SPECI FI CATI ON FI NE CRYSTALLI TE H GH FUNCTI ON METAL ALLOY MEMBER AND METHOD
FOR MANUFACTURI NG SAME 5 TECHNI CAL FI ELD The present invention
relates to a high-perfornmance elastic limt netal alloy nenber and a net hod
for manufacturing the sane, in which the said alloy nenber is suitable for
an electronic nenber, a car and an aerial nenber, a physicochem cal nenber,
a nedical care 10 nenber, a jewelry nenber, a nusical instrunment nenbers, a
t abl eware nmenber, a structural merspECIFlaadioNe | i ke. BACKGROUND ART

In the past, gold (Au), platinum(Pt), silver (Ag), copper (Cu), iron (Fe),
al um num 15 (Al), magnesium (Mg), titanium (Ti), and the |ike have been
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The present invention is characterized in providing fine crystallite
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nodified netal alloys with free of toxicity, not only having inproved
various characteristics but al so being capable of adjusting 20 these
characteristics w thout |osing tﬁ@xﬁﬂa%%kgﬁEEBaracteristics of a netal
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utilize thgentoesal bwaty SBAPACE Ahisd isSuRbntaeniek QY t4PMdvRId Rembérs€bttuctirile
present invention provides a fine crystallite high-function netal alloy
menber andnemnbestepndthefise: nanufacturing the same, in which the said alloy
menber has enhanced functional 30 characteristics whereby enhancing

sustainability and processabilité W th e35ﬁ ﬁgfration and no usel essness,
whi | e keepi ng or enhancing hardn F’ =Strength, Young's nodul us,
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15  (Al), magnesium (Mg), titanium (Ti), and the like have been known as a metal material; and

they have been used in many fields.

The present invention is characterized in providing 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 characteristics but also being capable of adjusting

20 these characteristics without losing the superior characteristics of a metal alloy and a precious
metal alloy.

Especially, the present invention is characterized 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

25  thereof and so forth may be controlled easily while having easy processability and good
workability.

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

30  characteristics whereby enhancing sustainability and processability with easy operation and
no uselessness, while keeping or enhancing hardness, tensile strength, Young’s modulus,

elongation, corrosion resistance, discoloration, high-temperature characteristics, and



wor kabi lity. Exi sting netal materials do not necessarily have
sufficient nechani cal properties, physical properties, chem cal properties,
and so forth when used in various use fields. In addition, there is a

probl em of poor workability. An object of the present inventionis to 5
sol ve and renedy these problematic properties for betternent while keeping
t he above-nenti oned characteristics of the netal materials thereby

obt ai ni ng vaorkemial. i ne crystal lite high-function netal alloy nenber that
has been want ed, In the present |nvent| on, it was E ucg? t hat. a novel
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may be obtai e ecause ng property can be enhance a wireerod
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invention 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
30  be processed 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



In addition, this is characterized by free of toxicity. 10ln the fine
crystallite high-function metal alloy of the present invention, simlar

hi gh function characteristics can be obtained also in thin filnms of a
spatter film a vapor-deposited film and a plated film because the
crystallite is in the size of nanometers (10-9 mto 10-6 m or the size of
mcrometers (10-6 mto 10-3 m). 15SUMVARY OF THE | NVENTI ON The
present i nyeRt bORs WBGn¥REE ddplovheitt af widee nekgs thiy Gmutddetoraiaketa amisical
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PCT/ JP96/ 0Q510, PCT/ JP97/ 02014, PCT/ JP 044 PCT/ JP03/ 01993,.and -6
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In a fi ne &Enéggzglokhﬁﬁomg@,@(fmu@ o0’ py.ecious netal alloy and a fine
crystallite high-function netal alloy, a new phenonenon was found, whereby

establishing the commercial viability thereof. BRI EF DESCRI PTI ON OF THE
DRAW N&S SUMMARY OF THE INVENTION

The present invention was made in view of the needs from the market as mentioned

above; and an object 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 properties while having desired function,

20  performance, and quality, with good workability and free of toxicity.

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 mechanical characteristics,
electrical characteristics, physical characteristics, and chemical characteristics of a metal alloy,
was found and established.

25 In addition, the present invention has objects to provide: a fine crystallite
high-function metal alloy member having also excellent corrosion resistance and discoloration
resistance and a method for manufacturing this; and a fine crystallite metal alloy member
having excellent various properties not only at normal temperature but also at high
temperature and a method for manufacturing this.

30 To solve drawbacks of a precious metal alloy, proposals have been made in
PCT/JP96/00510, PCT/IP97/02014, PCT/JP00/04411, PCT/JP03/01993, and
PCT/JP2007/073133. The present invention develops to a further wider range. In a fine

crystallite high-function precious metal alloy and a fine crystallite high-function metal alloy, a



FIG 1: 5This shows the average crystallite size of the 0.2 mmthickness

pl at e obtai ned by the process wherein gadolinium (G was added and

di ssolved into a nmetal alloy including a high-purity nmetal alloy of gold
(Au), silver (Ag), platinum (Pt), palladium (Pd), alum num (Al), nmagnesi um
(My), copper (Cu), iron (Fe), and titanium (Ti), and then the resulting

m xture was cast-nolded to a thick plate having the widths of 30 mm and 10
m and t hew.phdfd¥intthsn Phafolnd\atheeby ttdblishihg Batetmeade diabitindhéeh

roll-processed to a thick plate having the thickness of 0.2 nm It
was found that the crystallite size could be adjusted by a cast nolding
met hod, a processing net kpdrr ddcRIPESN OF §AEBRAWIRGROM. Because

the crystallite size coul'd be made fine to the order of nanoneters as shown
15in FIG FIG lthe size thereof could be adjusted in the range of 10-9 mto
10-3 and in d|t|o the t

Regar dlfess of fﬂéwmgﬁemgp§s§QFglg %?ce P?ere tﬁggl% %%gg%éﬁtgfeg cubi c
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made fine, Asnﬁlag&%kmt e, %bwrgchgnmnt gm efb tﬁ@:ﬁh&l (@9, asi ushede evaninghen

t he eIenent t herei n was change Thi s shows the increase
rate of elmiswrd wed casionelded iod thick plaseiheying e didths of Hamanegsl0 mapanq ten,

h,
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corrosion i stance pective Iatt ces of the fine
crystalIlumdhmghﬁmwnﬁmton nmetal all oy of the present |nvent|on Thi s
shows that with rjo t|n Youn dul us d electr d

conductivity, h r“ﬂ’ﬁ %‘E’ tl‘ E §]t‘];e t‘tﬁ’u MRS g’yf ofee! mo fngnnéet i and

softenlngpﬂghﬁhgﬂﬁm&pgmp@mmb@u@ﬂaﬁm@g@ds|gnlflcantly and t hat these
characteristics can be adj usted.

Because the crystallite size could be made fine to the order of nanometers as shown

15  in FIG. 1, the size thereof could be adjusted in the range of 10° m to 10™ m, and in addition,
the texture form thereof could be adjusted.

Regardless of whether the crystal lattice thereof was a face-centered cubic lattice, a
body-centered cubic lattice, or a close-packed hexagonal lattice, size of the crystallite could
be made fine, and the texture form thereof could be adjusted.

20 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 conductivity, Young’s modulus, hardness,

tensile strength, resisting force, elongation, and softening point, as well as corrosion
25  resistance, with regard to the respective lattices of the fine crystallite high-function metal
alloy of the present invention.

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

30 It was found that the corrosion resistance could be improved thereby increasing the

prevention effect of metal corrosion.

MODES FOR CARRYING OUT THE INVENTION




30lt was found that the corrosion resistance could be inproved thereby

i ncreasing the prevention effect of metal corrosion. MODES FOR CARRYI NG OQUT
THE | NVENTI ON A fine crystallite high-function netal alloy nenber
according to a first enbodi nent of the present invention conprises a netal
all oy containing 5 to 30000 ppm of gadolinium (Gd) in a gold (Au) alloy
including a high-purity gold (Au) alloy. The fine crystallite high-function

gold (Au) all OyArmﬁQ@ystaaﬁsﬁfgdtﬂmfb@ i afldy ﬁEmﬁer%ﬁ&ﬁﬁhgfﬁﬂﬁ figsh etb&dipessent
i nventi on was obtained as foll ow ng gadol i nium ( was added to a netal
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to a thick plate havi ng the widths of 30 nmand 10 mm and then ?}fl%éns pl ate
§

was sol ut |1¥9ﬁ8%40é91ﬂ1§’oﬂ(3 ient af a0 pisy ang thenpthg U sWEhergo i st igin @ %avi ng

the thi CkQﬁi‘E? 891 k91v1%§ wﬁﬂ{stol?gb mn':;’QIQd 24 f'?ltn gﬁéjﬂlleh rlhi'é a@gﬁas Wagioadeeddt o a
gold (Au) y conpfising 50% 15 by wei ght of gold (Au) and 50% by wei ght
of silver agétand twaardiggngessedao athickuplage hinangibe thmea§a>§@3rmmded to a thick

pl ate aving th d 104 t .
heat - t'Peat ed, ﬁﬁ’wt 19,& (e ?fg%afia é@ et Mtf) fice ]lg aﬁ?\éf Or}l@as\%r}g? é) % ﬁ%wfgl%?tc kness
of 0.3 nMMof gold (Au) dndsiOb4yby \5@@htg)f il veg 6Ak9)| Andi thien, (lﬁdr)lxmmhadﬁfenhstcastancgdﬂdd

al l oy conprising 10% by wei ght of gol d (Au) 90% | hi. of silver
(Ag), and'® H’eﬁh‘g% Wéat“mhﬁ‘(‘(}% ég? HEfE oty é’cF‘gs ﬁ’HP%Ié ngt Ri e Y&t e

havi ng t he, g heatld, agdd, Eﬂﬂtﬁ&proﬂl%rMSe@Wja R Platd lkHv%xgﬁhéiihi%kﬂ@g of 0.3 mm.
solution-treated, aged, and then roll-processed to a thick plate having the

t hi ckness of 0. Buther, 500 g of gagpleniym (Edbiveigadded tosh Bolg {(prolysearriRing KOW at es
e 195 SRRy, UYL AL et renin o end e
nm 15 nmca&Ssidad taadhi2id plamg haviag pl&chﬁeloyi 30 Tine axt iGstnad; land thes,i thie plate was
heat-treated, and then roll-processed to a thick plate having the thickness of 0.3 mm.
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
20  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.
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 obtained by the
Scherrer’s equation were 27 nm, 15 nm, 19 nm, and 23 nm, respectively. The crystallite size
25  thereof could be newly adjusted in the level of nanometers (10”° m to 10 m) and micrometers
(10° m to 10° m).
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
30 increased 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 became possible to balance these characteristics.

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



25 thereof could be newy adjusted in the |evel of nanoneters (10-9 mto
10-6 m and mcroneters (10-6 mto 10-3 m. Wt hout substanti al
deterioration of electrical conductivity and Young' s nodul us, hardness,
tensile strength, and 0.2% resisting force could be increased by 2 to 3
times. It was found that al so elongation could be increased by 2 to 3
times. Softening point could be 30 increased by 2.3 tines. Roll-process
coul d be carri efe@Uta Wnkfho@t fdreatantfaetiA®Nihe afdthli Bll@ddhémiedR, haviagstiRr ocess
coul d be carried out. Furthernore, processability and the various
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mat eri al iadd Sfughdrutiff @ecetsapatadagemoieathetap dominokd njerbaftee cindu praackitaedit er
heating to a prescribed tenperature, and further, if necessary, an ageing
treat ment $8PEYWEuct ed thereafter at a prescri bed t enper at ur e. In the
case of the prog@ﬁﬁe&s@oqu@ Fo*aess@d Iaﬁ?é/y YRS @llbyR matriah witehaf06enisnbhcaned
conposition is cast-nol F necessary, the material is
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prescrizbe r h al sGri bed
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process. processed to Aptegribed &irmpwheleingf oécetshry, @e Inchtalal Gyagadbdbiealr afteithis
solution treatnent may be done in the tenperature range of 500 to 2700C,
and the ad®ifiy" treatnent may be done in the 15tenperature range of 100 to
700C. To ghtadak- Iﬁolhlng fbfftwgbud A yaRitetial theYolu@snesinddnt ynapbeliehaial e
production conditions are e tenperature range of 600 to 1000C for the

sol ution tthe tempsrature ametheSQOeng%)O&f@f andr fsgrecr twtmend mayobe depe fhéeagei ng
t r eat qent gse by the above-nentioned processing method,
t he addi tl%m & rgé%nggf)lrgbooatgadol I'nium (Gd) could be seen em nently.

The sane effectT@ob,thld adliglofupeticobgodd albyy, me@altmeédblﬁﬁrwmtimemn@éms ared t he

A L A e
the gold (Awjo @ldse3c fomqielagblﬂgtraanlﬁblgh purity gold (Au) alloy 25whose cr yst al
lattice is a faﬁlear? eggs%rbedth%uglgoc\:le lmaetnglg)r(fe% r%pee351rslann?etl?o%dltlgé %(ri]duei‘gr]; %(éfect of
gadol i ni um y y p g
20  gadolinium (Gd) could be seen eminently.
The same effect could also be obtained when the solution treatment and the ageing
treatment were conducted.
When evaluation was done as to the sample which was prepared by adding 5 to
30000 ppm of gadolinium (Gd) to the gold (Au) alloy including a high-purity gold (Au) alloy
25  whose crystal lattice is a face-centered cubic lattice, the same addition effect of gadolinium
(Gd) was obtained.
The addition effect appears from 5 ppm, and the characteristics thereof decreases
when the content thereof is 30000 ppm or more.
In the gold (Au) alloy having gadolinium (Gd) contained in the range of 5 to 30000
30 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,
zirconium (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),



(&) was obtai ned. The addition effect appears from5 ppm and the
characteristics thereof decreases when the content thereof is 30000 ppm or
nore. In the gold (Au) alloy having gadolinium (Gd) contained in the range
of 5 to 30000 30 ppmin a netal alloy that is constituted by gold (Au) and
at | east one elenent selected fromthe group consisting of rare earth
netal s other than gadolinium (Gd), alkaline earth netals, zirconium (Zr),
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Further, QQ08-nghi@d @adeiik Bl'atérﬂa(/ﬁg}hemﬁth@@ﬂ@@nﬁﬁ)arﬂi l?d rhi«ﬁeﬁn((t/ﬁ@) tidh by was
conpri sing 50% by wei ght of silver (Ag) and 50%Db ght of pal | adi um

(Pd), and sehtpn-tredted, ﬁ%@@t endethwékl@mce%ﬁ tocpdick med@dmtgd eathtcmfékofp(? A-havi ng
the widths of 3Q gjoqr%gaq(mﬂﬂ%j (ﬁ(ﬁ%vrh’s alilMdSo RIAt & (W@falkb%@;on{gﬁﬁﬂé 8@y, and
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t hen roII-process havi ng the thickness of
Lastly, 509 wpigft ofjsitbet (Ad)wm (S(Bd)bymgmm edlatiwna(PsiD |apg rtheélﬁ@}? makthgythereof
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20 by weight of silver (Ag) and 90% 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.
The foregoing finishing-processed thick plates having the thickness of 0.3 mm were
25  analyzed by the X-ray analysis; and the average crystallite diameters obtained 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 (10 m to 10 m) and micrometers (10‘6 m
to 10~ m).
Without substantial deterioration of electrical conductivity and Young’s modulus,
30  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

increased 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 processability was



MM The foregoing finishing-processed thick plates having the thickness of
0.3 M were 25 analyzed by the X-ray analysis; and the average crystallite
di aneters obtained by the Scherrer's equation were 8 nm 19 nm 23 nm and
25 nm respectively. The crystallite size could be newy adjusted in the

| evel of nanoneters (10-9 mto 10-6 m and mcronmeters (10-6 mto 10-3 nm).
Wt hout substantial deterioration of electrical conductivity and Young's
nodul us, e3tanbal dmassk,chi@asiidties sdulEhHabnca@nd 0. 2% resi sting force could be
increased by 2 to 3 tinmes. It was found that_ also eIQ%%%tion couLg be
i ncreased by 2 The wroppgharactssistiesfionld hsoimhnced st Habi besieapsubie iy boanse; i nes.
Rol | - procegse SoulcthRg.scarried out without heat treatnment; and in addition,
cross process could be carried out. It was further found that
processability Wase clitrmokide ratissbinplragsawires; fhan filoes, anslnosvdpe. bal anced.

The various chagacteristjc oul. d be enhancged sg .t [ ane. nessi.ble to
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Wi res, thiaforbinleiBoned dBarpsmiacsswill be eelxined.a met hod for manufacturing the
nmetal all oy nmenber having the afore-nentigned characteristics mﬁlh QE

expl ai ned. Firghyy dp | e Fa5et Ale theys@stgpolfiei Alige: Meppley BFFH), “he ™ | oy
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necessary, the material 1s solution-treated in which rapid _cooling is
conduct ed salutien-treasert inrvhighorapid spelingris pandugtedpfear eaiing to a peseihgd femperere. | f
necessary, an ein reatment is C e t p ihad
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mat eri al werhperdtlve. af or e- menti oned conposition is cast-nolded, then, if
necessary, the paterial .is solution-treated in which rapi.d cooling i

conduct ed af t er HB&E#AGT thy RLogsssed &9 %é‘ﬁ(’)ﬁ &?&é‘?&{‘tﬂe&al ‘gﬁg He ?{e't%eélgﬂ%et%er i al
s 15 proeRpssthbd 9 carRoRRAl ihBedf AREShry A8 nRitetial {s sOREES &M intWidcHRbRYN | al

is aged before or after this process. In the silver (Ag) alloy, the

sol ution tepelignisneondegiechafterdrating, ta Repressriprs bopeRtYaYE Ben 415‘3)0“196“21260 C,
dt i b I e f jst
an HES S‘g)g(}cggsleé EOS?E%@%B%@%QQ’%% h&eESQFyf El% TRELAT W Bed BAOR RfafidOfist O

600C. Itrons are e tenperature range of 500 to
1550C f or prdvess. 20 sol ution treatment, and the tenperature range of 150 to

500C for the agei tre t. Processing efficien duri i of

orocesei ng 1 s APUREPAL CorP hgperarubrbbL E s e b ARl MR

that of thg 460 kS2208PDOGIdRNLgeing 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

20  solution 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 preferable range
thereof is the same as that of the first embodiment.

It was found that by adding gadolinium (Gd), tensile strength, hardness, resisting
force, elongation, and heat resistance could be enhanced, and that sulfurization and oxidation

25  could be delayed, without substantial deterioration of electrical conductivity and Young’s
modulus, even the latter being slightly enhanced.

In any case by the above-mentioned processing method, the addition effect of
gadolinium (Gd) could be seen eminently.
The same effect could also be obtained when the solution treatment and the ageing

30  treatment were conducted.

When evaluation was done as to the sample which was prepared by adding 5 to
30000 ppm of gadolinium (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



It was found that by adding gadolinium (Gd), tensile strength, hardness,
resisting force, elongation, and heat resistance could be enhanced, and
that sul furization and oxidation 25 could be delayed, w thout substanti al
deterioration of electrical conductivity and Young's nodul us, even the

| atter being slightly enhanced. In any case by the above-nentioned
processi ng nethod, the addition effect of gadolinium (Gd) could be seen
em nent | y.gadolinium (Gd) wat BBtam@de ef fect could al so be obtained when the
solution treatnent and the ageing 30 treatnment were_conduct.

d. Wh
eval uation was 86ﬁ%‘ﬁ§“#5mtﬁ§;g%ﬁﬁﬁe”mﬁ?éﬂ“ﬁﬁ%OﬁﬂgbgFﬁﬁnﬁymgﬁHﬁﬁﬁ glyy, o

30000 ppmMBipGaaists] Mk Wihd SotidnCerfeborSlaliyiffiuh AGY) whd MaihddC! WdePBddition of

hi gh-purity silver (Ag) alloy whose crystal lattice is a face-centered

cubi ¢ | at tgaddiniunh éGe)antmarantidisti¢sowithe feizardtto drdnegadiensilaisuengticdioupg’s mogkifned.
When eval uation was done as.fto t.h f 1t oi i r..:Ag)

a1 oy omiBe et shint ) Beie b el Mo SAB S 0l sy \Cort B0 P T Bl ¥Eadit

obt ai ned. pAfdesed,adad tweakatdfitygadedolf ntawid (Wed improhat ac Deteristatiols i telectrieglar d t o
har dness, tensile strength, Young's nodul us, 5and heat resistance were
enhanced; SaRHCHYIEHBE ¥ﬂ%m§ﬁ&ing property. This could be easily

processed, and pohkahlet (A lIBFhAGMg gé&@iiﬂurﬂgGHWn&’&d-iD&IeQéﬂgfél’o&itSit@BO@IfO
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t her eof was a @l alldy] @adidie $.95% by weight of platinum (Pt) so that the resultant metal alloy
has gadolinium (Gd) content of 500 ppm, and then, the mixture thereof was cast-molded to a
20  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.

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,

25  this plate was solution-treated, aged, and then roll-processed to a thick plate having the
thickness of 0.3 mm.

Further, 500 g of gadolinium (Gd) was added to a platinum (Pt) alloy comprising
50% by weight of platinum (Pt) and 50% by weight of copper (Cu), and then, the mixture
thereof was cast-molded to a thick plate having the widths of 30 mm and 10 mm; and then,

30 this plate was heat-treated, and then roll-processed to a thick plate having the thickness of 0.3
mm.

Lastly, 500 g of gadolinium (Gd) was added to a platinum (Pt) alloy comprising 10%

by weight of platinum (Pt) and 90% by weight of copper (Cu), and then, the mixture thereof



20 thick plate having the widths of 30 nmand 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 Next, 500 g of gadolinium (Gd) was added to
a platinum (Pt) alloy conprising 90% by wei ght of platinum (Pt) and 10% by
wei ght of palladium (Pd), and then, the m xture thereof was cast-nolded to
a thick plate having the wiwdths of 30 nmand 10 mm and then, 25 this

pl at e was weekast-npided neatinck plagaavingthd vtitanof 31 lmpmdd@swerhnddhen, thid pktepl at e
havi ng the thickness of 0.3 Furt her .. 50 of dol i ni ) was
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and 50% by, wei ght of copper (Cu), and then, the m xture thereof was
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then, 30this plBhefopesingdumshingeaecsered siiek plpenh#ong the fackwesed Ghma VArck
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roll-procggsed to a thick plate having the thickness of 0.3 mm The
foregoing finishing-processed thick plates having the thi Qmess of, 0.3 mMm
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22 nm ‘respectl e crystallite srze could be adjusted in the |evel of
nanonet er svas fund thattalso tngativp cawld briicranet kb Zto(3LGmes. | [Spftering print aeyld by t hout
substantial deterioration.of e trical nduct.i vity . ! | us,
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by 2 to 3 i id@8on, kios¥pRcdsoundd bhairriad sex. eltongatition fomdlthht lpeocessebibased by 2
to 3 tinmes. Softening point could be incre(ﬂsed by 2 or nore tines.
Rol | - pr oceghansesly] dhpe dapstragicheruldirs 1t heat treatment; and in addition,

cross jprocess copl ¢hREs CRIrAERHQUWould e MRS AR itftRLEME Sdidble to balance
processability was enhanced. These characteristics could be bal anced. 15The

vari ous chbesachaadtsisiicss coul d be enhanced so that it becanme possible to
o o R eoF ¢ ARLR G ahlER el DERR LGS BN b End FRbdeed 10 plates.
Next, a method for manufacturing the metal alloy member having the
afore-mentioned characteristics will be explained.

20 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 prescribed
temperature.

25 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.

30 This comprises a precious metal alloy containing 5 to 30000 ppm of gadolinium (Gd)
in a platinum (Pt) alloy including a high-purity platinum (Pt) alloy.

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

10



Next, a method for manufacturing the netal alloy nenber having the

af ore-nentioned characteristics will be explained. 20Firstly, in the case
of the cast-nolded alloy, the alloy naterial with the afore-nentioned
conposition is cast-nolded, then, if necessary, the material is
solution-treated in which rapid cooling is conducted after heating to a
prescribed tenperature, and further, if necessary, an ageing treatnent is
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sane effect could al so be obtai ned when the solution treatnent and the
agei ng t r Satoksm (BPDevas SR@IEted. Wien eval uation was done as to the sanple
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platinum (Pt) alloy including a high-purity platinum (Pt) alloy whose
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obtai ned. strength, elongation, resisting force, and heat resistance were enhanced; and it showed the

spring property. This could be easily processed, and workability thereof could be improved.

Deterioration of Young’s modulus and electrical conductivity was hardly observed.

20 In the platinum alloy having gadolinium (Gd) contained in the range of 50 to15000
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), palladium (Pd), nickel (Ni),
tungsten (W,) iridium (Ir), rhodium (Rh), ruthenium (Ru), osmium (Os), and gallium (Ga),

25  eminent enhancement of the characteristics and balance characteristics could be seen.

A fine crystallite high-function metal alloy member according to a fourth
embodiment of the present invention comprises a metal alloy containing 5 to 30000 ppm of
gadolinium (Gd) in a palladium( Pd) alloy including a high-purity palladium (Pd) alloy.

The fine crystallite high-function palladium (Pd) alloy member according to the

30 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

11



After addition of gadolinium (Gd), characteristics with regard to hardness,
tensile strength, elongation, resisting force, and heat resistance were
enhanced; and it showed the spring property. This could be easily
processed, and workability thereof could be inproved. Deterioration of
Young's nodul us and el ectrical conductivity was hardly observed. 20 In the
pl ati num al | oy havi ng gadolinium (Gd) contained in the range of 50 to 15000
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be carried out gﬁr{ﬁﬁod{‘ ﬁ‘@afasf’r ah e s ’ﬂg}ﬂe¥ﬁ%féa |ta|ﬁ%¥1,m%tf'rcl)sswpt§o§1§ss
coul d be GafrénRdidiel. chinp¥don§ Ukt Rgt-nfoddsad thbat ipr acessspi thiet ynaaml s
enhanced. These characteristics could be bal anced. The .vari ous

char act er isglufienstreaserl i vechenpidsedineddoardygied Al BEe (HpBETH! gd s dfce
these T2I6h ar,q& ;iﬁghe?,t L€ ﬁeceg-s}a{;'_}é ﬁa@i%ée@;’r‘gt %regtﬁfégtd iD ok RiBlel ZBEkchifer PAtas §RescMbddes,

thin | s, powders. , a nmethod for manufacturing the netal alloy
menber havemyggrdtive.

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

25  processed to a prescribed form, wherein if necessary, the material is aged before or after this
process.

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.

In the palladium (Pd) alloy, the solution treatment may be done in the temperature

30  range of 500 to 2700°C, and the ageing treatment may be done in the temperature range of
150 to 1300°C. Especially preferable 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.

Processing efficiency during the time of processing is arbitrary, while the preferable range
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afore-nentioned characteristics will be explained. Firstly, in the
case of the cast-nolded alloy, the alloy material with the afore-nentioned
conposition is cast-nolded, then, if necessary, the material is
solution-treated in which rapid cooling is conducted after heating to a
prescri bed tenperature, 20and further, if necessary, an ageing treatnent is
conducted thereafter at a prescribed tenperature. In the case of the

proceS_Sted thaRdoRkis 1A %a%é,alstctiﬂ’hgoﬁthﬁﬁ%t&ﬁ?(ﬁmha{t. with the afore-nentioned
conposition is cast-nolded, then, if necessary, the terial..is
sol ution-treat el PR FRFFCH tgpikpvedsntiongd %’%%%’Eﬁj@feé}%i’ggfﬂfee?ﬁh‘é% gty a
prescrlbe%m%gﬁﬂggﬁ%gggﬂdgg chBBhehfle material is 25processed to a

orm

prescribe rein if necessary, the material is aged before or after
this process. The saniFhefeptetoald ai$d byobtaintsewherotiipsplgden weaypentiapd sheraeede al | oy
contai ping 5 to 30000 of gadolinium (Gd) in a palladium (Pd) alloy

|ncIudgng%ﬁmgngﬁﬂ?ﬁW¥¥§%§ alloy. In the palladium (Pd) alloy, the solution
treat ment may bwhé@Rrealudliohheast@impes ab ulieesadiple avhiph veds [HOBredob QDG Sand t he

ageing treatnent may be done in the tenperature.range of. 150 .10 1300C.
Especi al | yOnret 8&@016‘61‘\‘&(9%’%‘@}‘%?@3‘5‘%@ @a}ﬁgk’r}’ at ‘t“gngr %h‘&é‘%f‘bﬁéa{)‘%ﬂmwooc
for the S%aatma? Moeélelgamt lattROGs hNSecl @ARAKIAMIattidd) 3R Qimeldlition HRAGT o
the ageing treatnment. Processing efficiency during the tinme of processing

i s ar bi t r @rgolinwimi (@) e opiribdr abl e range thereof is the same as that of
e Lt ST i KDY Biyhl SROYESE BN (AR o
having the respective foregoing compositions, the same addition effect of gadolinium (Gd)
was obtained.
After addition of gadolinium (Gd), characteristics with regard to hardness, tensile
strength, resisting force, heat resistance, and so forth were enhanced; and it showed the spring
15  property. This could be easily processed, and workability thereof could be improved.
Deterioration of Young’s modulus and electrical conductivity was hardly observed.
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.
20 A fine crystallite high-function metal alloy member according to a fifth embodiment
of the present invention comprises a metal alloy containing 5 to 30000 ppm of gadolinium
(Gd) in an aluminum (Al) alloy including a high-purity aluminum (Al) alloy.
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
25  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.
Next, 500 g of gadolinium (Gd) was added to an aluminum (Al) alloy comprising
30  90% by weight of aluminum (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.
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The sanme effect could al so be obtained when the solution treatnent and the
ageing 5 treatnent were conduct ed. When eval uation was done as to the
sanpl e which was prepared by adding 5 to 30000 ppm of gadolinium (Gd) to
the palladium (Pd) alloy including a high-purity palladium (Pd) alloy whose
crystal lattice is a face-centered cubic lattice, the sane addition effect
of gadolinium (Gd) was obtai ned. 10Wen eval uati on was done as to the

sanpl e of the bignfdedopaldrasdosmiunPd)d)ala aiddaay iaf gluitiguni eslpantdy aendridsinggoi ng
conp05|t|ons the sane addition effect of gadolinium (& bt ai ned.

After addis0Voby sfigihabrinpmimmm (4 )and SA%r by tsiehs of megisym zl\éé)ara s Bedness,
tensile Stxﬁ&g&l ere ﬁés%%ét%lﬁéﬁrtgg thiPeAhtehE9ihe Elﬁ-%@ths @f‘ﬁ) £ fn@r1H e

enhanced It s the spring 15property. This could be eaS|Iy

pr ocessed,theanthisydatk avai hedtyreatad raad thep aoll-grasessedrioraothisH platehavingohe thidnest
Young' % ?UIus and el ectrical conductivity was hardly observed. In
t he paPl adi ﬁf?@ﬁ) al l oy having gadolinium (Gd) contained therein in the
range of 5 to 3000 fWONE ofegadokiitmeGhpRaca®iel t©hn ta]lammﬂna(mam stmprisingnd
bal ance characteristics could also be seen. 20A fine cr | I e

P gh- 1 unctoBnbatelaht a1 AP REEAD 6 S0V et 8t FIoRdanDYal ABHESB ene

present i Q?ﬁ?ﬁ;é) tﬂ@remrc'a§(?§01@ed%ta@ﬂncl@%)lla@ﬁlaﬁgg BRI Wi 0 P30 Am3HAA0 nxaMamaf
gadolinium (Gd) 1n an alum num (Al) including a high-purity al um num

(Al) all oyhen this platFives splnoreirgatadabgeidt endrihghrollemedesssa tap thsknelpte hariye Hiel oy
menber. acgor rd ? qsthe fifth enbodi ment of the present invention was

obtal&gd a ?hf owng: ‘gadolinium (Gd) was added 25 to a netal alloy

cont ai ni ng 99. 956 fbyeg\bﬁ'lggfhﬁshﬁfg baesded ulnck plajes davibd ek thibleessesfil.3 am weet al

al I oy has gadol.inium coptent of 500 m _angd. t t he, m xture thereof
was cast - r?Bi?lM@é} Py the faé’ k*BhaPe SAAINGVE a‘f’ﬂlée gfa“%“ b{gw&y&@' and
then, thiscplakg cY@Rion Qe & AR; 15 Bt @ﬂnmaﬂﬁdw xﬂxﬁ\deiphﬁﬁlel’ym Th@ft@ﬁ@lﬁﬁ‘e&ﬁke’t 0 a
thlck plate having the t hi ckness of 0.3 Next , 500 of gadoll pi um (Gd)

was added coeld g adjxdminmhe(wﬁ} 0§P¢f®9le€?6?1ﬂpl g1 iy | O™ @od HnyWé‘Ff@ﬁt %f Mf%umi num
(A) %g%) y wei ght of magnesium (My), and then, the m xture thereof was
cast - nDIde "a thick plate having the widths of 30 nmand 10 mm and

then, this pl at EhavbosegooigUtniimetproased thialgekdtes aadng therthipbiess prbtewswdret o a

thlck plate haV| t hi ckne

gadol | hi urihER BRdPdukl (0N Arudhaneys soariisy R oAttt

wei ght  of qhdire: Bequdtidh w8l n@0Y8 by, ¥ h@hdndorf9 mgegﬁttwmy( Mihe c@stdlhtdme t he
m xture thereof was cast-nolded to a thick plategh V|n .t he mnd of 30 nm
and 10 nnwo@ﬁdmﬁﬁéﬁmdﬂ%ﬂ§]ﬁW&PénﬁH§wH§h@0tﬁ%§?é% @H“T@FI EerE%sed
to a Ljji choplgte having the thickness

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
increased by 2.4 times. Roll-process could be carried out without heat treatment; and in

25  addition, cross process could be carried out. It was further found that processability was
enhanced. These characteristics could be balanced.

The various characteristics could be enhanced so that it became possible to balance
these characteristics.

The aluminum (Al) alloy member comprises the aluminum (Al) alloy containing 5 to

30 30000 ppm of gadolinium (Gd).

In the aluminum (Al) alloy, the solution treatment 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
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5 o0of 0.3 mm Lastly, 500 g of gadolinium (Gd) was added to an

al um num (Al) alloy conprising 10% by wei ght of alum num (A) and 90% by
wei ght of magnesium (My), and then, the m xture thereof was cast-nolded to
a thick plate having the widths of 30 mmand 10 nm and then, this plate
was solution-treated, aged, and then roll-processed to a thick plate having
the 10 thickness of 0.3 mm The foregoing finishing-processed thick

pl at es havid@nide thhintdiness tef tethpdraiifie VMREE ofb@ kty 2€at Cofpr tﬂeeagxmlga;eaammk ysi's;
and the average c %stal l'ite dianeters obtained b

uati on
were 6 nmProcgssig efbiiensy dusing theytimg,of pEhsig 1§ &) ar’f’h‘@hlfer (g tpgﬁ{eraﬁlg rgn

could be %ébff&setﬁega% a@%aksmlsﬁeﬁeﬁmmers (10-9 mto 10-6 m and
mcronmeters (10-6 111 3 m. The forg&m ng_ finishi ng processed

t hi ck pI at es haltiwag ft‘udmé thdﬁlbaladélss gedolipium (ke ecabar §avay igh fpetion and

anal ysi and ave I |} ned by the Scherrer S
equat | 8” \Rgﬁ’taén%ﬂ(%ﬁlcaaa??egoef ]f%%éa%ﬂy ggogesg%ég&hféez%%%%ﬁ vely. The crystallite
size coul d be apj wst eskei by tikeaborvehendbnedapocmsieg Sndti@ ShenadditidrneBeet) ofand

m croneters (10 6 mto 2010-3 m Wt hout substantial deterioration
of el ectrigd! ‘%&@PPVFP?S%?H&W% s nodul us, hardness, tensile strength,

and 0. 2% resi st R0 kR GRcCOMHalfLbe G@tﬁlﬂ@&@/ﬂerbme%oﬁlﬁoﬁtrbatm anli tthergigound
that also elongation could be increased by 2 to 3 tinmes. Softening point

coul d be |tm@m®ats‘eereb9ﬂdzct¢dtl mes. Rol | -process could be carried out w thout
heat tpeat ment; V\@xn{li NufRn BRdd o0, toctflé)§ %%SWESO eParb® b AbES RUL. |t

was fL}Pt her fou processabi ik ty anced ese characteristics
coul d be Bab@ngedof gadohmufﬁf{é}d)/arthc)aﬂsrrmhm (’fdl dtqysmlc@ng:@higb -MEteHwameEd so

that it bec pOSSI bl e to bal ance. t hese cha act er The
al um num ((éiijl allgy \vipserenypfal 1afshple PSR- FoRE™ él‘iﬁ’ ¢ atﬁf’ ifl 3 addmonn?fgeftn?fng 5
to 30 300%%@9@@(@@@@@%@1&51 (&) . In the aI um num (Al') alloy, the
solution treatnent may be done in the tenperat re élﬁ_lfgig f 300 éA(? %lOOC
and the agei ng Whesatenglrtionayaspéongoneoithe ?%’ép?é’ﬁﬁ@r URigRm AL #19Y,
450C. Esp | f 1R Lhe ddenbeatdg fhandaune{Ge00 to
1600C %%blﬂg e {%U‘fei gér;]ea?)%%a?%ent, gggns?'ri]e terrperaturee rang‘(gtreal of 50f(to)0400C

for the agmsmgtatneéat ment. Processing efficiency during the tinme of

processing is aétq{r%%%/gga}l%ﬂigkefurtlc@l%n ?Jl g{%fb&gmﬁﬁgg&)rcﬁlp ep{)xﬂl%gx%t}@im%ﬁtms as

that of the fir undt I ng
gadol i ni urpf(kepresdnb rvBRMAEIontpaIvdsNEgmbial hlldyucvaitairdng andl 35@1@3@;&1&1 nf adolinipm

capabl e Of(Gtcjl)ellnna me[gerzxgscllllnln%\/lgg z%%o%%rsxgl(ljdmg g i:lllgg pegtyorr?gg%lesrllfm (Mg) alloy.

20 The fine crystallite high-function magnesium (Mg) alloy member according to the
sixth embodiment of the present invention was obtained as following: gadolinium (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 having the widths of 30 mm 10 mm; and then, this plate was

25  solution-treated, aged, and then roll-processed to a thick plate having the thickness of 0.3 mm.

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 obtained by the
Scherrer’s equation was 12 nm. The crystallite size could be adjusted in the level of
nanometers (10 m to 10® m) and micrometers (10'6 m to 10 m).

30 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

increased by 2 or more times. Roll-process could be carried out without heat treatment; and
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I n any case by the above-nentioned processing nethod, the addition effect
of gadolinium (Gd) could be seen em nently. The sanme effect could

al so be obtai ned when the solution treatnent and the ageing treatnent were
conducted. 10When eval uati on was done as to the sanple which was prepared
by adding 5 to 30000 ppm of gadolinium (Gd) to the alum num (Al) alloy
including a high-purity alum num (Al) alloy whose crystal lattice is a

f ace- cent g gahiGdD tRsd RbtdsE Could Be caABRo@ddittwae Turtef €ind dfat gadedsabilitywas Gd)
was obt ai ned. When eval uation was done as to the sanple of the

bl ended alenbdnaetn (Thps chppagristigseasidbehylantd r especti ve foregoing
conposi tions, the, tsﬁ{ég%é%gd&én%secfoﬁﬁﬁe éﬂlflell&@dj% {4 Wedatd) posable @0 bakhmed.

A fine crystallite unction netal alloy nenber according to a sixth
enbodi nentthesé chametgpisésent i nventi on conprises a netal alloy containing 5 to

30000 ppmof g | Lnium d.n.a magnesium ( I0C e

hi gh- pgri ty magﬂ‘gesJﬁﬁ?ﬁ?’i@@aﬁ‘%&%“““igm%“é’% rlnnag% é rcsi/lllsnk) Ig%/e iﬂtq)'einﬁéjd il %g?m‘%%ﬂ on
magnesi umbaidhedl tayaifiBgisen 00O pPnng gadolidiemSiGd) bor eirbmdimeeinm M)t dby
present invention was obtained as follow ng: gadolinium (Gd) was added to a

net al al | sgnteHeEdisieR§- 99. 95% by wei ght of magnesi um (My) so that the

resul tant netal yahbh@YsuBastBpdekitthten bEHkcEeNt@Rducalinp @ Methg antddtlagn, the
m xture thereof was cast-nolded to a thick plate having the wdths of 30 mm

10 nm andatdness, tepsilesstphgih.candeds2%8 Fesdriting iforae eowddibe dncreggatby Arel SttHags It

For egdPng T n et 2P sEbebiol Gyl iR LI CLARRS. Bpnhink B coug b | T®
was anal yzededssd 612 oxXmbmptinenal Rsll-processdotli de ameicdge withpst ldal ireagmelitaandt er
obtained by the Scherrer's e tion was 12 nm_ The .cr |lite si.ze could
be adj ust &4 aﬁidd“‘f"r’nér(’ls%i}r@!:eséfoﬁ‘gﬁ‘éﬁ@f‘g §u(1 -‘@Srﬂ‘flber f?}mé%%% péor?ﬁssﬁlg:l!%'o“r’raest ers
(10-6 m t ulicdi. MrheR QNSNS SRS B Bdlakeddet eri oration of electrical

conductivity and Young's nodul us, hardness, tensile strength, and 0.2%
resi sting forceTheseapfedrconlidheseadiged inyplates; wirs, thinrilins, pid Ry&ersound t hat al so

el onggii on coul g.he | nﬁlreﬁlgéegorbﬁﬁ%uﬁgtuﬁn | RS mepf LBG NBeRBLNhatRll thebe
Rol'l-p d

i ncreased by 2 or hore tines. rocess could be carried out wthout
heat t r eatafteeiendoredd charaacttiits will, beexplsmepr ocess coul d be carried out. It

vas, oL oupg. g BLessoaPL e angeche THETySHRNCSIA )
that it begaEmeRAsRUbIcBmp6sifal a8CRadthesdds hteACtier hakssasy, the material is
solution-treated in which rapid cooling is conducted after heating to a prescribed temperature,
20 and further, if necessary, an ageing treatment is conducted thereafter at a prescribed
temperature.

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

25  processed to a prescribed form, wherein if necessary, the material is aged before or after this
process.

In the magnesium (Mg) alloy, the solution treatment may be done in the temperature
range of 250 to 1050°C, and the ageing treatment may be done in the temperature range of
110 to 500°C. Especially preferable conditions are the temperature range of 500 to 1000°C

30 for the solution treatment, and the temperature range of 50 to 450°C for the ageing treatment.
Processing efficiency during the time of processing is arbitrary, while the preferable range
thereof is the same as that of the first embodiment.

It was found that by adding gadolinium (Gd), the member having high function and
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5The fine crystallite high-function nmagnesium all oy conprises the magnesi um
(My) bare netal containing 5 to 30000 ppm of gadolinium (Gd) or the
magnesi um (My) all oy containing the sane. Wt hout substanti al
deterioration of electrical conductivity and Young' s nodul us, hardness,
tensile strength, and 0.2% resisting force could be increased by 2 to 3
tinmes. It 10 was found that also el ongation could be increased by 2 to 3

times. SofdupmBilng cRRbRlof66HE balli®y procdsQASQMIdNE chiiiednor e times. Rol | -process
could be carried out without heat treatnment; and in addition, crqss pfrocess

coul d be carri el it caetbudle phpverrantipRsdnproEssang JRLkads dappfidition wafect o
enhanced. .g‘g@(g?ﬁm&: )%81518'5[3§% Icéﬁmgegp%rg be bal anced. These effects could be

realized i'n plates, 'wres, and powders. 15Next, a nethod for
manuf act uri ng t ke saeteadffeal ¢amyd stenbeobthiaed whert the safubere treasmentemd dhe ageing
characteristics wll be explained. Firstly, in the case of the

cast - nd d&FAHpLyere Wéd?lﬁﬁe?)i"oy material wth the afore-nentioned conposition
i s cast-nol ded, WHagRvaludtioRee8SEmeYas tb Nike BakR¢ walichi BasSprepréd by tatid¢iag edtoi n

which rapid cooling is conducted after heating to rescr.i bed, t erature,
20and fur A& PR plegadoliaivn (GR) &gélrengﬁagﬁ*eéwm@w) iagogdﬁg‘ﬂf&’?%& ]E“ﬁg'lp Pt er at
a prescri Q%?&eﬁﬂgﬁfd\%t é{{ﬁ?whose crystah'?at{igbq,s GH&-QhtetdA&uPl MAESS 8 iRt addiddd oY,

the alloy W the afore-nentioned conposition is cast-nol ded,
then, if réeevfagrdpliniuhgGdnwes pbipingds sol uti on-treated in which rapid cooling

is conducted after heating ta [escki er ' .
mat er iqgl i's 25p$&§181é § ‘s’%‘éat]tog e pr0 3£s) &t ﬁ)bté‘a lg%gﬁﬂ%]%%e@é@ﬁg ﬁagﬁ%g%l? ?ggi/g&?oty he

mat eri al ihaviageitk Refeotie Hicgafngatoniphsitodr deeasie addition effect ol @adiges (Gdy (M)
al l oy, the sol| utign treatment nay be done in the tenperature range of 250
to 1050C, “H3°PHédagei ng treatment may be done in the tenperature range of

110 to 500C. Espeagi MditonPselabaihg @) dinhia@RastRE SvithhRgdr@ h dbalhksetengirge Of
500 to 1000C 30 for the solution treatnment, and the tegfgerature range of

50 to 450@uensth trustimgdpreg, elpraatiomrand Mppioteaisendsg e fenbansers yand UPis 1gUIdHE ti e
o 1 S5°5 345 e AL Lty Bpl S e asaL el o e e
(&), the melvheandelvitrical borglactivatyotas dardnebserved.

A fine crystallite high-function metal alloy member 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.

20 The fine crystallite high-function copper (Cu) alloy 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,

25  aged, and then roll-processed to a thick plate having the thickness of 0.3 mm.

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.

30 Further, 500 g of gadolinium (Gd) was added to a copper (Cu) alloy comprising 65%
by weight of copper (Cu) and 35 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

heat-treated, and then roll-processed to a thick plate having the thickness of 0.3 mm.
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durability, capable of being readily processed, could be obtained. In
any case by the above-nentioned processing nethod, the addition effect of

gadol i nium (Gd) could be seen em nently. The sane effect could
al so be obtained when the solution treatnent and the ageing 5 treatnent
wer e conduct ed. When eval uation was done as to the sanple which was

prepared by adding 5 to 30000 ppm of gadolinium(Cd) to the magnesi um (M)

al | oy includi ngraafisab gmfrgh&cyhnmmlwwaﬁa@)mal doppfer\m@ﬁeelogmympadmg #%ice is
a face-centered cubic [attice, the sa addition effec Fém retﬁ 0I}lum ()
t

was obt ai hEeighovirenpeanaRdio8Y Wl%ﬁémé@ toep)rand the ¥ided
magnesi um %:11}@01&' 1.9 tl'gaﬁylgtg hmﬁas%%%% bi'§o full ﬁﬂqpr}ﬁlmcamnﬁai tioPste wdle sane

addition e ct of nium was obt ai ned After addition of
gadol i ni uml@ﬁid)—trea&édaa@dt anditleni roB-pwicesved ogethidk platertarine thesthickrossef| 03 BT engt h,

resisting forc at i hi s
coul d Be 15 E‘?q{? 8 é”i"‘é%ﬁlg pa%cdss\ﬁprﬂ}%qp?l?tegﬂav‘? ég}laglgssl g%d)em?prr\g?%ved
Det eri or atahél?ze@f byY(ﬂw”lgf By "BEDkYS ard Ghee hegidel Q&ktam(mdmntetew bhtainad byathd| y
observed. A fine crystallite h| gh-functi on netal Jﬁhe,y rq)

accor di ng Sckeresr’s euaen Werfoldiehtmot! ‘i.“ﬁeanﬂréé’é‘htresipﬁ‘i}‘é{ﬁ]tyl 0 c?fg"%? ggieey
metal all Qy, ﬁ%gtaﬂjuﬁﬂeﬁ'%x ﬁletl&eggpgagloﬂl@f&so(fm@%g% Lo M%ﬁ(ﬁﬂﬁcrbxﬂet@rs((ﬁpbﬁlrto( Cu)
al I oy incl u Ing a purity copper (Cu) alloy. 20 The fine crystallite

hi gh- functloém)copper (Cu) alloy nmenber according to the seventh enbodi nent

of th pr esent w]té?{& vga%nt%a?dgtgglg I nec’@é?)o %tch.ell c\% tiy qu 'Y'dh&’g('g Qr@q)llug"as

added o a neta al ni ng y wel ght o copper (Cu) so that
t he resul tharhesdpieadilealtreyth, e 002E absisting rfmr(:@déuld:bnhmascﬁ bBR0Go gpmesantt t hen,

the m xture thereof was cast - nol dtoathl l.at e thewl hs of

30 mm and £ o that glse ﬁl@ﬁgattoﬁucgulg 5 ingreRasd bs?’o%c E’tf B‘Hesfrgﬁ%{%’ﬁgg %908 ®%hd

then roll nﬁlrr&@&ﬁﬁf@ 3t Bmék. L momi)r&ie&t @oull'tﬁ% Rekritd Sut Mtﬁdﬁﬂ&ﬁc&t ©datens; A7 in .

Next, 500 g of gadoli nium ( dgvvasa edtoacopperw’& al | oy co rising
\2!

90% by welagﬂitlomfcr@@pp@qess( Qyjd bneartiedply Hewefurger Hp ﬂ(ﬁZﬁ;OCGSé?m &N, the
m xtur g t hgﬁa ec% h ese%ﬁlira%x{lgggcduﬁ)d@eﬁargng& pl ate haVI ng t he WI dt hS Of 30 mm
en

and 1& nmm-an ate was solution-treated, aged, and then

roll - pr ocessed The @ariols Clkarap:lte&isecsf‘@uldrl@p erhencetise ke gdeofmop@sitin e dalamr t her |

500 ¢ qadol i nium (Gd) was added to a copper (Cu) alloy conprising 65% by
wei ght of plﬁracfe@ﬁ§csand 35 by weight of zinc (Zn), and then, the mxture

thereof was casthd¥pkass dotldbelrbdlzkd Pl prites, Wared, iign fies, uﬁcd;bdwefsf 30 nm and 10
nm and then, this plate was heat-treated, and then roll - ssed 5)‘? a

thick plate havNeg memp}lppék{f@sgn@pfaemgngnﬁhe metal alloy jme er b

gadol iogi u Qgr) {A@& g erﬁsgcsawﬁp&p,%la&gy) aI | oy conprising 10% by wei ght
of copper 8 y wei ght of silver Egg and then, the mxture

t her eof was casF}rmyl dedtlmo caset bf oke prasteoldedi allgyt Wee \allgy heatspalz¢vithmibend 10
mm and t .S ate was soJ ut|

rol | -pr oc@g%rgd’te?‘ Ongdy PEROPIGL °h &S ngOtl “ﬁlat ﬁ’%l ckgggeécegs?g(f g‘%zrﬁatenal 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 prescribed

25  temperature.

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

30  process.

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
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5 The foregoing finishing-processed thick plates having the thickness of
0.3 mm were anal yzed by the X-ray analysis; and the average crystallite

di aneters obtained by the Scherrer's equation were 17 nm 7 nm 21 nm and
13 nm respectively. The crystallite size could be adjusted in the |evel of
nanoneters (10-9 mto 10-6 m and mcroneters (10-6 111 to 10-3 m.
10Wthout substantial deterioration of electrical conductivity and Young's

modul us,  RaRAREsS mRRl LR t&hﬁ&mﬁehang%mﬂ)t%%oaesfostueragelﬁg)fre@nemul d be
i ncreased by 2 to 3 tines. It was found that also elongation could be

i ncreased by 2 kovas funduhat bséﬁdléglgﬁbﬂlp@ﬂh@dédh? geper hvpg Jugiyfugghion 2ady j nes.
Rol | - pr Oc%ﬁ%bﬁfg)gu%)&?% 0?6‘&5 c&%’éﬁroé’é‘s{eﬁo&hldﬂ%%ﬁota‘ir{eﬁat ment; and in addition,

Cr 0SS process e car t was further found that
processability ImaSnylﬁaesaHandmdabﬁbmtmhdr;ao%amgtmaﬂs)dc@mﬁ dddieorb gffent cdd.

The vari ous, char a&éﬁ itibcs could be enhanced so that it becanme possible to
bal anc@ t §&LEN R 8F PLB “M™{BS% effects coul d be realized in plates,

wires, thin fil ok sagfeCfREMEdRIdSalso be obtained whé¥etht solatidretrémderttand nieenagkagt uri ng
the netal alloy nmenber having the 20 afore-nentioned characteristics wll
be expl ai rwament were cqmdugiedy, in the case of the cast-nolded alloy, the

al 1oy material with {46 ati%Fx%zfs m@ta'sqmﬁe CMPROSnichOasl SrepA&d byaldRg s bhen,

if necessary, the material i1s solution-treated in which rapid cooling is
conduct ed 390Q()9pprﬂneﬁgadngnmm (@dpreethe cotped (G rpey arclng adngh Pufity isepper (Gu

neces an e n atrrent conduct ed..t h af b
25terr§)l ellpe W s Cg's'ia[] e {:saglt%%ef'cetn egedpf%é%slés%{é ﬂget a? aI ﬁ%g&?t% ﬁé&a{ﬁjoy

mat er i aI @a&dhnidihﬁ((ﬁf)@h@oﬂiﬁﬁh&d oned conposition is cast-nolded, then, if
necessary, the material is solution-treated in WE&%Ch ra |d COOl{}@g?}L{f
Yeri al

conduct ed af t er WheREVHEEto8 Waspdene s e sample it LSPeEHYe CARATT

I s processggh &&x&saﬁgéﬂe'alasﬁoﬁ@ﬁé&oy\@%ﬁm@m'(tdmmem, the material is
aged before 8 after this 30process. I'n the copper (Cu) alloy,. the

sol ution treat mdfier archiyldneofcmdehmwnt(ﬁ!é) tehaTseterttip avitharsgad g hawlpessotedsilsoC,
a0 o 18, 295, LSRR DR ol LR DL AL NI IR coti el O

850C. eferabl e i’tions are e tenperature range of 600 to
1600C f or chiiB prs)eéswdl, and theleetbﬁiﬂylttherewfdccmhb bt empeved. urlReteramgwnodt Y&Mgiso 780C

(G, 1 ho s AR ForgHe Ot SO D TAR A, 1§ (3, capabl & of bei ng
readily proc eSSﬁd fin€ Q&ﬂ&s@alt’@@ Aih AkBEn metal alloy mémfiberNyccERSEy hxy dnheighth
above-nentioned processing nethod, the addition effect of 5 %I [ Qll um (&)
coul d be sawadiawnheinthe present invention comprises a metal alloy containing 5 to OOO ppm o

20  gadolinium (Gd) in an iron (Fe) alloy including a high-purity iron (Fe) alloy.

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 mixture thereof was cast-molded to a thick

25  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.

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

30  solution-treated, aged, and then roll-processed to a thick plate having the thickness of 0.3 mm.

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
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The sanme effect could al so be obtained when the solution treatnent and the
agei ng treatnent were conduct ed. When eval uation was done as to the
sanpl e which was prepared by adding 5 to 30000 ppm of gadolinium (Gd) to

t he copper (Cu) alloy including a high-purity copper (Cu) 10all oy whose
crystal lattice is a face-centered cubic lattice, the sane addition effect
of gadolinium (Gd) was obtai ned. When eval uation was done as to the
sanpl e of pirhenteRRe s pate GOP BEIt-ticld), alltay ronppesistd onsthidkiydats hamngdidi t i on
effect of gadolinium (Gd) was obtained. After addition of gadolinium (CGd),
char act er itgekngss af03immegard to hardness, tensile 15 strength, resisting

force, elongati fofink SR Eshng SISl ARE EriMiEH 18 € RNRCAE thidhdsstdTI0S @aLwelebe
easily processed, g%% W rkgbin?ﬁry thereloflscgul d be inproved. Deteriogration

of Young' snalpadl s ten&-wy ewtlybisabnd dhedaetraari eystollite Riamgiops ebawed &y, the

A fine_crystalljte high-functi,gn I r TRl i ghth

embod: fentobert heTerae SR TR trbIE L By GBS TRECR NN R orN %8 Lo

ﬁpogo pp m[agjﬂl_stg@gﬁﬁigie;rﬂio:ﬂ Iﬁar(oﬁd)ersi noa _rli_zhtio rl?‘_ﬁ n()laed ma'xirbrloiyt_exis mtﬂ'é_ud iﬁn ?O'am)._ _
Igh-purity i1ron (Fe) alloy, . .The.Tine crystalllte -f,unctl.on I ron

(Fe) alloy memb¥fithaicParml! feeroraied %F‘ﬁ“@??g&)él‘éf&it"tyo?“‘{] h@”ﬁ%seé“é’ﬁ‘f“ >

i nventi on &S QbfAliReHeAsh,f k00, Rekistidadaté Boudbé Giteavasbypdded timesa Iret al

al l oy contal ning 99.95% by wei ght of iron (Fe? so that the resultant netal

al | oy has vgadeindrihaymis¢ eigngationtcewld befncsaerddpg toahimeseROIEHRS PRIRLGH ¥her eof
b CRDL TR 0 B bleneBs RORBRARKL0A of Deirith Gl F ARG 4 T

and then, l?cﬁ?agedplfya%e was solution-treate and then roll-processed to
a thick pliah&lifiayicrgs ploeest bouddk besaried o, 3ltrwas further foundthat pBBEssgbiby was

gadol i nium (Gd). was added to an iron e) alloy conprising 99% by wei ght of
iron (Fe) caiicady, Ej‘e%é?‘@rﬁfte%sﬁl%?quﬁcg%en&gn?e(gnd then, the m xture thereof was
cast-nol ded to nd Rirfolis BhadcferRBM dddt Beeenbhutted So Gfat 3dectameadsibld tonbplasged

then, this plate was 30solution-treated, aged, and then roll-processed to a
t hi ck pl atteesheharasgeristies. t hi ckness of 0.3 mm Further, 500 g of

dol ini um (Gd i ) L SiWIeR5% by wei ght of
gado IIEI um ( )EK‘@% %hgstegg#dooeﬁ %F@%ip,(kﬁgs)’ witkd, @y ﬁﬁﬁg?ﬁ%@;bd%@ie?s y weight o

iron (Fe), 17% by wel ni c and 8% by wei ght” of al um num (Al),
and then, the mNktture mkthoéofornasanofisturing| thed matala atlpy creebest dakiagi 5 t he
wi dt hs of 30 t.hen s plate was heat-treated, and then

mm and .1 .and. t hi
rol | - proc ﬁﬁ‘glepgoﬁdtcﬁ?rﬁ%%f‘ﬁs[‘glnhbaevﬁxﬂlamf ‘lflie t hi ckness of 0.3 nm The
foregoi ng fi ni shirfig; phoarssad bhithk @Ekaheldehaaliong thdellbhi mkwesds voth ®e3 nm
i anal yzed by i h?l X rrnagsit?o%al i%Sicgs;t-n?orllgedt ht eraf,veif aggcegs%&st ﬁllel irétlaeiercljail a‘rirset ers
obt ai ned @@rgﬁ@ntlone comp
20  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 prescribed
temperature.
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
25  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.
The solution treatment was done at 820°C for 1 hour; and the ageing treatment was
done at 480°C for 3 hours.
30 In the iron (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

solution treatment, and the temperature range of 150 to 700°C for the ageing treatment.
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5Scherrer's equation were 7 nm 27 nm and 18 nm respectively. The
crystallite size could be adjusted in the | evel of nanoneters (10-9 mto
10-6 m and micronmeters (10-6 mto 10-3 nm). Wt hout substanti al
deterioration of electrical conductivity and Young' s nodul us, hardness,
tensile strength, and 0.2% resisting force could be increased by 2 to 3
tinmes. It was found that al so elongation could be increased by 2 to 3

times. Sofph&RisNG &AkiRhcyCRIHnG RE timd QfipAse@AREH aitrdyOWhildDihe préfBR@ble range
Rol | - process csgt% d ble cggr r ingd oult w thout heat treatnment; and in addition,
cross prodkssepfasohe shnireas bt of b fisyembedimgp{s f urt her found t hat

s, P ORTGED SRR AL oM B et

The vari ous charac stics-co at It came possible to
bal ance t hiesbilty)aspableer baihg cadilylFdtwsd, eufdmtabtamdl d be realized in plates,

wires, thin filps, and powders. . Xt, a.neth f f actur,i t he
metal &l oy nenﬁgf’“%ﬁ%en%y%ea%vgf%e-nﬂ%%i e R P eg%fdé%es tglE clgor\l/\,ieh?ab(gg
expl ai ned.gadolinium fGd)Tbhild be kéentehneafge of the cast-nol ded all oy, the alloy
material wth the afore-nentioned conposition is cast-nolded, .then, if

necessary, the W smegfifepscoulbalsybeipbigined pagr g sphugh freimeAng teoddeigg i s

conduct ed ,af ter. HeatiNQ.LQ a prescribed tenperature, and further, if
necessary, an ageing treatnent is conducted thereafter at a prescribed

t enper at ure. When lemaltdt@ncasedak ashe thy oeds ehiohewvad prgbdred, by tading |3 ©y

mat eri.al wi t he af ore-nentioned co i tion is;cast-nml Lt i
necess ry%{j‘@ep%f’g??‘{.?ﬁ“‘iug‘ édéjl? & Sﬁiofmg taéf&yi"rl]du N %Lllggg}uggldlﬁ%l @gg?llldﬁ{; i's
conduct ed vafob@lerj3edt latlige tvsa apbeBcEdnhedl atipaadice)r the @nd bddtort kfedraster i al

is processed to a(gj:escri bed form wherein if necessary, the material is
aged bef ortddddiniug (G wapbtapedcess. The solution treatnment was done at

820C for 1 houriyi@RdviiRioAEE REnd 4B REAmpIast HORBp&tivéd & Ypel Bén @eﬂ&Wﬁ-
30Iln the iron (Fe) alloy, the solution treatnment nay be done in the

t enper at urcempesigmsghe 06 additipg @t ohgrdotitivmiGd) wep abtasadrent may be done in
(he L aper 2t angnagh 4500050 SRRELaL ek ubaa g e
t enper at ursaergti) gesiafng 1fofref elod@fith,flent tdBtaageiand) so rfedt meret enhanced; and this
could be easily processed, and workability thereof could be improved. Deterioration of
Young’s modulus and electrical conductivity was hardly observed.
When evaluation was done as to the sample of the respective iron (Fe) alloy
20  compositions, the same addition effect of gadolinium (Gd) was obtained.
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),
25  copper (Cu), vanadium (V), phosphorous (P), and chromium (Cr), eminent enhancement of
the elastic limit similar to FIG. 3 could be seen.
A fine crystallite high-function metal alloy member according to a ninth embodiment
of the present invention comprises a metal alloy containing 5 to 30000 ppm of gadolinium
(Gd) in a titanium (Ti) alloy including a high-purity titanium (T1) alloy.
30 The fine crystallite high-function titanium (Ti) alloy 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
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Processing efficiency during the tinme of processing is arbitrary, while the
preferable range thereof is the sane as that of the first enbodi nent.

It was found that by adding gadolinium (Gd), the nmenmber having high
function and durability, capable of being readily processed, could be
obtained. 5In any case by the above-nentioned processing nethod, the
addition effect of gadolinium (Gd) could be seen em nently. The sane

effect coyd AhsPaNEe ARLAUMSH YR 4dae] 0S@iUEddORerd, HigabaRNasantitibhecagri ng
treatment were conducted. When eval uati on was_done af%to t he sanpl e which

was prepangad, b;dta@tmoﬁg)r@eﬁsgd tojpthBBebee haymedhe Gickeiss Af UsM&d) to the iron
(Fe) alloy incl N‘ C%b(wcgg& Bﬂfrﬁ é‘(yd) 294dei%d aﬁahﬁ’x}h moﬁl%y%lﬁﬁﬁ@ﬁ 9938%' ce

was a body- cent er e attic e same addition effect of gadol i ni um
(Gd) was obtwdigleaf titanium (W)emde)%u:artwaghtvﬂspadimema@dl ang Hbens AgoMmeExtye ¢ he

Gadol | il U At B b o ERF R Rad PRt f ARt fELCC O

char act er igg ipfe Wab RoliB&GRMEhtD aBad, dReSBen t&l&ﬁb&d@seﬁttbemgﬁdfk pheshastngntref or ce,
el ongati on, heat resi stance, and so forth were enhanced; and this could be

easily pr d@@l@@@cpfoa?rmm\/\or kability thereof could be inpr oved Det erioration
of Young's md%l’ﬂssfo gm lfﬁl?’srhf cﬁ# egsgﬁl@ﬁag f)ﬁﬂe& Ha @S thB AiclnkssdTDeT Matwere

When eval uati on vvas e sanple of the respective iron (Fe) alloy
20 corrposmhalgmﬂ byt hie %@m zaxatylsns; @md dlief eearagsf crystalbild diamstepcabtaingd Wbthsi ned.

Inth Fe) all oy havi I um t t f

to 30080 SEMITERS £aHath VaFI DgnE R artoRep iy Aol 0e LR oo
one el emaraa uSted ﬁﬁh@@vélr&ﬂhﬂoh%tegsr(cwﬁ nConsi Srt)langmdromanes(e(a?mho h%% m).s ot her
than gadol i n| um , alkaline earth tal s, I, can. 3 %Bl)u

zi rconi um (Zr), “ihﬁ“t(%ﬁ?amlahdFtﬁﬂ?rFﬁ‘% of” elegfgcq! F%’)V‘ducﬂv‘éiép ’YIQ}"}g S rrpé)nga%ese
(M), 25 %ﬁﬁﬂ@s& {efik: str\éﬁ%ﬁddnﬁm i")@resxs@k’l@%’@@ tOUE bt Rlcread@tbe Dreomi tiunes( Ct) |

enm nent enhancehent of e elastic limt simlar to FIG 3 could be seen.
A fine cr W&Sé:d)\lﬂdtthlit hisglelongationicowld etizareased 2 pehiyees. aceBrHrRBC R FoRldhent h

enbodi t. of t
30080| qu%cfcr)eaé% ?L?ﬁ ﬁqnt G%E')Yl?p%éeg{' cfu%TBE 'c x?]%d %umtgéutfﬂﬁgtoﬁéea?rggﬁgbﬂ g 5to

hi gh- pur i tadditibh, a3 rprécEis) caild by cardiédloet. f ilneas fuyhtmfound ehahipeteedsabibyi wis
titantum (el el iRete SR b e SabankE M1 NN
The various characteristics could be enhanced so that it became possible to balance
these characteristics.
20 These effects could be realized in plates, wires, thin films, and powders.
Next, a method for manufacturing the metal alloy member having the
afore-mentioned characteristics will be explained.
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
95  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 prescribed
temperature.
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
30 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.

In the titanium (Ti) alloy, the solution treatment may be done in the temperature
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enbodi nent of the present invention was obtained as follow ng: gadolinium
(Gd) was added to a netal alloy containing 99.95% by wei ght of titanium
(Ti) so that the resultant netal alloy has gadolinium (Gd) content of 500
ppm and then, the mxture thereof was cast-nolded to a thick plate having
the widths of 30 nmand 10 mm and then, this plate was solution-treated,
aged, and then roll-processed to a thick plate having the thickness of 0.3
- b 6RPR HoBic IR MieD dGihlent@hy AddRHe 1iOthd térhferdiindu(ghiof al | o
conpri si né?!}%é ggggy wei g it of t%egir% um (Ql'ni ) gnd 0.62% by wells gsht of 5 al | adi u?/n
g Pd) , anﬂ 160enj00PEe Rspetialhyeprfetdoby woflitinpsare shettempiraee eegeLftoRP dk 1?3%5%
aving t j dt hs. of 30 a 0. mm I

sol uti on- ?‘?r\é\%‘? %’&Uogér@atfnen{%n ({]%ee%en}pgfal -r%rpa% éegf:j;b t%) Igb(g)%?ghl% a%?i% tereaktlrgsrilthg t he
th hi f:knes?] P@cfcggn{% d¢ffitiency during Tieetihie € geicaginki iniaghirarg - whibcs pecferable chogs| at es
aving _the thickness of 0.3 mmwere apal yzed by the X-ray analysis; and the
aver age cﬁ%ﬁoéﬂth?%‘ntﬁaéﬁ%f%@@egb‘f%ﬂﬁ‘%“ﬁé the 10 Scherrer's equation were
7. nm and 27 niy,d 85REGHEVOLN: ald e SBisEBWhid Be SbligorC Rednbehanddicusicrg i n
the level of nanoneters (10-9 mto 10-6 nm) and microneters (10-6 mto 10-3
g) : trgmlmehbmﬁesgbigctaﬁti al deterioration of electrical conductivity and
oung’ s nodul us ar dne ng| I O %858 b Radihersce coul d
be increased bywélelt1 gvguaﬁﬁﬁe@% Otng%gz(t) ft%n tl%g‘dtﬂggl s% Bel}gﬁ:l%gatil’lon 1C%SI d be

i ncr eased 30§0Rppn0oSgatlblirdsm (S th el titgnipei (D) abauindlubieg 2highmrisngadium (T, 1

times. Roll-process could be carried.o Wi . : i

addi t 118, Apbadop: Gridaivs slost e retigpnt il e (i RRh AL D

processabiggg&%idf@&;(grm@eg@ﬁlled.These characteristics could be bal anced.

The various characteristics could be enhanced so that .it becane .Bosaj.bl e to
R

bal ance these cWlien evavationvas dopy Th s e spmplerof RGIFFRFCBY FWRPT YBY | at es,
wres, t h'aﬂo%drﬁo’rsitﬁﬂsq Iﬁ%%ﬁé&dai‘?on effect S¥e%dolinfuinTREd) Qs bB@ing@nuf act uring the

nmetal all oy “having t ore-nent1oned characteristics will be
expl ai ned. AftEi adslition, ofi gadblveum A§d), ofhatapferisgtiss twithptearrd tahegipesst Kasily | oy
mat er i

et et S AR FATRAGPRLET B P bt i
conduct ed gfiiese BRAY ipidtedsad, dandr eokabiigditeopendd beempaned.f ub¢tbrératidnf of
P gﬁg;?g[ ﬁ’r\@%gg’?%%ldglgs grlrdee?c;[cg?cgi[ ccjnguc%(\)/g)q %%E ggdlgggge?\%& er at a prescribed
When evaluation was done as to the sample of the respective titanium (Ti) alloy
compositions, the same addition effect of gadolinium (Gd) was obtained.

20 A metal alloy that is constituted by titanium (Ti) 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), 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 characteristics can be seen.

25 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.

In other words, the above-mentioned function-enhancing additives are effective also
in an existing general metal alloy. When manufacturing an alloy member according to these

30 embodiments, the same embodiments of the metal alloys shall be applied. In the case of
cast-molding, an alloy material with the foregoing composition 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
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In the case of the processed netal alloy, the alloy material with the

af ore-nenti oned conposition is cast-nolded, then, if necessary, the
material is solution-treated in which rapid 30 cooling is conducted after
heating to a prescribed tenperature, and then the material is processed to
a prescribed form wherein if necessary, the material is aged before or
after this process. In the titanium (Ti) alloy, the solution treatnment nmay

be done in,d.he dENBELRIURSal ABNSE Mby BRARhOWR BRGo@MbntilRdagRIpBGdd Bat nent
may be done in the tenperature range of 150 to 500C. Especi al]%térﬁr ef erabl e

condi t i onsastmwldedethe amgrainbis gplatipmtrepsedon vaixh rapid £e9D is endp¢ied £ALHE
treatnent, and the .t u .0 t . e I

1 oat o MG STRSIAL U8 5008 0004 0 IRELY chhCuRE A, e

ar bi t r ar y mdedtial 8 apdiebefore beifablie forrpgeg obes.eof is the sane as that of the

first enbodi neng, . The me, effect could.also b bt ai ned en. t he
solutign treatnéﬁ?nﬁﬁﬁmpﬁﬁlg%@ﬁﬁﬁgﬁWﬁ%ﬁﬂ@ﬂWDW%?%a?8ﬂgdgﬁe ngn@ Mhén
eval uat i oR4yvase MANE c@pdsed Wfh SAETIIEn M iscldMRS aphdaaled(iiyudaithiplgpbrityo
30000 ppm of gadolinium (Gd) to the titanium (Ti) alloy including %ﬁg
“fécked

hi gh- pur i #jlox)i hasing enfagereantergasubisy laliise st bedyyasnigred qapici latics, o1 @ dossPa

hexagonal lLatti . LId-0on : adalini 3

obt ai ned. he)?aggxllaq@@mﬁelérlebgeg ua’?lli%)gﬂbx\t/\ggﬁgg%{é&ggha?%tﬁg&sggﬁgﬁgkg@%gﬁﬁréegi)’ecti ve
copper ti tYanagismodil)s, adnkite/stcogthdshticsistsncet dnd vwakability dianicwer radyf tecabtagifed,

gadol ini um (Gd) was tained. After addition of gadolinium (&),

char aéper i"%‘é‘] 8¢ c@ﬁtfﬁ*?qﬁs)eéié’gf’ﬁg’tablsﬁgﬁ'&fﬂ‘éegsseg‘ tensile 15 strength, resisting
force, el ongatiRnieheatoliBsosdudiis, ra@ghdsnil@r(Gh) wakiemen kifaand cleatrd: tohi s
coul d be easily processed, and workabili téf)é t hereof could be inproved.

Det er i or awflypveot hghuigetioniaerd iruaddiing. di &8ieet ainhenshdiset IvF Pyl SHE Y v
obser ved. Fspseialiy DidSNAL MBI (WBS ndPRSaRS High YheSaBlusCdndteBii¢ AmReCt i ve

titani um _ gy corpositions, the sane’addition effect of gadolinium
(Gd) was cbi &t mbthine@0AAsretmbe atdnoabovhagadplénieo (Sid) duhighlybsfieeiiteatoi €WaICFi ) and

o L RO RS e gL Mg S0Pl B EpBE Ll
boron ( B) furatibin dhdiceAbtcs danobe (dbelinedzi riumtheriord, Zaddingc @apoent (sCsnalltand Sn,
indium (In), nickel (Ni), cobalt (Co), vanadi um , and chrom um
emi nent  erRBACAFEIRAIGE iRdS fotH E’eC}@F?ﬁWEEtECér‘gn\éQ‘iec? S g%re) ’
utilized.
Effects as the function-enhancing additive can be realized by the sole use of
20  gadolinium (Gd); however, excellent characteristics may also be obtained by a synergy effect
that is brought about by adding it compositely with at least one element selected from the
afore-mentioned elements other than gadolinium (Gd).
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,
25  Young’s modulus, electrical conductivity, thermal conductivity, softening point, and the like;
and in addition, this is not brittle because of the high tensile strength thereof. This is suitable
for reduction in the size and weight because of its excellent mechanical characteristics and
physical characteristics. This is sustainable. In addition, this has excellent processability
and workability.
30 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 resistance, electrical conductivity, and thermal conductivity;

and in addition, this has elongation and the like, so that this is easily processed with good
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25The netal alloys used in the enbodi ments are not particularly restricted.
Any ingredient other than the above-nentioned function-enhancing additives
may be used wi thout specific restrictions provided that it is used in a
usual netal alloy. In other words, the above-nentioned function-enhancing
additives are effective also in an existing general netal alloy. Wen

manuf acturing an all oy nmenber according to these 30 enbodi nents, the sane
enbodi ments,ohikle RetRlinglh! S iSN@kkreRE RRP!dofebntibinl t Metal a8y Ohembers.
cast-molding, an alloy matérial with the foregoing conposition is,

cast - ol d&drthamdret ireimportart foaitmsrthespofiresidss inythpiothesercharpeteristiss Gam kerpdivgisdd

cool i ng i%1&%9%%%%%%haﬂ&%%nﬂﬁﬁ%hﬂg-to a prescribed tenperature. Thereafter,
i f necessary, AR erT &% aged at prescribed tenperature. In the case
of the processedcdrrtindly,atht aygst aignifichro\feararieerfi tht priselt inhentigh gesedeantthgned

conpositigon is cast-nol ded, the erial.is solution-t ed in i rapi d
cool i nf | SmeaaLEneibal rarCEses ARt e el b aTPtn ik ipnE o0
material i.g, BE RRRSRG Batta REGSCHEREAIJyHNIngaRE chdiididiBiics thbeoMBlj@tddah 1 s
aged before or after the foregoing process. 5Wen gadolinium (Gd) solely

only an appeooanayish prefanence of a wsef eandeiobiinétthanci ng additive that is
conposited with other elenent is added to a netal alloy (including

hi gh-purity alloy) having a face-centered cubic lattice, a body-centered
cubic lattice, or a close-packed hexagonal |attice, not only superior

hi gh-functi on characteristics but also superior hardness, Young's nodul us,
tensile strength, heat-resistance, and workability than ever may be
obt ai ned, 10even in a cast-nolded alloy that is not processed. In

vi ew of vol unme-occupation rate, gadolinium (Gd) is the nost effective

el ement to achieve a high function; and in addition, its effect to enhance
heat resistance is em nent. Especially, by adding gadolinium (&),

mar vel ously hi gh Young's nodulus and elastic limt can be obtained. As can
be seen above, gadolinium (Gd) is highly effective to enhance 15 hardness,
Young's nodul us, and tensile strength; and in addition, em nent enhancenent
of function characteristics can be obtained. Furthernore, adding anmount is
smal | and vol une-occupation rate is low, and thus, characteristics unique
to a netal alloy can be utilized. Effects as the function-enhancing
additive can be realized by the sole use of
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20 gadol i nium (&d); however, excellent characteristics may al so be obtai ned
by a synergy effect that is brought about by adding it conpositely with at
| east one el enent selected fromthe afore-nentioned el enents other than
gadol i nium (&) . The fine crystallite high-function netal alloy
menber of the present invention can enhance function characteristics, so
that this has strength together with high resisting force, 25 Young's
modul us, electrical conductivity, thegmmsconductivity, softening point,
and the like; and in addition, this is not brittle because of the high
tensile strength thereof. This is suitable for reduction in the size and
wei ght because. of | IIent C C a
Charact ert ot P T BER A A aBrb Ay gy B EE NP L BaA Bokah?
processabi | i tperimda Wt adliolyi lhiyludlBQ'Ehlag]ﬁ-Ipﬂ@tycmylslt alldyi teosei gpstdlulatice on anet al
al l oy nenber of the resent i nvention ha nced function th superi or
char acPeri st f2&CPHePd GHNE [HAT AROLY-CEuFTE F@”%i?@ﬁ@?ﬁaciﬁﬁﬁéi§ ﬁﬁﬁ%ﬁﬁ@
resisting fofgge iDRake &Ih@IAMESn £loObHO ?ﬁh of PARUAIVIGdY, and itk drheilliwl
conductivity; and in addition, this has elongation and the |like, so that
this is easitherqf ixesdednainith Goste inghdk eyl qftrganomeéer(dpngwo IPhiny gnd
different from conventio al l oy menbers. Furthernore, an inportant
feature there010?8§P gg %ﬁégﬁe%ﬁthese characteristics can be adjusted in
accordance with preference of a user. Accordingly, the nDst si gni ficant

feature of the_ present ention re t ha ant fu ctlona
char aéﬁer% st Pd@esfysalige h’iggﬁ“‘f‘iﬁ‘ﬂ’éme t’ﬁffmqﬁ’l’ P’b{/ @Ftﬁlg@ °r1p5° egor nge &' @ment s
can be enhangggreiOatidll AloyNinclungat qugh?hht%’mb@l/hlﬂkgr tvhesec&rgmactaerce gt iacs

t hereof adjusted in accordance with erence_of a user e, oq%%éned.

CLAI MB 1. A f iffase-centsred gubi¢ lagticpisghadeyo é@r}teﬁ thegsigf 139080 PRB é‘? oAyt hod
for producing {he . f}@{m{&% WRRE LI A FRE 3lithdhd @ h e Wkl B ndholietis @0 Inf 3 Nt al

al | oy whose crysta Ice Is a face-centered cubic lattice, a

body- centeredoéubmwimmmmﬂe$(ﬂrxaunubse)packed hexagonal lattice is nmade to
contagg therein 5 to 30000 ppm of gadolinium (Gd), and the crystallite

t here is made fine with the size in the |evel of nanoneters (10-9 mto

10-6 M and n GleQpRtaits highTFufetioh hetal @Y Hiymbehahd mﬁhethb&' ﬁdr@kdd‘ut:mg the same,
hi gh-function netal alloy nmenber and a nethod for uci

wherein a netderes Pd?eti‘ln"é oydinpYdine 1 Bigh Py Ve‘ﬁbf"é‘F y % P%?y“g(ﬁﬁlsgat?ﬁ}%t al
lattice is afic@&@rllt&%@tcﬁ& Cfatﬁ&g3 aCbo| ?k%ﬁt%d'cﬁbxmﬂﬁcé Qr @ONbRipackdaeteRhgdnbl t O

30000 ppm of I nium , he crystallite thereof is nmade fine with
the size in ﬂattﬂecel svakdofto rvamemetf@resn 16> QO@ﬁOt opm0ofs gedolighn (e} solelyerts

(10-6 20 to | Oacﬂ}hmum (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 (10 m to 10"® m) and micrometers (10’6 m to 107 m).

4. A fine crystallite high-function metal alloy member and a method for producing the same,

25 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 elements other than gadolinium (Gd), and the crystallite thereof is made fine

with the size in the level of nanometers (10° m to 10"® m) and micrometers (1()'6 mto 107

30 m).

5. 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
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A fine crystallite high-function netal alloy nenber and a nethod for
produci ng the sane, wherein a netal alloy including a high-purity netal

al l oy whose crystal lattice is a face-centered cubic lattice, a
body-centered cubic lattice, or a close-packed hexagonal lattice is nade to
contain therein 5 to 30000 ppm of gadolinium (Gd) solely or gadolinium (&)
together with at | east one elenent selected fromthe group consisting of

el ements ot hef.. Lhan.gagat 'lﬁhééma(bgq}-vcerﬁ&gd thigic Bi&d %} i &@e%ﬁ@{eﬁﬁexég%gﬂade

fine with the size in the |evel nanoneters (10-9 mto m
m croneters (ateismmade 1@-c8ntaip, thArein etoc BYYappmt e krdghnipundopplet o

al | oy nenber uct n p@otn y

i ncluding a & &%mﬁu Fﬁ$?°r§e{hef WR% Ftdleaslt %séelgg?ﬁg%@(iwwﬁl ce r&l gllsm?é 80

f ace- cent er edletights @tHeathtan (gﬁidhﬁluﬁﬁ@}ﬂ),t the cxysmmtmthtdaehemmds ﬁh@ Mﬂt@om@mpqom of
gadol i nium (CGd), s lsi ni um { Gd) toget her hH at |least o

el enenf sel e@teelﬂve?rogﬁ%’toﬁé"tegff aﬁp “&Bhg(} % Efs Cr@’ingtﬁ@m@ Blttﬁelro trﬂ)aﬁng?he

gadol i ni um (@hy marer hay L%feﬁsﬁélrebytr&né hwbsek§atecof iah@ eMhanbing Rerisisze in
the | evel of nanoneters i 10-9 mto 10- and mcronmeters (10-6 mto 10-3
m. 2. A fi nehasrojesistiesl thereofhiigioutlosing wnn@ré%laqactamqtﬁyow%rthf‘aﬂwawﬂét hod f or
produci ng the sane, wherein a netal alloy including a high-purity netal

al l oy whose crystal lattice is a face-centered cubic lattice, a
body- centéer ed finekirgtdllitt higheinanion et aldg-meactes dndhematioh &ir praluting éheissmpmde t o

Coget Rr w1 SR BudiloH ey CREHSAE "CBERELHY PFOING "GP A eBnRet IR of

el enment's ot hefcelcBRbredagtit lalticd M fbdb)to chiiginGharsih 3lth BO@Otppar ﬁtg‘adcblﬁmﬁﬁ(j@d)f I ne
with the size in 5 the level of nanoneters (10-9 mto 10-

nd
mi cronet ers @delyermadelinign IGd) toggther WHe af éﬁaﬁ‘l ‘?f}’?eerl%?nt isglecieff ﬁfg’fne% M@ eby
remedying drayRaAgKs of BRRERL oL uBRMNARGHAI (B, WS e NARCHEIbEI fiic! fiRs of
wi t hout | osing superi or c aracteristics owned by t loy itself. 6., A
fine crystal Iwumehémanftmc\teﬂ ofnamemetiersg10” oxyxtvré%@b al@dmwspmrhbld) “frofo 10

produ ng the.s I met al
al | oy ose Hf)yaé'gg]ile ﬁogfltﬂfeéeé’ filS agﬁlstfegeéerg%ynrte éé%i“ grf)ll&'gaclkg h[%lrelél E%&Hgdg %o

cont ai n t her @hibud ch@ad&AA0s PPRL Ovitgad Wsingl superocdharsadratiys @vnegagahe allaym ( Gd)
together with at | east one el enment selected fromthe group consisting of

el enents ot h&elt han gadolinium (Gd), the crystallite thereof is nmade fine
with the size in the | evel of nanoneters (10-9 mto 10-6 n) and m croneters
(10-6 mto 10-3 15 n), and the formthereof is adjusted, thereby remedying
dr awbackd. t her bofineandleselhpmenitngethed | fouslcvteniagt wenwfpqrerng 105r sdmens t isut

| osi n superlor haragt eri st | t f SS
devel %Bment %‘ﬁléef ‘(Tgh élS/tZ no%} ﬁa?%%rgng%gltg?ﬁr‘?}lrl\ééaxoér rgé%ﬂ F %J é&lﬁg‘é b
crystallite hl&kpu’hty"lﬁﬁdtﬂnalrml aabhoeé | oystaielabier , iswhefae¢-nerderedk taubicalldtigoe, a
including a hi puri t tal allay vvhoecr stal, lattice is a. . .

f ace- center e&o‘g fﬁnﬁer?da‘{“f’r‘é%mceaob%ﬁk()s E%ir}éeé alilﬁmf%isﬁlaglg (0 gpptain therein

cl ose- packed shexagnm bﬁ%é[dbﬁﬁiuins(ddmdﬁe b9staIiRd @brdot B efade rmné \m BOOROixppm of
gadol i nium (Gd), the crystallite thereof is nmade fine w t he S|ze in the

level of nandeieea of panometers(100-18 torf 02 Ay aﬁﬂé’%@ﬁ@@@ﬁs“?l@‘ B’ H t®)-r0d dhey |
and t I% 25 ff(%rm}&ggf &0 %]dél!ls%daq{e%ﬁl%gme&m &Q%(rb&&@ffﬁéf&&gmé reﬂHQ@ﬁJésvahaﬁsr eof

and enhanci ng various characteristics thereof w thout |o0sing superior

char act eri st ichsamaiseck thyret thettmt loying supetibr ch8raciariftics bweekbydhe ellopiselit net hod
to for devel oping, manufacturing, or selling a fine crystallite

hi gh-function netal alloy nenber, wherein a netal alloy including a 30

hi gh-purigy neb@ined ldeyelopnase neiysat @l fol adet/bl6ging, Smandfaneinge ot aeltidg aubihe
lattice is made to contain therein 5 to 30000 ppm of adol ni umﬁ(ﬁdﬂ% t he
crystal lite cheibigs hghfupginn med glloyn mepbes; ¥ efFlH Y etfﬂe\? Py dgpel fet er s
(le mgpo 10- Ql%ﬂepuﬁﬂgmmap 51@6&%&&% ki1 Gatiid R alfdcdcdBorePBthid Rick Qs Malibes eof

IS adjusted reby renedyi ng drawbacks thereof and enhanci ng
contain therein 5 to 30000 ppm of gadolinium (Gd), the crystallite thereof are made fine

with the size in the level of nanometers (10 m to 10" m) and micrometers (10 m to 107

m), and the form thereof is adjusted, thereby remedying drawbacks thereof and enhancing
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various characteristics thereof without |osing superior characteristics
owned by the alloy itself. 9. Afine crystallite high-function netal all oy
menber and a nethod for producing the sane, 5 wherein a crystallite of a
metal alloy including a high-purity netal alloy whose crystal lattice is a
face-centered cubic lattice, a body-centered cubic lattice, or a

cl ose- packed hexagonal lattice is nade fine with the size in the |evel of
nanoneters (|&; o%%ﬁar&@er%ﬂ@th@@gf m&fu%%g @%eﬁépck@rdaeh@tlcjsg\ﬁed’fi)y RNt he
formthereof 1s adjuste t hereby renedying drawbacks thereof and enhanci ng
vari ous char asdferi stics thereof w thout |osing superior 1lOcharacteristics
owned by the alloy itself. 10. A fine crystallite high-function netal alloy
menber and a nethod for producing the sane, wherein a crystallite of a
netal al looy afiewdisagit@high gitcpivi bl atidly akenelet myd avhetbed ibrys)'dacting tesarog i S a
face-centered cubic lattice is de fine wth.the size in the |evel of
nanomePers  YHUIEHQ gyillity afer @egfali’ﬁ’o‘nal‘?:‘% ﬁg‘l’@r %urttﬁﬁleéal ﬁ'}l?%wﬁﬁsefr#f‘ﬁ

the form thepgk il 3 AU Uk cubRah By o BB d¥hERd FuBvhatks of hesleelpaand
enhancing various characteristics thereof wthout |osing superior

char act er i st hosgowhkgicoys mhds fid wih fhe sk in the Jevepofinanemetprs (5] mitp 40 m)

hi gh-function taI I i

wherein a mefal™ %%/er?ﬁqu’g?%gé a&ﬂd‘mﬁ tﬁ%ﬂ?&%@féﬁﬁ%@ &\%ﬁggge@ysfgal
lattice is adfameek@elﬁﬁrmfadd enlhmmng ahmoweharact&mdys thersp Eweblowt Udsiing dugeridrce, or
a cl os§ packed hexagonal gttl o W&ade to contain therein 5 to 30000 ppm
of gad8l i ni uffarastRrsdes axngd By thyd BYF um (Gd) together with at |east one

el enent selected fromthe group consisting of elenents other than

gadol i ni um(Art) the cr stalli_te thereof is made fine with the size in 25
the | evellOof Afmesnistaite l(ghtfur@nml mestal glog mgmben andyg wethadfos prodpaipe Biefipre 10- 3
m, and the tv?lgmnt{]glﬁrgtglfhté §t Aetis L cﬂ#m{:lﬁ@ﬁx BYhi GRPARG il ROy Wh@sesér?ﬁzﬂgt h,
elastic limt esi stance, corrosion e5| Stance, processabil

el ongati on. lai’nce,@szifanecnne;tsd alblid lamchlsgxlmdf:dﬁncmﬁbmhmeah ﬂwllb@yofrmﬁb@?teﬁnd a

met hod_for producin ¢ ein ta IIo N

hi gh- géri ty Fr]g)t t?all \ﬂﬁ‘ig’édr@f“ g?&l glttf)l % |sand s cgref'%!éfrdg ngs be
lattice is mageby oreﬁ@mﬁ ramtmbxea thefeof Qn&%ﬁ&cﬁfgwﬁougadﬁaﬂabtﬁnmm (th?d&ofsol ely
or gadol i ni umtng) together with at | east one rren%dsel ected fromthe
group consi st @“té‘?m@Sé‘ﬁ@“rﬂ@h%%‘ﬁ‘”é}sméwpeﬁﬁﬁg}ei Pmﬁe(‘ the crystallite
thereof is made fine wth the size in the level of nanoneters (10-9 mto
10-6 m and micronmeters (10-6 mto 10-3 n), and the formthereof is

adj ust ed,11t hérfebyrsetaﬂiaﬂ blghg”umcélns mietal slﬂqyen‘glib?r ard amethed fqrpraducing fe same,

resi stance, rrosion res c ol 0 1 RRicWM;t hout
subst gﬂti al gefreelrnl BraY ta|110n ngﬁgugmé R%DZ‘ﬁﬁ% Jn%%all%q/ﬁ%é: ?gﬁgpr o ucllg ng the
fine crystal lficteedibrglhclibioditiien) armﬁwcelabdemyubrermace ac aoriaierpgelted Hehegonal

preceding clains, wherein the sol uti n tr trrent i duct ap dly
cool i ng the PRSI isaPeR) o fPRIRIN, Bisgtsith Ot RR™¢ ‘éﬁrﬁ%‘%ﬁ?’ﬁ%%@néﬂ “6f°200 to

2800C, and t BgyAARI@Gd) "t@g%&ﬂg?@hh 'afsleéis@BﬁléJélInﬁéhtQMe&l&ﬁfroﬁul’tl%'igrbﬁ}gcdrﬁ@ﬁtmg of
crystalline netal alloy in the tenperature range of 100 to 1600C. The

met hod for pelsthaets agher fhen fgﬁdﬂéméllny & the cershllighbeigacisinade fee a1ithdhe §9° Henber
accor ‘%'5”9 to thengveﬁ) 4 f(ﬁgn%g&%ré: {1%‘9% 10 YEL aﬂd ?Jl&gfnetrgré léﬁlnfp{o' P ﬁl{ a4 RNt ,

processing trea agel ng treatrre t are conducted alternately and
repeat edly. formethbredf if adjugied) dhecébygenbarfeingaersily strealgth, tlestivi lghit, fhgetaesisiancaet al

al | oy menber conprisi.ng the ste8§. of : .
corrosion resistance, processability, and elongation.

12. A fine crystallite high-function metal alloy member and a method for producing the same,

30 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 elements other than gadolinium (Gd), the crystallite thereof is made fine
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cast-nolding a material of the fine crystallite netal alloy nenber and the
fine crystallite precious netal alloy nenber according to the preceding
clainms and subjecting the said material to the solution treatnment. A nethod
for producing a fine crystallite high-function netal alloy nenber
conprising the steps of: cast-nolding a material of the fine crystallite
nmetal alloy nenber and the fine crystallite netal alloy nmenber according to

the precedi ngghl & in HALREL BlohlEr A Un BRIET hPhnd ficlRSOUIUE OB 107
treatnent, and subjecting the material to the ageing treatnment before and
after the progesditmgformAthretoli sadfusted ghodhcinhencingftensde sirgpgtha plasticdimit, heat

hi gh-function tal alloy nmenber conprisi the s . of ¢ . c z ding a
material of fﬁ‘?@g?eys‘foﬁols’%éﬂereﬁlﬁag & %eﬁsangﬁbe?ndaﬁ&%gﬁg%f Mitout, %Sggﬁélt e )

hi gh-f unct i ogete®dradionalflYound@mbarusaccording to the preceding claims,
subjecting the said material to the solution treatment, a processing the
nat eri al to a prescribed form and subjecting the nmaterial to the ageing

treat mentysbefr g andh aht %Foldhaﬁg Pth© CféieS icﬂigt_allite highliﬁnctﬁenﬁﬁl hepidy f @Ember

producing the fine crystallite high-function netal alloy nenber 5

accor di ng t oaemeydimgeto Wetprededingelgims odiaiythe selbfien trepfieeé iscopdipisdrbatrapidlyof t he

solution treatnent, is in,the.range of. 300 0 IPSBtr t he
agei ng treat Sadliie e by ?%‘%{3‘8%8’1% ‘Q‘Bg&t% ?%%%% rg‘i%.ﬂwzhg bl %?Hce

pr odug| ng t hegdihgareatimeat ad |cohductedgby fhemetrdadng ne¢ arysélllirgy metilrdloy 1O the
according to any nethod of the preceding clains, wherein tenperature of the
sol ut il8n treéﬁ“??éf?t‘uri??ng?loﬁwgt?ég%)egof 300 to 2700C and tenperature of the
ageing treatnent is in the range of 50 to 1000C.

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

15

15. A method for producing a fine crystallite high-function metal alloy member comprising

the steps of:
cast-molding a material of the fine crystallite metal alloy member and the fine
crystallite precious metal alloy member according to the preceding claims and

20 subjecting the said material to the solution treatment.

16. A method for producing a fine crystallite high-function metal alloy member comprising
the steps of:
cast-molding a material of the fine crystallite metal alloy member and the fine
25 crystallite metal alloy member according to the preceding claims,
subjecting the said material to the solution treatment, and

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

17. A method for producing a fine crystallite high-function metal alloy member comprising
30 the steps of:
cast-molding a material of the crystalline metal alloy member and the fine crystallite
high-function metal alloy member according to the preceding claims,

subjecting the said material to the solution treatment,
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20. The nethod for producing the fine crystallite high-function netal alloy
menber 15 according to any nethod of the preceding clains, wherein
tenperature of the solution treatnment is in the range of 250 to 2500C and
tenperature of the ageing treatnent is in the range of 100 to 800C.

21. Use of the high-function netal alloy according to any one of the
preceding clainms, as a 20product with reduced size and wei ght. 22. Use of

the fine orystal bioteshl 06! lrRkpld B axamenber according to any one
of the preceding clains, as a nusical instrument material. 25 23. Use of

the fine cryst atubjecenghgmafedalot ittoragemg sratmentdplonerndadtenibe progesiget o any one
of the preceding clains, as an electronic material. 24. Use of the fine
crystallite high-function netal alloy nenber according to any one of the
pr ecedi ng8cl gh&smetasd doj eveluciyg Nt efireakrys3Dite hightfuectoh ikl fallog membdral | ite

hi gh-function netal alloy pepber according.to any.one of the _precedin
clai ms? as a?&Crdieg o2y hefpet Pth.e presgdingclaingy, @W\ée“f it‘i’i‘?é’emgtogﬁlﬁ ?02“ ton?

hi gh-functi ofefRkalis & 1Yl BPS0 RCKVOU AGl feRpadirsiandhgditienRiR&R Y Mg
claims, as an autonobile part. 27. Use of Phe fine crystallite

hi gh- f unct i othemratgalof 400 vyl 48@%ber according to any one of the 5preceding
clains, as an aerial part.

19. The method for producing the fine crystallite high-function metal alloy member
10 according to any method 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.

20. The method for producing the fine crystallite high-function metal alloy member
15 according to any method 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.

21. Use of the high-function metal alloy according to any one of the preceding claims, as a

20 product with reduced size and weight.

22.  Use of the fine crystallite high-function metal alloy member according to any one of the

preceding claims, as a musical instrument material.

25 23. Use of the fine crystallite high-function metal alloy member according to any one of the

preceding claims, as an electronic material.

24. Use of the fine crystallite high-function metal alloy member according to any one of the
preceding claims, as a jewelry material.
30
25. Use of the fine crystallite high-function metal alloy member according to any one of the

preceding claims, as a structural material.
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26.

27.

Use of the fine 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 claims, as an aerial part.
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