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improved strength, increased elastic modulus

‘ \\\\ \\\\ and reduced thermal coefficient of expansion,

‘

thus making the metal matrix composite more

10 useful in industry. A metal matrix composite is
\ also formed by mixing particles of aluminium,
magnesium, titanium or combinations thereof

with particles of silicon hexaboride, calcium

\\h\ hexaboride silicon tetraboride, calcium

\\\k\\ tetraboride or combinations ther’eof. The
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blended particles are processed according to
powder metallurgical techniques to produce
a metal matrix composite material.
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TITLE
METAL MATRIX COMPOSITES OF ALUMINUM, MAGNESIUM AND TITANIUM
USING SILICON HEXABORIDE, CALCIUM HEXABORIDE, SILICON
TETRABORIDE, AND CALCIUM TETRABORIDE

CROSS-REFERENCE =

~ This application is a continuation-in-part (CIP) of U.S. Patent Appiication Serial No.
09/961,523 filed September 24, 2001 and is currently pending.l |

FIELD OF THE INVENTION

The present invention relates génerally to theli.rnprovecvl mechanical and ph.yéical
properties including strength, elastic modulus and reduced thermal ekpansion of metal
bodies by using metal matrix composites, and more particularly to the remforcement of
alummum magnesium and titanium by forming metal matrix composites of those

metals using 51hcon hexabonde, calcium hexabaoride, sxhcon tetraboride or calcmm

_ tetraborlde partlcles

BACKCROUN D OF THE INVENTION _
The light weight metals of aluminum and magnesium have very large markets

for they are utilized in a wide variety of industries. In a lesser way, titanium is also

utilized as a light weight fabrication material. These metals su_ffer from some

drawbacks, however, which limit their usefulness. These include low stiffness (low

modulus of elasticity), high thermal coefficient of expansion, and low strength. Some of

' these drawbacks have been overcome through the use of metal matrix composites of

these metals. Typically, metal matrix composites are composed by adding ceramics to
the metals. The primary objectives of these ceramic additives have been to increase the

modulus of elasticify and to reduce the thermal coefficient of expansion. When fibrous

* material, such as silicon carbide whiskers, are added, strengthening has been observed.
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Other added materials include the fibers of boron metal, carbon, aluminum siliéate, and

aluminum oxide, Still other typical strengthening agents are aluminum oxide

“particulates, boron carbide and silicon carbide in various forms.

Of these, only aluminum oxide particulate and silicon carbide particulate have

been extenswe]y utilized in the alummum-baqed matrix. To add either of these to

_ molten a]ummum a continuous stxrrmg action must be utilized because the spec1f1c

gravity of the additives are significantly greater than the molten aluminum. This means

that constant agitation of the aluminum/additive mixture is required to keep the

additive in substantially uniform distribution throughout the molten aluminum.

Similar problems are encountered for mixtures of the same additive with molten

~magnesium.. Stirring the molten metal can keep the additive distributed thrdughout the

molten metal, but such continuous stirring causes oxide inclusions and hydrogen to

co'nt.amina‘te the melts. _ | _ |
Furthermore, because of the contamination and the non-uniform nature of the

metal matrix composites, remelting (for recycle, etc.) is a problem dué'to-thé variability

of the resulting feed product. - ' | V
In the prior art, various methods and compositions have been developed | to

overcome these difficulties. In some instances, powdered metal processes have been

‘used to make metal matrix comp051te materials. For example, U.S. Patent 5,573,607

describes a metal matrix composite wherein particles of silicon boride are combined
with aluminum, magnesium or titanium to form a metal matrix comp051te According
to the process therein described, the silicon boride particles can be elther pre- blended
with the metal par'acles or stirred into the melt to form the metal matrix. Other
examples of the use of powder metallurgy for the manufacture of metal matrix .
composﬁ.te materials are shown and descr'i.bed.in U.S. Patent 5,712,014 which describes
the use of boron carbide in the preparation of the metal matrix composite; and in U.S.
Patent 5,948,495 which describes the use of powder. metallurgxcal techniques to make an

aluminum/ceramic dxsk substrate.

o
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OBJECTS OF THE INVENTION
Accordingly, it is an object of the present invention to provide a metal matrix -
composite using molten metal of aluminum, magnesium and titanium whérgin a.
minimum of stiri‘ing is requ,iréd to maintain particles of the additjve agent in
suspénsion.

It is another object of the present invention to provide a metal matrix composite

~wherein the strengthening agent has a specific gravity similar to that of the molten

metal whereby there is little settling of the additive particles during the formation of the
metal matrix composite. ' | '

It is a further object of the present invention to provide a metal matrix composite

wherein the additive particles increases the ductility of the metal matrix composite.

It is a further object of the disclosed invention to provide a metal matrix

composite material from a substantially uniform mixture of metal particles and ceramic

material particles. It is a further object of the disclosed invention to provide a metal

matrix composite material of given properties by combining solid metal particles with

solid ceramic particles with the proportion of the metal particles being selected relative

‘to the proportion of ceramic particles.

Itis a further object of the disclosed in?entioﬁ to provide a disk of’me‘tal matrix
composite wherein the compos.ite is made by combining solid metal particles with solid
ceramic pérticles. | 7 | B . |

* Further and other objects of the present invention will become apparent from the

description contained herein.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, a new and improved

‘metal matrix composite comprises a metal matrix composite formed from a molten

metal selected from the group consisting of aluminum, magnesium, titanium and
mixtures thereof, and particles of calcium hexaboride, The amount of calcium

hexaboride particles present in the metal is in the range of about 0. 1 to about 80 wt. %.
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In accordance with another aspect of the present invention, a new and improved

~ metal matrix composite comprises a metal matrix composite formed from a molten

metal selected from the group consisting of aluminum, magnesium, titanium and
mixtures thereof, and particles of calcium hexaboride and particles of silicon
hexaboride. The amount of partic]es of calcium hexaboride and particles of silicon
hexaboride in the metal is in the range of about 0.1 to about 80 wt. %.

 Inaccordance with another aspect of the present inventibn} a new and improved
article of manufacture comprises a metal matrix composite. The metal matrix
composite comprises a metal selected from the group consisting of_ aluminﬁm,
magnesium, titanium and mixtures thereof, and partiéles of calcium hexaboride. The -
amount of particles of calcium hexaboride in the rﬁetal is in a range of about 0.1 to
about 80 wt. %

In accordance with the disclosed invention, the metal partlcles are selected from
the group of aluminum, magnesium, titanium and combinations thereof and the
ceramic particles are selected from the group of silicon hexaborlde calcxum hexaborlde,
silicon tetraboride, calcium tetraboride, and combinations thereof

Preferably, the metal is in the range of 50% to 99% by weight of the composite

_material and the ceramic is in the range of 1% to 50% by weight of the composite

material. More preferably, the metal matrix composite can be tailored to have a |

‘modulus of elasticity in the range of 70 to 180 Giga Pascals (“GPa”) and can be tailored .

to have a coefficient of thermal expansion in the range of 8.9 to 21.5 ppm/°K.
BRIEF DE‘SCRIPTION“ OF THE DRAWING

A presently preferred embodiment of the invention disclosed herein is shown
and described in connection with the accompanying drawing wherein the Figure is an
elevation cross-section of a composite disk and composite disk substrate in accordance

with the presently disclosed invention.

DETAILED DESCRIPTION OF THE
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PREFERRED EMBODIMENTS
A metal matrix composite was fabricated by addmg particles of calcium
hexaboride fo molten aluminum. The calcium hexaboride was supphed by WACKER—
CHEMIE of Kempten Germany. Since the 5pec1f1c gravity of the calcium hexaboride is

very close to that of aluminum, only a rrummal amount of stirring was required to.

~achieve a homogeneous mixture. If heating is accomplished in an induction furnace,a
stirring action is automatically achieved. Some mechanical stirring is required under

other conditions of heating.

While a range of compositions of from about 0.1 wt. % to about 80 wt, % of

calcium hexaboride can be utilized relative to the aluminum, a range of about 5 to about

- 40 wt. % is most practical for most applications and was utilized for testing. The

calcium hexabbrivde typically has an average particle size range of about 0.1 fo about 200

~microns. The resultant metal matrix is light weight has improved strength, increased

 ductility and reduced thermal coefficient of expansion.

The addition of the calcium hexaboride to the molten metal wasprincipally'»

utilized in the development of the present invention. However, it will be understood

that the invention also includes the blending of the calcxum hexaboride particles with

'powdered alummum metal and any other alloymg conshtuents prlor to melting the

mixture,

In addition a mixture of calcmm hexaboride particles and sﬂlcon hexabonde
partlcles may be added to the molten metal. A silicon hexaboride prepared by a
substantxally commercial process can be used and was comparable with that supplxed
by CERAC of Chicago, Il and typically has an average particle size range of about 0.1
to about 200 microns. S o

The molten mixture can be cast into a desired shape as a i'nanufactured product,
such as horseshoes, memory disk substrates, actuator arms for disk drives or any '
product which would benefit from the improved mechanical and physical propertles of
the metal matrix composxte of this invention. '

Example 1.
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A metal matrix composite horseshoe was made from an aluminum matrix

composite. The aluminum matrix composite contained from about 5 to about 10 wt%

‘calcium hexaboride particles having an average particle size of about 75 microns and

the remainder being A356 aluminum metal. The resulting horseshoe was light, strong,
abrasion resistant and unexpectedly ducule The horseshoe could be bent at an angle of
45 degrees without damage

Example 2. ' '

A metal matrix composite memory disk substrate was made from an aluminum

matrix composite. The aluminum matrix composite contained from about 40 wt %

_calcium hexaboride particles having an average particle size of about 10 mircrons and

the remainder being aluminum metal.
Example 3.
A metal matrix composite actuator arm for a hard drive was made from an

aluminum matrix composite. The aluminum matrix composite contained about 30 wit%

) calcium hexaboride particles having an average particle size of about 50° microns and

the remainder bemg A356 aluminum metal

Magnesxum and titanium have low specific gravities similar to that of a]ummum
Accordingly, metal matrix comp051tes of these metals with calcium hexaborlde is w1th1n
the scope of the present invention. '

From the foregomg, it will be understood that improved metal matrix composxtes -
of aluminum, magnesium and titanium are achieved by the addition of calcium -
hexaboride particles. The composmon can be easily prepared with a minimum of
stirring, and the product can be recycled if desired. |

In another embodiment of the presently disclosed invention, a metal matrix |
material is made by combining solid metal particles with solid ceramic particles. The
metal and ceramic particles are both in a dry powdered form and are mixed together in
proportions according to the particular properties that are selected for the metal matrix
composite. The metal and ceramic particle mixture is then compressed according to
powdered metal processes for making metai matrix composites as are generally known

in the art and described, for example, in U.S. Patents 5,486,223, and 5,895,696.
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In the embodiment of the presently disclosed invention, the ceramic material is
prepared in powdered form such as in a jet mill. The powdered cerafnic material of
silicon hexabdride, calcium hexaboride, silicon tetraboride, calcium tetraboride, or -
combinations thereof is then blended with powderéd metal of aluminum, magnesium,
titanium, or combinations thereof to form a substantially uniform mixture of the

ceramic/metal materials. In the preferred embodiment of the presently disclosed

~ invention, the metal is in the range of about 1% to 50% by weight and the ceramic

material is in the range of about 50% to 99% by wéight. '

As known to thoée skilled in the art, the ceramic/metal mixturé is then placed in
a mould and compressed under high pressure. As kﬁown to those skilled in the art of
powdercd metal techno]ogy, the mold is in the shape of the desired product so that a
metal matrix comp051te product is formed. Conventional metal processing is then
performed on the molded shape as required to produce the fmxsh:ed product.

It has been found that metal matrix composite material according to the
powdered metal process has a modulus of elastxcxty in the range of about 140 to 170 -
GPa, density i in the range of about 2.6 to 2.9 grams/c spemflc Modulus of about 50 to |
70 GPa/g/c, and a coefficient of thermal expansion in the range of about 8.0 to 12
ppm/°K.. ' ,
| As a more specific example shown in the Figure, in accordance with the
disclosed 1nvent10n a metal matrix composite disk 10 such as the type that is suitable |

for use as a substrate for mal\mb computer memory storage disks is made by blending

" powdered aluminum metal with powdered silicon hexaboride. The aluminum/silicon

hexaboride mixture is then placed in a ﬁjo.l.d that is in the general shape of the disk and

- pressed to form a metal matrix composite disk blank. Conventional metal shaping and .

fmxshmg processes such as grinding and pohshmg are then preformed on the blank to

produce a finished disk.

Also in accordance with the invention disclosed herein, a layer of amorphous
material 12 is added to the sides 14 and 16 of the metal matrix composite disk to form a
metal matrix composite disk substrate. Preferably, layer of amorphous material 12 is a

layer of nickel-phosphorous that covers the aluminum/silicon hexaboride matrix
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composite disk 10 to form the metal matrix composite disk substrate. The nickel-

phosphorous layer 12 is added to the disk by electroless platmg techniques as generally

- known to those skilled in the art such as descnbed in U.S. Patent 5,895, 696. Thereafter,

a magnetic memory overlay layer 18 is added to the disk substrate to produce the
memory disk. ‘The ma gnetic memory overlay layer 18 is generally applied by vacuum

sputtering deposition techniques that are also known to those skilled in the art.

While there has been shown and described what is at present considered the
preferred embodiments of the invention, it will be obvious to those skilled in the art
that various changes and modifications may be made therein without departmg from

the scope of the invention as defined by the appended claims.
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I claim:
1.” A metal matrix composite comprising a metal selected from the group consisting
of aluminum, magnesium, titanium and mixtures there@f, and particles of calcium
 hexaboride, said particles of calcium hexaboride being present in a range of about 0.1 to

about 80 wt. % in the metal. A

2. A metal matrix composite in accordance with claim 1 wherein said calcium

hexaboride has an average particle size of about 0.1 to about 200 microns.

3. A metal matrix composite in accordance with claim 1 wherein said metal is
aluminum. |
4. A metal matrix composxte comprising a metal selected from the group consxstmg

of alummum magnesxum titanium and mixtures thereof, and partlcles of calcium
“hexaboride and particles of silicon hexabonde, said parhc]es of calcium hexaborlde and
said partlcles of sﬂmon hexaboride being present in a range of about 0.1to about 80 wt.

A: in the metal

5. A metal matrix composite in accordance with claim 4 Wherein said particles of
calcium hexaboride and said partlcles of silicon hexaboride have an average particle

size of about 0.1 to about 200 microns.

6. A metal matrix composite in accordance with claim'4 wherein said metal is
aluminum. |
7. An article of manufacture comprising a metal matrix composite, said metal =

matrix composite comprises a metal selected from the group consisting of aluminum,
magnesium, titanium and mixtures thereof, and particles of calcium hexaboride, said
“particles of calcium hexaboride are present in a range of about 0.1 to about 80 wt. % in

the metal.
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8. An article of manufacture in accordance with claim 7 wherein said calcium

hexaboride has an average particle size of about 0. 1 to about 200 microns.

9. Anarticle of manufacture in accordance with claim 7 wherein said metal is

aluminum.

10.  Anarticle of manufacture in accordance with claim 7 wherein said article of

manufacture is a horseshoe.

11.  An article of manufacture in accordancé with claim 10 wherein said horseshoe
was made from an aluminum matrix comp051te, said alummum matrix composite -
contammg from about 5 to about 10 wt % calcium hexaboride particles having an

~ average particle size of about 75 microns and the remamder being A356 aluminum

metal.

12. An artxcle of manufacture in accordance thh claim 7 wherein sald artnc]e of

manufacture is a memory disk substrate

13.  Anarticle of manufacture in‘accordance with claim 12 wherein said memory disk
substrate was made from an aluminum matrix composite, said aluminum matrix '
composite containing from about 40 wt % calcium hewaonde parhc]es having an

average particle size of about 10 microns and the remainder bemg aluminum metal.

14. An article of manufacture in accordance with claim 7 wherein said article of

manufacture is an actuator arm for a hard drive.

15. An article of manufacture in accordance with claim 14 wherein said actuator arm
for a hard drive was made from an aluminum matrix comp051te said alummurn matrix

composite contamm from about 30 wt % calcmm hexabonde articles havm an
P g P g

10
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average particle size of about 50 microns and the remainder being A356 aluminum

metal.

16.. A metal matrix composite material that is formed by combining a metal material
in powdered form with a ceramic material in powdered form, said composite material
| comprising;

a metal that is in the range of about 50% to 99% by weight of the composite
‘ rﬁa,t'eria.l, said metal selected from the group consisting of aluminum, magnesium,
titanium, and combinations thereof; and |

a ceramic material that is in the range of about 1% to 50% by weight of the

composite material, said ceramic selected from the group consisting of silicon -
hexaboride, calcium hexaboride, silicon tetraboride, calcium tetraboride, and -

combinations thereof. -

17.  The metal matrix composite material of Claim 16 wherein said composite

material has a particle size in the range of about 1 micrometer to 500 micrometers.

-18. A metal matrix composite material that is formed by combining a metal material
with a ceramic material, said composite material comprising:

~a metal that is in the range of about 50% to 99% by weight of the composite
material, said metal selected from the group consisting of aluminum, magnemum,
titanium, and combinations thereof and

a ceramic material that is in the range.of about 1% to 50% by weight of the
composite material, said ceramic material including at least two materials selected from

the group consisting of calcium, boron, silicon and combinations thereof. -

19.  The metal matrix composite material of Claim 18 wherein said metal is in

powdered form at the time that it is combined with said ceramic material.

11
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20.  The metal matrix composite material of Claim 18 where said ceramic material is -

in powdered form at the time that it is combined with said metal.

21.  The metal matrix composite material of Claim 19 wherein said ceramic material

is in powdered form at the time that it is combined with said powdered metal.

22. A metal matrix composite disk that is formed by combining a metal in powdered
form with a ceramic in pdwdéred form wherein said composite disk comprises:
a ceramic material that is in the range of about 1% to 50% by weight of the
composite material; and '
a metal that is in the range of about 50%.to 99% by weight of the compoéite

material.
23, ' The metal matrix composite disk of Clalm 22 wherein said disk has a first planar
surface and a second planar surface that is oppositely dlsposed from sa1d first planar

surface.

24.  The metal matrix composite disk of Claim 23 wherein said comp051te material

has a modulus of elast1c1ty in the range of about 70 to 180 GPa

25.  The metal matrix composite disk of Claim 23 wherein said composite material

has a modulus of elasticity in the range of about 100 to 150 GPa.

- 26.  The metal matrix composite disk of Claim 23 wherein said composite material

has a modulus of elasticity in the range of about 140 to 180 GPa. |

+ 27.  The metal matrix composnte disk of Claim 23 wherein said comp051te material

has a density in the range of about 2. 61029 grams/c’.

12
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28.  The metal matrix composite disk of Claim 23 wherein said composxte material

has a specxf]c modulus in the range of about 25 to 75 GPa/g/c’.

29.  The metal matrix composite disk of Claim 23 wherein said composite material

has a specific modulus in the range of about 30 to 50 GPa/g/c’.

30.  The metal matrix composite disk of Claim 23 wherein said composite material

has a specific modulus in the range of about 50 to 75 GPa/ g/c.

31 The metal matrix composite disk of Claim 23 wherein said composite material

has a coefficient of thermal expansion in the range of about 8.9 to 21.5 ppm/K.
. 32, A magnetic disk substrate comprising;

a disk that defines an outer surface, said disk being made of metal matrix '
composite that is formed by combining a metal in powdered form with a ceramic'fn
powderéd form, said ceramic material. being in the range of about 1% to 50% by weight
~ of the composite material and said metal being in the range of about 50% to 99% by

" weight of the composite material; and

a layer of amorphous material that entirely covers the outer surface of said disc.
~.33. - A magnetic disk substrate comprising:

a disk that defines
(a) a top surface, .
(b) a bottom surface that is oppositely disposed on said disk from said top
surface, - ' ’
(c) an inner surface that extends between said top and bottom surfaces,
and

(d) an outer surface that extends between said top and bottom surfaces;

13
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said disk being made of metal matrix composite that is formed by combining a metal in
powdered form with a ceramic material in powdered form, said ceramic material being
in the range of about 1% to 50% by weight of the composite material and said metal
_being in the range of about 50% to 99% by {\reight of the composite material; and
a layer of amorphous material that covers the top surface, bottom surface, inner

surface, and outer surface of said disk.

34.  The magnetic disk substrate in accordance with Claim 32 wherein said ceramic
material is selected from the group consisting of silicon hexaboride, calcium hexaboride,

silicon tetraboride, calcium tetraboride, and combinations thereof.

35. The magnetic disk substrate in accordance with Claim 34 wherein said

amorphous layer comprises Nickel-Phosphorous.

36.  The magnetic disk substrate in accordance with Claim 35 wherein said

amorphous layer envelops said disk.

37.  The metal matrix composite disk of Claim 34 wherein said comp051te matenal

has a modulus of elast1c1ty in the range of about 70 to 260 GPa

-38. The metal matrix composite disk of Claim 34 wherein said composite material

has a modulus of elasticity in the range of about 100 to 150 GPa.

39..  The metal matrix comp051te disk of Clalm 34 wherein said composxte materlal

has a modulus of elasticity in the range of about 140 to 180 GPa

40.  The metal matrix composite disk of Claim 34 wherein said composite material

has a density in the range of about 2.6 to 2.9 grams/c’.

14
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41.  The metal matrix composite disk of Claim 34 wherein said composite material

has a specific modulus in the range of about 27 to 100 GPa/ g/c.

42.  The metal matrix composite disk of Claim 34 wherein said composite material

has a specific modulus in the range of about 35 to 50 GPa/g/c’.

43.  The metal matrix composite disk of Claim 34 wherein said composite m_aterial

~ has a specific modulus in the range of about 50 to 75 GPa/g/c’.

44.  The metal matrix composite disk of Claim 34 wherein said composite material .

“has a coefficient of thermal expansion in the range of about 8.0 to 21.5 ppm/K.

15
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