COLOURED GOLD ALLOY AND METHOD FOR FORM NG THE SAME FI ELD OF | NVENTI ON The
I nvention relates to coloured gold alloys and nethod for form ng the sane.
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yel | owi sh gol d. Such col ourings on gold alloys include nmaroon, blue, green

or greeni shhsl inyentioniredates ko cagurechgoldeallons @nesmethoddes frelingthsol our ed gol d

pat i it 1 oA PRRAAET b Bl RENER o BT 6% AR HAIERERY *The
nost  comuohtent s @sbreahdnilQueeigiot perednic@vt9®)| oured gold. In a typical
oxi dati on process, an alloy conprising gold and colouring elenents are

heated i axi di 2| \ a tenperature between 700C and 9500C
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- The following discussion of the background to the invention is intended to
facilitate an understanding of the present invention. However, it should be
10  appreciated that the discussion is not an acknowledgment or admission that any
of the material referred to was published, khown or part of the common general

knowledge in any jurisdiction as at the priority date of the application.

Gold jewellery and wafches are common accessories not only for the status-
conscious, but also for the fashion-goers. Coloured gold alloys are becoming
15 increasingly high in demand compared to traditional yellowish gold. Such
colourings on gold alloys include maroon, blue, green or greenish-blue, and
black.

Current techniques for pfoducing coloured gold alloys include electroplating,
chemical or physical vapouf deposition, patination, and oxidation. Oxidation of
20 the gold alloy is presently the most commonly used technique to prodube
coloured gold. ‘ )

In a typical oxidation process, an alloy comprising gold and colouring
elements are heated in an oxidizing atmosphe_re at a temperature bet'ween'
«700°C'and 950°C for 20 to 60 minutes. The resultant gold alloy-is then cQoIed.

25 To improve the mechanical properties of the gold ailoy, titanium is often included
" as one of the alloyihg elements. The titanium-gold alloy possesses a coloured
surface due to the formation of -an intermetallic phase within the bulk of the gold

alloy. However, as titanium is highly reactive even in ambient environment,



as one of the alloying elenents. The titaniumgold all oy possesses a

col oured surface due to the formation of an internetallic phase within the
bul k of twe 2golod7abl oy. However, as titaniumis highly reasGz2ye/oesan in
anbi ent environnent,titaniumoxide is forned at the surface of the gold
alloy. Titaniumoxide is brittle and deteriorates the nechanical properties
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I n alQec SHUMMARY ORTHENINVENIEAN i nvention, there is provided a col oured

gold alloy conprising gold, titanium and at |east one other elenent forned
i n accor dampeodHdut thl§ doclUfiferdStfiess 8thehWigeiindiealedas the contrary, the

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

exhaustive, or in other words, as meaning “including, but not limited to”.

In a first aspvect of the present invention, there is provided a method for
15 forming coloured gold alloy. The method comprises coating a layer of oil on a
- gold alloy and heating the coated gold ailoy'at a temperature selected based on
the colouring on the gold alloy desired until the colouring appears. The gold alloy
comprises gold, titanium, and at least one other element. The titanium content in

the alloy is more than 10 wt%.

20 In a second aspect of the present invention, there is pro_vided a coloured gold
alloy comprising gold, titanium, and at least one other element formed in

accordance with the first aspect of the invention.

In a third aspect of the present invention, there is provided jewellery
-comprising a coloured gold alloy comprising gold, titanium, and at least one
25 other element formed in accordance with the first aspect of the invention.

In a fourth aspect of the present invention, there is provided the use of a
coloured gold alloy in jewellery, the coloured gold alloy comprising gold, ”
titanium, and at least one other element formed in a¢cordance with the first
aspect of the invention.



In a third aspect of the present invention, there is provided jewellery
conprising a coloured gold alloy conprising gold, titanium and at | east
one ot herwel2erments32bormed i n accordance with the first agpesc2af/iobira9
invention. In a fourth aspect of the present invention, there is provided
the use of a coloured gold alloy in jewellery, the coloured gold all oy

conpri si i J d at | east one other elenent forned in .
accordanrcth-\?\nR"'lc’tl?peéﬁBwlggect of the invention. DETAI LED DESCRI PTI ON The
invention relates to coloured gold alloys and nmethod f-or form ng the sane.
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10~ The ba‘lance of the gold alloy comprises at least one other element. The other
element preferably aids in the machinability or castability of the resultant
coloured gold alloy. More preferably, the other element acts as a deoxidizer,
suppressing the formation of metallic oxides. Examples of the other element

include the following:

15 e 0-8wth Fe
e 0-5wt% Co
o 0-5wit%Cr

e 0-5wt% Mn

o 0-5wt% Mo

20 e 0-5wt%Pd
e 0-5wt%Nb
o 0-5wW%W
.« 0-6w%Al

e 0-2wt% Si.

25 A thin layer of oil is first coated on the gold alloy. Preferably, the thin layer of

oil is coated on the entire exposed surface of the gold alloy. The thin layer of oil

3



O- 5wt%MO0-5wWmM%Pd O0-5WM%N O-5WM%W 0- 6 WWHA O0- 2
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oils such as olive oil, organlc oil, lubricating oil, hydrocarbons. The
coating of the thin |

th d al|l t
f or mat i orfNGUIGRRY, M%YTB eHEtPaFW Yfgi\é?eé"d&'%o%%41 ¥ IBE%O E|qr8§,nlc(é wepl/\nmsée t he
presence |QbrithOdil, W arcUarbdYss. StHe @fatin foftﬂhé’ﬂgﬁllé%/éi"df‘?ﬁl (Welr khecgstge poor

surface finishing since oxides are briftle and gi've a rough-difhple surface
appear ancaloyaips ttaminimizs toraation of sindesiratie metdlliatoxidesomthegalde sel ect ed

b d t g th | | d d. . Th t

anc i1 1m0 BRI dn8 Bres¥heRPrang ey tne Sutatd 268 ol s

bet ween %s@%cﬂﬁ%uﬂ@@e‘?ﬁlshﬂysmtﬂe PRIdels @b drittle 478 givedH Polfh-HiRdp Iémr 00”

col oured ‘gol d all oy; 00.0C for blue coloured gold all oy 650 - 700

0C for gr%éfflc@rﬁpnﬁaé%mﬁesh bl ue coloured gold alloy; and 800 - 900 OC for
bl ack col oured gold alloy. As the heating tenperature approaches the
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appears. The gold alloy is heated at temperétures between 400 °C and 900 °C,

10 and in particular,
e 400 - 500 °C for maroon coloured gold alloy;
e 500 — 600 _OC for blﬁe coloured gold alloy;
. 650 — 700 °C for green and greenish-blue coloured gold vaIIo-y; and
e 800 - 900v °C for black coloured gold alloy.

15 As the heating temperature approaches the selected température, the desired
colouring on the gold alloy starts to become visible. The gold alloy continues to
be heated until the selected temperature is reached whereby the desired

colouring starts to stabilize on the gold alloy.

In one embodiment, the gold alloy is heated in a non-oxidizing environment
20  such as a carburizing environment providing barbon precursors to form |
carbonaceous Iayér on the surface of the gold alloy. The carbonaceous layer
may comprise carbides. Preferably, the gold alloy is heated using a carbufizing
- flame consisting of an oxy-acetylene flame. The fléfne is preferably acetylene-
“rich oxy-acetylene flame. The carburizing flame is non-oxidizing. The carburizing
25  flame is neutral (i.e. C;H2/O, = 1) or reducing (i.e. CZHZ/OZ > 1) and more

preferably reducmg

In an alternative embodiment, the gold alloy is heated in open air on a hot-

~ plate or furnace. Other heating sources apparent to a person skilled in the art



colouring starts to stabilize on the gold alloy. In one enbodi nent, the
gold alloy is heated in a non-oxidizing environnment such as a carburi zi ng
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1 Gold al o@s@g ed?lf gwreqﬁb(gﬁéé@%\?glrfitional t echni ques such as electric arc
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an i dért ExamMRI8sere or under vacuum pressure. For instance, for Alloy 2 (18
car at ' - '

Example 1

Gold alloys are formed by conventional techniques such as electric arc
'melting. The desired compositions of the gold alloy are mixed and melted in an
inert atmosphere or under vacuum pressure. For instance, for Alloy 2 (18 carat
15 gold) illustrated in Table 1 below, 75 wt% Au, 17 Wt% Ti, 5 wt% Fe, 0.8 wt% Co,
. 0.5wt% Cr, 1.5 wt% Al, and 0.2 wt% Si are mixed and melted in an induction
argon atmosphere in a conventional crucible such as magn'esium'oxide crucible.
The melting may also be conducted in a conventional electric arc furnace with a
graphite crucible. Upon melting, the melted gold alloy flows into a casting mould |
20 and cooled to form the desired shape. The cast gold alloy is subsequently
grinded, polished and buffed to mirror-like finish so that the gold alloy surface is
essentially contaminant-free. Other melting techniques and finishing steps are

also suitable for obtaining an essentially contaminant-free gold alloy surface.

After the formation of gold alloy, the gold alloy is dipped into a bath of olive oil
25  to coat a thin layer of olive oil on the gold alloy. The gold alloy is next heated
with an oxy-acetylene flame. The selected temperature is set at 400 °C to obtain
a maroen coloured gold alloy. The ratio of the volumetric flow rates of acetylene .
to oxygen is carefully controlled such that the flame is carburizing. In this
example, the ratio is kept at 5:3. Other ratios are also suitable as long as there is
30 | excess acetylene in the flame.



gold) illustrated in Table 1 below, 75 Wt % Au, 17 % Ti, 5 wt% Fe, 0.8 W%
Co, 0.5 wm%Cr, 1.5 WM%Al, and 0.2 M% Si are m xed and nelted in an

i nduct i onrwenrgomm2adeosphere in a conventional crucibl e sech/sazoovmgerasi um

oxi de crucible. The nmelting may al so be conducted in a conventi onal

electric arc furnace with a graphite crucible. Upon nelting, the nelted
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contam nant-free. Qther nelting techniques and finishing steps are also
sui t abl e glley i9pliewed fr)cael taseemttrapeyatess insgtlhaintA resdtagbmareen oy surf ace.

After the j ' ' alloy, the gold alloy is dipped into a bath of
olive oi f'cotlcﬂ(;frggy[oﬂga@c;x '%Q:Ibg?/@%b'of olive oil on the gold alloy. The gold

alloy is next heated with an oxy-acetylene flane. The sel ected tenperature
is seb at 4D@ntetr obtain a maroon coloured gold alloy. The ratio of the
volunetric flow rates of acetylene to oxygen is carefully controlled such
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in this exanple is formed in the sane manner as described in Exanple 1
(i.elOAl 1650 °8G to prodeice gheenish-liig eplowredy@rid allbyoy, the gold alloy is di pped
into a bath of olive oil to coat a thin |layer of olive oil on the gold

al I oy. The gojné rddtidy tempepatird'8g@achEs 8000C, BhasErfadck 6PBR Hiated The
sel ected tenperature’is set at
gold alloy gradually changes from maroon to slight bluish hue. As the
‘temperature continues beyond 500 °C, the bluish hue becomes more visible and
stable. As the heating temperature approaches 650-°C, the surface of the
15 heated gold alloy gradually changes from blue to greenish-blue. Heating is _
-stopped at 650 °C and the gold alloy is allowed to cool to room temperature in

‘still air. A resultant greenish-blue coloured gold alloy is obtained.

Example 3

The gold alloy in this example is fonned in the same manner as described in
20 Example 1 (i.e. Alloy 2). After the formation of gold alloy, the gold alloy is dipped
| into a bath of olive oil to coat a thin layer of olive oil on the gold alloy. The gold
alloy is next heated with >an oxy-acetylene flame at 900°C. The ratio of the
volumetric flow rates of acetylene to oxygen is carefully controlled such that the
flame is carburizing. In this example, the ratio is kept at 5:3. Other i'atio's are also

25  suitable as long as there is excess acetylene in the flame.

The heating cohtinues until a visible wetting appearance of the gold alloy is .
obtained. It takes approximately one minute at 900°C since heating begins for
the visible wetting appearance to be observed. The gold alloy is immediately

quenched in an olive oil bath container at room temperature. The bath container



650 C to produce greenish-blue coloured gold alloy. As the heating

t enper at ure approaches 500 0C, the surface of the heated gold all oy
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suitable for the worklng of the invention.

Element | Alloy | Alloy @ Alloy | Alloy | Alloy | Alloy | Alloy = Alloy | Alloy
(Wt%) 1 2 3 . 5 6 7 8 9

Ti 15.07 | 17 16 | 245 | 23 18 | 335 37 29

15 _ TABLE 1: Based on 999 Gold, 14 - 20 carat



carbon particles to form carbonaceous | ayer on the surface of the gold
alloy. The olive oil bath container is exposed to air. Oxygen may be
present awvothm/mbizve oil surface. By having the gold al lpoy/sicavernsedo at

| east 15 nmm bel ow the olive oil level, oxidation of the gold alloy is

m nimzed. Further, any oxides inevitably fornmed on the gold alloy surface
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not limited to, carbides. Besides liberating free carbon particles, the intermediate
zone also serves to reduce some of the metallic oxides inevitably formed during

15 the heating.

Oxides are inevitably formed on the surface of the gold alloy since there is a
window period between the formation of the gold alloy and the heating step.
Active elements such as titanium easily oxidize to form titanium oxides. The
formation of oxides is even more prominent and severe during heating on a hot-

20 plate in open air or other similar oxidizing environments. To minimize the
-formation of oxides, it is therefore critical to coat a thin layer of oil on the gold
alloy surfaée prior to the heating. The layer of oil will act as a diffusion barrier for |
atmospheric oxygen adsorbing onto the gold alloy surface and diffusing from the
surface to the inner gold alloy, thereby preventing excessive oxidation. The thin
25 Iéyer of oil also serves another advantage. By having the thin layer of oil over
the gold alloy surface, an even heating can be achieved so that localized hot

spots at different regions of the gold alloy are avoided.

There is yet another advantage afforded by the present invention. During the
~quenching of the gold alloy in the hydrocarbon medium, hydrocarbon molecules
30 immediately close to the gold alloy surface are subjected to high temperatures.

Such high temperatures cause the neighbouring hydrécarbon molecules to

8



wi ndow peri od between the formation of the gold alloy and the heating step.
Active el enments such as titaniumeasily oxidize to formtitani um oxides.
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a hotplate in open air or other simlar oxidizing environnments. To mnimze
the formation of oxides, it is therefore critical to coat a thin |layer of
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and recycled. Scalability to production stage is also easily achieved since the
method involves non-sophisticated equipments. Furthermore, about 10 — 20
15 grams of coloured gold alloy can be formed in relatively short time of less than

one minute of heéting at the selected temperature.

The coloured gold alloy obtained via the afore-described method is
subéequently light-polished to prdducé an intense, glossy coloured surface. The
colouring formed on the gold alloy surface is physically and chemically stable for

- 20 daily use. The cdlouring does not deteriorate over time. This is due to the
formation of a carbonaceous layer on the gold alloy surface. The carbonaceous
layer has good interface adhesion with the underlying gold alloy. Furthermore,
the dense carbonaceous layer provides a scratch-resistant layer protecting the
underlying gold alloy, and provides sufficient corrosion resistance agaihst body

25  acids for daily use, which makes the gold alloy suitable for use in jewellery and
watch parts.

Although the foregoing invention has been described in some detail by way
of illustration and example, and with regard to one or more embodiments, for the
purposes of clarity of understanding, it is readily apparent to those of ordinary -

30 skillin the art in light of the teachings of this ihventi(_)'n that certain changes,



commercially available for carburizing the gold alloy. Low viscosity oils
such as olive oil, organic oil and lubricating oil are cheaply avail abl e
and can beorewmerd22and recycl ed. Scalability to producti eoTsGage/i®4al so
easily achieved since the nmethod invol ves non-sophisticated equi pnents.
Furthernore, about 10 - 20 grams of coloured gold alloy can be forned in

relatively. i ! i ] 1ng. e . sel ected

t enper at l}/\ré g_ﬁﬁ%éeaé% ﬁ%ﬁﬁ%étgﬁﬁdﬁgfﬂgiiﬂ%%%é@ @&%&lﬁﬂfeep%ﬁfré&tg i bed

met hod i pwitleseaope ol the ingBhtie b seedribed v theuppeaded tidtfRe, gl ossy

col oured surface. The colouring formed on the gold alloy surface is
physically and chemcally stable for daily use. The col ouri ng does not
deteriorate over time. Thi's is due to the formati on of a carbonaceous | ayer
on the gold alloy surface. The carbonaceous |ayer has good interface
adhesion with the.underlying gold alloy. Furthernore, the dense
carbonaceous |l ayer provides a scratch-resistant |ayer protecting the
underlying gold alloy, and provides sufficient corrosion resistance agai nst
body acids for daily use, which makes the gold alloy suitable for use in
jewel l ery and watch parts. Al though the foregoing invention has been

described in sone detail by way of illustration 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 ordinary skill in the art

in light of the teachings of this invention that certain changes, variations
and nodifications may be nade thereto wi thout departing fromthe spirit or
scope of the invention as described in the appended clains.l CLAIM 1. A
met hod for form ng coloured gold alloy, conprising the steps of: coating a
| ayer of oil on a gold alloy; and heating the coated gold alloy at a
tenperature sel ected based on the

10



colouring on the gold alloy desired until the col ouring appears; wherein

the gold alloy conprises gold, titanium and at |east one other elenent. 2.
The met hostoneitestoi n cl ai m 1, wherein titani um content pcs/sSeem/obézan 10

w% 3. The nethod recited in claim2, wherein titaniumcontent is 10 - 50
w% 4. The method recited in claim1, 2, or 3, wherein gold content is 58
- 85 wt% %A@ﬂe nmethod recited in any one of the preceding clains, wherein
t he at Iéa e other elenment is selected fromthe group consisting of: O
- 8wWw»Fe 0 - 5WmM%Co 0- 5m%C 0- 5Ww%M 0- 5Ww%M 0- 5

w % Pd 01 A metadforformibg wolauved gold alloy, omprishhg-the sieps &f:. 6. The net hod
recited in any one of the preceding clains, wherein the heating tenperature

is selected_fram: r 2QNSE S . ..q400 - 500 OC for maroon col oured
gol d alloy: * §§5l'6&§d%’%%qf°g$}b+§Ee’|dg%f°%raé‘ gold alloy: 650 - 700 OC for
green and greeni sh-blue coloured gold alloy; and 800 - 900 OC for bl ack
col our ed goled hehting the coated gold alloy at a temperature selected based on the

5 - colouring on the gold alloy desired until the colouring appears;

wherein the gold alloy comprises gold, titanium, and at Ieast.one other

element.

2. The method recited in claim 1, wherein titanium content is more than 10
Wt%. |

10 3. The method recited in claim 2, wherein titanium content is 10 — 50 Wt%.
4. The method recited in claim 1, 2, or 3, wherein gold content is 58 — 85 wt%.

5. The method recited in any one of the preceding claims, wherein the at least

one other element is selected from the group consisting of:

o 0-8wt%Fe
15 e 0-5wt% Co
e 0-5wit%Cr

o 0-5wt% Mn

e 0-5wt% Mo

e 0-5wt%Pd
20 e 0-5wt%Nb
o d—SM%W
e 0-6wit% Al
o 0-2wt% Si.
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7. The nethod recited in any one of the preceding clainms, conprising
heating the coated gold alloy in a carburizing environnent. 8. The nethod
reci ted iwocbmiomisy conprising heating the coated gold aclreg2009/086249
oxy-acetyl ene environment. 9. The nethod recited in claim8, conprising
heating the coated gold alloy in an acetyl ene-rich oxy-acetyl ene

envi ron t .10, The nmethod recited .in claim8 qr.9 erein the volunetric
Fllow rat - o ecnehEHEELES i hBE RS ot i Stk indHoirts, e Bierhsiathgs 5 o
11. The et h@rﬁrné%lpﬁeﬁ@_sie’lbd@dfr@ﬁﬁtr@ r@h@ld@iﬁs_ilstin%@f: conprising heating the
coated gold alloy in air. 12. The nethod recited in claim 11, conprising

heating the coated ld .alloy on a hot-plate or furnace. 13. The net hod
Boiresdf € i ol

recited in &yt Her piateRicalure lerein the oil conprises Iow
viscosity oil. 14.. The nmethod recited in claim13, wherein the | ow

viscosity o0él 509 0660 OC: foPbiueecoldired Yol Bildy; Ol | ; lubricating oil. 15. The
nmethod recited in any one of the preceding clains, further conprising

cooling the h ed L,d alloy after the appearance of the colouring on the
gol d all oy, 16%%%7&& &d‘erg "t%’&ija QWGBF%'E‘B?SEO?%%QOQ ﬁ@oxe@&di ng the
heated gold alloy to roomtenperature in still air. 17. The nethod recited

in any one &f gpbal g80 C-folBlack ¢bldiféd geMP4licyl. ng. quenchi ng the heated gold
alloy in a quenching nmedium after the appearance of the colouring on the
gol d all gy 18 - The TELRES i S5 58S of e badcBiy oS! SomngHERGHY N9

the coated gold alloy in a carburizing environment.

8. The method recited in claim 7, comprising heating the coated gold alloy in

10 an oxy-acetylene environment.

9. The method recited in claim 8, comprising heating the coated gold alloy in

an acetylene-rich oxy-acetylene environment.

10. The method recited ih claim 8 or 9, wherein the volumetric flow rate of

acetylene to oxygen in the oxy-acetylene environment is 5:3.

15 11. The method recited in any one of claims 1 — 6, comprising heating the

coated goI‘d alloy in air.

12. The method recited in claim 11, comprising heating the coated gold alloy on

a ho't-plate or furnace.

13. The method recited in any one of the preceding claims, wherein the oil

20 comprises low viscosity oil.

14. The method recited in claim 13, wherein the low viscosity oil is one of: olive

oil; organic oil; lubricating oil.

15. The method recited in any one of the preceding claims, further co_mprising
cooling the heated gold alloy after the appearance of the colouring on the

25 - gold alloy.
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hydrocarbon. 19. The nethod recited in claim 18, wherein the quenching
mediumis low viscosity oil. 20. The nethod recited in claim19, wherein

the | ow WypGefiiday320i | is one of: olive oil; organic oil pclrigeni@abiag oil. 2
1. The nethod recited in any one of clains 17 - 20, conprising quenching -

the heated gold alloy in the quenching nediumat roomtenperature. 22. A
col oured gol.d all ri.sin old, titanium and at | east qgne ot her

el enent f%r rﬁ'@ egge@b" '%Vﬂ JﬁeCB?"W'ﬁE"gp‘?C@é'BE|th%h€fa§9dn%‘?|8?§9yj%mel | ery
conpri sing ‘?‘oGﬁl't@Hffp"e‘# R fh gtm%y conprising gold, titanium and at | east

one ot her el enent med accor |ng to any one of the preceding clains. 24.
Use of a coloured gold al ] ewel | ,. the coloured gold alloy

conpri si id- J&ednethqdarﬁpﬁ%i "hﬁﬂy anepé&@mén%—aéhémf@réﬁmﬂw med accordi ng
to any one ofchBRinBtRSAELRY §o!d®y in a quenching medium after the

5 appearance of the colouring on the gold alloy.

18. The method recited in claim 17, wherein the quenching medium is a

hydrocarbon. -
19. The method recited in claim 18, wherein the quenching medium is low
viscosity oil.
10 20. The method recited in claim 19, wherein the low viscosity oil is one of: olive
~ oil; organic oil; lubricating oil.
21. The method recited in any one of claims 17 - 20, comprising quenching the

heated gold alloy in the quenching medium at room temperature.

22. A coloured gold alloy comprising gold, titanium, and at least one other |

15 - element formed ‘according to any one of the preceding claims.

23. Jewellery comprising a coloured gold alloy comprising gold, titanium, and at
least one other element formed according to any one of the preceding

claims.

24. Use of a coloured gold alloy in jewellery, the coloured'gold alloy comprising
20 gold, titanium, and at least one other element formed according to any one

of the preceding claims.
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