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ABSTRACT OF THE DESCLOSURE 
A high-strength whisker composite article is provided 

herein. The article includes an alloyed matrix which is 
Wetted to single crystal, non-metallic whiskers which are 
distributed throughout the alloy. One such article com 
prises a castable alloy matrix, such as aluminum or mag 
nesium into which is incorporated a plurality of discon 
tinuous whiskers. 
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This invention relates to whisker composite articles 
and more particularly to an article of exceedingly high 
strength at low whisker concentration. 

Recent improvement in the technique of growing non 
metallic whiskers, i.e. single crystal fibers of oxides, car 
bides and nitrides, have made these materials more readily 
available than heretofore. Accordingly, there has been 
considerable activity in the field of greatest commercial 
interest for these whiskers, namely, as a reinforcing me 
dium for light, but structurally weak, matrix materials, 
such as metals, plastics and ceramics. Such articles are 
known as "composites,' being a combination of the ma 
trix and the whisker materials. However, the increase in 
strength anticipated from such composites has not been 
realized for such useful metals as aluminum and magne 
sium because of poor wetting between these metals and 
such whiskers. For example, the problem of incompati 
bility or non-wetting between a light weight metal matrix, 
such as aluminum or magnesium, and a single crystal, 
non-metallic whisker compound such as aluminum oxide 
whiskers, is well known in the art. Attempts to prepare 
such composites have not been successful. It is believed 
that there is a deficiency in bonding and insufficient wet 
ting between the aluminum matrix and the aluminum 
oxide whiskers which would permit the formation of a 
stable composite. In order to overcome this difficulty 
aluminum oxide whiskers have been coated first with a 
layer of nickel. Then the nickel coated whiskers were uni 
directionally oriented in a tube and the aluminum metal 
matrix material poured into the tube over the coated 
wiskers. Upon solidification a composite structure was 
formed in which the nickel coating served as a binder 
intermediate between the oriented whiskers and the alumi 
num matrix. This technique has not proved to be very 
desirable from a commercial standpoint. 

Accordingly, it is an object of the present invention to 
provide a high-strength whisker composite article. 
Another object of the invention is to provide a high 

strength whisker composite of an alloy matrix and single 
crystal, non-metallic whiskers. 
A further object is to provide such an article in which 

the alloy matrix is wetted to non-metallic whiskers which 
are substantially randomly distributed and randomly 
oriented throughout the alloy. 
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A more specific object is to provide a high-strength cast 

able aluminum alloy composite article in which single 
Crystal alpha-alumina whiskers of a predetermined con 
centration are Wetted directly to the alloy throughout said 
article. 
Among the other objects of the invention is to provide a 

technique for producing a plurality of castable alloy billets 
of predetermined tensile strengths in a commercial man 
ner. 

In accordance with the present invention, there is pro 
vided a high-strength whisker composite article which 
includes an alloy matrix wetted to a plurality of non 
metallic whiskers which are substantially randomly dis 
tributed and randomly oriented throughout the alloy ma 
trix. The whiskers are incorporated into the composite 
in the form of discontinuous, short fibers which are inti 
mately mixed with the alloy matrix. 

In preferred embodiments of the invention the alloy is 
predominately aluminum or magnesium, preferably in an 
amount constituting at least 80% by weight of the alloy. 
The secondary metal in the alloy is silicon or copper, 
preferably between about 6-10% by weight of the alloy. 
A small amount of a third constituent, such as nickel, 
titanium, beryllium, lithium, boron, tin, zinc or magnesium 
also may be included. Usually the minor constituents of 
the alloy comprise between 1 and 20% by weight of the 
alloy. 
The non-metallic whisker materials preferably are se 

lected from among the following classes of compounds: 
oxides, carbides and nitrides. Preferred compounds are 
alumina oxide (alpha-alumina), silicon carbide (beta), 
and aluminum nitride. Other whisker compounds, such as 
alpha silicon carbide beryllium oxide, magnesium oxide, 
boron carbide and silicon nitride also may be used. Usual 
ly the preferred whiskers have an effective diameter of 
about 1-10 microns and length to diameter ratio of about 
10:1 to 200: 1. Suitable methods of preparation of the 
whisker materials are described in detail in our copending 
applications, Shyne and Milewski (TKF-1x) Ser. No. 
443,153, filed Mar. 26, 1965 (preparation of alpha 
alumina whiskers); Shyne and Milewski (TKF-3) Ser. 
No. 399,485, filed Sept. 28, 1965 (preparation of beta 
silicon carbide whiskers) now abandoned Shyne and 
Milewski (TKF-8), Ser. No. 479,111 filed Aug. 12, 1965 
(preparation of aluminum nitride whiskers). However, 
the methods described in the literature for these and 
other whisker compounds also may be used. Generally 
the whiskers are present in an amount between about 0.5 
to 70% by weight of the composite. 
The high-strength whisker composite article of the pres 

ent invention is fabricated by first intimately mixing pow 
ders of the pre-alloy constituents and the whisker com 
pound in predetermined proportions. The resultant mix 
ture then is heated at elevated temperatures to produce 
the desired product. Heating may consist of hot pressing 
the mixture directly, or cold pressing followed by sinter 
ing. Usually a billet having a relatively high concentra 
tion of whiskers is made first from which composites of 
lower whisker concentration can be prepared by addition 
thereto of alloy material only. Suitably the billet has up 
to 70% by weight of whiskers. Dilution with alloy re 
duces the whisker concentration to 0.5% by weight. 
The whisker reinforced composite article of the inven 

tion is of exceedingly high strength as compared to the 
alloy material per se. In a typical preparation, for ex 
ample, a random addition of 10% by weight of short, 
fine discontinuous, single crystal alpha-alumina whiskers 
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to an alloy composition comprising 93 parts aluminum 
and 7 parts silicon, produces a composite article which 
exhibits more than twice the tensile strength and about 1% 
times the modulus of the alloy itself. These properties are 
attributable to the excellent wetting between the alloy 
composition and the whiskers throughout the structure. 
A further feature and advantage of this and other whisker 
composites of the invention is their ability to be cast 
readily into articles of desired shape. 
The examples which follow will more specifically illus 

trate the invention. 
Example 1 

93 parts by weight of powdered aluminum metal (200 
mesh) is mixed thoroughly with 7 parts by weight of pow 
dered silicon metal (200 mesh). To 90 parts of this mix 
ture is added 10 parts by weight of single crystal alpha 
alumina whiskers. The whiskers are loose needles, 1-10 
microns in diameter, with a length to diameter ratio of 
10:1 to 200:1. The whisker particles are intimately dis 
persed with the metal powders so that a randomly distrib 
uted and randomly oriented compostion is produced. The 
resultant mixture is hot pressed at 1000 F. into a shaped 
article. The article exhibits a tensile strength of 96,000 
p.s. i., and a modulus of 15 million, at room temperature. 
A similarly prepared alloy matrix without alpha-alumina 
whiskers possesses only half the tensile strength, and only 
two-thirds the modulus. 

Example 2 
The procedure of Example 1 is followed except that 

between 10 and 70 parts by weight of alpha-alumina 
whiskers is added to the alloy mixture. The resultant 
whisker-reinforced composite exhibits a further increase 
in tensile strength and modulus in accordance with the 
amount of whiskers present in the composite, 

Example 3 
The whisker-reinforced composite article prepared ac 

cording to the procedure described in detail in Example 2 
is then melted and cast in the form of billets having a 
50% concentration of whiskers. This cast billet of high 
whisker concentration then is subdivided into several 
billets each of which has the same whisker concentration. 
One of these smaller size billets then is mixed thoroughly 
with 90 parts by weight of a molten alloy composed of 
93 parts by weight aluminum and 7 parts by weight silicon 
to form a resultant castable aluminum-silicon alloy com 
posite having a whisker concentration of 5 parts by weight. 
Another of the highly concentration billets is treated in 
a similar manner with 500 parts by weight of the same 
alloy concentration to produce a high strength composite 
having a whisker concentration of 1 part by Weight. A 
third billet is diluted in the same way to a whisker con 
centration of 0.5 part by weight of the composite. Each 
of the composites thus produced exhibits an improvement 
in strength characteristics over the alloy itself, the degree 
of increase being generally proportional to the Whisker 
concentration. 

Example 4 
The procedure of Examples 1-3 is followed using silicon 

carbide aluminum nitride, beryllium oxide, magnesium 
oxide, boron carbide and silicon nitride whiskers, alter 
nately, in place of alpha-alumina whiskers, in the same 
concentration range, to produce similar high-strength 
whisker-reinforced composites of these whisker materials. 

Example 5 
The procedure of Examples 1-4 is followed using cop 

per in place of silicon, in the same concentration range, to 
produce high strength whisker-composites of aluminum 
copper alloys wetted to these whisker materials. 

Example 6 
The procedure of Examples 1-5 is repeated using first 

1 and then 20 parts by weight of silicon and copper in 
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4 
place of 7 parts by weight of the same metals to produce 
high strength, whisker reinforcement composite articles in 
which the whiskers are wetted directly to aluminum alloys 
of this composition. 

Example 7 
The procedure of Examples 1-7 is repeated using be 

tween 0.5 and 5 parts by weight of nickel, titanium, beryl 
lium, lithium, boron, tin, zinc, or magnesium in addition 
to between 6-10 parts by weight of silicon or copper, to 
produce castable whisker composite articles of these alu 
minum-silicon or aluminum-copper alloys having the 
third metal constituent present therein. 

Example 8 
93 parts by weight of powdered magnesium metal (200 

mesh) is mixed intimately with 7 parts by weight of pow 
dered silicon metal (200 mesh). To this mixture is added 
10 parts by weight of single crystal beta-silicon carbide 
whiskers. The whiskers are loose needles, 1-10 microns 
in diameter, with a length to diameter ratio of 10:1 to 
200:1. The whisker particles are intimately dispersed with 
the metal powders so that a randomly distributed and 
randomly oriented composition is produced. The result 
ant mixture is cold pressed at room temperature into a 
shaped article, and sintered at 1000 F. The whisker-re 
inforced product exhibits a tensile strength of 70,000 
p.s. i., and a modulus of 10 million. A similarly prepared 
alloy matrix without the addition of whiskers exhibits a 
tensile strength of only 40,000 p.s. i., and modulus of only 
6 million. 

Example 9 
The procedure of Example 8 is repeated using 10 parts 

by weight of alpha-alumina in place of beta-silicon car 
bide to produce high-strength alpha-alumina whisker com 
posite articles in which the whiskers are wetted directly 
to the magnesium-silicon alloys. 

Example 10 
The procedure of Example 8 is repeated using 20 and 

40 parts by weight of beta-silicon carbide whiskers. A 
further improvement intensile strength and modulus prop 
erties is noted with the increase in whisker concentration, 

Example 11 
An alloy composition is prepared by mixing 89 parts 

by weight magnesium, 9 parts by weight aluminum and 2 
parts by weight zinc. To this mixture is added 10 parts 
by weight of alpha-alumina whiskers of the same dimen 
sions as in Example 1. The resultant mixture is intimately 
mixed and hot pressed at 1000 F. Upon cooling, the 
shaped article is cast into a billet, which shows an in 
creased tensile strength and modulus characteristics over 
the same alloy without the addition of whisker material. 

Although the invention has been illustrated with ref 
erence to certain preferred embodiments, it will be under 
stood that changes and modifications may be made which 
are within the skill of the art and the spirit and scope of 
the invention made herein. Accordingly we intend to be 
limited only by the appended claims which follow herein 
after. 
What is claimed: 
1. A high-strength whisker composite article consisting 

essentially of 
(a) an alloy matrix consisting essentially of aluminum 
or magnesium, and at least one secondary metal se 
lected from among silicon and copper, said aluminum 
or magnesium constituting at least 80 percent by 
weight of said alloy, and 

(b) a plurality of discontinuous single crystal whiskers 
selected from among metallic oxides, carbides and 
nitrides, said whiskers constituting between 0.5-70 

percent by weight of said composite, said whiskers being 
wetted to said alloy matrix. 
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2. A composite article according to claim 1 wherein 3,320,038 5/1967 Schulz ------------ 75-204 X 
said secondary metal constitutes between 6-10 percent 3,320,056 5/1967 Stoops ------------ 75-206 X 
by weight of said alloy. OTHER REHFERENCES 
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