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(57) ABSTRACT

Disclosed is a single-phase amorphous alloy having an
enhanced ductility. The single-phase amorphous alloy has a
composition range of A | ,_,.,B,C, where a and b are respec-
tively O<a<15, 0=b=30 in atomic percent. Here, A includes
at least one element selected from the group consisting of Be,
Mg, Ca, Ti, Zr, Hf, Pt, Pd, Fe, Ni, and Cu. B includes at least
one element selected from the group consisting of Y, La, Gd,
Nb, Ta, Ag, Au, Co, and Zn. C includes at least one element
selected from the group consisting of Al, In, Sn, B, C, Si, and
P.

5 Claims, 4 Drawing Sheets
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MONOLITHIC METALLIC GLASSES WITH
ENHANCED DUCTILITY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a monolithic
metallic glass alloy. More specifically, the invention relates to
single-phase amorphous alloys having an enhanced ductility,
in which the plastic deformation ability thereof is improved,
while retaining a single-phase amorphous structure.

2. Description of the Related Art

In general, an amorphous metallic alloy has a high strength
(~2 GPa), an excellent wear and corrosion resistance, and a
large elastic elongation (~2%). Thus, for example, Zr-series
amorphous alloys have been applied to sports equipment,
high-strength parts or the like.

In particular, a bulk amorphous alloy has an ultrahigh
strength and a high strength-to-weight ratio to thereby enable
to provide for a high strength lightweight material, and also
consists of a uniform microstructure, which thereby leads to
a good corrosion and wear resistance.

Therefore, the bulk amorphous alloy technology has a sig-
nificant influence on various other related technologies and
industries, such as unclear atomic energy, aerospace, muni-
tions industry, nano-technology, and the like.

As described above, amorphous metallic alloys have excel-
lent mechanical properties, such as the ultrahigh strength and
the broad elastic elongation region. However, in contrast, it
does not allow for considerable plastic deformation at ambi-
ent or room temperature, thereby resulting in a limitation in
their applications.

In order to overcome the above-mentioned limitations, i.e.
to solve the poor processing flexibility due to the absence or
lack of plastic deformation region, various attempts have
been made. For example, elements not related to metallic
glass formation are added such that fine precipitates can be
formed to thereby provide a composite-like amorphous mate-
rial.

U.S. Pat. No. 6,623,566 discloses a metallic glass alloy, in
which nano particles are dispersed in an amorphous alloy
matrix in order to enhance the ductility thereof. U.S. Pat. No.
6,692,590 discloses a method of forming a metallic glass,
which consists of an amorphous alloy phase and a quasi-
crystalline phase. In U.S. Pat. No. 6,669,793, an amorphous
alloy is post-treated so as to form a dendrite phase, thereby
enabling to be plastically deformed. In U.S. Pat. No. 6,709,
536, a composite of an amorphous and dendrite phase is
formed through a chemical treatment, and in U.S. Pat. No.
6,767,419, an amorphous coating is performed and then part
of the amorphous coating is transformed into nano-scaled
crystalline precipitates.

In these conventional techniques, however, ductile par-
ticles are formed in an amorphous matrix to thereby provide
a composite-like material, or an amorphous alloy is post-
treated so as to have a plastic deformation characteristic. As
such, these conventional approaches are not favorable in
terms of manufacturing time and cost and consequently in
terms of the production efficiency, as compared with a single-
phase amorphous alloy form having ductility.

In other words, the aforementioned conventional technique
is configured such that ductile particles can be precipitated in
an amorphous alloy matrix. Thus, elements unrelated to the
amorphous phase formation must be added to form precipi-
tates, thereby forming a composite-like material.
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2
SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of
the above problems in the art, and it is an object of the present
invention to provide a single-phase amorphous alloy having
an improved ductility, in which plastic deformation can be
achieved at ambient or room temperature, while retaining the
single-phase of amorphous structure.

To accomplish the above object, according to one aspect of
the present invention, there is provided a single-phase amor-
phous alloy having an enhanced ductility. The single-phase
amorphous alloy of the invention has a composition range of
Al00...sB,C, where a and b are respectively 0O<a<l5,
0=b=30 in atomic percent. Here, A includes at least one
element selected from the group consisting of Be, Mg, Ca, Ti,
Zr, Hf, Pt, Pd, Fe, Ni, and Cu. B includes at least one element
selected from the group consisting of Y, La, Gd, Nb, Ta, Ag,
Au, Co, and Zn. C includes at least one element selected from
the group consisting of Al, In, Sn, B, C, Si, and P.

In one embodiment of the invention, A includes Cu and Zr,
B includes Y and Gd, and C includes Al.

In one embodiment of the invention, A includes Ni, Cu, Zr,
and Ti, B includes Nb, and C includes Si.

In one embodiment of the invention, A includes Ni, Zr and
Ti, B includes Nb, and C includes Si and Sn.

In one embodiment of the invention, A includes Zr and Cu,
B includes Co, and C includes Al.

In one embodiment of the invention, A includes Cu, Zr, and
Ti, B includes Ag, and C includes Al.

In an embodiment of the invention, A includes Zr and Cu,
B includes La, Nb and Ta, and C includes Al.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be apparent from the following detailed
description of the preferred embodiments of the invention in
conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic diagram explaining the enthalpy of
mixing between the alloying elements in a Cu—Zr—Al—Y
alloy system, which is an exemplary amorphous alloy accord-
ing to the invention;

FIG. 2 is a plot of stress versus strain for the Cu—Zr—
Al—Y alloy system, which is obtained using a uniaxial com-
pression test;

FIG. 3 is a graph showing a high resolution neutron dif-
fraction analysis for an example composition Cu,s7r,,Al, Y5
according to the invention and a comparison example com-
position Cu,s7Zr,- A, according to the conventional amor-
phous technology; and

FIG. 4 shows the result of a differential thermal analysis for
an alloy system Cu,s7r,, Al Y, (x=0~35) according to the
invention.

DETAILED DESCRIPTION OF THE INVENTION

The preferred embodiments of the invention will be here-
after described in detail, with reference to the accompanying
drawings.

In the present invention, a thermodynamic and structural
behavior in the formation of an amorphous metal alloy has
been considered. That is, part of alloying elements constitut-
ing an amorphous alloy is substituted by a certain other ele-
ment, which provides a positive value of mixing enthalpy
with at least one element of the alloy. Thus, a localized vary-
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ing bonding relationship is caused in the alloy, thereby
enabling to form a single-phase monolithic amorphous alloy
having plasticity.

In other words, typical amorphous alloys are designed so as
to have a dense packed atomic structure and provide a nega-
tive value of mixing enthalpy among the alloying elements.

In the above dense packed atomic structure, however, the
alloying is formed, on the whole, through an attractive bond-
ing relationship, and thus when in compressive deformation,
a crack propagation is predominant, rather than expansion of
a shear band. Thus, a rapid failure is likely to progress right
after the elastic deformation region.

Considering the above-described facts, according to the
invention, in an amorphous alloy where the alloying elements
thereof have a negative enthalpy of mixing, part of the alloy-
ing elements is substituted with a certain element capable of
providing a positive value of mixing enthalpy. Thus, a varying
bonding relationship is caused locally in the alloy, i.e., a
compositional non-homogeneity is occurred locally within
the alloy. Eventually, a compositional fluctuation is provided
inside the alloy material, so that a plastic deformation can be
performed in an amorphous alloy at ambient or room tem-
perature, while retaining a single-phase amorphous structure.

In other words, generally metal is crystallized during
solidification from a liquid state. When a liquid metal is
cooled, a compositional fluctuation occurs, due to diffusion
process through the liquid phase. If the compositional fluc-
tuation grows beyond a certain critical size, crystalline nuclei
are created and grown into a crystalline phase.

The conventional amorphous alloy composition is
designed such that the alloying elements thereof have a nega-
tive value of mixing enthalpy to thereby form a more dense
packed liquid structure. Due to this structural characteristic, a
compositional fluctuation range is limited within a critical
size while being solidified, and thus formation of a crystalline
nucleus is prohibited to thereby enable to form and retain an
amorphous phase.

In terms of mechanical behaviors of the alloy, these micro-
structural characteristics may result in a large elastic elonga-
tion and an improved strength, due to the homogeneity
thereof. However, it may lead to a brittle fracture in the plastic
strain region.

Thus, an amorphous alloy according to the present inven-
tion contains an alloying element, which has a positive mix-
ing enthalpy with at least one of other alloying elements. That
is, a localized compositional fluctuation is caused between
the constituents having a negative mixing enthalpy of attrac-
tive force and the constituents having a positive mixing
enthalpy of repulsive force, thereby inhibiting the propaga-
tion and expansion of a crack, which is a significant for the
failure of an amorphous material. That is, the above compo-
sitional fluctuation creates enormous shear bands to thereby
effectively inhibit formation of a crack.

On the other hand, the amorphous alloy of the invention
provides for a single-phase amorphous structure. Hereinafter,
the single-phase amorphous alloy of the invention will be
compared with a conventional composite-like amorphous
alloy, in which a crystalline phase is dispersed in an amor-
phous matrix.

In general, it is known that an amorphous alloy has a short
range order, but lacks a long range order in the atomic struc-
ture thereof, i.e., does not provide a systematic and ordered
atomic-scale structure, and thus exhibits an isotropic prop-
erty.

Due to these structural properties, the X-ray diffraction
analysis for a single-phase amorphous alloy exhibits an halo
diffraction pattern, which is characteristic of an amorphous

20

25

30

35

40

45

50

55

60

65

4

alloy. In the image analysis, for example, in an optical micro-
scopic observation, any other crystalline phases or structural
defects such as a grain boundary are not detected.

Dissimilarly, the composite-like amorphous ally contain-
ing a crystalline phase in an amorphous matrix, for example,
anamorphous alloy containing a ductile crystalline phase, has
a crystalline phase having an ordered atomic structure in the
alloy. That is, it contains a crystalline phase of particle form,
which may be a crystalline phase formed inherently during
the amorphous structure formation or externally added crys-
talline particles.

In the X-diffraction analysis of the above composite-like
amorphous alloy, the crystalline peak characteristic of a crys-
talline material is appeared, along with the halo pattern char-
acteristic of an amorphous material. The image analysis using
an optical microscope exhibits a region differently contrasted
with the amorphous matrix, due to the structural difference
thereof.

In the composite-like amorphous materials, the interface
between the amorphous matrix and the crystalline phase is
unstable, and thus the coherency of the interface is of great
importance in the mechanical properties of the composite-
like amorphous materials. In contrast, the single-phase amor-
phous alloy of the invention does not form an interface, and
thus, can be made into a single-phase amorphous material
having an excellent ductility.

According to the above-described principles, the present
invention provides a single-phase amorphous alloy having an
improved ductility, which has a composition range of A _,,.
»B,C, where a and b are respectively O<a<15, 0=b=30 in
atomic percent. Here, A is at least one element selected from
the group consisting of Be, Mg, Ca, Ti, Zr, Hf, Pt, Pd, Fe, Ni,
and Cu. B is at least one element selected from the group
consisting of Y, La, Gd, Nb, Ta, Ag, Au, Co, and Zn. In
addition, Cis selected from the group consisting of Al, In, Sn,
B, C, Si, and P.

FIG. 1 is a schematic diagram explaining the mixing
enthalpy between the alloying elements in a Cu—Zr—Al—Y
alloy system, which is an exemplary amorphous alloy accord-
ing to the invention;

As illustrated in FIG. 1, with respect to each bonding pair
in the Cu—Zr—Al—Y alloy system, Cu—Zr, Cu—Al and
Zr—Al pairs exhibit a negative mixing enthalpy of -23, -1,
and —44 respectively.

In addition, yttrium Y with other elements, i.e., Y—Cu and
Y—AIl bonding pairs have a negative value of mixing
enthalpy respectively of =22 and —-33. However, the bonding
pair Zr—Y exhibits a large positive value (+9) of mixing
enthalpy.

In the multi-component alloy system, the negative mixing
enthalpy is indicative of an attractive force between the con-
cerned pair of alloying elements, and the positive value of
mixing enthalpy is indicative of a repulsive force between the
pair of elements.

Dissimilar to the Cu—Zr—Al alloy system where all the
constituents provide a negative enthalpy relationships, in the
present invention, the positive value of mixing enthalpy
between the elements ZrandY causes arepulsive force within
the material, i.e., creates a localized weak bonding region in
the alloy. Consequently, this difference in the bonding forces
result in a compositional fluctuation inside the material,
which allows for a plastic deformation at ambient or room
temperature, while retaining a single-phase amorphous struc-
ture.

FIG. 2 is a plot of stress versus strain for the Cu—Zr—
Al—Y alloy system, which is obtained using a uniaxial com-
pression test.
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As can be seen from FIG. 2, in case of a Cu,¢7r,,Al, alloy
composed of constituents having a negative enthalpy (the
comparison example 1: the curve (a) in FIG. 2), the strain to
failure is 2.8% and plastic strain (elongation) is less than 1%.

On the contrary to this, in case of the Cu,¢7r, Al Y, (the
example 1: the curve (b) in FIG. 2) and Cu,47r,,Al, Y alloys
(the example 2: the curve (¢) in FIG. 2), where part of zirco-
nium Zr in the above Cu,47r,,Al, alloy of the invention is
substituted with yttrium Y according to the invention, the
strain to failure is 5.21% and 4.97% respectively, and the
plastic strain is more than 3%.

This is, it can be understood from the above results that, in
an amorphous alloy, part of an element providing a negative
mixing enthalpy (for example, Zirconium) can be substituted
with a certain element capable of providing a positive mixing
enthalpy (for example, yttrium) according to the present
invention, so that the plastic deformation rate therefor can be
significantly improved.

FIG. 3 is a graph showing a high-resolution neutron dif-
fraction analysis for an example composition Cu,s7r,,Al, Y5
according to the invention and a comparison example com-
position Cu,s7Zr,,A,, according to the conventional amor-
phous technology. Here, the alloy Cu,Zr,,Al, (the compari-
son example 1) is composed of alloying elements providing a
negative mixing enthalpy, and the Cu,s7r,,Al,Y alloy (the
example 2) is formed by substituting part of Zirconium in the
Cu,eZr,,Al, with yttrium Y, which is capable of providing a
positive value of mixing enthalpy. The HANARO utility reac-
tor in the Korean Atomic Energy Research Institute was used
as the neutron beam source for the high-resolution neutron
diffraction analysis.

The high-resolution neutron diffraction analysis is known
to provide a higher resolution, as compared with the X-ray
diffraction analysis, which is widely used in phase analysis.

As can be seen from FIG. 3, the alloy composition of the
invention having a thickness of 1 mm exhibits a typical halo
pattern, which is characteristic of an amorphous material.
Thus, it has been found that, according to the invention, a
single-phase amorphous structure can be achieved having the
thickness of above 1 mm.

FIG. 4 is the result of a differential thermal analysis for an
alloy system Cu,Zr,, AlY, (x=0~35) according to the
invention. As understood from FIG. 4, in case of the
Cu,eZr,,Al, alloy (x=0) (the curve (a) in FIG. 4), which
consists of alloying elements providing a negative mixing
enthalpy relationship, only a crystallization behavior related
to the amorphous Cu—Zr—Al alloy occurs around 780° K.

Dissimilar to this, in case of an alloy containing above 15%
of yttrium, i.e., Cu,Zr;,Al Y, 5 alloy (the curve (d) in FIG. 2
and the curve (e) in FIG. 4), a crystallization behavior related
to the Cu—Y—Al amorphous alloy occurs around 600° K,
along with the crystallization behavior related to the
Cu—Zr—Al amorphous alloy around 760° K, as shown in
FIG. 4.

As understood from the above results, if the yttrium Y
providing a positive mixing enthalpy with zirconium Zr is
added in an appropriate amount, the mechanical properties
therefor is improved. However, if the yttrium is added exces-
sively, it creates an excessive repulsive force between zirco-
nium and yttrium and consequently a phase separation is
caused between the Cu—Z7r—Al system and the Cu—Y—Al
system. The phase separation phenomenon leads to formation
of the interface in-between, and thus comes to exhibit poor
mechanical properties, as shown in the curve (d) in FIG. 2.

In this way, part of constituents having a negative heat of
mixing is substituted with a certain element having a positive
heat of mixing. As the amount of the substituted element
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increases, the compositional fluctuation range increases,
thereby facilitating the phase separation between the amor-
phous phases and also the crystallization thereof.

Therefore, in the general composition A |, ,B,C, of the
invention where a and b are respectively O<a<15, 0=b=301in
atomic percent, the constituent B, i.e., an alloying element
having a positive heat of mixing (for example, yttrium Y) is
limited to less than 15 atomic percent according to the inven-
tion.

Here, the constituent C is a minor element, which is added
for improving the amorphous formation ability. If this ele-
ment C is added above 30%, the glass transition temperature
is decreased, which is closely related to the rupture strength of
an amorphous alloy. In general, the amorphous material
exhibits its inherent amorphous characteristics below the
glass transition temperature therefor. Thus, in case where the
element C of above 30% is added, the rupture strength thereof
is decreased and a range of temperature over which the amor-
phous alloy can be utilized is also lowered. That is, above
30% of C imposes negative effects on the resultant alloys and
thus no more than 30% is preferred. In certain circumstances,
the constituent C may not be required as long as other ele-
ments form an amorphous structure adequately.

From the above results, it has been found out that a certain
atom (for example, yttrium atom) having a positive heat of
mixing with other alloying elements can be added within a
certain predetermined content range to thereby enhance the
plastic strain characteristic of a single-phase amorphous
structure.

With the amorphous alloy of the invention having the
above-described characteristics, in order to analyze variation
of the mechanical properties with the composition of alloy,
several samples were prepared and their properties were con-
firmed as follows.

First, a rod-shape specimen was fabricated using an injec-
tion casting process.

That is, each alloy composition listed in Table 1 is loaded
inside a transparent quartz tube in a chamber, the vacuum of
which was about 20 cmHg, and melted using a high frequency
induction furnace under argon gas atmosphere of about 7~9
KPa. Then, at the state where the melted alloy was held inside
the quartz tube by means of the surface tension of the melted
alloy, argon gas of about 50 KPa was injected into the quartz
tube before the melted alloy was reacted with the quartz tube,
while rapidly lowering the quartz tube. In this way, the melted
alloy was filled into a water-cooled copper mold, thereby
producing a rod-shaped specimen having a length of 40 mm
and a diameter of 1 mm.

The compression test for the rod specimen of 1 mm diam-
eterx2 mm height was carried out at the strain rate of 1x10~
als.

TABLE 1

Comparison of mechanical properties
(composition: atomic %)

Division Composition (at %) 0,(GPa)  €:(%) d,,, (mm)
Example 1 CuyeZrysAl;Y5 1.87 5.21 =8
Example 2 CuygZrpAl;Ys 1.75 4.97 =10
Example 3 Cuy;Tiz3ZrNigSi;Nb, 2.17 6.05 =35
Example 4  NisoZr6T1,3S1351,Nb- 29 8.2 =5
Example 5 Nig, Zr» Al,Nb,Tag 3.08 5.0 =2
Example 6  MggsCurpAgsGd g 0.91 2.21 =11
Example 7 Tis ZrgNigCu,Be ,Nb, 2.01 7.2 =1
Example 8  ZryAl16Cuy5Co 0 2.27 9.7 =1
Example 9 ZrsoCugNigAl o Tas 1.70 8.8 =1
Example 10 CussZrzoTioAgs 1.99 6.3 =4
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TABLE 1-continued

Comparison of mechanical properties
(composition: atomic %)

Division Composition (at %) 0,(GPa)  €:(%) d,,.(mm)
Comparison  CuygZry7Al; 1.96 2.8 =3
Example 1

Comparison  CuygZr3pAl;Y 5 1.09 1.09 <1
Example 2

Comparison  Cuy;TizzZr; NigSi, 2.09 3.25 =4
Example 3

Comparison  NisgZr,oTi6S1,Sn3 2.7 4.1 =3
Example 4

Comparison  MggsCussGd, o 0.84 1.98 =8
Example 5

Comparison  Mgg;CusAg,0Gd; g 0.89 1.82 <1
Example 6

Comparison  TissZr;gNigCu,Be , 2.07 1.98 —
Example 7

Comparison  Zrs; ¢Aly; 4Cu;Co g 1.64 1.31 —
Example 8

Asunderstood from Table 1, the alloy systems of compari-
son examples 1 to 8, which have a negative mixing enthalpy
between constituent elements in order to enhance the glass
forming ability, exhibited about 2% of elastic elongation, as
expected. In some cases, for example, the comparison
examples 1, 3 and 4 exhibited a slight plastic deformation
behavior.

In case of the single-phase amorphous alloy systems of the
invention, however, part of the alloying elements added in
order to improve the glass forming ability was substituted
with other elements capable of providing a positive value of
mixing enthalpy. Consequently, as can be seen from Table 1,
an enhanced plastic elongation of above about 3% could be
achieved, except for magnesium-based amorphous alloys.

From the above result, It has been found out that the com-
positional fluctuation resulting from the difference in bond-
ing forces between constitutional elements can contribute to
plastic deformation in amorphous alloys, dissimilar to the
conventional method of providing fine or ductile crystalline
precipitates.

Generally, magnesium-based amorphous alloys are known
to exhibit brittle fracture behavior due to its lower glass tran-
sition temperature (Tg) and melting temperature (Tm). How-
ever, the Mg amorphous alloy according to the invention (the
example 6) has been found to have a yield behavior and a
partial plastic deformation.

In Table 1, the example 1 (Cu,z7Zr,sAl Y, alloy) and the
example 2 (Cu,sZr,,Al Y alloy) have a positive mixing
enthalpy of +9 between Zr and Y. The example 3
(Cu,,Tiy;Zr NigSiyNb,  alloy), the example 4
(NisgZr, ¢ T1;5S15Sn,Nb, alloy) and the example 7
(Ti5, Zr,¢Ni,Cu,Be, ,Nb, alloy) have a positive mixing
enthalpy of +4 between Zr and Nb and a positive mixing
enthalpy of +2 between Ti and Nb. In addition, the example 5
(Nig, Zr,, Al Nb,Ta, alloy) has a positive mixing enthalpy of
+4 and +3 between Zr and Nb and between Zr and Ta respec-
tively. The example 6 (MgqsCu,,AgsGd,, alloy) and the
example 10 (CussZr;0Ti, ,Ags alloy) have a positive mixing
enthalpy of +2 between Cu and Ag. The example 8
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(Zr55Al; (Cu,5Co,, alloy) has a positive mixing enthalpy of
+6 between Cu and Co. Therefore, these exemplary alloys
conform well to the principles of the present invention, where
the alloying elements are selected in such a way that part of
elements providing a negative mixing enthalpy is substituted
with a certain atomic element exhibiting a positive value of
mixing enthalpy.

Here, the above values of mixing enthalpy are quoted from
Cohesion in Metals, Cohesion and structure Vol. 1, F. R. de
Boer, R. Boom, W. C. M. Mattens, et al. (1988).

InTable 1, the comparison examples 1, 3, 4, 5 and 7 (a=0 in
the composition A | 4o, ,B,C, of the invention) does not have
an element having a positive mixing enthalpy with the com-
ponent A of the composition A, , ,B,C,. In case of the
comparison examples 2, 6, and 8 (respectively a=15, 20, 16 in
the composition A, ,,_, ,B,C, of the invention), an alloying
element capable of having a positive value of mixing enthalpy
with the component A was added, but the content thereof was
above 15%. Thus, the comparison examples 2, 6 and 8 are
thought to have failed to exhibit the mechanical properties as
in the examples in accordance with the present invention.

As described above, according to the present invention,
part of constituent elements of an amorphous alloy is substi-
tuted with a certain element capable of providing a positive
value of mixing enthalpy so that the amorphous structure
thereof can have a plasticity at ambient or room temperature,
thereby broadening the application range of amorphous
alloys.

In addition, the conventional bulk amorphous materials
have a limitation in its structural applications since it exhibits
a rapid failure behavior without plastic deformation after the
elastic region thereof. In contrast, the single-phase amor-
phous alloy of the invention can be plastically deformed at
room temperature, thereby allowing for its structural appli-
cations.

While the present invention has been described with refer-
ence to the particular illustrative embodiments, it is not to be
restricted by the embodiments but only by the appended
claims. It is to be appreciated that those skilled in the art can
change or modify the embodiments without departing from
the scope and spirit of the present invention.

What is claimed is:

1. A single-phase amorphous alloy having a plastic strain
0t'3% or more at ambient room temperature, the alloy having
a composition range consisting of A,,,_, ,B,C, where a and
b are respectively 1=a<15, 0=b=30 in atomic percent,
wherein A includes at least one element selected from the
group consisting of Be, Ti, Zr, Ni, and Cu, B includes at least
one element selected from the group consisting of Y, La, Gd,
Nb, Ag, Au, and Co, and C includes at least one element
selected from the group consisting of In, Sn, B, C, Si, and P.

2. The amorphous alloy as claimed in claim 1, wherein A
includes Ni, Cu, Zr, and Ti, B includes Nb, and C includes Si.

3. The amorphous alloy as claimed in claim 1, wherein A
includes Ni, Zr, Ti, B includes Nb, and C includes Si and Sn.

4. The amorphous alloy as claimed in claim 1, wherein A
includes Cu, Zr, and Ti, B includes Ag.

5. The amorphous alloy as claimed in claim 1, wherein A
includes Ti, Ni, Cu, and Be, B includes Nb.
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