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| NVENTI ON The invention relates to silver alloys, and in particular,
to tarni shonesi@sant silver 5alloys. BACKGROUND TO THE pNYSWEdON00435 The
foll owi ng di scussion of the background to the invention is intended to
facilitate an understandi ng of the present invention. However, it should be
10 appreci ated that the TARNISH-RESISTANT SILVERALLOYgnent or admi ssion
that any of the material referred to was published, known or part of the
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soft, with a | ow hardness value in the region 20 of 28 to 35 Vickers

Har dness Nunber (VHN). This | ow hardness characteristic of pure silver
limts its use in the formof pure silver in the jewellery, table wares,
dent al aBACKIGROUND TORTHEIMVENEIQN the |initation of pure silver, the-
jewellery industry, for exanple, has adopted the use of silver alloys in
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better machineability for 30 wider range of applications.
knowledge in any jurisdiction as at the priority date of the appllcatlon
Pure silver (99.99 wt%) is white in colour and gives a brilliant, shining luster. It
also possesses a good tarish resistance compared to other precious metals. Due
15 to its brilliant luster appearance and good tamish resistance, silver has often been
used for jewellery, table wares, dental and other applications that desire aesthetic
appeal. In a way similar to pure gold, pure silver is a much sought-after precious

metal in the commercial world.

However, pure silver is ductile and soft, with a low hardness value in the region
20 of 28 to 35 Vickers Hardness Number (VHN). This low hardness characteristic of
pure silver limits its use in the form of pure silver in the jewellery, table wares,

dental and other applications.

Due to the limitation of pure silver, the jewellery industry, for example, has -
adopted the use of silver alloys in place of pure silver in the making of jewellery.
25  Sterling Silver (92.5 wt% Ag) and Britannia Silver (95.8 wt% Ag) are two common
forms of silver alloy that are fasf becoming more widely used than pure silver. This
is due to-the fact that Sterling Silver, for example, hés a hardness value in the
region of 80 to 100 VHN, which is significantly higher than that of pure silver. The
higher hardness value translates to better workability and better machineability for

30 wider range of applications.
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such silver alloys appear even less attractive commercially.

It is therefore desirable to provide silver alloys having hardness (VHN) higher
25 than pure silver and yet possessing tarnish resistance comparable to pure silver.

SUMMARY OF THE INVENTION

Throughout this document, unless otherwise indicated to the contrary, the terms

“comprising”, “consisting of”, and the like, are to be construed as non-exhaustive,

30 orin other words, as meaning “including, but not limited to”.



Preferably, the silver alloy possesses a higher tarnish resistance than
99.99 Wt % silver. 15Preferably, the silver alloy shows a hardness val ue of
at | east w6 2vHM6s5922According to a second aspect of the pcesenbiojonsssti on,
there is provided a nethod for formng tarnish-resistant silver alloy
conprising Ag, Be, Sr and Zn. The nethod conprises nelting Ag, Be and Sr to
first formVher applicabled tiee eight peneentage) values of ithel vatiousieleiments haue

bubbl i ng Zn thro h thf | ten m x d al l oy, 20 quenching the nolten m xed
al | oy, arfth FEY %&VD?‘HM@ €550 to 400 C.  According to a third
aspect of the present invention there is provided a use of the silver alloy
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In the f irgeipkant verallpy nga@eomwswgy MRS b i ments of the
5present invention, in which:- FIG 1 shows the conparison of

t ar ni sh- r eFreferatslg, ties silverilby Sobwirisesat deast@200 ak%sAg.ver al | oys and sil ver
alloys (for alloys 1-4) of the present invention 12 hours after suspending
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to tarnish-resistant silver alloys. In accordance with a first enbodi nent
of the invé&hefesablythersilvesalnyoeoripdses 090t wt¥h $h0r2wt%tBet si |l ver all oy
having a conposition conprising Ag, Be, Sr and Zn. The inventor has found

that by al 'P?ééfe?éblg '%‘?Iveﬁél@}‘{té’%rrﬁﬁﬁéé‘é 009%/{; 'b.05 W% B& | 0y possesses

tarnish resistanceé that 1s an or at [east conparable to pure
silver, and yet has hardness hi gher than pure silver such that the

resul t ant ?rﬁﬁ%ﬁ 1 theysilyees alayseamprsesP-0Rd idb 9 PtdWEhPor e superi or

machi neabi lity than 20pure silver. Zn is added as an alloy conponent

becayge of Préi%rélﬂ?xméls?llk/égalﬁiy d:dmpns@ﬂﬂﬁm%%mmllr&b' e pure silver
contains small anpbunt of -silver oxide. Casting of silver -alloys is
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Preferably, the silver alloy possesses a higher tarnish resistance than 99.99
wit% silver.

15 Preferably, the silver alloy shows a hardness value of at least 46 VHN.

According to a second aspect of the present invention, there is provideda |
method for forming tamish-resistant silver alloy comprising Ag, Be, Sr and Zn. The
method comprises melting Ag, Be and Sr to first form a solid mixed alloy, re-

| melting the solid mixed alloy and bubbling Zn through the molten mixed alloy,
20 quenching the molten mixed alloy, and heat tempering at between 250 to 400 °C.

According to a third aspect of the present invention there is provided a use of
the silver alloy as described in the first aspect in the making of jewellery, watches,

table wares, dental and other applications.

25



25to the silver alloy, thereby rendering the silver alloy losing its
aesthetic appeal. Even if the casting is perforned in a non-oxidizing

envi r onmew,20nies@2i on may i nevitably occur. Zn hel ps t eciscziwioae3or
reduce the silver oxide. Further, with Zn present in the silver alloy, the
| i kel i hood of oxidation occurring is much reduced since Zn will suppress
the formation of silver oxide. WD 2011/065922PCT/ SG2010/ 000435 Be is
added as an all oy conmponent to provide substantial hardening effect to the
resultant silver alloy so that the resultant alloy possesses sufficient
har dness for subsequent workability and machineability. In the present

i nvent i OBRIEFSDESCRIPTIONOF THE DRAWINGAr dness val ue of at |east 46 VHN
5Sr is added as an all oy conponent because Sr is an active oxide former
that acts in syner with Zn to provide an effective tight oxide |ayer on
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alloy is conBarabI-e to the anount of Ag 15 content present in Hall mark
Silvers BAWRUlEesteriing Silver (92.5 wt% Ag) and Britannia Silver (95.8
w%Ag). If the Ag content present in the silver alloy is below 92.0 wt %
the g@sultant silver alloy | oses the Hallmark qualification. Mre

i nport ant lEYI‘ the low Ag content in the resultant silver alloy gives a |ess
brillianPETAILEDRE QéPITL'QNrje and therefore an inferior appearance
conpared to Hallmark 20 Silvers. On the other hand, if the Ag content
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may not possess sufficient hardness for workability and machineability
useful f@HoXferking into a wide range of silver conponents and articles. The
tarni sh resi stance of the silver altoy having nore than 99.0 wt% Ag i s al so
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20 pure silver.

Zn is added as an alloy component because of its deoXidizing ability.
Commercially available pure silver contains small amount of silver oxide. Casting
of silver alloys is preferably performed in a non-oxidizing environment; otherwise
the silver will absorb more oxygen. Such silver oxide layer gives a dull appearance

25 to the silver alloy, thereby rendering the silver alloy losing its aesthetic appeal.
Even if the casting is performed in a non-oxidizing e'nvironment,‘oxidation may
inevitably occur. Zn helps to deoxidize or reduce the silver oxide. Further, with Zn
present in the silver alloy, the likelihood of oxidation occurring is much reduced
since Zn will suppress the formation of silver oxide.



WO 2011/ 065922PCT/ SG2010/ 000435 The Sr content present in the silver
alloy is preferably between 0.001 to 0.2 w% wherein the weight content is
based upowmotbadssdzal wei ght of the silver alloy. If thep8i/scanto®nissss bel ow
0.001 wt% the Sr-Zn synergy effect described above may not be effective so
as forma tight oxide layer acting as a barrier against the 5 formation of
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deoxi di zing effect. In additi-on, the | ow Zn content may not achieve the
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Optionally, 0.01 .0 % Pd may be added to inprove the castablllty or

net al fotqnewahéftlghh@xnd@s}awraaﬁts@ﬂa/eam@rﬁ%&hefmmlpe@&mlgﬁrw fige.t 0 0.05 wt %
Chr_o umy{ grewlp é?/%nﬁﬂg?ﬁebﬂn Bieth v& I ility, hardness and oxi dation
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resi stance e res anmpl es.’ The sil ver
all oys of the present invention are forned 2{ al l oyi ng techni ques_using 100
g of = 99. 99The wlvey, allgwirrafarablyigosmprisestaideastd. O we Aaowhereimihe weighddi ti on

25 of Beoo SenPh AR dhd¥he Bl AR RS SRS LBgIner . Ag. Be and 1 are

first nme an 1n arc or an |onfu ace in a non- oxidizing
envi ronment. A reducing hydrogen torch is used to protect the silver from

oxi di zi ng Mere preferabiyithe silver alloyreanaprispss92.0rte 98¢) Wb Aacsathatihe ur e and
51 9P, S g Bl AR U 1698 SORpHRIHIO T e ABuAEAE 2, 0
bubbi®s Umvehﬁﬁrefsbhomhallrh‘é}léswdrﬁ&ﬁeﬁ %B%B@@W@Q@ZSSM% Ag) and
Britannia Silver (95.8 wt% Ag). If the Ag content present in the silver alloy is below
92.0 wt%, the resultant silver alloy loses the Hallmark qualification. More
importantly, the low Ag content in the resultant silver alloy gives a less brilliant,
less shining lustre and therefore an inferior appearance compared to Hallmark
20 Silvers. On the other hand, if the Ag content present in the silver alloy is above .
99.0 wt%, the resultant silver alloy may not possess sufficient hardness for
workabﬂity and machineability useful for working into a wide range of silver
components and articles. The tarnish resistance of the. silver alloy having more

than 99.0 wt% Ag is also lower.

25 The Be content present in the silver alloy is preferably between 0.001 to 0.2
wt%, wherein the weight content is based upon the total weight of the silver alloy.
More preferably, the Be content present in the silver alloy is between 0.002 to 0.05
wt%. If the Be content is below 0.002 wt%, the resultant silver alloy may not
possess sufficient hardness for workability and machineability. On the other hand,

30 if the Be content ié above 0.2 wt%, the resultant silver alloy may possess extreme
hardness that may cause problems for mechanical working. In extreme cases,

embrittlement may occur after cold working and micro cracks may therefore occur.
' 5



the nolten m xture thereby providing a good m xing. This nethod of

I ntroducing Zn into the m xture mnimzes the vapourization of Zn, thereby
reduci ng WO8H%6692227n. The nolten silver alloy is tIREm/SGaGH/00RBH an
ingot and rolled into sheet, nornalized and cut to sanple size for

tarni sh-resi stance testing to be described 5l ater. Table 1 illustrates
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92.595.0.98.0 92.5 92.5 Zn 7.154.66 1.8
for example SrAgs, being formed.

The Zn content present in the silver alloy is preferably between 0.4 to 7.5 wt%,
wherein the weight content is based upon the total wéight of the silver alloy. If the
10  Zn content is below 0.4 wt%, the low Zn content may not have the effective
debxidizing effect. In addition, the low Zn content may not achieve the Sr-Zn
| synergy effeci described abdvé and tamishing of the silver alloy may then occur.
On the other hand, if the Zn bontent is above 7.5 wt% and therefore the Ag content
will be below 92.5 wt%, the resultant silver alloy loses the HaIImafk qualification.
15 More importantly, the low Ag content in the resultant silver alloy gi\)es a Ieés
brilliant, less shining lustre and therefore an inferior appearance compared to

Hallmark Silvers.

Optionally, 0.01 to 2.0 wt% Pd may be added to improve the castability or metal

forming of the resultant silver alloy.

20 Optionally, 0.02 to 0.05 wt% Chromium Cr may bé added to improve the

castability, hardness and oxidation resistance of the resultant silver alloy.

[Examples]

The silver alloys of the present invention are formed by alloying techniques
using 100 g of 99.99 wt% Ag, which is first heated, followed shortly by the addition
25 of Be, Srand Zn in the _foIIowirig described manner.

Ag, Be and Sr are first melted in an inert arc or an induction furnace in a non-
oxidizing environment. A reducing hydrogen torch is used to protect the silver from
oxidizing to silver oxide. After melting of the Ag, Be and Sr mixture and pfoper
agitation, Zn is then introduced from the bottom of the molten Ag, Be and Sr

30 mixture. Zn, with its low melting point, melts quickly and bubbles upwards through
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the molten mixture thereby providing a good mixing. This method of i‘ntroduci'ng Zn
into the mixture minimizes the vapourization of Zn, thereby reducing losses of Zn.

The molten silver alloy is ihen cast into an ingot and rolled into sheet,
- normalized and cut to samplé size for tarnish-resistance testing to be described

5 later.

Table 1 illustrates the exemplary compositions (Alloy 1 to 5) of tamish-resistant
silver alloy suitable for the working of the present invention, where the silver alloy
is formed by the method descrjbed above. The silver alloy comprises essentially
the main elements Ag, Be, Zn and Sr. Optionally, 0.01 to 2.0 wt% noble metal Pd
10 may also be added to improVe the castability of the -fesultant silver alloy. | 4
Optionally, 0.02 wt% to 0.0S'M% Cr may also be added to improve the castability, |
hardness and oxidation re'sis_tance of the resulitant silver alloy. Trace elements

make up the balance of the silver alloy composition. .

Element (wt%) Alloy 1 Alloy 2 | ‘Alloy3 | Alloy4 | Alloy 5
Ag 92.5 950 | 98.0 925 | 925
Zn 7.15 4.66 1.8 4.57 4.57
Be 0.02 0.01 0.01 0.01 0.01
Sr 0.02 0.03 0.01 0.02 0.02
Pd 20 | 098
Cr 0.02

Trace Elements 0.31 . 0.3 0.18 0.9 1.9

15 TABLE 1: EXEMPLARY COMPOSITIONS OF SILVER ALLOY

[Tamish-Resistance Tests]

Samples of the tamish-resistant silver alloys of Examples 1 to 4 were used to

20 evaluate the tamish resistance in comparison with pure silver of 99.99 wt%, with a



0.02 Trace Elenents 0.310.3 0.18 0.9 1.9 15TABLE 1: EXEMPLARY COWVPCSI TI ONS
OF SILVER ALLOY ' Tarni sh- Resi stance Tests.' Sanpl es of the

t ar ni sh- rweistiamse2si | ver all oys of Exanples 1 to 4 wer eprussd200/08@3gval uate
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WO 2011/ 065922PCT/ SG2010/ 000435 tarnj sh-resistant Sterling Silver avail able
commer ci damysh-rgristant Kteging §H¥%l’r%’aﬂﬁé||el Gammerdiagity, and with g siandatg and 7.5

wt % Cu. %}gﬂﬁg%ﬁe?gfgztg gﬂ@b@&rdﬁéaml es 1 to 5 of the pure

si | ver, tarn stanf ng Silver, and of the standard
Sterllng Silver were cut |nto 25 5 X 10 x 1 normal i zed. Al l sanpl es

wer e pol i sK&e piegewaghaldbe sampies of Exmgl@isd 92 tofiBe Pyre §&\¢erfs@i thei on.
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sanpl es \oe‘reexherpm inmrmaium Allgdraples werelpaishedamdidegreadedsin 4n de vapour
flow 10 e of 0. ms and | an anbi ent tenperature of 24 C. These

sanpl es %S%P? "&9?@?9(% i®Bur, two hours, 6 hours, 12 hours, and 24
hours respectively.
The cleaned samples were then suspended over ammonium polysulfide

solution which contains 0.5 ml ammonium polysulfide in 200 ml distilled water. The

samples were kept in a fume cupboard with an ammonium polysulfide vapour flow
10 rate of 0.75 m/s and in an ambient temperature of 24 °C. These samples were

examined after one hour, two Ahours, 6 hours, 12 ho@rs, and 24 hours respectively.

The comparison results for 12 hours duration are depicted in Figure 1. As

clearly shown in the figure, silver alloys of the present ih\)ention, i.e. Alloys 1to 4
show better tafnish resistance compared to pure-silver, commercial tarnish-

15 resistant Sterling Silver and standard Sterling Silver. From Figure 1, it clearly
illustrates that the standard and commercial tamish-resistant Steﬂing Silver were
‘severely blackened after 12 hours. Pure silver of 99.99% shows sign of moderate
discoloration. Alloys 1 and 4 show little discoloration. Alloys 2 and 3 show signs of
moderate discoloration comparable to that of pure silver. Overall, Alloys 1 to 4

20 demonstrated better tamish resistance than standard and commercial tarnish-

resistant Sterling Silver.

The tests illustrated that with the silver alloys of the present invention, the use of
expensive noble metal Pd and other complex arrays of elements taught in the
.existing art may be minimized, if not eliminated, while the tamish-resistance of the
25  silver alloys has improved. Noble metal Pd, if required, may be added in minute
amount up to 2 wt% compared with existing art where approximately 19 to 40 wt%

Pd is required.

The solubility of Zn in Ag at high temperature is more than 30 wt%, and its

solubility' falls rapidly as the temperature decreases. When the Ag-Zn alloy is

30 quenched, an ordered beta-Ag phase is formed with a FCC (Face-Centered-
Cubic) structure or lattice. Upon heat tempering of the alloy, the silver alloy

8



The conparison results for 12 hours duration are depicted in Figure 1. As
clearly shown in the figure, silver alloys of the present invention, i.e.
Al l oys 1 wo 211gtesam better tarni sh resi stance conpared t ®@CpsGe0®I0hASS
commercial tarnish- 15resistant Sterling Silver and standard Sterling
Silver. FromFigure 1, it clearlﬁcirlustrates t hat the standard and
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metal Pd an ot her ex arrays e errents tIn existing art
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nore than Its Sol ubil s rapidly as the tenperature
decreaseyHN/\fm'nNQﬂﬂébbl\U@ﬂ macbymaabll@o Vdﬂ]@h@hl&is”\éﬂi lagk$er ed bet a- Ag phase is

formed with a FCC (Face- CenteredCubic) structure or lattice. Upon heat

tenpeg i ng ?ﬁetd?@rea&éé&‘lbea oy 'cbﬁﬂfosﬁldn%rovfﬁgs?émféf SRRRIEstssiFg high 000435
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at 1 co DI Sk ok PERSVAR Iy CAES Rive iPnt afad R fHeheSs

have caugftioliethel dditrorfiofséxpensive ndbile widtal Re opities edinplexamapof dlethems st udy
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the sil vap tayghtjrthe exdsting ad; al | oys becones nuch softer. Wth a nild
tenpering heat treatnment of 300 to 400 C, the silver alloys subsequently

becope har dethough\the foredbirigiihesiticranabesn dbsaribéssondd d¥tl yoway of
wor kabi l'ity and machi neabilit whi ch pure silver lacks. 10The
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il lustration and exanple, and with regard to one or nore enbodi nents, for
the purposes of clarity of understanding, it is readily apparent to those
of ordi nawg 28kivde922n the art in light of the teachi ngs @®CTiSG2610/0n0485H1t i on
that certain changes, variations and nodifications may be nmade thereto

w thout departing fromthe spirit or scope 20 of the invention as described
in the apfPdMMd clains. WO 2011/ 065922PCT/ SG2010/ 000435 | CLAIM 1. A
tarni sh-resistant silver alloy having a conposition conprising Ag, Be, Sr

and Zn. 1 Atamuiﬁ@e§sﬂaﬁegmrlénbyWavmgaa Bbrl\po‘éﬂléh%dhéﬁ%?AbVBé st bad
conprises at least 92.0 wt% 5Ag. 3. The silver alloy of aim 2, wherein

the silver &nioy corrprlses 92.0 to 99.0 wt% Ag. 4. The silver aIon of any
one of clains 1 to 3, wherein the silver alloy conprises 0.001 to 0.2 W%

Be. |05. 2Th¢h§'s'uv&ralw cﬂ‘yclé’ifn ‘F'\ﬁh@?fe‘?n twmr\@wé\uweomdn%sé afldaRY 90 UM%, S es
0.002 to 0.05 wt . The silver alloy of any one of claims 1 to 5,

wher e¥ n theAgLIver aIon conprises 0.001 to 0.2 wt% Sr. 7. The silver
alloy of any one of clainms 1 to 6, wherein the silver alloy conprises 150.4

to 7.5 ws% FRe siveraf f'dféifn 8l Jvﬁ%r tRYIveRail cﬁh%'ngés botPto’99 PRMREI N the

silver alloy corrprlse % Pd. 9. e silver alloy of any one
of clainms 1Ago 8, V\/nereln the silver alloy conprises 0.02 to 0.05 W% Cr. -
2010. The silver alloy of any one of claims 1 to 9, wherein the silver

al 1 oy pogseqRgSilferhIbydr driyf cFHéQf GRSy %‘@%Jh'%?é‘n?ﬁe Sivet oy doriprises
- 0.001 to 0.2 wt% Be.

10 5. The silver alloy of claim 4 wherein the silver alloy comprises 0.002 to 0.05
wt% Be.’ ' ’

6. The silver alloy of any one of claims 1 to 5, wherein the silver alloy comprises
0.001 to 0.2 wt% Sr.

7. The silver alloy of any one of claims 1 to 6, wherein the silver alloy comprises
15 0.4 to 7.5 wt% Zn.

8. The silver alloy of any one of claims 1 to 7, wherein the silver alloy comprises
0.01 to 2.0 wt% Pd.

9. The S|Iver alloy of any one of claims 1 to 8, wherein the silver alloy comprises
0.02 to 0.05 wt% Cr.

- 20 10. The silver alloy of any one of claims 1 to 9, wherein the silver alloy possesses

a higher tamnish resistance than 99.99 wt% silver

11. The silver alloy of any one of claims 1 to 10, wherein the silver alloy shows a

hardness value of at least 46 VHN.

12. A method for forming tamish-resistant silver alloy comprising Ag, Be, Sr and

25 Zn, the method comprising:

- melting Ag, Be and Sr to first form a solid mixed alloy;

10



11. The silver alloy of any one of clainms 1 to 10, wherein the silver alloy

shows a hardness value of at |east 46 VHN. 12. A nethod for formng
t ar ni sh- rwei2etizes92si | ver all oy conprising Ag, Be, Sr an#czBongiotobesset hod
conprising: - nelting Ag, Be and Sr to first forma solid m xed all oy;

re-nmelting the solid m xed alloy and bubbling Zn through the nolten m xed
al l oy; quenchi ngetnelting thegolid séxedaaliayyanchhubbling Zn ghrough tlae moliest ween 250
to 400 C. 513. UZT?I 8&@%@ silver alloy of any one of claims 1 to 11 in the
maki ng of jewell § hes, table wares, dental and other applications.

— quenching the molten mixed alloy; and
— heat tempering at between 250 to 400 °C.

5 13. Use of the silver alloy of any one of claims 1 to 11 in the making of jewellery,

watches, table wares, dental and other applications.
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