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(57) ABSTRACT

The present invention provides a preparation method of a
light metal/boron carbide composite material, comprising:
(A) providing a boron carbide precursor and a light metal
powder to perform a pretreatment mixing process to form a
precursor; (B) performing a vacuum hot pressing molding or
a vacuum cold isostatic pressing molding on the precursor to
make the precursor form a light metal/boron carbide com-
pound green body that is uniform; (C) performing a thermal
treatment on the light metal/boron carbide compound green
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PREPARATION METHOD OF LIGHT
METAL/BORON CARBIDE COMPOSITE
MATERIAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a preparation
method of a light metal/boron carbide composite material,
and in particular to a preparation method of a light metal/
boron carbide composite material having low thermal
expansion coefficient, high strength, light weight, low den-
sity, high toughness and good friction and wear perfor-
mance.

2. Description of the Related Art

[0002] One of the known lightweight metal alloy struc-
tures has high specific strength and specific stiffness, excel-
lent damping, good electromagnetic compatibility and easy
processing, and can be widely used in aerospace fields.
However, the light metal of prior arts has low strength and
insufficient plasticity. Its strength is only about 50 to 70% of
that of metal-based composites, which limits the application
range of light metals. Moreover, light metal composites can
supplement the deficiencies of light metals in this regard.
[0003] Light metal/boron carbide composite materials are
ceramic materials with light weight and high hardness,
wherein the hardness of boron carbide is second only to
diamond and cubic boron nitride in nature, especially the
high temperature hardness that is nearly constant (>30 GPa).
In boron carbide, boron and carbon are mainly combined by
covalent bonds. Boron carbide has the characteristics of high
melting point (2450° C.), high hardness, low density (2.52
g/cm®), good wear resistance and strong acid and alkali
resistance. However, pure boron carbide itself has the dis-
advantages of low fracture toughness, too high sintering
temperature and poor stability. With the development of
ceramic composite material technology, special sintering to
compound light metals with boron carbide has become
possible. The important application aspects of boron carbide
composite materials include: electronic components, light-
weight machine exoskeletons and vibration membrane
materials.

[0004] Alyn Company of the United States successfully
develops a boron carbide reinforced aluminum-based com-
posite material with extremely high specific stiffness and
elastic modulus of up to 100 MPa, which was named
“Boralyn”. Such material has a low density, has been used
in aircraft landing gear and ventilated brake discs, is mainly
composed of the particle-reinforced aluminum-based com-
posite material, and is 50% lighter than the conventional
product.

[0005] Light metal-based composite materials have excel-
lent physical properties such as light weight, high specific
strength and good wear resistance. It will be widely used in
aerospace, military and automotive industries. Among them,
the particle-reinforced metal-based composite material has
the characteristics of low cost and simple preparation pro-
cess, and has gradually become the research focus in the
field of fine metal-based composites in the domestic and
foreign countries.

[0006] The preparation method of conventional magne-
sium-based composite material comprises the following
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steps. The magnesium-based metal is provided and then
stirred to become the semi-solid magnesium-based metal.
Afterwards, the nano-scale reinforcing phase particles are
added to obtain the semi-solid mixture. The semi-solid
mixed paste described above is heated to become a liquid
mixed paste, which is then ultrasonically treated and cooled
to obtain a magnesium-based composite material with a
specific stiffness of 2.

[0007] The conventional method of adding ceramic par-
ticle enhancers to the aluminum alloy improves the strength
of the aluminum-based composite material, and the nano-
scale ceramic particles can be uniformly dispersed in the
aluminum-based metal, which can effectively refine the
grains of the light metal, thereby increasing the material
strength. Previous nano-scale enhancers include silicon car-
bide, aluminum oxide, boron carbide, titanium carbide and
yttrium oxide. The boron carbide reinforced aluminum
metal-based composite material is produced by microwave
sintering, and the powder is mixed with high-speed mixing
in the process, so that it has a higher grain refinement effect.
The sintering by microwave irradiation can promote the
uniform dispersion of boron carbide particles in the alumi-
num-based material and facilitates the improvement of the
interface bonding between the B,C particles and the Al
matrix, thereby enhancing the comprehensive performance.
[0008] Conventionally, a powder metallurgy method is
used to prepare the 10% by weight boron carbide aluminum-
based composite material. Compared with the SiC reinforc-
ing phase, the boron carbide composite material has better
wear resistance and other mechanical properties. In the
conventional powder metallurgy reaction process, if B,Oj is
in a liquid phase at a high temperature, it will become a
compatible state with the Al,O; film on the surface of the
aluminum matrix, which improves the wettability at the
interface, and the effectively discharging pores also improve
the interface bonding.

[0009] The performance of ceramic particles reinforced
light metal-based composites is greatly related to the dis-
persibility of ceramic particles due to the easy agglomera-
tion of the fine particles and the resulting greatly reduced
enhancement effect of ceramic particles. Therefore, how to
improve the downside of the light metal boron carbide
composites is the focus of the research.

[0010] Therefore, how to contemplate a preparing method
of a light metal/ceramic composite material with low cost,
high strength, lightweight performance and eligibility for
industrial production is an urgent problem to be solved. The
light metal/silicon carbide composite material of the prior art
has low elastic strength and insufficient plasticity. However,
the light metal/boron carbide composite material can make
up for the deficiencies of the light metal/silicon carbide
composite material in this aspect.

[0011] To sum up, the preparation method of the light
metal/ceramic composite material still has deficiencies at
present, so the applicant of the present application has
developed a preparation method of a light metal/boron
carbide composite material through painstaking research,
thereby effectively solving the problems due to low elastic
strength and insufficient plasticity.

BRIEF SUMMARY OF THE INVENTION

[0012] In view of the above deficiencies of the prior arts,
a main object of the present invention is to provide a
preparation method of a light metal/boron carbide composite
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material, which has the advantages of low thermal expan-
sion coefficient, high strength, light weight, low density,
high toughness, good friction and wear performance, etc.
The preparation method is simple to operate, has low cost of
raw materials and high production efficiency, is suitable for
industrial production, and can be applied to electronic com-
ponents, mechanical exoskeleton and vibrating membrane,
etc.

[0013] To achieve the above object, an aspect of the
present invention provides a preparation method of a light
metal/boron carbide composite material, comprising: (A)
providing a boron carbide precursor and a light metal
powder to perform a pretreatment mixing process to form a
precursor; (B) performing a vacuum hot pressing molding or
a vacuum cold isostatic pressing molding on the precursor to
make the precursor form a light metal/boron carbide com-
pound green body that is uniform; (C) performing a thermal
treatment on the light metal/boron carbide compound green
body to make the light metal/boron carbide compound green
body form a light metal/boron carbide compound sintered
body; and (D) performing a cold rolling treatment or a hot
rolling treatment on the light metal/boron carbide compound
sintered body to obtain a light metal/boron carbide compos-
ite material.

[0014] Another object of the present invention is to make
the particles more closely combine with the metal matrix
interface under the action of external pressure, reduce the
diffusion energy, improve the interface bonding degree and
increase the diffusion effect without destroying the strength
of the reinforcing particles at the same time through the
isostatic pressing treatment and microwave irradiation pro-
cess, which can greatly improve the performance of the
composite materials, compared with the conventional sin-
tering.

[0015] Preferably, the boron carbide precursor includes
boron carbide and/or a mixture of h-boron nitride and carbon
black, a mixture of boron oxide and carbon black or a
combination thereof, wherein a weight percent of boron
carbide is more than or equal to 50%.

[0016] Preferably, the boron carbide precursor comprises
1 wt % to 50 wt % of boron oxide and 0.1 to 5 wt % of
carbon black, and/or 1 wt % to 49 wt % of h-boron nitride
and 1 to 4.9 wt % of carbon black.

[0017] Preferably, the light metal powder is selected from
aluminum powder, magnesium powder, titanium powder
and a combination thereof, wherein the aluminum powder,
magnesium powder, and titanium powder can be spherical or
flake-like, and the light metal powder has an average particle
size of 1 to 100 microns.

[0018] Preferably, the boron carbide precursor has an
average particle size of less than or equal to 100 microns.

[0019] Preferably, the pretreatment mixing process of step
(A) uses a high-speed mixer, which has a rotation speed of
more than or equal to 300 rpm and a running time of more
than or equal to 1 min, for mixing.

[0020] Preferably, the vacuum cold isostatic pressing
molding puts the precursor into a vacuum package mold for
proceeding with a cold isostatic pressing process, so that the
precursor is molded by isostatic pressing to form the light
metal/boron carbide compound green body.

[0021] Preferably, the cold isostatic pressing molding uses
a molding pressure of more than or equal to 3000 kgf/cm?.
[0022] Preferably, the vacuum hot pressing molding uses
a pressure of more than or equal to 200 kgf/cm? an
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operation temperature of more than or equal to 500° C., an
operation time of more than or equal to 60 minutes and a
vacuum degree of more than or equal to 1x1072 torr.
[0023] Preferably, the thermal treatment uses a vacuum
microwave irradiation or a vacuum thermal treatment tem-
perature of more than or equal to 600° C., wherein the
microwave irradiation uses a microwave output power of
more than or equal to 1950 W and a microwave irradiation
time between 1 and 14 hours.

[0024] Preferably, the hot rolling treatment uses a hot
rolling temperature of more than or equal to 500° C.
[0025] The treatment of step (D) is a cold rolling treatment
or a hot rolling treatment, wherein the cold rolling treatment
or the hot rolling treatment increases the degree of densifi-
cation.

[0026] The above summary, the following detailed
description and the accompanying drawings are all for the
purpose of further illustrating the manner, means and effect
adopted by the present invention to achieve the predeter-
mined object. Other objects and advantages of the present
invention will be set forth in the following descriptions and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a flow chart showing a preparation
method of a light metal/boron carbide composite material of
the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] The following describes the embodiments of the
present invention with specific examples, and those skilled
in the art can easily understand the advantages and effects of
the present creation from the content disclosed in the speci-
fication.

[0029] Please refer to FIG. 1, which is a flow chart
showing a preparation method of a light metal/boron carbide
composite material of the present invention. One of the
solutions proposed by the present invention provides a
preparation method of a light metal/boron carbide composite
material. The steps comprises: step S1 provides a boron
carbide precursor and a light metal powder to perform a
pretreatment mixing process to form a precursor, step S2
performs a vacuum hot pressing molding or a vacuum cold
isostatic pressing molding on the precursor to make the
precursor form a light metal/boron carbide compound green
body that is uniform, step S3 performs a thermal treatment
on the light metal/boron carbide compound green body to
make the light metal/boron carbide compound green body
form a light metal/boron carbide compound sintered body,
and then step S4 performs a cold rolling treatment or a hot
rolling treatment (the hot rolling temperature =500° C.) on
the light metal/boron carbide compound sintered body to
obtain a light metal/boron carbide composite material.
[0030] In the present embodiment, step S1 provides the
boron carbide precursor and the light metal powder to
perform the pretreatment mixing process to form the pre-
cursor. The boron carbide precursor includes boron carbide
and/or a mixture of h-boron nitride and carbon black, a
mixture of boron oxide and carbon black or a combination
thereof, wherein the weight percent of boron carbide is more
than or equal to 50%. The boron carbide precursor com-
prises 1 wt % to 49 wt % of boron oxide and 0.1 to 4.9 wt
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% of carbon black, and/or 1 wt % to 49 wt % of h-boron
nitride and 1 to 4.9 wt % of carbon black. The boron carbide
precursor has an average particle size of less than or equal
to 100 microns.

[0031] In the present embodiment, the light metal powder
is selected from aluminum powder, magnesium powder,
titanium powder and a combination thereof, wherein the
aluminum powder, magnesium powder, and titanium pow-
der can be spherical or flake-like, and the light metal powder
has an average particle size of 1 to 100 microns.

[0032] In the present embodiment, step S2 proceeds with
the vacuum hot pressing molding or the vacuum cold
isostatic pressing molding to make the precursor form the
uniform light metal/boron carbide compound green body,
and the pretreatment mixing process of step S1 uses the
high-speed mixer for mixing. The rotation speed is more
than or equal to 300 rpm, and the running time is more than
or equal to 1 minute.

[0033] In the present embodiment, the vacuum cold iso-
static pressing molding puts the precursor into the vacuum
package mold for proceeding with the cold isostatic pressing
process, and the molding pressure of the cold isostatic
pressing molding is more than or equal to 3000 kgf/cm?.
[0034] In the present embodiment, the pressure of the
vacuum hot pressing molding is more than or equal to 200
kgf/em?®, the operation temperature is more than or equal to
500° C., the operation time is more than or equal to 60
minutes and the vacuum degree is more than or equal to
1x107 torr.

[0035] In the present embodiment, step S3 performs the
thermal treatment process to form the light metal/boron
carbide compound sintered body, and the thermal treatment
process uses the microwave irradiation or vacuum thermal
treatment temperature of more than or equal to 600° C., in
which the microwave output power of the microwave irra-
diation is more than or equal to 1950 W, the vacuum
microwave irradiation time is between 1 and 14 hours, and
the vacuum degree is above 1x1072 torr.

[0036] The embodiment of the preparation method pro-
posed by the present invention provides a preparation
method of the aluminum/boron carbide composite material.
The steps may comprise: first, the boron carbide precursor
containing 90 wt % of boron carbide, 9 wt % of boron oxide
compound and 0.9 wt % of carbon black (in the embodiment
of the present invention, the weight percent of boron carbide
may be 90 wt %, into which 5 wt % to 10 wt % of boron
oxide and 1-4.9 wt % of carbon black are added) is mixed
for 1 to 4 hours through high speed ball milling to form the
boron carbide precursor. The boron carbide precursor of this
embodiment may include boron carbide and/or the mixture
of h-boron nitride and carbon black, the mixture of boron
oxide and carbon black or a combination thereof. Next, the
boron carbide precursor and the aluminum powder perform
the pretreatment mixing process to mix and form the pre-
cursor. Next, the precursor is put into the vacuum package,
which is then put in the fixed polymer mold to carry out the
cold isostatic pressing process, thereby forming the alumi-
num/boron carbide compound green body. The parameter of
the molding machine is set to have a pressure of more than
or equal to 3000 kgf/cm?. Next, the aluminum/boron carbide
compound green body is heated to a temperature above 600°
C., and the calcination time is at least 1 hour for vacuum
sintering (the heat treatment equipment for vacuum sintering
may be a microwave calcination furnace or a vacuum
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calcination furnace), so as to make the aluminum/boron
carbide compound green body transform into the boron
carbide crystalline phases and obtain the aluminum/boron
carbide composite material, contributing to better bonding.
[0037] To sum up, the preparation method of the light
metal/boron carbide composite material of the present
invention has the following advantages. (1) The present
invention is also a precursor conversion method, which can
replace part of boron carbide as a raw material, and can
reduce the cost of raw materials. Another object uses light
metal as an interface for catalytic reaction. Through the cold
isostatic pressing process, the precursor can be heated and
then cooled to form a uniform solid to synthesize and
manufacture the light metal/boron carbide composite mate-
rial. The advantage of cold isostatic pressing or hot pressing
is that it can increase the contact area and uniformity of the
powder. Through use of aluminum or magnesium metal as
the catalytic medium, the boron carbide precursor can be
catalyzed and transformed into boron carbide, which can
improve the uniformity of the cracking reaction and reduce
the cost of raw materials, and then the heat treatment
through microwave irradiation may be carried out. (2) The
light metal/boron carbide composite material of the present
invention has simple operation of the preparation method,
low raw material cost, indirect use of boron carbide as a
precursor, and improved densification degree through
microwave irradiation and cold rolling treatment, which is
suitable for industrial production. The light metal/boron
carbide composite material obtained by the preparation
method of the present invention has the advantages of high
strength, light weight, high toughness, good friction and
wear performance and the like.

[0038] The embodiments described above are only illus-
trative of the features and efficacies of the present invention,
and are not intended to limit the scope of the essential
technical content of the present invention. Anyone skilled in
the art can modify and change the above-mentioned embodi-
ments without departing from the spirit and scope of the
present invention. Therefore, the protection scope of the
present invention should be determined by the appended
claims.

What is claimed is:

1. A preparation method of a light metal/boron carbide
composite material, comprising:

(A) providing a boron carbide precursor and a light metal
powder to perform a pretreatment mixing process to
form a precursor;

(B) performing a vacuum hot pressing molding or a
vacuum cold isostatic pressing molding on the precur-
sor to make the precursor form a light metal/boron
carbide compound green body that is uniform;

(C) performing a thermal treatment on the light metal/
boron carbide compound green body to make the light
metal/boron carbide compound green body form a light
metal/boron carbide compound sintered body; and

(D) performing a cold rolling treatment or a hot rolling
treatment on the light metal/boron carbide compound
sintered body to obtain a light metal/boron carbide
composite material.

2. The preparation method of a light metal/boron carbide
composite material of claim 1, wherein the boron carbide
precursor includes boron carbide and/or a mixture of h-bo-
ron nitride and carbon black, a mixture of boron oxide and
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carbon black or a combination thereof, wherein a weight
percent of boron carbide is more than or equal to 50%.

3. The preparation method of a light metal/boron carbide
composite material of claim 2, wherein the boron carbide
precursor comprises 1 wt % to 49 wt % of boron oxide and
0.1 to 4.9 wt % of carbon black, and/or 1 wt % to 49 wt %
of h-boron nitride and 1 to 4.9 wt % of carbon black.

4. The preparation method of a light metal/boron carbide
composite material of claim 1, wherein the light metal
powder is selected from aluminum powder, magnesium
powder, titanium powder and a combination thereof,
wherein the aluminum powder, magnesium powder, and
titanium powder can be spherical or flake-like, and the light
metal powder has an average particle size of 1 to 100
microns.

5. The preparation method of a light metal/boron carbide
composite material of claim 1, wherein the pretreatment
mixing process of step (A) uses a high-speed mixer, which
has a rotation speed of more than or equal to 300 rpm and
a running time of more than or equal to 1 minute, for mixing.

6. The preparation method of a light metal/boron carbide
composite material of claim 1, wherein the vacuum cold
isostatic pressing molding puts the precursor into a vacuum
package mold for proceeding with a cold isostatic pressing
process, so that the precursor is molded by isostatic pressing
to form the light metal/boron carbide compound green body.
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7. The preparation method of a light metal/boron carbide
composite material of claim 6, wherein the cold isostatic
pressing molding uses a molding pressure of more than or
equal to 3000 kgf/cm?.

8. The preparation method of a light metal/boron carbide
composite material of claim 1, wherein the vacuum hot
pressing molding uses a pressure of more than or equal to
200 kgf/cm?, an operation temperature of more than or equal
to 500° C., an operation time of more than or equal to 60
minutes and a vacuum degree of more than or equal to
1x1072 torr.

9. The preparation method of a light metal/boron carbide
composite material of claim 1, wherein the thermal treat-
ment uses a vacuum microwave irradiation or a vacuum
thermal treatment temperature of more than or equal to 600°
C., wherein the microwave irradiation uses a microwave
output power of more than or equal to 1950 W, a microwave
irradiation time between 1 and 14 hours, and a vacuum
degree of more than or equal to 1x1072 torr.

10. The preparation method of a light metal/boron carbide
composite material of claim 1, wherein the hot rolling
treatment uses a hot rolling temperature of more than or
equal to 500° C.



