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MANUFACTURING SAME

(67)  Providedbythe presentinventionare afine crys-
tallite high-function metal alloy member, a method for
manufacturing the same, and a business development
method thereof, in which a crystallite of a metal alloy in-
cluding a high-purity metal alloy whose crystal lattice is
a face-centered cubic lattice, a body-centered cubic lat-

FINE CRYSTALLITE HIGH-PERFORMANCE METAL ALLOY MEMBER AND METHOD FOR

tice, or a close-packed hexagonal lattice is made fine
with the size in the level of nanometers (109 m to 10-6
m) and micrometers (106 m to 10-3 m), and the form
thereofis adjusted, thereby remedying drawbacks there-
of and enhancing various characteristics without losing

superior characteristics owned by the alloy.
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a high-perform-
ance elastic limit metal alloy member and a method for
manufacturing the same, in which the said alloy member
is suitable for an electronic member, a car and an aerial
member, a physicochemical member, a medical care
member, a jewelry member, a musical instrument mem-
bers, a tableware member, a structural member, and the
like.

BACKGROUND ART

[0002] In the past, gold (Au), platinum (Pt), silver (Ag),
copper (Cu), iron (Fe), aluminum (Al), magnesium (Mg),
titanium (Ti), and the like have been known as a metal
material; and they have been used in many fields.
[0003] The present invention is characterized in pro-
viding fine crystallite high-function alloy of a metal and a
precious metal which are novel modified metal alloys with
free of toxicity, not only having improved various charac-
teristics but also being capable of adjusting these char-
acteristics without losing the superior characteristics of
a metal alloy and a precious metal alloy.

[0004] Especially, the present invention is character-
ized in providing, by adjusting the fine crystallite, a fine
crystallite high-function metal alloy having strength,
Young’s modulus, elongation, heat resistance, corrosion
resistance, and spring property, wherein sustainability
thereof and so forth may be controlled easily while having
easy processability and good workability.

[0005] In order to utilize the excellent characteristics
of an alloy material itself, the present invention provides
a fine crystallite high-function metal alloy member and a
method for manufacturing the same, in which the said
alloy member has enhanced functional characteristics
whereby enhancing sustainability and processability with
easy operation and no uselessness, while keeping or en-
hancing hardness, tensile strength, Young’s modulus,
elongation, corrosion resistance, discoloration, high-
temperature characteristics, and workability.

[0006] Existing metal materials do not necessarily
have sufficient mechanical properties, physical proper-
ties, chemical properties, and so forth when used in var-
ious use fields. In addition, there is a problem of poor
workability. An object of the present invention is to solve
and remedy these problematic properties for betterment
while keeping the above-mentioned characteristics of the
metal materials thereby obtaining a novel fine crystallite
high-function metal alloy member that has been wanted.
[0007] Inthe presentinvention, it was found thata nov-
elfine crystallite high-function metal alloy member having
superior characteristics including physical, electrical,
mechanical, and chemical characteristics, and also hav-
ing excellent performance, quality, function, processabil-
ity, workability, and so on, could be obtained by making
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the crystallite fine (to the size of 109 m to 10-3 m) and
by controlling the size and the form thereof; and based
on this finding, a method for manufacturing the same
could be established.

[0008] The fine crystallite metal alloy member of the
present invention is characterized in that by controlling
the size and the form of a newly developed fine crystallite,
not only various characteristics of existing metal alloys
such as hardness, tensile strength, elongation, Young’s
modulus, resisting force, softening property, electrical
conductivity, thermal conductivity, processabitity, and
workability may be kept or enhanced, but also these var-
ious characteristics may be controlled, so that unneces-
sity in function, performance, quality, process, operation,
and so forth may be cut away.

[0009] In the fine crystallite metal alloy of the present
invention, 90% or more thereof may be processed with-
out annealing. This alloy shows characteristics including
not causing cracks even iftherolling direction is changed.
[0010] This metal alloy is easy to be processed and is
not easily deformed, while having sustainability; and
thus, this is suitable for the purpose to reduce the size
and weight upon commercialization thereof.

[0011] The fine crystallite high-function alloy of a metal
and aprecious metalinthe presentinvention has superior
characteristics as to hardness, tensile strength, Young’s
modulus, resisting force, elastic limit, elongation, spring
property, and so forth; and in addition, this can be proc-
essed easily with good workability. This is highly pure, a
crystallite thereof is fine, and the volume-occupation rate
of an added element is small; and thus, an electronic
material having high electrical conductivity and thermal
conductivity may be obtained. These characteristics can
be enhanced without deteriorating Young’s modulus, so
that a covering range of its commercial deployment is
wide. When this is used to make a musical instrument,
a creative tone and an acoustic effect may be obtained.
Because the spring property can be enhanced, a wire
rod and a plate material having flexibility and toughness
can be obtained. Because heat resistance can be en-
hanced, its application is wide. A material having superior
physical, mechanical, electrical, and chemical character-
istics can be obtained.

[0012] In the fine crystallite high-function metal alloy
of the present invention, the characteristics that various
properties can be enhanced without substantial deterio-
ration of electrical conductivity and Young’'s modulus
were found and established.

[0013] In addition, this is characterized by free of tox-
icity.
[0014] In the fine crystallite high-function metal alloy

of the present invention, similar high function character-
istics can be obtained also in thin films of a spatter film,
a vapor-deposited film, and a plated film, because the
crystallite is in the size of nanometers (109 m to 106 m)
or the size of micrometers (10¢ m to 10-3 m).
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SUMMARY OF THE INVENTION

[0015] The presentinvention was made in view of the
needs from the market as mentioned above; and an ob-
ject thereof is to provide a fine crystallite high-function
metal alloy member and a method for manufacturing the
same, in which the said metal alloy keeps, enhances,
and adjusts mechanical, physical, and chemical proper-
ties while having desired function, performance, and
quality, with good workability and free of toxicity.

[0016] In the present invention, a novel method for
making the crystallite fine, which is the most important
to enhance and keep various characteristics such as me-
chanical characteristics, electrical characteristics, phys-
ical characteristics, and chemical characteristics of a
metal alloy, was found and established.

[0017] In addition, the presentinvention has objects to
provide: a fine crystallite high-function metal alloy mem-
ber having also excellent corrosion resistance and dis-
coloration resistance and a method for manufacturing
this; and a fine crystallite metal alloy member having ex-
cellent various properties not only at normal temperature
but also at high temperature and a method for manufac-
turing this.

[0018] To solve drawbacks of a precious metal alloy,
proposals have been made in PCT/JP96/00510,
PCT/JP97/02014, PCT/JP00/04411, PCT/JP03/01993,
and PCT/JP2007/073133. The present invention devel-
ops to a further wider range. In a fine crystallite high-
function precious metal alloy and a fine crystallite high-
function metal alloy, a new phenomenon was found,
whereby establishing the commercial viability thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]
FIG. 1:

This shows the average crystallite size of the
0.2 mm thickness plate obtained by the process
wherein gadolinium (Gd) was added and dis-
solved into a metal alloy including a high-purity
metal alloy of gold (Au), silver (Ag), platinum
(Pt), palladium (Pd), aluminum (Al), magnesium
(Mg), copper (Cu), iron (Fe), and titanium (Ti),
and then the resulting mixture was cast-molded
to a thick plate having the widths of 30 mm and
10 mm; andthen, this plate was solution-treated,
aged, and then roll-processed to a thick plate
having the thickness of 0.2 mm.

It was found that the crystallite size could be
adjusted by a cast molding method, a process-
ing method, and a heat-treatment method.
Because the crystallite size could be made fine
to the order of nanometers as shown in FIG. 1,
the size thereof could be adjusted in the range
of 109 m to 10-3 m, and in addition, the texture
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form thereof could be adjusted.

Regardless of whether the crystal lattice thereof
was a face-centered cubic lattice, a body-cen-
tered cubic lattice, or a close-packed hexagonal
lattice, size of the crystallite could be made fine,
and the texture form thereof could be adjusted.
It was found that the size thereof could be made
fine, and that the texture form thereof could be
adjusted even when the element therein was
changed.

FIG. 2:

This shows the increase rate of electrical con-
ductivity, Young’s modulus, hardness, tensile
strength, resisting force, elongation, and soften-
ing point, as well as corrosion resistance, with
regard to the respective lattices of the fine crys-
tallite high-function metal alloy of the presentin-
vention.

This shows that without deteriorating Young’s
modulus and electrical conductivity, hardness,
tensile strength, resisting force, elongation, and
softening point thereof can be enhanced signif-
icantly, and that these characteristics can be ad-
justed.

It was found that the corrosion resistance could
be improved thereby increasing the prevention
effect of metal corrosion.

MODES FOR CARRYING OUT THE INVENTION

[0020] A tine crystallite high-function metal alloy mem-
ber according to a first embodiment of the present inven-
tion comprises a metal alloy containing 5 to 30000 ppm
of gadolinium (Gd) in a gold (Au) alloy including a high-
purity gold (Au) alloy.

[0021] The fine crystallite high-function gold (Au) alloy
member according to the first embodiment of the present
invention was obtained as following: gadolinium (Gd) was
added to a metal alloy containing 99.95% by weight of
gold (Au) so that the resultant metal alloy has gadolinium
(Gd) content of 500 ppm, and then, the mixture thereof
was cast-molded to a thick plate having the widths of 30
mm and 10 mm; and then, this plate was solution-treated,
aged, and then roll-processed to a thick plate having the
thickness of 0.3 mm.

[0022] Next. 500 g of gadolinium (Gd) was added to a
gold alloy comprising 90% by weight of gold (Au) and
10% by weight of silver (Ag), and then, the mixture thereof
was cast-molded to a thick plate having the widths of 30
mm and 10 mm; and then, this plate was solution-treated,
aged, and then roll-processed to a thick plate having the
thickness of 0.3 mm.

[0023] Further, 500 g of gadolinium (Gd) was added
to a gold (Au) alloy comprising 50% by weight of gold
(Au) and 50% by weight of silver (Ag), and then, the mix-
ture thereof was cast-molded to a thick plate having the
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widths of 30 mm and 10 mm; and then, this plate was
heat-treated, and then roll-processed to a thick plate hav-
ing the thickness of 0.3 mm.

[0024] Lastly, 500 g of gadolinium (Gd) was added to
a gold alloy comprising 10% by weight of gold (Au) and
90% by weight of silver (Ag), and then, the mixture thereof
was cast-molded to a thick plate having the widths of 30
mm and 10 mm; and then, this plate was solution-treated,
aged, and then roll-processed to a thick plate having the
thickness of 0.3 mm.

[0025] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 27 nm, 15 nm,
19nm, and 23 nm, respectively. The crystallite size there-
of could be newly adjusted in the level of nanometers
(10-9 m to 10-¢ m) and micrometers (10-6 m to 10-3 m).
[0026] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2.3 times. Roll-process could be carried out
without heat treatment; and in addition, cross process
could be carried out. Furthermore, processability and the
various characteristics could be enhanced so that it be-
came possible to balance these characteristics.

[0027] These effects could be realized in plates, wires,
thin films, and powders.

[0028] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0029] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0030] Inthe case of the processed alloy, the alloy ma-
terial with the afore-mentioned composition is cast-mold-
ed, then, if necessary, the material is solution-treated in
which rapid cooling is conducted after heating to a pre-
scribed temperature, and then the material is processed
to a prescribed form, wherein if necessary, the material
is aged before or after this process.

[0031] After cast-molding of the gold alloy material, the
solution treatment may be done in the temperature range
of 500 to 2700°C, and the ageing treatment may be done
in the temperature range of 100 to 700°C.

[0032] To obtain a high-function gold alloy, especially
preferable production conditions are the temperature
range of 600 to 1000°C for the solution treatment, and
the temperature range of 150 to 550°C for the ageing
treatment.

[0033] Inanycasebythe above-mentioned processing
method, the addition effect of gadolinium (Gd) could be
seen eminently.
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[0034] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0035] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the gold (Au) alloy including a high-purity
gold (Au) alloy whose crystal lattice is a face-centered
cubic lattice, the same addition effect of gadolinium (Gd)
was obtained.

[0036] The addition effect appears from 5 ppm, and
the characteristics thereof decreases when the content
thereof is 30000 ppm or more.

[0037] In the gold (Au) alloy having gadolinium (Gd)
contained in the range of 5 to 30000 ppm in a metal alloy
that is constituted by gold (Au) and at least one element
selected from the group consisting of rare earth metals
other than gadolinium (Gd), alkaline earth metals, zirco-
nium (Zr), tin (Sn), indium (In), copper (Cu), silver (Ag),
platinum (Pt), palladium (Pd), aluminum (Al), iron (Fe),
nickel (Ni), manganese (Mn), cobalt (Co), and gallium
(Ga), eminent enhancement of the function characteris-
tics could be seen.

[0038] A fine crystallite high-function metal alloy mem-
ber according to the second embodiment of the present
invention comprises a metal alloy containing 5 to 30000
ppm of gadolinium (Gd) in a silver (Ag) alloy including a
high-purity silver (Ag) alloy.

[0039] Thefine crystallite high-function silver (Ag) alloy
member according to the second embodiment of the
present invention was obtained as following: gadolinium
(Gd) was added to a metal alloy containing 99.95% by
weight of silver (Ag) so that the resultant metal alloy has
gadolinium (Gd) content of 500 ppm, and then, the mix-
ture thereof was cast-molded to a thick plate having the
widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0040] Next, 500 g of gadolinium (Gd) was added to a
silver (Ag) alloy comprising 90% by weight of silver (Ag)
and 10% by weight of palladium (Pd), and then, the mix-
ture thereof was cast-molded to a thick plate having the
widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0041] Further, 500 g of gadolinium (Gd) was added
to a silver (Ag) alloy comprising 50% by weight of silver
(Ag) and 50% by weight of palladium (Pd), and then, the
mixture thereof was cast-molded to a thick plate having
the widths of 30 mm and 10 mm; and then, this plate was
heat-treated, and then roll-processed to a thick plate hav-
ing the thickness of 0.3 mm.

[0042] Lastly, 500 g of gadolinium (Gd) was added to
asilver (Ag) alloy comprising 10% by weight of silver (Ag)
and 90% by weight of palladium (Pd), and then, the mix-
ture thereof was cast-molded to a thick plate having the
widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.
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[0043] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 8 nm, 19 nm, 23
nm, and 25 nm, respectively. The crystallite size could
be newly adjusted in the level of nanometers (109 m to
10-6 m) and micrometers (106 m to 10-3 m).

[0044] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2.2 times. Roll-process could be carried out
without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0045] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0046] These effects could be realized in plates, wires,
thin films, and powders.

[0047] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0048] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0049] In the case of the processed metal alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and then the material is
processed to a prescribed form, wherein if necessary,
the material is aged before or after this process.

[0050] In the silver (Ag) alloy, the solution treatment
may be done in the temperature range of 450 to 2200°C,
and the ageing treatment may be done in the temperature
range of 100 to 600°C. Especially preferable conditions
are the temperature range of 500 to 1550°C for the so-
lution treatment, and the temperature range of 150 to
500°C for the ageing treatment. Processing efficiency
during the time of processing is arbitrary, while the pref-
erable range thereof is the same as that of the first em-
bodiment.

[0051] It was found that by adding gadolinium (Gd),
tensile strength, hardness, resisting force, elongation,
and heat resistance could be enhanced, and that sulfuri-
zation and oxidation could be delayed, without substan-
tial deterioration of electrical conductivity and Young's
modulus, even the latter being slightly enhanced.
[0052] Inanycasebythe above-mentioned processing
method, the addition effect of gadolinium (Gd) could be
seen eminently.
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[0053] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0054] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm, of gado-
linium (Gd) to the silver (Ag) alloy including a high-purity
silver (Ag) alloy whose crystal lattice is a face-centered
cubic lattice, the same addition effect of gadolinium (Gd)
was obtained.

[0055] When evaluation was done as to the samples
of the foregoing silver (Ag) alloy compositions, the same
addition effect of gadolinium (Gd) was obtained. After
addition of gadolinium (Gd), characteristics with regard
to hardness, tensile strength, Young’s modulus, and heat
resistance were enhanced; and it showed the spring
property. This could be easily processed, and workability
thereof could be improved. Deterioration of electrical con-
ductivity was hardly observed.

[0056] In the silver (Ag) alloy having gadolinium (Gd)
contained in the range of 5 to 30000 ppm in a metal alloy
that is constituted by silver (Ag) and at least one element
selected from the group consisting of rare earth metals
other than gadolinium (Gd), alkaline earth metals, zirco-
nium (Zr), tin (Sn), indium (In), copper (Cu), palladium
(Pd), aluminum (Al), zinc (Zn), nickel (Ni), and gallium
(Ga), eminent enhancement of the characteristics could
be seen.

[0057] A fine crystallite high-function metal alloy mem-
ber according to a third embodiment of the present in-
vention comprises a metal alloy containing 5 to 30000
ppm of gadolinium (Gd) in a platinum (Pt) alloy including
a high-purity platinum (Pt) alloy.

[0058] The fine crystallite high-function platinum (Pt)
alloy according to the third embodiment of the present
invention was obtained as following: gadolinium (Gd) was
added to a metal alloy containing 99.95% by weight of
platinum (Pt) so that the resultant metal alloy has gado-
linium (Gd) content of 500 ppm, and then, the mixture
thereof was cast-molded to a thick plate having the widths
of 30 mm and 10 mm; and then, this plate was solution-
treated, aged, and then roll-processed to a thick plate
having the thickness of 0.3 mm.

[0059] Next, 500 g of gadolinium (Gd) was added to a
platinum (Pt) alloy comprising 90% by weight of platinum
(Pt) and 10% by weight of palladium (Pd), and then, the
mixture thereof was cast-molded to a thick plate having
the widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0060] Further, 500 g of gadolinium (Gd) was added
to a platinum (Pt) alloy comprising 50% by weight of plat-
inum (Pt) and 50% by weight of copper (Cu), and then,
the mixture thereof was cast-molded to a thick plate hav-
ing the widths of 30 mm and 10 mm; and then, this plate
was heat-treated, and then roll-processed to a thick plate
having the thickness of 0.3 mm.

[0061] Lastly, 500 g of gadolinium (Gd) was added to
a platinum (Pt) alloy comprising 10% by weight of plati-
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num (Pt) and 90% by weight of copper (Cu), and then,
the mixture thereof was cast-molded to a thick plate hav-
ing the widths of 30 mm and 10 mm; and then, this plate
was solution-treated, aged, and then roll-processed to a
thick plate having the thickness of 0.3 mm.

[0062] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 11 nm, 19 nm,
17 nm, and 22 nm, respectively. The crystallite size could
be adjusted in the level of nanometers (10-° mto 10-6 m)
and micrometers (106 m to 10-3 m).

[0063] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2 or more times. Roll-process could be carried
outwithout heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0064] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0065] These effects could be realized in plates, wires,
thin films, and powders.

[0066] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0067] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0068] In the case of the processed metal alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and then the material is
processed to a prescribed form, wherein if necessary,
the material is aged before or after this process.

[0069] This comprises a precious metal alloy contain-
ing 5 to 30000 ppm of gadolinium (Gd) in a platinum (Pt)
alloy including a high-purity platinum (Pt) alloy.

[0070] In the platinum (Pt) alloy, the solution treatment
may be done in the temperature range of 600 to 2800°C,
and the ageing treatment may be done in the temperature
range of 150 to 1400°C. Especially preferable conditions
are the temperature range of 500 to 1600°C for the so-
lution treatment, and the temperature range of 150 to
1000°C for the ageing treatment. Processing efficiency
during the time of processing is arbitrary, while the pref-
erable range thereof is the same as that of the first em-
bodiment.

[0071] Inanycasebythe above-mentioned processing
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method, the addition effect of gadolinium (Gd) could be
seen eminently.

[0072] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0073] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the platinum (Pt) alloy including a high-
purity platinum (Pt) alloy whose crystal lattice is a face-
centered cubic lattice, the same addition effect of gado-
linium (Gd) was obtained.

[0074] When evaluation was done as to the sample of
the blended platinum (Pt) alloy having the respective
foregoing compositions, the same addition effect of gado-
linium (Gd) was obtained.

[0075] After addition of gadolinium (Gd), characteris-
tics with regard to hardness, tensile strength, elongation,
resisting force, and heat resistance were enhanced; and
it showed the spring property. This could be easily proc-
essed, and workability thereof could be improved. Dete-
rioration of Young’s modulus and electrical conductivity
was hardly observed.

[0076] In the platinum alloy having gadolinium (Gd)
contained in the range of 50 to 15000 ppm in a metal
alloy that is constituted by platinum (Pt) and at least one
element selected from the group consisting of rare earth
metals other than gadolinium (Gd), alkaline earth metals,
zirconium (Zr), tin (Sn), indium (In), copper (Cu), palla-
dium (Pd), nickel (Ni), tungsten (W,) iridium (Ir), rhodium
(Rh), ruthenium (Ru), osmium (Os), and gallium (Ga),
eminent enhancement of the characteristics and balance
characteristics could be seen.

[0077] Afine crystallite high-function metal alloy mem-
ber according to a fourth embodiment of the present in-
vention comprises a metal alloy containing 5 to 30000
ppm of gadolinium (Gd) in a palladium( Pd) alloy includ-
ing a high-purity palladium (Pd) alloy.

[0078] The fine crystallite high-function palladium (Pd)
alloy member according to the fourth embodiment of the
present invention was obtained as following: gadolinium
(Gd) was added to a metal alloy containing 99.95% by
weight of palladium (Pd) so that the resultant metal alloy
has gadolinium (Gd) content of 500 ppm, and then, the
mixture thereof was cast-molded to a thick plate having
the widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0079] The foregoing finishing-processed thick plate
having the thickness of 0.3 mm was analyzed by the X-
ray analysis; and the average crystallite diameter ob-
tained by the Scherrer’s equation was 15 nm. The crys-
tallite size could be adjusted in the level of nanometers
(102 m to 10-6 m) and micrometers (106 m to 10-3 m).
[0080] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
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creased by 2.3 times. Roll-process could be carried out
without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0081] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0082] These effects could be realized in plates, wires,
thin films, and powders.

[0083] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0084] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0085] In the case of the processed metal alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and then the material is
processed to a prescribed form, wherein if necessary,
the material is aged before or after this process.

[0086] The metal alloy member comprises a precious
metal alloy containing 5 to 30000 ppm of gadolinium (Gd)
in a palladium (Pd) alloy including a palladium (Pd) alloy.
[0087] In the palladium (Pd) alloy, the solution treat-
ment may be done in the temperature range of 500 to
2700°C, and the ageing treatment may be done in the
temperature range of 150 to 1300°C. Especially prefer-
able conditions are the temperature range of 550 to
1500°C for the solution treatment, and the temperature
range of 150 to 900°C for the ageing treatment. Process-
ing efficiency during the time of processing is arbitrary,
while the preferable range thereof is the same as that of
the first embodiment.

[0088] Inanycasebythe above-mentioned processing
method, the addition effect of gadolinium (Gd) could be
seen eminently.

[0089] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0090] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the palladium (Pd) alloy including a high-
purity palladium (Pd) alloy, whose crystal lattice is a face-
centered cubic lattice, the same addition effect of gado-
linium (Gd) was obtained.

[0091] When evaluation was done as to the sample of
the blended palladium (Pd) alloy having the respective
foregoing compositions, the same addition effect of gado-
linium (Gd) was obtained.

[0092] After addition of gadolinium (Gd), characteris-
tics with regard to hardness, tensile strength, resisting
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force, heat resistance, and so forth were enhanced; and
it showed the spring property. This could be easily proc-
essed, and workability thereof could be improved. Dete-
rioration of Young’s modulus and electrical conductivity
was hardly observed.

[0093] In the palladium (Pd) alloy having gadolinium
(Gd) contained therein in the range of 5 to 30000 ppm,
eminent enhancement of the characteristics and balance
characteristics could also be seen.

[0094] A fine crystallite high-function metal alloy mem-
ber according to a fifth embodiment of the present inven-
tion comprises a metal alloy containing 5 to 30000 ppm
of gadolinium (Gd) in an aluminum (Al) alloy including a
high-purity aluminum (Al) alloy.

[0095] The fine crystallite high-function aluminum (Al)
alloy member according to the fifth embodiment of the
present invention was obtained as following: gadolinium
(Gd) was added to a metal alloy containing 99.95% by
weight of aluminum (Al) so that the resultant metal alloy
has gadolinium (Gd) content of 500 ppm, and then, the
mixture thereof was cast-molded to a thick plate having
the widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0096] Next, 500 g of gadolinium (Gd) was added to
an aluminum (Al) alloy comprising 90% by weight of alu-
minum (Al) and 10% by weight of magnesium (Mg), and
then, the mixture thereof was cast-molded to a thick plate
having the widths of 30 mm and 10 mm; and then, this
plate was solution-treated, aged, and then roll-processed
to a thick plate having the thickness of 0.3 mm.

[0097] Further, 500 g of gadolinium (Gd) was added
to an aluminum (Al) alloy comprising 50% by weight of
aluminum (Al) and 50% by weight of magnesium (Mg),
and then, the mixture thereof was cast-molded to a thick
plate having the widths of 30 mm and 10 mm; and then,
this plate was heat-treated, and then roll-processed to a
thick plate having the thickness of 0.3 mm.

[0098] Lastly, 500 g of gadolinium (Gd) was added to
an aluminum (Al) alloy comprising 10% by weight of alu-
minum (Al) and 90% by weight of magnesium (Mg), and
then, the mixture thereof was cast-molded to a thick plate
having the widths of 30 mm and 10 mm; and then, this
plate was solution-treated, aged, and then roll-processed
to a thick plate having the thickness of 0.3 mm.

[0099] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 6 nm, 13 nm, 27
nm, and 19 nm, respectively. The crystallite size could
be adjusted in the level of nanometers (10- m to 106 m)
and micrometers 106 m to 10-3 m).

[0100] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 8 nm, 13 nm, 27
nm, and 19 nm, respectively. The crystallite size could
be adjusted in the level of nanometers (109 m to 10-6 m)
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and micrometers (106 m to 10-3 m).

[0101] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2.4 times. Roll-process could be carried out
without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0102] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0103] The aluminum (Al) alloy member comprises the
aluminum (Al) alloy containing 5 to 30000 ppm of gado-
linium (Gd).

[0104] In the aluminum (Al) alloy, the solution treat-
ment may be done in the temperature range of 300 to
2000°C, and the ageing treatment may be done in the
temperature range of 50 to 450°C. Especially preferable
conditions are the temperature range of 500 to 1600°C
for the solution treatment, and the temperature range of
50 to 400°C for the ageing treatment. Processing effi-
ciency during the time of processing is arbitrary, while
the preferable range thereof is the same as that of the
first embodiment.

[0105] It was found that by adding gadolinium (Gd),
the member having high function and sustainability, ca-
pable of being readily processed, could be obtained.
[0106] Inanycasebythe above-mentioned processing
method, the addition effect of gadolinium (Gd) could be
seen eminently.

[0107] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0108] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the aluminum (Al) alloy including a high-
purity aluminum (Al) alloy whose crystal lattice is a face-
centered cubic lattice, the same addition effect of gado-
linium (Gd) was obtained.

[0109] When evaluation was done as to the sample of
the blended aluminum (Al) alloy having the respective
foregoing compositions, the same addition effect of gado-
linium (Gd) was obtained.

[0110] Afine crystallite high-function metal alloy mem-
ber according to a sixth embodiment of the present in-
vention comprises a metal alloy containing 5 to 30000
ppm of gadolinium (Gd) in a magnesium (Mg) alloy in-
cluding a high-purity magnesium (Mg) alloy.

[0111] The fine crystallite high-function magnesium
(Mg) alloy member according to the sixth embodiment of
the present invention was obtained as following: gado-
linium (Gd) was added to a metal alloy containing 99.95%
by weight of magnesium (Mg) so that the resultant metal
alloy has gadolinium (Gd) content of 500 ppm, and then,
the mixture thereof was cast-molded to a thick plate hav-
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ing the widths of 30 mm 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0112] The foregoing finishing-processed thick plate
having the thickness of 0.3 mm was analyzed by the X-
ray analysis; and the average crystallite diameter ob-
tained by the Scherrer’s equation was 12 nm. The crys-
tallite size could be adjusted in the level of nanometers
(10 m to 10-% m) and micrometers (10 m to 103 m).
[0113] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2 ormore times. Roll-process could be carried
out without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0114] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0115] The fine crystallite high-function magnesium al-
loy comprises the magnesium (Mg) bare metal containing
5 to 30000 ppm of gadolinium (Gd) or the magnesium
(Mg) alloy containing the same.

[0116] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2 ormore times. Roll-process could be carried
out without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0117] These effects could be realized in plates, wires,
thin films, and powders.

[0118] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0119] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0120] In the case of the processed metal alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and then the material is
processed to a prescribed form, wherein if necessary,
the material is aged before or after this process.

[0121] Inthe magnesium (Mg) alloy, the solution treat-
ment may be done in the temperature range of 250 to
1050°C, and the ageing treatment may be done in the
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temperature range of 110 to 500°C. Especially preferable
conditions are the temperature range of 500 to 1000°C
for the solution treatment, and the temperature range of
50 to 450°C for the ageing treatment. Processing effi-
ciency during the time of processing is arbitrary, while
the preferable range thereof is the same as that of the
first embodiment.

[0122] It was found that by adding gadolinium (Gd),
the member having high function and durability, capable
of being readily processed, could be obtained.

[0123] Inanycasebythe above-mentioned processing
method, the addition effect of gadolinium (Gd) could be
seen eminently.

[0124] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0125] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the magnesium (Mg) alloy including a high-
purity magnesium (Mg) alloy whose crystal lattice is a
face-centered cubic lattice, the same addition effect of
gadolinium (Gd) was obtained.

[0126] When evaluation was done as to the sample of
the blended magnesium (Mg) alloy having the respective
foregoing compositions, the same addition effect of gado-
linium (Gd) was obtained.

[0127] After addition of gadolinium (Gd), characteris-
tics with regard to hardness, tensile strength, resisting
force, elongation, and heat resistance were enhanced;
and this could be easily processed, and workability there-
of could be improved. Deterioration of Young’'s modulus
and electrical conductivity was hardly observed.

[0128] Afine crystallite high-function metal alloy mem-
ber according to a seventh embodiment of the present
invention comprises a metal alloy containing 5 to 30000
ppm of gadolinium (Gd) in a copper (Cu) alloy including
a high-purity copper (Cu) alloy.

[0129] Thefine crystallite high-function copper (Cu) al-
loy member according to the seventh embodiment of the
present invention was obtained as following: gadolinium
(Gd) was added to a metal alloy containing 99.95% by
weight of copper (Cu) so that the resultant metal alloy
has gadolinium (Gd) content of 500 ppm, and then, the
mixture thereof was cast-molded to a thick plate having
the widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0130] Next, 500 g of gadolinium (Gd) was added to a
copper (Cu) alloy comprising 90% by weight of copper
(Cu) and 10% by weight of zinc (Zn), and then, the mixture
thereof was cast-molded to a thick plate having the widths
of 30 mm and 10 mm; and then, this plate was solution-
treated, aged, and then roll-processed to a thick plate
having the thickness of 0.3 mm.

[0131] Further, 500 g of gadolinium (Gd) was added
to a copper (Cu) alloy comprising 65% by weight of cop-
per (Cu) and 35 by weight of zinc (Zn), and then, the
mixture thereof was cast-molded to a thick plate having
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the widths of 30 mm and 10 mm; and then, this plate was
heat-treated, and then roll-processed to a thick plate hav-
ing the thickness of 0.3 mm.

[0132] Lastly, 500 g of gadolinium (Gd) was added to
a copper (Cu) alloy comprising 10% by weight of copper
(Cu) and 90% by weight of silver (Ag), and then, the mix-
ture thereof was cast-molded to a thick plate having the
widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0133] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 17 nm, 7 nm, 21
nm, and 13 nm, respectively. The crystallite size could
be adjusted in the level of nanometers (109 m to 10-6 m)
and micrometers (10-6 m to 10-3 m).

[0134] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2.3 times. Roll-process could be carried out
without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0135] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0136] These effects could be realized in plates, wires,
thin films, and powders.

[0137] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0138] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0139] In the case of the processed metal alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and then the material is
processed to a prescribed form, wherein if necessary,
the material is aged before or after this process.

[0140] In the copper (Cu) alloy, the solution treatment
may be done in the temperature range of 600 to 2500°C,
and the ageing treatment may be done in the temperature
range of 150 to 850°C. Especially preferable conditions
are the temperature range of 600 to 1600°C for the so-
lution treatment, and the temperature range of 150 to
780°C for the ageing treatment.

[0141] It was found that by adding gadolinium (Gd),
the member having high function and durability, capable
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of being readily processed, could be obtained.

[0142] Inanycasebythe above-mentioned processing
method, the addition effect of gadolinium (Gd) could be
seen eminently.

[0143] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0144] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the copper (Cu) alloy including a high-purity
copper (Cu) alloy whose crystal lattice is a face-centered
cubic lattice, the same addition effect of gadolinium (Gd)
was obtained.

[0145] When evaluation was done as to the sample of
the respective copper (Cu) alloy compositions, the same
addition effect of gadolinium (Gd) was obtained.

[0146] After addition of gadolinium (Gd), characteris-
tics with regard to hardness, tensile strength, resisting
force, elongation, and heat resistance were enhanced;
and this could be easily processed, and workability there-
of could be improved. Deterioration of Young’'s modulus
and electrical conductivity was hardly observed.

[0147] Afine crystallite high-function metal alloy mem-
ber according to an eighth embodiment of the present
invention comprises a metal alloy containing 5 to 30000
ppm of gadolinium (Gd) in an iron (Fe) alloy including a
high-purity iron (Fe) alloy.

[0148] The fine crystallite high-function iron (Fe) alloy
member according to the eighth embodiment of the
present invention was obtained as following: gadolinium
(Gd) was added to a metal alloy containing 99.95% by
weight of iron (Fe) so that the resultant metal alloy has
gadolinium (Gd) content of 500 ppm, and then, the mix-
ture thereof was cast-molded to a thick plate having the
widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0149] Next, 500 g of gadolinium (Gd) was added to
an iron (Fe) alloy comprising 99% by weight of iron (Fe)
and 1% by weight of silicon Si, and then, the mixture
thereof was cast-molded to a thick plate having the widths
of 30 mm and 10 mm; and then, this plate was solution-
treated, aged, and then roll-processed to a thick plate
having the thickness of 0.3 mm.

[0150] Further, 500 g of gadolinium (Gd) was added
to an iron (Fe) alloy comprising 75% by weight of iron
(Fe), 17% by weight of nickel Ni, and 8% by weight of
aluminum (Al), and then, the mixture thereof was cast-
molded to a thick plate having the widths of 30 mm and
10 mm; and then, this plate was heat-treated, and then
roll-processed to a thick plate having the thickness of 0.3
mm.

[0151] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 7 nm, 27 nm, and
18 nm, respectively. The crystallite size could be adjusted
in the level of nanometers (10- m to 10-6 m) and microm-
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eters (106 m to 10-3 m).

[0152] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
increased by 2 to 3 times. Softening point could be in-
creased by 2 ormore times. Roll-process could be carried
out without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0153] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0154] These effects could be realized in plates, wires,
thin films, and powders.

[0155] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0156] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0157] In the case of the processed metal alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and then the material is
processed to a prescribed form, wherein if necessary,
the material is aged before or after this process.

[0158] The solution treatment was done at 820°C for
1 hour; and the ageing treatment was done at 480°C for
3 hours.

[0159] Intheiron (Fe) alloy, the solution treatment may
be done in the temperature range of 600 to 2800°C, and
the ageing treatment may be done in the temperature
range of 150 to 700°C. Especially preferable conditions
are the temperature range of 600 to 2000°C for the so-
lution treatment, and the temperature range of 150 to
700°C for the ageing treatment. Processing efficiency
during the time of processing is arbitrary, while the pref-
erable range thereof is the same as that of the first em-
bodiment.

[0160] It was found that by adding gadolinium (Gd),
the member having high function and durability, capable
of being readily processed, could be obtained.

[0161] Inanycase by the above-mentioned processing
method, the addition effect of gadolinium (Gd) could be
seen eminently.

[0162] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0163] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the iron (Fe) alloy including a high-purity
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iron (Fe) alloy whose crystal lattice was a body-centered
cubic lattice, the same addition effect of gadolinium (Gd)
was obtained.

[0164] When evaluation was done as to the sample of
the respective copper iron (Fe) alloy compositions, the
same addition effect of gadolinium (Gd) was obtained.
[0165] After addition of gadolinium (Gd), characteris-
tics with regard to hardness, tensile strength, resisting
force, elongation, heat resistance, and so forth were en-
hanced; and this could be easily processed, and worka-
bility thereof could be improved. Deterioration of Young’s
modulus and electrical conductivity was hardly observed.
[0166] When evaluation was done as to the sample of
the respective iron (Fe) alloy compositions, the same ad-
dition effect of gadolinium (Gd) was obtained.

[0167] In the iron (Fe) alloy having gadolinium (Gd)
contained in the range of 5 to 30000 ppm in a metal alloy
that is constituted by iron (Fe) and at least one element
selected from the group consisting of rare earth metals
other than gadolinium (Gd), alkaline earth metals, silicon
(Si), boron (B), zirconium (Zr), tin (Sn), indium (In), lead
(Pb), nickel (Ni), manganese (Mn), copper (Cu), vanadi-
um (V), phosphorous (P), and chromium (Cr), eminent
enhancement of the elastic limit similar to FIG. 3 could
be seen.

[0168] Afine crystallite high-function metal alloy mem-
ber according to a ninth embodiment of the present in-
vention comprises a metal alloy containing 5 to 30000
ppm of gadolinium (Gd) in a titanium (Ti) alloy including
a high-purity titanium (Ti) alloy.

[0169] The fine crystallite high-function titanium (Ti) al-
loy member according to the ninth embodiment of the
present invention was obtained as following: gadolinium
(Gd) was added to a metal alloy containing 99.95% by
weight of titanium (Ti) so that the resultant metal alloy
has gadolinium (Gd) content of 500 ppm and then, the
mixture thereof was cast-molded to a thick plate having
the widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0170] Next, 500 g of gadolinium (Gd) was added to a
titanium (Ti) alloy comprising 99.8% by weight of titanium
(Ti) and 0.2% by weight of palladium (Pd), and then, the
mixture thereof was cast-molded to a thick plate having
the widths of 30 mm and 10 mm; and then, this plate was
solution-treated, aged, and then roll-processed to a thick
plate having the thickness of 0.3 mm.

[0171] The foregoing finishing-processed thick plates
having the thickness of 0.3 mm were analyzed by the X-
ray analysis; and the average crystallite diameters ob-
tained by the Scherrer’s equation were 7 nm, and 27 nm,
respectively. The crystallite size could be adjusted in the
level of nanometers (102 m to 10-6 m) and micrometers
(106 m to 10-3 m).

[0172] Without substantial deterioration of electrical
conductivity and Young’s modulus, hardness, tensile
strength, and 0.2% resisting force could be increased by
2 to 3 times. It was found that also elongation could be
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increased by 2 to 3 times. Softening point could be in-
creased by 2.1 times. Roll-process could be carried out
without heat treatment; and in addition, cross process
could be carried out. It was further found that processa-
bility was enhanced. These characteristics could be bal-
anced.

[0173] The various characteristics could be enhanced
so that it became possible to balance these characteris-
tics.

[0174] These effects could be realized in plates, wires,
thin films, and powders.

[0175] Next, a method for manufacturing the metal al-
loy member having the afore-mentioned characteristics
will be explained.

[0176] Firstly, in the case of the cast-molded alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and further, if necessary,
an ageing treatment is conducted thereafter at a pre-
scribed temperature.

[0177] In the case of the processed metal alloy, the
alloy material with the afore-mentioned composition is
cast-molded, then, if necessary, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature, and then the material is
processed to a prescribed form, wherein if necessary,
the material is aged before or after this process.

[0178] In the titanium (Ti) alloy, the solution treatment
may be done in the temperature range of 600 to 2700°C,
and the ageing treatment may be done in the temperature
range of 150 to 500°C. Especially preferable conditions
are the temperature range of 500 to 1550°C for the so-
lution treatment, and the temperature range of 300 to
800°C for the ageing treatment. Processing efficiency
during the time of processing is arbitrary, while the pref-
erable range thereof is the same as that of the first em-
bodiment.

[0179] The same effect could also be obtained when
the solution treatment and the ageing treatment were
conducted.

[0180] When evaluation was done as to the sample
which was prepared by adding 5 to 30000 ppm of gado-
linium (Gd) to the titanium (Ti) alloy including a high-purity
titanium (Ti) alloy whose crystal lattice is a close-packed
hexagonal lattice, the same addition effect of gadolinium
(Gd) was obtained.

[0181] When evaluation was done as to the sample of
the respective copper titanium (Ti) alloy compositions,
the same addition effect of gadolinium (Gd) was ob-
tained.

[0182] After addition of gadolinium (Gd), characteris-
tics with regard to hardness, tensile strength, resisting
force, elongation, heat resistance, and so forth were en-
hanced; and this could be easily processed, and worka-
bility thereof could be improved. Deterioration of Young’s
modulus and electrical conductivity was hardly observed.
[0183] When evaluation was done as to the sample of
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the respective titanium (Ti) alloy compositions, the same
addition effect of gadolinium (Gd) was obtained.

[0184] A metal alloy that is constituted by titanium (Ti)
and at least one element selected from the group con-
sisting of rare earth metals other than gadolinium (Gd),
alkaline earth metals, silicon (Si), boron (B), aluminum
(Al), iron (Fe), zirconium (Zr), copper (Cu), tin Sn, indium
(In), nickel (Ni), cobalt (Co), vanadium (V), and chromium
(Cr), eminent enhancement of the performance charac-
teristics can be seen.

[0185] The metal alloys used in the embodiments are
not particularly restricted. Any ingredient other than the
above-mentioned function-enhancing additives may be
used without specific restrictions provided that it is used
in a usual metal alloy.

[0186] In other words, the above-mentioned function-
enhancing additives are effective also in an existing gen-
eral metal alloy. When manufacturing an alloy member
according to these embodiments, the same embodi-
ments of the metal alloys shall be applied. In the case of
cast-molding, an alloy material with the foregoing com-
position is cast-molded, and then, the material is solution-
treated in which rapid cooling is conducted after heating
to a prescribed temperature. Thereafter, if necessary,
the material is aged at prescribed temperature. In the
case of the processed metal alloy, an alloy material with
the afore-mentioned composition is cast-molded, the ma-
terial is solution-treated in which rapid cooling is conduct-
ed after heating to a prescribed temperature, the material
is processed to a prescribed form, and further, the ma-
terial is aged before or after the foregoing process.
[0187] When gadolinium (Gd) solely only an appropri-
ate amount of a function-enhancing additive that is com-
posited with other element is added to a metal alloy (in-
cluding high-purity alloy) having a face-centered cubic
lattice, a body-centered cubic lattice, or a close-packed
hexagonal lattice, not only superior high-function char-
acteristics but also superior hardness, Young’s modulus,
tensile strength, heat-resistance, and workability than ev-
er may be obtained, even in a cast-molded alloy that is
not processed.

[0188] In view of volume-occupation rate, gadolinium
(Gd) is the most effective element to achieve a high func-
tion; and in addition, its effect to enhance heat resistance
is eminent. Especially, by adding gadolinium (Gd), mar-
velously high Young’s modulus and elastic limit can be
obtained. As can be seen above, gadolinium (Gd) is high-
ly effective to enhance hardness, Young’s modulus, and
tensile strength; and in addition, eminent enhancement
of function characteristics can be obtained. Furthermore,
adding amount is small and volume-occupation rate is
low; and thus, characteristics unique to a metal alloy can
be utilized.

[0189] Effects as the function-enhancing additive can
be realized by the sole use of gadolinium (Gd); however,
excellent characteristics may also be obtained by a syn-
ergy effect that is brought about by adding it compositely
with at least one element selected from the afore-men-
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tioned elements other than gadolinium (Gd).

[0190] The fine crystallite high-function metal alloy
member of the present invention can enhance function
characteristics, so that this has strength together with
high resisting force, Young’s modulus, electrical conduc-
tivity, thermal conductivity, softening point, and the like;
and in addition, this is not brittle because of the high ten-
sile strength thereof. This is suitable for reduction in the
size and weight because of its excellent mechanical char-
acteristics and physical characteristics. This is sustain-
able. In addition, this has excellent processability and
workability.

[0191] The fine crystallite high-function metal alloy
member of the present invention has enhanced functions
with superior characteristics including hardness, tensile
strength, Young’s modulus, resisting force, heat resist-
ance, electrical conductivity, and thermal conductivity;
and in addition, this has elongation and the like, so that
this is easily processed with good workability. Accord-
ingly, this is ditferent from conventional metal alloy mem-
bers. Furthermore, an important feature thereof resides
in that these characteristics can be adjusted in accord-
ance with preference of a user.

[0192] Accordingly, the most significant feature of the
present invention resides in that important functional
characteristics of the high-function metal alloy of the fore-
going elements can be enhanced so that a unique metal
alloy having the characteristics thereof adjusted in ac-
cordance with preference of a user can be obtained.

Claims

1. A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice, a body-
centered cubic lattice, or a close-packed hexagonal
lattice is made to contain therein 5 to 30000 ppm of
gadolinium (Gd), and the crystallite thereof is made
fine with the size in the level of nanometers (109 m
to 10-6 m) and micrometers (106 m to 10-3 m).

2. A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice is made
to contain therein 5 to 30000 ppm of gadolinium (Gd),
and the crystallite thereof is made fine with the size
in the level of nanometers (109 m to 10 m) and
micrometers (10 m to 10-3 m).

3. A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice, a body-
centered cubic lattice, or a close-packed hexagonal
lattice is made to contain therein 5 to 30000 ppm of
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gadolinium (Gd) solely or gadolinium (Gd) together
with at least one element selected from the group
consisting of elements other than gadolinium (Gd),
and the crystallite thereof is made fine with the size
in the level of nanometers (109 m to 10-6 m) and
micrometers (106 m to 10-3 m).

A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice is made
to contain therein 5 to 30000 ppm of gadolinium (Gd)
solely or gadolinium (Gd) together with at least one
element selected from the group consisting of ele-
ments other than gadolinium (Gd), and the crystallite
thereof is made fine with the size in the level of na-
nometers (10-° m to 10-6 m) and micrometers (10-6
m to 10-3 m).

A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice, a body-
centered cubic lattice, or a close-packed hexagonal
lattice is made to contain therein 5 to 30000 ppm of
gadolinium (Gd) solely or gadolinium (Gd) together
with at least one element selected from the group
consisting of elements other than gadolinium (Gd),
the crystallite thereof is made fine with the size in
the level of nanometers (10-° m to 10-6 m) and mi-
crometers (106 m to 10-3 m), and the form thereof
is adjusted, thereby remedying drawbacks thereof
and enhancing various characteristics thereof with-
outlosing superior characteristics owned by the alloy
itself.

A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice is made
to contain therein 5 to 30000 ppm of gadolinium (Gd)
solely or gadolinium (Gd) together with at least one
element selected from the group consisting of ele-
ments other than gadolinium (Gd), the crystallite
thereof is made fine with the size in the level of na-
nometers (10-° m to 10-6 m) and micrometers (10-6
mto 10-3 m), and the form thereof is adjusted, there-
by remedying drawbacks thereof and enhancing var-
ious characteristics thereof without losing superior
characteristics owned by the alloy itself.

A business development method for developing,
manufacturing, or selling a fine crystallite high-func-
tion metal alloy member, wherein a metal alloy in-
cluding a high-purity metal alloy whose crystal lattice
is a face-centered cubic lattice, a body-centered cu-
bic lattice, or a close-packed hexagonal lattice is
made to contain therein 5 to 30000 ppm of gadolin-
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ium (Gd), the crystallite thereof is made fine with the
size in the level of nanometers (10 m to 106 m)
and micrometers (10-® m to 10-3 m), and the form
thereof is adjusted, thereby remedying drawbacks
thereof and enhancing various characteristics there-
of without losing superior characteristics owned by
the alloy itself.

A business development method to for developing,
manufacturing, or selling a fine crystallite high-func-
tion metal alloy member, wherein a metal alloy in-
cluding a high-purity metal alloy whose crystal lattice
is a face-centered cubic lattice is made to contain
therein 5 to 30000 ppm of gadolinium (Gd), the crys-
tallite thereof are made fine with the size in the level
of nanometers (10-9 m to 10-6 m) and micrometers
(10-6 m to 10-3 m), and the form thereof is adjusted,
thereby remedying drawbacks thereof and enhanc-
ing various characteristics thereof without losing su-
perior characteristics owned by the alloy itself.

A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
crystallite of a metal alloy including a high-purity met-
al alloy whose crystal lattice is a face-centered cubic
lattice, a body-centered cubic lattice, or a close-
packed hexagonal lattice is made fine with the size
in the level of nanometers (109 m to 10-6 m) and
micrometers (10-6 mto 10-3 m), and the form thereof
is adjusted, thereby remedying drawbacks thereof
and enhancing various characteristics thereof with-
outlosing superior characteristics owned by the alloy
itself.

A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
crystallite of a metal alloy including a high-purity met-
al alloy whose crystal lattice is a face-centered cubic
lattice is made fine with the size in the level of na-
nometers (10-° m to 10-6 m) and micrometers (10-6
mto 10-3 m), and the form thereof is adjusted, there-
by remedying drawbacks thereof and enhancing var-
ious characteristics thereof without losing superior
characteristics owned by the alloy itself.

A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice, a body-
centered cubic lattice, or a close-packed hexagonal
lattice is made to contain therein 5 to 30000 ppm of
gadolinium (Gd) solely or gadolinium (Gd) together
with at least one element selected from the group
consisting of elements other than gadolinium (Gd),
the crystallite thereof is made fine with the size in
the level of nanometers (109 m to 106 m) and mi-
crometers (106 m to 10-3 m), and the form thereof
is adjusted, thereby enhancing tensile strength, elas-
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tic limit, heat resistance, corrosion resistance, proc-
essability, and elongation.

A fine crystallite high-function metal alloy member
and a method for producing the same, wherein a
metal alloy including a high-purity metal alloy whose
crystal lattice is a face-centered cubic lattice is made
to contain therein 5 to 30000 ppm of gadolinium (Gd)
solely or gadolinium (Gd) together with at least one
element selected from the group consisting of ele-
ments other than gadolinium (Gd), the crystallite
thereof is made fine with the size in the level of na-
nometers (10-° m to 10-6 m) and micrometers (10-6
m to 10-3 m), and the form thereof is adjusted, there-
by enhancing tensile strength, elastic limit, heat re-
sistance, corrosion resistance, processability, and
elongation without substantial deterioration of
Young’s modulus.

The method for producing the fine crystallite high-
function metal alloy member according to the pre-
ceding claims, wherein the solution treatment is con-
ducted by rapidly cooling the metal alloy after heating
it in the temperature range of 200 to 2800°C, and
the ageing treatment is conducted by heat-treating
the crystalline metal alloy in the temperature range
of 100 to 1600°C.

The method for producing the fine crystallite high-
function metal alloy member according to the pre-
ceding claims, wherein after the solution treatment,
processing treatment and ageing treatment are con-
ducted alternately and repeatedly.

A method for producing a fine crystallite high-func-
tion metal alloy member comprising the steps of:

cast-molding a material of the fine crystallite
metal alloy member and the fine crystallite pre-
cious metal alloy member according to the pre-
ceding claims and

subjecting the said material to the solution treat-
ment.

A method for producing a fine crystallite high-func-
tion metal alloy member comprising the steps of:

cast-molding a material of the fine crystallite
metal alloy member and the fine crystallite metal
alloy member according to the preceding claims,
subjecting the said material to the solution treat-
ment, and

subjecting the material to the ageing treatment
before and after the processing.

A method for producing a fine crystallite high-func-
tion metal alloy member comprising the steps of:
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cast-molding a material of the crystalline metal
alloy member and the fine crystallite high-func-
tion metal alloy member according to the pre-
ceding claims,

subjecting the said material to the solution treat-
ment,

a processing the material to a prescribed form,
and

subjecting the material to the ageing treatment
before and after the processing.

The method for producing the tine crystallite high-
function metal alloy member according to any meth-
od of the preceding claims, wherein temperature of
the solution treatment is in the range of 300 to
2800°C and temperature of the ageing treatment is
in the range of 100 to 1400°C.

The method for producing the fine crystallite high-
function metal alloy member according to any meth-
od of the preceding claims, wherein temperature of
the solution treatment is in the range of 300 to
2700°C and temperature of the ageing treatment is
in the range of 50 to 1000°C.

The method for producing the fine crystallite high-
function metal alloy member according to any meth-
od of the preceding claims, wherein temperature of
the solution treatment is in the range of 250 to
2500°C and temperature of the ageing treatment is
in the range of 100 to 800°C.

Use of the high-function metal alloy according to any
one of the preceding claims, as a product with re-
duced size and weight.

Use of the fine crystallite high-function metal alloy
member according to any one of the preceding
claims, as a musical instrument material.

Use of the fine crystallite high-function metal alloy
member according to any one of the preceding
claims, as an electronic material.

Use of the fine crystallite high-function metal alloy
member according to any one of the preceding
claims, as a jewelry material.

Use of the fine crystallite high-function metal alloy
member according to any one of the preceding
claims, as a structural material.

Use of the tine crystallite high-function metal alloy
member according to any one of the preceding
claims, as an automobile part.

Use of the fine crystallite high-function metal alloy
member according to any one of the preceding
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claims, as an aerial part.
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