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ALLOYS, BULK METALLIC GLASS, AND
METHODS OF FORMING THE SAME

TECHNICAL FIELD

[0001] The present invention relates generally to alloys,
bulk metallic glass and methods of forming the same.

BACKGROUND

[0002] Alloys comprising an amorphous phase exhibit
excellent material properties, such as elasticity, hardness and
high tensile strength, and have shown potential to supersede
purely crystalline alloys for certain functional and structural
applications. In addition, such alloys generally have low den-
sities and high strength-to-weight ratios when compared to
purely crystalline alloys.

[0003] Onetype of alloy having an amorphous phase that is
commonly used today is VITRELOY™ 1 from Amorphous
Technologies International in Laguna Niquel, Calif., United
States of America. VITRELOY™ 1 is a zirconium-based
alloy having a composition of Zr,, ,Ti,; sCu,;, sNi;;Be,, 5.
VITRELOY™ 1 is used extensively in a wide number of
applications which includes sports and luxury products, elec-
tronic goods, medical instruments, and military equipment.
[0004] As VITRELOY™ 1 contains beryllium, which is a
carcinogen, strict precautions had to be taken during forma-
tion and processing of the alloy to avoid beryllium poisoning.
This in turn results in high post-processing costs. Beryllium is
also a costly material which makes the alloy expensive to
produce.

[0005] There is therefore a need to provide an alloy or bulk
metallic glass that overcomes or at least ameliorates one or
more of the disadvantages described above.

SUMMARY
[0006]

(Z1,T1) 1002 0ACU 100-aNig)xAl

wherein X, U and a are in atomic percentages in the following
ranges:

A first aspect provides an alloy having a formula:

[0007] 37=X=48,
[0008] 3=U=14, and
[0009] 3=a=30.
[0010] In one embodiment, the formula is:

Zr100.x-0(Ci00aNig)xAly

wherein X, U and a are in atomic percentages in the following
ranges:

[0011] 37=X=48,
[0012] 3=U=14,
[0013] 3=a=30.
[0014] A second aspect provides an alloy having a formula:

[(Z1,T1) 100 x-0(C100aNig) xAly]100.2Y 2

wherein X, U, Z and a are in atomic percentages in the
following ranges:

[0015] 37=X=48,
[0016] 3=U=14,
[0017] 0<Z=3, and
[0018] 3=a=30.
[0019] In one embodiment, the formula is:

[Z1100x0(Cy 00 aNig)xAly] 100-2Y 2z
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wherein X, U, Z and a are in atomic percentages in the
following ranges:

[0020] 37=X=48,
[0021] 3=U=14,
[0022] 0<Z=3,and
[0023] 3=a=30.
[0024] A third aspect provides a method of forming an alloy

comprising the step of:

[0025] (a) melting a mixture comprising Zr, Cu, Ni and Al
in defined amounts to produce a molten mixture having a
composition defined by the formula:

(Z1,T1) 10021/ CU100-aNig)xAly

wherein X, U and a are in atomic percentages in the following

ranges:
[0026] 37=X=48,
[0027] 3=U=14,
[0028] 3=a=30.
[0029] (b) cooling the molten mixture to a solid to thereby
form the alloy.
[0030] A fourth aspect of the present invention provides a

method of forming an alloy comprising the steps of:

[0031] (a)melting a mixture comprising Zr, Cu, Ni, Al and
Y in defined amounts to produce a molten mixture having a
composition defined by the formula:

[(Z2,T1) 100.x-0(Cy 00 Nig) xAly]100.2Y 2

wherein X, U, Z and a are in atomic percentages in the
following ranges:

[0032] 37=X=48,

[0033] 3=U=14,

[0034] 0<Z=3,and

[0035] 3=a=30.
[0036] (b) cooling the molten mixture to a solid to thereby
form the alloy.
[0037] The alloy may also comprise incidental impurities.
[0038] A fifth aspect provides a bulk metallic glass having
a composition of general formula:

(Z1,T1) 10021/ CU100-aNig)xAly

wherein X, U and a are in atomic percentages in the following

ranges:
[0039] 37=X=48,
[0040] 3=U=14,
[0041] 3=a=30.

[0042] A sixth aspect provides a method of making a bulk

metallic glass comprising the steps of:

[0043] (a) melting a mixture comprising Zr, Cu, Ni and Al
in defined amounts to produce a molten mixture having a
composition defined by the formula:

(Z1,T1) 10021/ CU100-aNig)xAly

wherein X, U and a are in atomic percentages in the following

ranges:
[0044] 37=X=48,
[0045] 3=U=14,
[0046] 3=a=30.

[0047] (b) cooling the molten mixture to a solid to thereby

form the bulk metal glass.

[0048] A seventh aspect provides an alloy consisting of Zr,
Ti, Cu, Ni and Al metals, wherein said metals are present in
said alloy according to the following formula:

(Z1,T1) 10021/ CU100-aNig)xAly

wherein X, U and a are in atomic percentages in the following

ranges:

[0049] 37=X=48,
[0050] 3=U=14,
[0051] 3=a=30.
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[0052] An eighth aspect provides an alloy consisting of Zr,
Ti, Cu, Ni, Al and Y metals, wherein said metals are present in
said alloy according to the following formula:

[(Z1,T1) 100 x-0(C100aNig) xAly]100.2Y 2

wherein X, U, Z and a are in atomic percentages in the
following ranges:

[0053] 37=X=48,
[0054] 3=U=14,
[0055] 0<Z=3, and
[0056] 3=a=30.
[0057] A ninth aspect provides an alloy consisting of Zr, Ti,

Cu, Ni, Al, wherein at least 50% of said alloy is in an amor-
phous phase.

[0058] A tenth aspect provides an alloy consisting of Zr, Ti,
Cu, Ni, Al and Y, wherein at least 50% of said alloy is in an
amorphous phase.

DEFINITIONS

[0059] The following words and terms used herein shall
have the meaning indicated:

[0060] The term ‘metallic glass’is to be interpreted broadly
as a metal with a disordered atomic-scale or amorphous struc-
ture.

[0061] The term ‘bulk metallic glass’ or ‘BMG” is to be
interpreted broadly as a material having the properties of a
metallic glass and a thickness of at least 1 mm.

[0062] The terms “fully amorphous solid’ or ‘amorphous
solid’ are to be interpreted broadly as a material which is at
least 95% (volume) of an amorphous phase. The terms ‘amor-
phous matrix composite’ or ‘composite’ are to be interpreted
broadly as a material which is at least 50% (volume) of an
amorphous phase.

[0063] The term ‘incidental impurities’ refers to any mate-
rial that may be present in the raw materials used to produce
the alloy. Incidental impurities include unavoidable impuri-
ties as well as avoidable impurities.

[0064] Unless specified otherwise, the terms “comprising”
and “comprise”, and grammatical variants thereof, are
intended to represent “open” or “inclusive”, language such
that they include recited elements but also permit inclusion of
additional, unrecited elements.

[0065] As used herein, the term “about”, in the context of
concentrations of components of the formulations, typically
means+/-5% of the stated value, more typically +/-4% of the
stated value, more typically +/-3% of the stated value, more
typically, +/-2% of the stated value, even more typically
+/-1% of the stated value, and even more typically +/-0.5%
of the stated value.

[0066] Throughout this disclosure, certain embodiments
may be disclosed in a range format. It should be understood
that the description in range format is merely for convenience
and brevity and should not be construed as an inflexible
limitation on the scope of the disclosed ranges. Accordingly,
the description of a range should be considered to have spe-
cifically disclosed all the possible sub-ranges as well as indi-
vidual numerical values within that range. For example,
description of a range such as from 1 to 6 should be consid-
ered to have specifically disclosed sub-ranges such as from 1
to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
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to 6 etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

DETAILED DISCLOSURE OF EMBODIMENTS

[0067] Exemplary, non-limiting embodiments of an alloy
and a method of forming the same, will now be disclosed.
[0068] In one embodiment the alloy has a formula:

Zr100-x-0/(Cl 100 Nig) xAly,

wherein X, U and a are in atomic percentages in the following

ranges:
[0069] 37=X=48,
[0070] 3=U=14,
[0071] 3=a=30.

[0072] In another embodiment the alloy has a formula:

[Z1100x0ACU00-aNig)xAl]100-2Y 2

wherein X, U, Z and a are in atomic percentages in the
following ranges:

[0073] 37=X=48,
[0074] 3=U=14,
[0075] 0=Z=3, and
[0076] 3=a=30.
[0077] The atomic percentage X may be in the range

selected from the group consisting of: about 37 to about 46;
about 37 to about 44; about 37 to about 42; about 37 to about
40; about 38 to about 48; about 40 to about 48; about 42 to
about 48; and about 44 to about 48.

[0078] The atomic percentage U may be in the range
selected from the group consisting of: about 3 to about 12;
about 3 to about 10; about 3 to about 8; about 3 to about 6;
about 4 to about 14; about 6 to about 14; about 8 to about 14.
[0079] The atomic percentage 7Z may be in the range
selected from the group consisting of: about 0 to about 2;
about 0 to about 1; about 1 to about 3; and about 2 to about 3.
[0080] The combination of copper (Cu) and nickel (Ni) in
the alloy can be of a formula (Cu, 4,_,Ni,) wherein 5=a=15.
The atomic percentage a may be in the range selected from the
group consisting of: about 5 to about 14; about 5 to about 12;
about 5 to about 10; about 5 to about 8; about 6 to about 14;
about 8 to about 14; about 10 to about 14; and about 12 to
about 14.

[0081] Theaddition of yttrium may reduce toughness ofthe
alloy, however, this is compromised by an improvement in
glass-forming ability of the mixture.

[0082] The alloy may comprise an amorphous phase in an
amount, in volume percentage, selected from the group con-
sisting of: about 50 to about 100, about 50 to about 90, about
50 to about 80, about 50 to about 70, about 50 to about 60,
about 60 to about 100, about 70 to about 100, about 80 to
about 100, and about 90 to about 100.

[0083] The alloy can be an amorphous matrix composite or
a fully amorphous solid. As defined above, the ‘amorphous
matrix composite’ is a material which contains at least 50%
by volume of the amorphous phase. The ‘fully amorphous
solid’ contains at least 95% by volume of the amorphous
phase. Preferably, the alloy is a bulk metallic glass having a
thickness of at least 1 mm.

[0084] The method of forming an alloy comprises the steps
of:
[0085] (a)melting Zr, Cu, Ni and Al in defined amounts to

form a molten mixture having a formula:

Zr100.x-0(Cy00-aNig)xAly
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wherein X, U and a are in atomic percentages in the following

ranges:
[0086] 37=X=48,
[0087] 3=U=14,
[0088] 3=a=30.
[0089] (b) cooling the molten mixture to form the alloy.
[0090] Similarly, the method of forming an alloy having

yttrium in its composition comprises the steps of:
[0091] (a)melting Zr, Cu. Ni, AlandY in defined amounts
to form a molten mixture having a formula:

[Z1100x0(Cy 00 aNig)xAly] 100-2Y 2z

wherein X, U, Z and a are in atomic percentages in the
following ranges:

[0092] 37=X=48,

[0093] 3=U=14,

[0094] 0<Z=3, and

[0095] 3=a=30.
[0096] (b) cooling the molten mixture to form the alloy.
[0097] The melting step (a) may comprise the step of:
[0098] (al) melting the mixture using a plasma arc.
[0099] The plasma arc can be generated from an arc elec-
trode, and the heat generated therefrom is capable of melting
the mixture, and fusing the constituents of the mixture into a
homogeneous molten mixture.
[0100] The melting step (a) may also comprise the step of:
(a2) transferring the molten mixture to a mould before the
cooling step (b). It will be, appreciated that the mixture can be
melted and cooled in the mould and both steps need not be
carried out in two separate locations.

[0101] The above methods may further comprise the step
of:
[0102] (c) ejecting the alloy from the mould.
BRIEF DESCRIPTION OF DRAWINGS
[0103] The accompanying drawings illustrate a disclosed

embodiment and serves to explain the principles of the dis-
closed embodiment. It is to be understood, however, that the
drawings are designed for purposes of illustration only, and
not as a definition of the limits of the invention.

[0104] FIG. 1 shows a schematic view of an apparatus for
manufacturing an alloy in accordance with an embodiment;

[0105] FIGS. 2A-2D show a manufacturing process for an
alloy using the apparatus in FIG. 1;

[0106] FIG. 3 shows rods formed from an alloy in accor-
dance with an embodiment; and

[0107] FIG. 4 shows a quasi-ternary composition phase
diagram indicating a glass forming region and a composite
forming region of an alloy in accordance with an embodi-
ment.

[0108] FIGS. 5A, 5B, 5C and 5D are scanned pictures of
alloys in accordance with one embodiment and having Cu:Ni
ratios as follows: FIG. 5A: 80:20; FIG. 5B: 85:15; FIG. 5C:
90:10; and FIG. 5B: 95:5. The dark areas of the scanned
pictures show the amorphous phase of the alloys while the
light areas indicate the crystalline phase of the alloys.

BEST MODE

[0109] FIG. 1 shows a schematic view of an apparatus for
manufacturing the amorphous alloy. The apparatus comprises
avacuum chamber 9 which houses a copper crucible 1, an arc
electrode 2, and a copper mould 5. The copper crucible 1 is
mounted onto an arm 6 which can be manually rotated about
axis 6a.
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[0110] FIGS. 2A-2D show a manufacturing process for an
alloy using the apparatus in FIG. 1. Referring to FIG. 2A, the
mixture 3 is placed on the copper crucible 1. The mixture 3 is
of'a composition expressed by the general formula as defined
above. The constituents of the mixture are typically in the
form of wires, pellets or an agglomeration of particles. It
should be noted that the metals used to make the alloy may
comprise incidental impurities. Because the metals used to
make the alloy are obtained commercially, they may contain
a relatively small amount of impurities.

[0111] Referring to FIG. 2B, the mixture is exposed to
plasma arc 7 generated from the arc electrode 2. The heat
generated therefrom melts and fuses the mixture to form a
homogeneous molten mixture 8. The cooling water supplier 4
(refer to FIG. 1) circulates and supplies cooled water to the
copper crucible 1 to prevent overheating.

[0112] Referring to FIG. 2C, the arm 6 is rotated manually
about axis 6a such that the copper crucible 1 rotates down-
wards to pour the molten mixture 8 into the copper mould 5
positioned beneath the copper crucible 1. The plasma arc 7 is
subsequently switched off.

[0113] Referring to FIG. 2D, the molten mixture 3 is cooled
in the mould 5 to form the alloy. After cooling, the alloy is
ejected from the mould.

EXAMPLES

[0114] A non-limiting example of the preferred embodi-
ment will be further described in greater detail below, which
should not be construed as in any way limiting the scope of the
invention.

Example 1

[0115] Table 1 shows compositions of mixtures formed in
accordance with a disclosed embodiments, and the diameters
(or thickness) of rods into which they were moulded.

[0116] Each of the rod alloys disclosed in Table 1 were
made in the apparatus and the process described above with
reference to FIGS. 1 and 2A-D.

[0117] Each mixture was prepared by weighing pellets of
Zr (99.98% wt), Cu (99.999% wt), Ni (99.98% wt) and Al
(99.9%) in weight percentage to achieve the desired atomic
percentage shown in Table 1. For example, for alloy 1, a 1
mole sample has a composition of formula Zr,Cu,g 4sNi,
0sAl, 5 as the ratio of Cuto Ni is 90:10. To prepare alloy 1 a
mixture of metal pellets was prepared by weighing Zr (99.
98% wt), Cu (99.999% wt), Ni (99.98% wt) and Al (99.9%)
metal pellets in the following weights:

[0118] Zr:45.612 ¢

[0119] Cu:23.162 ¢

[0120] Ni:2.378 ¢

[0121] Al:2.563 ¢

[0122] The mixture was melted to a molten metal and an

alloy formed using the apparatus and method described above
with respect to FIGS. 1 and 2A to 2D.

[0123] All of the alloys given in Table 1 were produced in
the same manner as described above for alloy 1. The propor-
tion of Cu and Ni in the alloys, in atomic percentage, was 90
percent of Cu and 10 percent Ni.

[0124] Ascanbe seen from Table 1,a few copper moulds of
varying diameters were used. The moulds have cylindrical
cavities such that the alloys formed are in the shape of rods.
The copper moulds used had cavity diameters of 5 mm, 8 mm,
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12 mm, 16 mm and 20 mm as shown in Table 1. The length of
the cavity for all of the moulds was 60 mm.

[0125] FIG. 3 shows three cast rods (3A,3B,3C) respec-
tively having diameters of 12 mm, 16 mm and 20 mm. All of
the cast rods (3A,3B,3C) were subjected to X-ray diffraction
to determine the amorphous content therein. The results of the
X-ray diffraction were recorded in the following manner in
Table 1:

[0126] C: an amorphous matrix composite
[0127] A: a fully amorphous solid
[0128] Depending on the composition of the mixture 3 and

the cavity diameter of the copper mould 5, the cast rods were
fully amorphous (A) or amorphous matrix (C) as denoted in
Table 1 for each alloy.

[0129] The results of the experiment confirmed that the
compositions as defined by the embodiments yield alloys
having an amorphous phase. More particularly, the alloys of
these compositions have at least 50% by volume of an amor-
phous phase.

TABLE 1
Max.
Alloy Atomic Percentage Thickness
Number Zr CugeNijg Al Morphology (mm)

1 50 40.5 9.5 C 20

2 50.5 40.75 8.75 C 20

3 50.5 40.5 9 C 20

4 50.75 40.5 8.75 C 20

5 51 40 9 C 20

6 50.75 40.25 9 A 20

7 51 41 8 C 16

8 50.5 41 8.5 C 16

9 50 41 9 C 16
10 49.5 41 9.5 C 16
11 51.5 40 8.5 C 16
12 50.5 40 9.5 C 16
13 49 41 10 C 16
14 51 40.5 8.5 C 16
15 50.25 40.75 9 C 16
16 50.25 40.5 9.25 C 16
17 51 40.25 8.75 C 16
18 50.5 40.25 9.25 C 16
19 49.5 40.5 10 C 16
20 49.5 40.75 9.75 C 16
21 50 40 10 C 16
22 50 42 8 C 12
23 49.5 42 8.5 C 12
24 50.5 41.5 8 C 12
25 49 42 9 C 12
26 50 41.5 8.5 C 12
27 49.5 41.5 9 C 12
28 52 41 7 C 12
29 51.5 41 7.5 C 12
30 49 40.5 10.5 C 12
31 49.5 40 10.5 C 12
32 49 44 7 C 8
33 49 43 8 C 8
34 50.5 43 6.5 C 8
35 51 43 6 C 8
36 53 42 5 C 8
37 52 42 6 C 8
38 51 42 7 C 8
39 50.5 42 7.5 C 8
40 50 43 7 C 8
41 49 46 5 C 5
42 49 40 11 C 5

[0130] FIG. 4 shows a fraction of a quasi-ternary phase

diagram of the data obtained from Table 1. The lower left apex
represents 57.5 atomic percent Zr and 3.75 atomic percent Al.
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The upper apex represents 48.75 atomic percent of a mixture
of Cu and Ni and 47.5 atomic percent of Zr. In this diagram,
the proportion of mixture of Cu and Ni, in atomic percentage,
was 90 percent of Cu and 10 percent Ni. Similarly, the lower
right apex represents 13.75 percent of Al and 38.75 percent of
the mixture of Cu and Ni.

[0131] Sincethe cavity diameters of the copper mould were
confined to 5, 8, 12, 16 and 20 mm, these diameters were used
to determine the maximum size that a particular alloy com-
position after casting is still a composite. For example, ifa 16
mm diameter cast rod of a composition (M) showed that it is
a composite, and 20 mm diameter cast rod of the same com-
position (M) showed that it is a crystalline material, the maxi-
mum size of the cast rods for composition (M) such that it is
still a composite was determined to be 16 mm. It should be
realised that the maximum size might be bigger, i.e., a larger
than 16 mm but below 20 mm.

[0132] Referring to FIG. 4, the compositions are character-
ised in into the following compositions:

[0133] alloys that remain as composites having a diameter
of' 5 mm (represented by open squares);

[0134] alloys that remain as composites having a diameter
of 8 mm (represented by closed circles);

[0135] alloys that remain as composites having a diameter
of 12 mm (represented by open circles);

[0136] alloys that remain as composites having a diameter
of 16 mm (represented by closed triangles);

[0137] alloys that remain as composites having a diameter
ot 20 mm (represented by open triangles); and

[0138] alloys that form amorphous solids having a diameter
of 20 mm (represented by solid stars).

[0139] The above data as plotted on the phase diagram
defines the glass forming region. The best glass forming
region is defined by the solid star which indicated a compo-
sition capable of forming an amorphous solid at a diameter of
20 mm. It will be appreciated that at least one of the compo-
sitions can produce an amorphous solid at a diameter of 20
mm. As can be seen from Table 1, the composition comprises
about 50.75 percent zirconium, about 40.25 percent copper
and nickel mixture and 9 percent of aluminum.

[0140] FIGS. 5A, 5B, 5C and 5D each show a scanned
micrograph of an alloy having a composition 50 atomic
weight percent of Zr, 42 atomic weight percent copper and
nickel mixture, and 8 atomic weight percent aluminum. The
Cu:Niratio forthe alloy in FIG. 5A was 80:20; the Cu:Ni ratio
for the alloy in FIG. 5B was 85:15; the Cu:Ni ratio for the
alloy in FIG. 5C was 90:10; and the Cu:Ni ratio for the alloy
in FIG. 5D was 95:5. The dark areas 10 indicate the amor-
phous phase and the light areas 20 indicate the crystalline
phase. The alloys having the Cu:Ni ratio of 90:10 and 95:5
had more of the amorphous phase, than the alloys having the
Cu:Ni ratio of 80:20 and 85:15.

Applications

[0141] TItwill be appreciated that the alloy composition and
bulk metallic glass composition does not contain beryllium
which is a carcinogen. Accordingly, beryllium poisoning can
be avoided and post-processing costs can be reduced.

[0142] It will be appreciated that an amorphous matrix
composite or a fully amorphous solid can be obtained at
diameters above 20 mm for the alloy composition as dis-
closed in the embodiments.
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[0143] It will be appreciated that the alloy, and bulk metal-
lic glass disclosed herein, like VITRELOY™ 1, can be used
extensively in a wide number of applications, which includes
sports and luxury products, electronic goods, medical instru-
ments and military equipment.

[0144] It will be apparent that various other modifications
and adaptations of the invention will be apparent to the person
skilled in the art after reading the foregoing disclosure with-
out departing from the spirit and scope of the invention and it
is intended that all such modifications and adaptations come
within the scope of the appended claims.

1. An alloy having a formula:
(Z1,Ti) 100 x-2/Cu g0 oNig)xAlyy

wherein X, U and a are in atomic percentages in the fol-
lowing ranges:
37=X=48,
3=U=14,
3=a=30.
2. An alloy according to claim 1, further comprising
yttrium (Y), and wherein the formula is:

[(Z5Ti) 100 x-0A(C 100 o Nig) xAl ] 100 2Y 2

wherein Z is in atomic percentage in the range 0<Z=3.

3. An alloy according to claim 1, wherein X is in the range
selected from the group consisting of: about 37 to about 46;
about 37 to about 44; about 37 to about 42; about 37 to about
40; about 38 to about 48; about 40 to about 48; about 42 to
about 48; and about 44 to about 48.

4. An alloy according to claim 1, wherein U is in the range
selected from the group consisting of: about 3 to about 12;
about 3 to about 10; about 3 to about 8; about 3 to about 6;
about 4 to about 14; about 6 to about 14; about 8 to about 14.

5. An alloy according to claim 2, wherein Z is in the range
selected from the group consisting of: about 0 to about 2;
about 0 to about 1; about 1 to about 3; and about 2 to about 3.

6. An alloy according to claim 1, wherein a is in the range
selected from the group consisting of: about 5 to about 15;
about 5 to about 14; about 5 to about 12; about to about 10;
about 5 to about 8; about 6 to about 14; about 8 to about 14;
about 10 to about 14; and about 12 to about 14.

7. An alloy according to claim 1, comprising an amorphous
phase in an amount, in volume percentage, selected from the
group consisting of: about 50 to about 100, about 50 to about
90, about 50 to about 80, about 50 to about 70, about 50 to
about 60, about 60 to about 100, about 70 to about 1.0, about
80 to about 100, and about 90 to about 100.

8. A bulk metallic glass having a composition of general
formula:

(Z1,Ti) 1 00-x-0/Cl 0. Nig) xAly
wherein X, U and a are in atomic percentages in the fol-
lowing ranges:
37=X=48,
3=U=14,
3=a=30.
9. A bulk metallic glass according to claim 8, further com-
prising yttrium (Y), and wherein the formula is:

[(Z1,T1) 100 x-0(C100aNig) xAly]100.2Y 2

wherein Z is in atomic percentage in the range 0<Z=3.
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10. A method of forming an alloy comprising the step of:

(a) melting a mixture comprising Zr, Cu, Ni and Al in
defined amounts to produce a molten mixture having a
composition defined by the formula:

(Z1,T1) 10021/ CU100-aNig)xAly

wherein X, U and a are in atomic percentages in the fol-
lowing ranges:
37=X=48,
3=U=14,
3=a=30.

(b) cooling the molten mixture to a solid to thereby form
the alloy.

11. A method according to claim 10, wherein step (a)

further comprises the step of:

(al) melting Y in the mixture to produce a molten mixture
having a composition defined by the formula:

[(Z1,T1) 100 x-2ACu 100 o Nig) ¥l 100 2Y 2

wherein Z is in atomic percentage in the range 0<Z=3.

12. A method of making a bulk metallic glass comprising

the steps of:

(a) melting a mixture comprising Zr, Cu, Ni and Al in
defined amounts to produce a molten mixture having a
composition defined by the formula:

(Z5,Ti) 100 - /A Cli00 oNig)xAley

wherein X, U and a are in atomic percentages in the fol-
lowing ranges:
37=X=48,
3=U=14,
3=a=30.

(b) cooling the molten mixture to a solid to thereby form
the bulk metallic glass.

13. A method according to claim 12, wherein step (a)

further comprises the step of:

(al) melting Y in the mixture to produce a molten mixture
having a composition defined by the formula:

[(Z1,T1) 100 x-2ACu 100 o Nig) ¥l 100 2Y 2
wherein Z is in atomic percentage in the range 0<Z=3.
14. An alloy consisting of Zr, Ti, Cu, Ni and Al metals,
wherein said metals are present in said alloy according to the
following formula:
(Z5,Ti) 100 - /A Cli00 oNig)xAley

wherein X, U and a are in atomic percentages in the fol-
lowing ranges:
37=X=48,
3=U=14,
3=a=30.
15. An alloy consisting of Zr, Ti, Cu, Ni, Al and Y metals,
wherein said metals are present in said alloy according to the
following formula:

[(Z2,T1) 100.x-0(Cy 00 Nig) xAly]100.2Y 2

wherein X, U, Z and a are in atomic percentages in the
following ranges:
37=X=48,
3=U=14,
0<Z=3, and
3=a=30.
16. An alloy consisting of Zr, Ti, Cu, Ni, Al, wherein at least
50% of'said alloy is in an amorphous phase.
17. An alloy consisting of Zr, Ti, Cu, Ni, Al and Y, wherein
at least 50% of said alloy is in an amorphous phase.



