy contains about 97.2 percent, by weight,
copper and 2.8 percent, by weight, magnesium. Individual
composites were prepared using 0.5, 1.0 and 2.0 percent
by weight of the total metal additions of the agent lithium
fluoride-lithium chloride at temperatures of about 1100°
and 1200° C. for 2 hour and for 1 hour using the afore-
mentioned procedure.

EXAMPLE 9

A composite of about 75 percent, by weight, beryllium,
24.3 percent, by weight, copper, and the remainder mag-
nesium.

The procedure of Example 3 was followed using 75
percent, by weight, beryllium powder, mixed with about
25 percent, by weight, of an alloy powder of copper-
magnesium. The alloy contained 97.2 percent, by weight,
copper and 2.8 percent, by weight, magnesium. Individual
posites were prepared using 0.5, 1.0 and 2.0 percent by
by weight of the total metal additions of the agent lithium
fluoride-lithium chloride at temperatures of about 1100°
and 1200° C. for ¥ hour and for 1 hour using the afore-
mentioned procedure.

EXAMPLE 10

A composite of about 85 percent, by weight, beryllium,
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14.5 percent, by weight, copper, and the remainder mag-
nesium.

The procedure of Example 3 was followed using 85
percent, by weight, beryllium powder, mixed with about
15 percent, by weight, of an alloy powder of copper-
magnesium. The alloy contained about 97.2 percent, by
weight, copper, the remainder magnesium. Individual com-
posites were prepared using 0.5, 1.0 and 2.0 percent by
weight of the total metal additions of the agent lithium
fluoride-lithium chloride at temperatures of about 1100°
and 1200° C. for ¥ hour and 1 hour using the aforemen-
tioned procedure.

The present invention is not intended to be limited to
the disclosure herein, and changes and modifications may
be made in the disclosure by those skilled in the art with-
out departing from the spirit and scope of the novel con-
cepts of this invention. Such modifications and variations
are considered to be within the purview and scope of this
invention and the appended claims.

Having thus described our invention, we claim:

1. A ternary metal composite consisting essentially of
about 50-85 percent, by weight, of beryilium, and the
remainder an alloy of copper-magnesium.
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2. A ternary metal composite according to claim 1,
wherein said beryllium particles are surrounded by a
matrix of an alloy of copper-magnesium-beryllium.

3. A metal composite according to claim 1, wherein
said composite consisting essentially of about 14.5 to 50
percent, by weight, copper, and a trace to about 1.4 per-
cent, by weight, magnesium.

4. A metal composite according to claim 1, wherein
said alloy of copper-magnesium consisting essentially of
about 97.2 percent, by weight, copper the remainder mag-
nesium.
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