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H GH-PURI TY HARDENED GOLD ALLOY AND

DESCRIPTION

HIGH-PURITY HARDENED GOLD ALLOY AND

A PROCESS OF PRODUCING THE SAME

Technical Field

Gold matrices generally used for jewelry include
alloys such as l4-karat or 18-karat gold alloy, and Ni, Pd,
Zn, etc. are added in large quantities to these alloys to
increase their hardness or tensile strength. These alloys
cannot therefore be called pure gold in respect of purity.

A high-purity gold alloy according to the present
invention has a purity of 99.7% or more, and its hardness
is increased to a level approximately equivalent to that
of 18-karat gold at relatively low working ratio by (1)
adding trace elements and (2) performing a heat treatment
in the piocess of a production process, thereby eliminating
the drawbacks accompanying the enhancement of purity, that
is, improving the workability, heat resistance, flaw.

resistance, etc.

Background Art
High-purity gold jewelry is low in hardness and it is
extremely difficult to retain its aesthetic value for a long
term in daily life. Also, heat treatment performed during

the production process, such as brazing, inevitably causes
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A PROGESS OF PRODUCI NG THE SAME 5 Techni cal

Field = - - - CGold matrices general Ly used for jewelry include

aIons such as' 14-karat or 18-karat gold alloy, and Ni, Pd, Zn, etc.
are added in large quantities to these alloys to 10 increase their

har dness or tensile strength. These all oys cannot therefore be called

pure gold in respect of purity. -2 -
a -great reduction in the hardness. The use of high-purity
gold as ornaments is therefore limited.
Members obtained according to the present invention
had a gold content of 99.85% or more and their Vickers
5 hardness (Hv) was as high as 100 or more for cast articles
and 150 or more for worked articles. Even with the use of
compositions qualifying as pure gold, the hardness Hv was
higher than 100 for cast articles and higher than 150 for
worked articles (working ratio: 99.6%). 1In the case where
10 heat treatment was performed with Gd added, the pure gold
according to the present invention waé remarkablyl increased
in hardness and also improved in heat resistance. The pure
gold thus obtained is less liable to be marred or scratched
and undergoeé less variation with time, and reduction in
15 the hardness due to heat treatment such as brazing is small.
To obtain high-purity hardened pure gold capable of
retaining high-quality look for a long term, research was
N conducted and as a result, a member with high hardnéss was
obtained which dontained 99.7% by weight or more of gold,
20 to which was added 50 ppm or more of Gd as an alloying
component, along with another element so that the total
amount of the additional elements was 100 to 3000 ppm.
Reduction in the hardness of this member due to heat
treatment was small. Adding a smaller amount of the
25 elements resulted in lower hardness, and the hardness was

nearly proportional to the tensile strength.
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A high-purity gold alloy according to the present i nvention has a
purity of 99. 7%or nore, and its hardness °  is increased to a |evel
dpproxi mateiy equivalent to that 15 of 18-karat gold at relatively |ow
wor ki ng ratio by (1) addi ng trace elenents and (2) perform ng a heat
t reat ment In the process of a production process, thereby elimnating
t he drawbacks acconpanyi ng the enhancenent of purity, that IS,
i nproving the workability, heat resistance,~flaw
As the heat treatment for obtaining the above

high-purity gold alloy, solution heat treatment, rapid

cooling and aging treatment were performed. The resulting

alloy was less lowered in hardness by welding, brazing or

_ 5 the like and thus can retain high aesthetic value for a long

term, proving to be suitable as a member for use as

high-purity gold jeweiry.

Disélosure of the Invention
10 - The ornamental member according to this invention has
a gold content of 99.7% by weight or more since, in general,
high gold content is preferred because of high-quality look.
Where 50 ppm or more of Gd was added, the hardness was
increased by the heat treatment and working, and reduction
15 in the hardness due tobrazing, welding or the like lessened,
showing advantageous effects of the additional element.

The addition of trace elements and the heat treatment

‘/ could provide a remarkable hardening effect for both cast
and worked articlgs. The hardened high-purity gold alloy

20 had a gentle softening curve and was improved in hardness,
tensile strength and heat resistance.

By selecting a thiid element to be added, it is
possible to select either thermal hardening or work
hardening. For cast articles, hardening is achieved by (1)

25 adding an extra element and (2) hardening by means of heat

‘treatment, and for wor_ked articles, work hardening is also
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20 resistance, etc. Background Art

H gh-purity gold jewelry is IOW|n hardness and it is extrenely
difficult to retain its aesthetic value for along 25 termin daily life.

Al so, heat treatnent performed during t he production process, such as
brazi ng, inevitably causes :

utilized in combination. Since the present invention
employs a thermal hardening process, hardening is observed.
at an initial stage of the production process. The working
cost could be great]_.y cut down and also unnecessary working
5 time could be eliminated.
Where Gd and anofher element were added in combination
so that these components coexisted in a total amount of 100
" to 3000 ppm, the hardness was increased at an initial stage
of the production process and reduction of the hardness due
10 to aﬁplication of heat could be lessened. The alloy

obtained undergoes less variation with time and thus is

suitable as a high-purity hardened gold alloy.

Brief Description of the Drawings
15 FIG. 1 shows dependence of high—puriﬁy hardened gold
ailoys aecording to the present invention on heat treatment
conditions; |
FIG. 2 shows dependence of high—purity'hardened gold
alloys on elements added; |
20 FIG. 3 shows dependence of high-purity hardened gold
alloys on aging treatment temperature; and
FIG. 4 shows dependence of high-purity hardened gold
alloys on heat treatment conditions, that is, dependence
on heat treatment itself. |
25
Beet.Mode of Carrying out the Invention

-
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- 2- a great reduction in the hardness. The use of high-purity
gold as-ornanents is therefore limted. Menber s obt ai ned

according to the present invention had a gold content of 99.85% or
nore and their Vickers :

Members according to the invention will be described
with reference to specific examples. Evaluation samples
shown in FIGS. 1 and 2 were obtained by melting gold alloys
having the respective compositions and pure gold by .

5 high-frequency vacuummelting, casting the melt into ingots
of 20 mm x 20 mm x 150 mm, and then subjecting the ingots
to heat treatmenf, rolling and dicing to obtain wires of
0.8 mm in diametef o.

In the case of evaluation samples shown in FIG. 4,

10 wirés of 8 mm in diameter ® were obtained by continuous
casting followiﬁg the high-frequency vacuum melting.
After the wires were subjected to solution heat treatment,
aging treatment, rolling and dicing, hardness and tensile
strength were evaluated and also the elements contained

15 were analyzed.

The reéults reveal that the hardness can be greatly
increased by performing the solution heat treatment

— following the casting and by performing the aging treatment
following the working, thus proving high thermal hardening

20 | effect. |

.With regard to the gold-alloy ornamental members
according to the present invenfion, obtained by the
aforementioned process, and pure-gold ornamental members,
micro-Vickers hardness (load: 100 g) was measured after the

25 casting, before.and after the heat treatment, and before

and after the working. The results are shown in FIG. 1.
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5 hardness (Hv) was as high as 100 or nore for cast articles and 150

or nmore-for worked articles. Even with the use of conposi tions
gqual i fying as.pure gold, the hardness Hv was hi gher than 100 for cast
articles and higher than 150 for . wor ked articles (working ratio:
99.6% . In the case where 10 heat treatnment was perfornmed with Gd added,
the pure gold according to the present invention was renmarkably

i ncreased i n hardness and al so inﬁ?d@éﬁ i n heat resistance. The pure

If Gd added is small in quantity, then the effect of the
heat treatment as well aé the heat resistance lower. On
the other hand, if an increased amount of Si is added, a
crack is caused during the working. The article containing
5 both Gd and Ca has a hardness Hv as high as 170, which is
"higher by about 40% than that of the.article_containing Gd
alone and higher by about 25% than that of the article
containing Ca alone.
Articles coﬁtaining rare earth elements tend to show
10 high heat resistancé, and among them, the article
containing Gd exhibits the highest heat resistance, proving
a remarkabie effect oflthe heat treatment as shown in FIG.
2.
The cast article containing both Gd and Si has a
15 hardness Hv of 100, which is .higher by about 64% than that
of the article containing Gd alone. The article containing
Si alone is extremely low in heat resistance.
N For the purpose of evaluation, samples were prepared
using Gd (rare earth element) showing a high age hardening
20 effect and Ca (alkaline earth metal) showing é high work
hardening effect, énd excellent results were obtained in
both cases. By applying the production process'of the
present invention using the heat tréatment, it is possible
to increase the hardness by approximately 30%. Similar
25 results were obtained also in cases where elements were

added in combination.
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golq thus obtained is less liable to be marred or scratched and
undergoes |l ess variation with tinme, and reduction in 15 the hardness due

t-o heat treatnment such as brazing is small. To obtain high-purity
har dened pure gol d capabl e of retaining high-quality look for a |ong
term research was conducted and as a result, a nmenber with high

har dness was obt ai ned whi ch contain 99. 7% by wei ght or nore of gold,
20 to which was added 50 ppm or nore of [ as an al | oyi ng

The high-purity gold-alloy ornaméntal member
according to the present invention hés high hardness and
improved heat resistance, as compared with pure-gold
ornamental members on the market, and the hardness thereof

5 scarcely lowers due to application of heat. Further, the
inspection-after a lapse of id months revealed no
substantial variation with the passage of time in respect
of hardness, tensile strength and color tone.

| Thus, the high-purity hardened gold alloy member
10 according to the present invention can retain these
properties for a long term, and accordingly, is highly
useful in the industrial field where it is put to practical
use in a variety of ornamental articles.
Also, the high-purity hardened gold alloy according
15 to the present invention may probably be used in other

fields, such as in electronic parts, medical parts, etc.

_
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conponent, along with another element so that the total anount of the
additi onal el enents was 100 to 3000 ppm Reductiap_n_,i_n,lhbh%r-dﬁesﬁ*
this nmenber due to heat treatment was small. Adding a small

of the 25 elenents resulted in | ower hardness, andlttm\“ﬁ ‘“r‘““;‘ﬂgﬂ
nearly proportional to the tensile strength. \

-8 -

CLAIMS

1. A high-Au-purity hard alloy ornamental member,
characterized in that 50 ppm or more of Gd and one or more
of other elements are added in combination to Au having a

5 purity of 99.7% by weight or more such that a total content
of the elements added is 100 to 3000 ppm.

2. Arﬁgh—Au—purityhérdalloynﬁmber,characterized

‘,/ in that a combination of elements including Gd and Ca or
Gd and Al (Gd: 10% or more) is added in an amount of 100

10 to 3000 ppm to said alloy member.

3. A high-Au-purity hard alloy member, characterized
in that a combination of elements including Gd and Si (Gd:
50% or more) is added in an amount of 100 to 3000 ppm to
said alloy member.

15 4., A process of producing a high-Au-purity hard alloy
member, characterized in that, in process of producing a
high-Au-purity alloy member having a purity of 99.7% by -

‘L/f - welght or more, (1) a solution heat tieatment is performed
-at 700°C or more after casting and then an.aging treatment

20 is performed at 150 to 350°C as a post-treatment, or (2)
said aging treatment alone is performed.

5. A process of producing a high-Au-purity hard alloy
member, characterized in that 50 ppm or more of Gd is added
to Au having a purity of 99.7% by weight or more, a solution

25 heat treatment is performed at 700°C or more after casting

and then an aging treatment is performed at 150 to 350°C

Sheet Has Been Replaced

i



-3-

. As the heat treatnent for obtaini ngTITE\abH
hi gh-purity gold alloy, solution heat treatnment, ra coolin

andagi ng treatnment were performed. T_he resulting ' ﬂ}” W’mﬂ’,ﬁm

| owered i n hardness by wel ding, brazing or

as a post—treatment, or said aéing treatment alone is
performed.

6. A production process, characterized in that 100
ppm or more of a combination of metals selected from one
or both of rare earth elements and alkaline earth metals
is added to a high-Au-purity alloy member having a purity
of 99.7% by weight or more, and said solution heat treatment

or said aging treatment is performed.
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5 the'like and thus can retain high aesthetic value for a |long term

proving to be suitable as a nenber for use as hi gh-purity gold
jewelry. - ' Di scl osure of the Invention 10 The
ornanent al nenber according to this invention has a gold content of
99. 7% by wei ght or nore since, in general, hi gh gold content is

preferred because of high-quality look._ 19 -

ABSTRACT
In the process of producing a high-purity gold alloy,

(1) trace elements ére added and (2) heat treatment is

performed, so that the hardness is increased to a level
5 approximately equivalent to that of 18-karat gold at

relatively low working ratio, thereby eliminating the

drawbacks associq@edﬁwith high-purity gold, that is,

improving the workability, heat resistance, flaw

resistance, durability, etc.

10 A high-purity gold alloy according to the present
invention can be hardened to a level approximately
equivalent to that of 18-karat gold at relatively low
working ratio, and the high-purity gold alloy thus hardened
is not extremely softened by heat treatment performed as

15 a post-treatment, such as brazing or welding. Even a cast
article which is not subjected to plastic working has a
hardness comparable to that of a hardened article which has

L been subjected to plastic working.
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Wher e '50. ppm-or nore of Gd was" added,
the heat treatnent and wor ki ng,.
Brazi ng,” wel ding-or the | i ke | essened, .

the additional el ement

heat treatnent

cast ~and worked articles.
a gentle softenlng curve and mas |nproved in har

15 -

t he hardness was
and reduction

I ncreased by

-in the hardness due to
showi ng advant ageous effects of

The additlon of trace elenents and the
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tensil'e strength and heat resistance. _ By selecting a third

el-enent to be added, it is . possible to select either thernal hardenlng
or work ¢ hardenlng For- cast articles, hardening is achieved by (1) -

addi ng an extra el ement and (2) har deni ng by means of . heat treatnent
and for morked articles, mnrk har deni ng |s a|SO' - -
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-4- %, _uticlized in conbination."Since the present invention  enploys

a thermal hardeni ng process, hardening is observed - at an initial stage
of the production. process. The morklng cost could be greatly cut down.
-and al so unnecessary morklng ' :
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5 tlne coul d be eI|n1nated o7 -Where G and anot herel ement were

added in conbi nation so that. these conponents coexisted in a. tota
anmount of* 100 to 3000 ppm the hardness was increased at an |n|t|a|
stage - of the production process and reduction of the har dness due 10 .
‘to application of heat could be | essened. ooy — —Sbtp-Rpe— - -
.undergoes less variation with tine and thusl}is E sui fable ps a
hi gh-purity hardened gold all oy. o080 :
- _ : - LE.J i 8 |® g
N =8 -
T : .
Qe :
B2 |%|8|g|8|2|8|
A 15
| . _lag
. % &
- .Oég “E
- Nt y L
- 2% R |%x
Lo 0 %]
o i 2 ] Vﬁj
ia BRI B E R
e2= & Z
BER v - o8
25e 5 o P
LR 8 | B
N = & o 00 ol A
11 %5 2
- [-'EE- 1 Eg Q.
CHEE o HrE
35 T E g
' % j@) 2 o) .
SLE'D o~ [R S %
. ' =l . :
N\ o0 | §§§ Eé
VJ<B . O ' &®
' . ' 7] ~ ) i B
- 1 Elelgle|ei8|8|4
. . . ]
. L1 . _ 7
g § 8 8 DR EIEE
T o | BElE |3
< 4 4 NG :
| x . a 2 B
S é _g B E Eg‘:g Ei
T oE >R -1
. Th’IS Sheet Has Been R r é §é é §é é éé é
: =t | - 2 =
PR < Ok = [P <
llllllHllllHMHll lll CHEBTE

.4/4 |



Brieﬁ:EESCTTTnﬁ1ﬁ+%¥L4JMLJJJﬂM.ngS .15 FIG 1 shows dependence of

hitgh- purity hardened gold al l oys according to Wn on
heat treatment ~.condi tions; FIG 2 s ependence of

hi gh- pu%%{y har dened. gol d - alloys on elenents a_ggg_,gal———————+313 3
shows d§99999233~91_EL9E_EEr'ty har dened gol d
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HIGE-PURITY HARDENED GOLD ALLOY AND

A PROCESS OF PRODUCING TEXZ SAME

w

Technical Field
Gold matrices generally used for jewelry include
alicys such as Z4-karat or 18-karat gold alloy, and Ni, Pd,
Zg, etc. are added in large quantities to these alloys tc
10 increase their hardness or tensile strengt h} These alloys
cannot therefcre.be called pure gold in respect of purity.
A high-purity gold alloy according ﬁo the present
inventicn has a purity of 99.7% or more, and its hardness
is increased to a level approximately equivalent to that
15 of 18-karat gcld at relatively low working ratio by (1)
adding trace eiements and (2) performing a heat treatment
in the process of a production process, thereby eliminating
the drawbacks accompanying the enhancement of purity, that
is, improving the workability, heat resistance, flaw

20 resistance, etc.

Background Art
High-purity gold jewelry is low in hardness and it is-

extremely difficult toretain its aesthetic value for a long

N
wm

term in daily life. Also, heat-treatment performed.durinq
the producticn process, such as brazing, lnev;tabiy'causoa

Thmistqpfﬁp[:#f?f?
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al l oy$ on aging treatnent tenperature; and " - FIG 4 shows

dependence- of- htgh purlty har dened gol d al | oys on heat treatnent
condi tions, -that is, depéndence on heat treatnent itself. 25

Best Mode Qf Carrying out:the Invention “S 15 '2’-0 wplacement sheet
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a great reduccisn in the hardness. T;e use of high-purisy
gold as ornamsnts is therefors iimitcad.

Members cbtained according to the present invention
had a gold content of 99.85% or more and their Vickers
hardness (Hv) was as high as 100 or more for cast articles
and 150 or more for worked articles. Evén with the use of
compositions gqualifying as pure gold, the hardness Hv was
nlgder than 103 for cast articles and higher than 152 fcorx
worxed articliss {working ratio: 35%.6%). In the case whers
héat treatment was per formed with Gd added, the pure Jo:d
according to the present invention was remarkably increased
in hardness and also improved in heat resistance. The pure
gold thus obtained is less liable to be marred or scratched
and undergoes less variation with time, and reduction in
ﬁhe hardness due to heat treatment such as brazing is smail.
- To obtain high-purity hardened pure gold capable of

retaining high-quality look for a long term, research was
condﬁcted and as a result, a member with high hardness was
obtained which contained 99.7% by weight or more of gold,
to which was added 50 ppm or more of Gd as an alloying
component, alcng with another element so that the total
amount of the additional elements was 100 to 3000 ppm.
Reductioh in the hardness of this member due to heat
treatment was small. Adding a smaller amount of the

vlements resuized in lownr nardness, and the hardness was

nearly proportional to the tensile strength.




-5- ™ Menbers according to the invention will be ?e§§fﬂ§e@placemen
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As the h=2at treatment for obtaining the atcve
‘high-purity goid alloy, solution heat treatmenz, rapid
cooling and aging treatment were performed. The resulting
alloy was less lowered in hardness by welding, brazing or

5. the like and thus can retain high aesthetic value for a long
term, proving to be suitable as a member for use as

high-purity gold jewelry.

Disclosure of the Invention
An object of this invention is to provide a high~-purity hard
10 geld alloy which is improved in workability, heat resistance,
flaw resistance, etc. and thus can eliminate the drawbacks
associated with high-purity gold alloy, and a process of producing
such a gold alloy.
According to this invention, there is provided a high-purity
hard gold alloy which is characterized in that 50 ppm or more
15 ©f Gd and one or more of other elements are contained as additional
elements in Au having a purity of 99.7% by weight or more such
that a total content of the additional elements is 100 to 3000
‘Ppm.

Preferably, in this case, Al or Ca is con_tained in the alloy
as the other elements and Gd accounts for 10% by weight or more
of the additional elements. Alternatively, the other elements
contained in the above alloy preferably include Si, and Gd
accounts for 50% by weight or more of the additional elements.

These gold alloys have a high Vickers hardness Hv of 150

20

or more.

| This invention also provides a process of producing a
high-purity hard gold alloy characterlzed in that, after castlng
a high-purity gold alloy having a purity of 99.7% by weight or
more, a solution heat treatment is performed at 700°C or more
and then an aging treatment is performed at 150 to 350°C as a

post-treatment, or the aging treatment at 150 to 350°C alone is
. performed.



5 high-frequency vacuum melting, casting the nelt into ingots of 20
nh X 20 m-x—-1s0—m—and-then subj Lng the ingots to heat treatnent,

rol ling and_di
In the case.
di anet er [er
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sol uti on heat treatnent,
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According to this invention, moreover, a process of
producing a high-purity hard gold .alloy is provided which is
characterized in that, after casting a high-purity gold alloy
having a Gd content of 50 ppm or more contained in Au having a
purity of 99.7% by weight or more, a solution heat treatment is
performed at 700°C or more and then an aging treatment is performed
at 150 to 350°C as a post-treatment, or the aging treatment at
150 to 350°C alone is performed.

Further, this invention provides a process of produc.mg a
hj:gh-purlty hard gold alloy which process is characterized in

that, after casting a high~-purity gold alloy which contains 100
ppm or more of one or more of elements selected from rare earth

elements and alkaline earth elements in Au having a purity of
99.7% by weight or more, a solution heat treatment is performed
at 700°C or more and then an aging treatment is performed at 150
to 350°C as a post-treatment, or the aging treatment at 150 to
350°C alone is performed.

According to this invention, the gold content is as high
as 99.7% by weight or moré since, iri the case of ornamental members
in general, high gold content is preferred because of high-quality
look. Where 50 ppm or more of Gd was added, the hardness was
increased by the heat treatment and working, and reduction in
the hérdness due to brazing, welding or the 1ike lessened, showing
advantageous effects of the additional element.

The addition of trace elements and the heat treatment could
provide a remarkable hardening effect for both cast and worked
articles. The hardened high-purity gold alloy had a gentle
softening curve and was improved in hardness, tensile strength
and heat resistance.

By selecting a third element to be added, it is possible
to select either thermal hardening or work hardening. For cast
articles, hardening is achieved by (1) adding an extra element
and (2) performing heat treatment, and for worked articles, work
hardening is also utilized in combination. Since the present



aging 'treatnent, rolling and dicing, hardness and tensile strength
were eval uated and al so the elenents contained 15 were anal yzed.
The results reveal that the hardness can be greq%&¥ﬁ@h? i ncreased by

I _

performng the solution heat treatnent f ol PHePaswient sheat by
perform ng the aging treatnent foll ow ng the working, thus proying
hi gh thermal hardening 20 effect. Dape: 1 1 APR 1997
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invention employs a thermal hardening process, hardening is.
observed at an initial stage of the production process. The
working cost could be greatly cut down and also unnecessary
working time could be eliminated.

Where Gd and another element were added in combination so
that these components coexisted in a total amount of 100 to 3000
ppm, the hardness was_increased at an initial stage of the
production précess and reduction of the hardness due to
application of heat could be lessened. The alloy obtained
undergoes less variation with time and thus is suitable as a
high-purity hardened gold alloy.

Brief Description of the Drawings

FIG. 1 shows dependence of high-purity hardened gold alloys
according to the present invention on heat treatment conditions;

FIG. 2 shows dependence of high-purity hardened gold alloys
on elements added; _

15 FIG. 3 shows dependence of high-purity hardened gold alloys
on aging treatment temperature; and
“  FIG. 4 shows dependence of high-purity hardened gold alloys

on heat treatment conditions, that is, dependence on heat
treatment itself.

20 Best Mode of Carrying out the Invention
This invention will be hereinafter described with reference
to specific examples. Evaluation samples shown in FIGS. 1 and
2 were obtained by melting gold alloys having the respective
compositions and pure gold by high-frequency vacuum melting,
casting the melt into ingots of 20 mm x 20 mm x 150 mm, and then

subjecting the ingots to heat treatment, rolling and dicing to
25 obtain wires of 0.8 mm in diameter ®. | '
In the case of evaluation samples shown in FIG. 4, wires
of 8 mm in diameter ¢ were obtained by confinuous casting

following the high-frequency vacuum melting. After the wires
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nmeasured after the 25 <casting, before and after the heat -treatnent, and-:
and after the working. The results are sh%i,n fIG 1. '
_ " . Jak:

present

bef ore

(€3]

20

1 APR EB?

-6 -

were subjected to solution heat treatment, aging treatment,
rolling and dicing, hardness and tensile strength were evaluated
and also the elements contained were analyzed.

The results reveal that the hardness can be greatly increased
by performing the solution heat treatment folloviing the casting
and by performing the aging treatment following the working, thus
proving high thermal hardening effect.

With regard to the gold-alloy ornamental members according

to the present invention, obtained by the aforementioned process,

and pure-gold ornamental members, micro-Vickers hardness (load:
100 g) was measured after the casting, before and after the heat
treatment, and before and after the working. The results are
shown in FIG. 1. If Gd added is small in quantity, then the effect
of the heat treatment as well as the heat resistance lower. On
the other hand, if an increased amount of Si is added, a crack-
is caused during the working. The article containing both Gd
and Ca has a hardness Hv as high as 170, which is higher by about
40% than that of the article containing Gd alone and higher by
about 25% than that of the article containing Ca alone.

- Articles containing rare earth elements tend to show high
heat resistance, and among them, the article containing Gd
exhibits the highest heat resistance, 'proving a remarkable effect
of the heat treatment as shown in FIG. 2.

The cast article containing both Gd and Si has a hardness
Hv of 100, which is higher by about 64% than that of the article
containing Gd alone. The article containing Si alone is
extremely low in heat resistance.

For the purpose of evaluation, samples were prepared using
Gd (rare earth element) showing a high age hardening effect and
Ca (alkaline earth metal) showing a high work hardening effect,’
and excellent results were obtained in both cases. By applying
the production process of the present invention, the hardness
could be increased approximately by 30%, as shown in FIG. 4.
Similar results were obtained also in cases where elements were
added in combination. As shown in FIG. 3, articles containing
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heat treatnment as well as the heat resistance |lower. On t he other
hand, if an increased ambunt of Si is added, a crack is.causgd during .
the working. The article containing Thps 8 the r_epiacgmgnt shee
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Gd showed high hardness after being subjected to an aging
treatment at a temperature of 150 to 350°C.

The high-purity gold-alloy ornamental member according to
the present invention has high hardness and improved heat
resistance, as compared with pure-gold ornamental members on the
market, and the hardness thereof scarcely lowers due to
application of heat. Further, the inspection after a lapse of
10 months revealed no substantial variation with the passage of
time in respect of hardness, tensile strength and color tone.

Thus, the high~purity hardened gold alloy member according
to the present invention can retain these properties for a long
term, and accordingly, is highly useful in the industrial field
where it is put to practical use in a variety of ornamental
articles.

Also, the high-purity hardened gold alloy according to the
present invention may probably be used in other fields, such as
in electronic parts, medical parts, etc.

=



5 both Gd*arrd—ea—hara—hardnéss Hvas highas 170, whlch |s ~ higher by.
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Articles cont th elenents tenmtoc s
resi st ance, the article cont ai ni ng meex:i ﬁ Eéﬂtw
hi ghest heat reS| st ance provi ng IR kabl e effect of the heat
treatment as shown in FIG ' : _

1. A high-purity hard gold alloy, characterized

in that 50 ppm or more of Gd and one or more of other elements
are contained as additional elements in Au having a purity of
99.7% by weight or more such that a total content of the additional
elements is 100 to 3000 ppm.

2. The high-purity hard gold alloy accordlng to
claim 1, characterized in that said other elements include Al
or Ca, and said Gd accounts for 10% by weight or more of the
additional elements.

3. The high-purity hard gold alloy according to
claim 1, characterized in that said other elements include Si,
and said Gd accounts for 50% by weight or more of the additional
elements. |

4. A process of producing a high-purity hard gold
alloy, characterized in that, after casting a high-purity gold
alloy having a purity of 99.7% by weight or more, a solution heat
treatment is performed at 700°C or more and then an aging treatment
is performed at 150 to 350°C as a post-treatment, or the aging
treatment at 150 to 350°C alone is performed.

5. A process of producing a high-purity hard gold
alloy, characterized in that, after casting a high-purity gold
alloy ﬁaving a Gd content of 50 ppm or more contained in Au having
a purity of 99.7% by weight or more, a solution heat treatment
is performed at 700°C or more and then an aging treatment is
performed at 150 to 350°C as a post-treatment, or the aging
treatment at 150 to 350°C alone is performed.

6. A process of producing a high-purity hard gold
alloy, characterized in that, after casting a high-purity gold
alloy which contains 100 ppm or‘ more of one or more of elements '
selected from rare earth elements and alkaline earth elements
in Au having a purity of 99.7% by weight or more, a solution heat
treatment is performed at 700°C or more and then an aging treatment
is performed at 150 to 350°C as a post-treatment, or the aging
treatment at 150 to 350°C alone is performed.

7. The high-purity hard gold alloy according to any
one of claims 1 through 3, characterized in that said gold alloy
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hardeni ng effect, and excellent results were obtained in both cases.
By applying the production process of the present invention using the
heat treatnment, it is possible to increase the hardness by '
approximately 30% Simlar 25 results were obtained also in cases where
el ements were added in conbi nati on.
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(1) trace elements are added and (2) heat treatment is
performed, so that th;'hardneéé is increased to a level

5 approximately equivalent to that of 18-karat gold at
relatively low working ratio, thereby eliminating the
drawbacks associated with high-purity gold, that is,
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improving the wocrkacility, heat
resistance, durability, etc.
10 A high-purity goid alloy according to the present

invention can be hardened tc a level approximately
equivalent to that of 18-karat gold at relatively low
workingzatio,andthekﬂgh—éuritygoldalloythushardened
is not extremely softened by heat treatment performed as
15 a poét—treatment, such as brazing or welding. Even a cast
article which is not subjected to plastic working Has a
hardness comparable zo that of a hardened article which.has

been subjected to plastic working.

This is the replacement sheei
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gnents including Gd and Ca or Gd and Al

R@AMEI"TNEM n an anmount of 100 10 to 3000 ppmto said
I . hi gh- Au-purity hard all oy nenber,
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As the heat treatment for obtaining the above high-purity
gold alloy, solution heat treatment, rapid cooling and ‘aging
treatment were performed. The resulting allby was less lowered
in hardness by welding, brazing or the like. and thus can retain
high aesthetic value for a long term, proving to be suitable as

a member for use as high-purity gold jewellery.

Disclosure of the Invention |
Advantageously, the invention provides a high-purity hard
gold alloy which is improved in workability, heat resistance,
flaw resistance, etc. and thus may eliminate thé drawbacks
associated with high-purity gold alloy, and a process of
producing such a gold alloy.

According to one aspect of this invention, there is

provided a high purity hard gold alloy consisting of from S50 to

3000 ppm Gd, the balance being gold, said gold alloy having a

gold content of at least 99.7% by weight of the alloy.
According to another'aspect of the invention, there is

provided a high-purity hard gold alloy consisting of 50 ppm or

more of Gd and one or more of elements selected from the group

‘consisting of Ca, Al, and Si, the balance being gold, said gold -

alloy having a gold content of at least 99.7% by weight of the
alloy and the total amount of Gd, Ca, Al, Si being from 100 to
3000 ppm.

These gold alloys advantageously have a high Vickers
hardness Hv of 150 or more.

According to a further aspect of the invention, there is

provided a process for producing a high-purity hard gold alloy

comprising:

casting a high-purity gold alloy consisting of from 50 to



menber, <char agterrzed—ra—that—4 n process of producing a

hi gh- Au- puri t yREPLACEMENIeSHEEY | ng a purity of 99. 7% by wei ght or

nore, (1) a sql gtron heat treptpent is perforned at 700[err]C or nore
after castingiand 1'|I7 PRoggi Ngj treat nent guBStitité sheet ormedepierdihél 1998
350[err]C as 4 post-treatnent} br (2) said aging treatnent alone is
per f or med. S—A—-pr-bcess of jyoducing a high-Au-purity hard all oy
menber, charadterized in that 59 ppmor nore of Gd is added

3000 ppm Gd, the balance being gold, said gold alloy having a
gold content of at least 99.7% by weight of the alloy,

solutioh treating said alloy at a temperature of 700°C or
more and . _

5 aging said alloy at a temperature of from 150 to 350°C.

' According to yet.another aspect of the invention, there is
provided a process for producing a high-purity hard gold alloy
comprising: '

casting a high-purity gold alloy consisting of 50 ppm or

10 more Gd and one or more elements selected from the group
consisting of.Ca, Al, and Si the balance being gold, said gold.
alloy having a gold content of at least 99.7% by weight-of the
alloy, and the tctél amount of Gd, Ca, Al, Si being from 100 to

- 3000ppm,
15 solution treating said alloy at a temperature of 700°C or
more and
aging said alloy at a temperature of from 150 to 350°C.
According to still another aépect of the invention, there
is provided a process for.producing a high-purity hard gold
20 ailoy comprising:
casting a high-purity gold alloy consisting of from 50 to
3000 ppm G4, the balance being gold, said gold alloy having a
gold content of at least 99.7% by weight of the alloy and
aging said alloy at a temperature of from 150 to 350°C.

25 According to a further aspect of the invention, there is
provided a process for producing a high-purity hard gold alloy
comprising:

casting a high-purity gold alloy consisting of 50 ppm or
more Gd and one or more elements selected from the group

30 consisting of Ca, Al, and Si, the balance being gold, said gold
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alloy having a gold content of at least 99.7% by weight of the
alloy, and the total amount of Gd, Ca, Al, Si being from 100 to
3000ppm and '

aging said alloy at a temperature of from 150 to 350°C.

5 According to this invention, the gold content is as high as
99.7% by weight or more since, in the case of ornamental members
in general, high gold content is preferred because of high-
quality lock. Where SO0 ppm or more of GA was added, the hardness
was increased by the heat treatment and working, and reduction

- 10 in the hardness due to brazing, welding or the like lessened,
showing advantageous effects of the additional element.

The addition-of trace elements and the heat treatment could
provide a remarkable hardening effect for both cast and worked
articles. The hardened high-purity gold alloy had a gentle

15 softening curve and was improved in hardness, tensile strength
and heat resistance.

By selecting a third element to be added, it is possible to

, select either thermal hardening or work hardening. For cast
articles, hardening is achieved by (1) adding an extra e;ement

20 and (2) pérforming heat treatment, and for worked articles, work

hardening is also utilized in combination. Since the present
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1. A high purity hard gold alloy consisting of from 50 to 3000
ppm Gd, the balance being gold, said gold alloy having a gold
contént of at least 99.7% by weight of the alloy. _
2. A high-purity hard gold alloy consisting of 50 ppm or more

5 of 6d and one or more of elements selected from the group
consisting of Ca, Al, and Si, the balance being gold, said gold
alloy having a gold content of at least 99.7% by weight of the
alloy and the total amount of G4, Ca, Al, Si being from 100 to
3000 ppm. _ |

10 3. the high-purity hard gold alloy according to claim 1 or 2,
wherein said gold alloy has a Vickers hardness Hv of 150 or
more. _
4. A process for producing a high-purity hard gold alloy
comprising: | _

15 casting a high-purity gold alloy consisting of from 50 to
3000 ppm Gd, the balance being gold, said gold alloy having a
gold content of at least 99.7% by weight of the alloy,

solution treating said alloy at a temperature of 700°C or

more and '

20 aging said alloy at a temperature of from 150 to 350°C.
5. A process for producing a high-purity hard gold alloy
comprising:

casting a high-purity gold alloy consisting of S0 ppm br

more Gd and one or more elements selected from the group

25 consisting of Ca, Al, and Si the balance being gold, said gold
alloy having a gold content of at least 99.7% by weight of the
alloy, and the total amount of Gd, -Ca, Al, Si being from 100 to
3000ppm, |

solution treating said alloy at a temperature of 700°C or

30 more and

MR
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é aging said alloy at a temperature of from 150 to 350°C.
6. A précess according to claim 4 or 5, wherein said gold
alloy has a Vickers hardness Hv of 150 or more.

7. A process for producing a high-purity hard gold alloy

.comprising:

casting a high-purity gold alloy consisting of from 50 to
3000 ppm Gd, the balance being gold, said gold alloy having a
gold content of at least 99.7% by weight of the alloy and

| aging séid alloy at a témperature of from 150 to 350°C.

8. A process for produc:.ng a high-purity hard gold .alloy
comprising: _

casting a high-purity gold .alloy consisting of 50 ppm or
more Gd and one or more elements selected from the group
conéiSting of Ca, Al, and Si, the balance being gold, said gold
alloy having a gold content 6f at least 99.7% by weight of the
alloy, and the total amoﬁﬁt'sf Gd, Ca, Al, Si being from 100 to
3000ppm and :

aging said alloy at a temperature of from 150 to 350°C.
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