1. 2086428 "HARDENED GOLD PLATI NG PROCESS" The present invention relates to
the el ectro- deposition of gold on substrates.-Mdre particularly, the

I hy, ion relates to inproving the corrosion resistance of cobalt-hardened
gol oati ngs which are 5. el ectrodeposited on various substrates. It ,
S own-in the nmetallizing art to electro- plate cobalt-hardened gold
coatings on substrates. In conventiondl- procedures a deposition bath

conprising ions of the netal to be deposited and a suitable '
el ectrolyte is provided, the article or object to be’ pl at ed 20.&64351 in

or otherwi se contacted wHARDENEBaGR!BhPIATING RREGESE "t he cat hode to an
external current source, and a netal electrode is connected as the anode to
the sane current source. During electro- 15. pl ati ng operations ions of
the netal to be deposT*%%oP’é?%eF‘édaééf&nltﬁ-qmef%]a%%e%ot?eFBevﬁ{léﬁFrﬁé‘t al

whi ch plates outdéybéﬂeid@risﬁl Qéidobns%li&ﬁé@:taﬁtéslr f aqereTbaraieu%rqgl;al t
to harden gold C?E%In s is described in U.S. Patent hﬁ% 601 which
S

will be 20. BLPBWERARSPSattS IREAYING t CBEEHSFSBnd
however, that sussicotuesei ofiatobala+hahr@eirrddggbd dcoaainggwdmchotaréave

t he hlgh degree orr sion.resi stance .whi ch i.,s_an_jnportant property for
sonme conmfe rC|aI;;ﬁé§) P?ﬁbg ai?“mﬂﬁl&?ﬂ? sub%gratggrable to provide a
system or prpcess1ﬁnImrB$aknognspacthb ettt iminignadt gol dlectro-
el ectrodeposi ts 1{)& ”B:H%‘Qi%-h Q}Q‘é@t %%rld”é &Iﬁ%%ﬁ”%b@@@a%%%m '

ri ness

appear ance such™a ness a SNDo n so rnstances it has Dbeen
possible to acmqgnyentlonal procedures a deposition bath comprising

ions of the metal to be deposited and a suitable
10. electrolyte is providéd, the article.or object to be

Plated is immersed in or otherwise contacted with the
bath while connected as the cathode to an external
current source, and a metal electrode is connected as
the anode to the same current source. During electro-
15. plating operations ions of the metal to be deposited
are reduced ln the bath to zero valent metal which
plates out on the. workplece or substrate surface.

The use of cobalt to harden gold coatings is

described in U.S. Patent No. 2,905,601 which will be
20. discussed below in gréater detail.

It has been found, however, that such conventional
cobalt-hardened gold coatings do not have the high
degree of corrosion resistance which is an important
property for some commercial purposes. Thus, it would

25, be desirable to provide a system or process for '
preparing special cobalt-hardened, gold electrodeposits
with markedly improved corrosion resistance and
cosmetic appearance such as brightness and smoothness.
In some instances it has been possible to achieve

30. | such desirable results at substantially reduced thick-
nesses of metal.
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30, , such desirable results at substantially reduced thick- nesses of
net%ﬁ . " 2. In accordance with the present invention it has now. been
f aind t hat cobal t - har dened gol d coatings having inmproved corrosion .:E
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resi stance can be obtained by initially coating the workpjece or subs
with a.5. “ductile, lowstress or stress-free ni ckel deposit. The.
necessary nickel coating on the substdate is derived froma specially
prepared el ectropl ati ng bath which, preferably, can be utilized with

i nsol ubl e anodes. In general, the nickel electroplating baths 10. wi |
contain a nickel salt such as nickel sul phate, as a source of nickel ions
and boric acid or citric-acid as the electrol yte. Although. ot her
conventional addit.ives nay be enpl oyed, .it has been foung essentjal to use
ortho-fornyl benzendTs@ qnes v EY §hie Bresent jnysh éﬁ@rlg b

preferably to. wdw dbedrergbuiid s sddbaPeriav@enedygoddl pbasangs, sold
under the tradggfne desi

natl of FGC 98, as. t.Lnhg, age I ng
t he el ectrodep ﬁqﬂg 4Lﬁ957%§1%ﬁr€§§17€%%°ﬁ|Sﬁglb gﬁ%ﬁéﬁgh BW
wor kpi ece is stuﬂﬁ&&inhoatlnq)ﬁﬁﬁawntkpxedep03|Subatnatehwlbbter coati ng
conpri- gsing c egal.f equent al
electro- depos?ﬁﬂ%n E%eps E%é?%é%)%? %%?geneggg gggggglﬁgbg?%grds a
superi or’ corroslon|Thﬁsnaﬂﬂﬁﬁany(RWQb#deQ@tQBg on the sypstzpse 1is
resistance Ofidgifﬁgﬁafﬁ&ﬁﬂé gﬁgégﬁfik prepared electroplating bath

which, preferably, can be utilized with lnsoluble
_ anodes. In general, the nickel electroplatlng.baths
10. ‘will contain a nickel salt such as nickel sulphate, as

a source of nickel ions, and boric acid or citric acid
as the electrolyte. _Althoughtother conventional '
additives may be employed, it has been-found essential
to use ortho-formyl benzene sulphonic acid as the

15° brmgﬁema:and;naﬁenﬂﬂy'&fuseaibLauiof;xxasshmxyéiiumxnuqd
sulphonates, sold under the tradename designation of
FC 98,_as the wetting agent.

Following the electrodeposxting of the ductlle,
stress-free nickel.coating the workpiece is subjected

- 20. to the electrodeposition of the outer coating compri-
sing cobalt-hardened gold.

By practLSLng the foregoing sequentlal electro-
deposition steps, *the cobalt—ha;dened gold coating
affofds;a superior corrosion. resistance as compared to

25. the corrosion resistance of the same cobalt-~hardened |
gold coating without the intermediate ductile, stress-
free nickel coating. On the other hand, the superior
<:uzosﬂmtxesmsumme'waarxt.aauﬁned.emanvnth-ﬂmaintanmxﬁate
ductile, stressffree nickel .coating when the gold was '

30. hardened with, for example, iron rather than cobalt.



.the other hand, the superior corrosion resistance was not attained evéhf

th the internediate ductile, stress-free nickel coating when t he gold was,
30. 7 hardened with, for exanple, iron rather than cobalt. . / 3.° =~
Corrosion resistance was neasured by Western Electric's manufacturing. =,
speci fication W. 2316. ‘A nickel sal3. el ectroplating bath useful in th&®

<?§§ d coating without the internediate ductile, stress: free nickel coati ng.

initial coating step of the present invention nmay have.5. t he follow ng
conposi tion: Conponent . Concentration g/l Nickel
Sal t _ 30 to 105 (as Ni) Electrolyte

20 to 100 O-formyl benzene sul phonic acid .0.25 to 3.0 10. FC 98

0.02 to 0.2 The preferred sources of the nickel netal are nickel sulphate,
‘nickel citrate, afermpsien zgsistanse Wasdnersuredrky Jlestennl y enpl oyed

in an a”DU”tEPéc££QE“Q35ah9f$@@d¥&n%ﬁéﬂ€é&@fﬁhﬁiﬁhCﬁﬁ'ifik”'Cke' metal - 15.

i on concentration. Electrolytes wh are nost useful for the gresent
i nvention are borRcnécekgl §ﬁétcﬁﬂﬁQ§RﬂﬁthlﬂﬁaRﬂ%ﬂeﬁ?%fpbn%%n Beof such

el ectrol yt esmﬁeﬂalncaaemga&t UEtQie.e Fedmt | fir &t {6n Oha hhavénventlon

will g iion122 5 45 he use of boric acid as the
elect$olyte F%ee BLiPYLRg EP@P °nfhe organi ¢ conponents of the nickel
bath are Component _ Concentration g/l
~ Nickel salt | _ . 30 to 105 (as Ni)
Electrolyte 20 to 100
: O—formyl benzene sulphonlc ac1d - 0.25 to 3.0 .
10. FC 98 . . o 0.02 to 0.2

~ The preferred sources of the nickel metal are |
nickel sulphate, nickel citrate, and nickel carbonate.
These salts are preferably employed in an amount of
from 135 to 470 g/l to provide the desired nickel metal
15. ion concentration. '
' Electrolytes which are most useful for the
present invention are bo#ic acid, and citric acid. The
preferred amoﬁhts of such electrolytes used in pre-
paring the electroplating baths of this invention will"” _
20. range from 22.5 to 45 g/l. The use of borio_acid as . s
- the electrolyte is especially preferred. |
The organic components of the nickel bath ere
usually the bridhteners and the wetting agents. In
formulating the'special electroplating bath of this
25, invention the specific brightener employed is ortho-
' formyl benzene-sulphonic-acid.E_The wetting agent
may . :be FC 98, a'tredenamed pxoduct'marketed by the
Minnesota Miﬁing & Manufacturing Company.
- For most purposes the oH of the electroplating bath
30. is adjusted to a fange of 2 to 5,'preferably 2.5 to 4.5.



syally the brighteners and the wetting agents. -In formul ating the speci al
el ectropl ating bath of this 25. I nvention the specific brightener

~empl oyed is ortho- fornyl benzene sul phonic acid. The wetting agent
FC 98, -a tradenamed product marketed by the Mnnesota Mning & . .
Nhnufag;urlng Conpany. - For. npst purposes the pH of the electroplati
30. I's adjusted to a range of 2 to S4.preferably 2.5 to 4.5. |
conpounds “whi ch can be used to effect ‘the pH adj ust ment i ncl ude ni ckel
carbonate, sul phuric acid, potassiumcitrate, or citric acid. The baths of

the present invention may be operated 5. " at tenperatures of about 46 to

57 C and at relatlvely hi gh current density of up to about 1000 ASF (110

ASD), and prefer about 100 t 1 T ity to
use such high.curr®nt® ?f%%???%s"ﬁ%%ngéﬁ ¢ 1115%rat gﬁt é??égrﬁ fﬁé‘?éthe
el ectropl ati ng l0adjustment bhclhdepnickel Cﬁﬂbﬂﬂﬁ&#r Qﬂaﬂuﬁkﬁxﬁﬁ#%m on

various substrates when, uti %Eggg?ghgrbe£F§lg Sgas invention are

characteri sed by elng sem -brig uct i | owstressed. Furthernore,
it is possible to use Thesdathe afiodss predént inventjongmayt beoviperiated

nitial agd second CARMALALARS o Ab0SolLE 870€CRANAEN BN Rery

enpl oyed iricl ude, inrzed trtani um n|ze tanta
pl atini zed coIumhlﬂh(quxnﬁnnodeasmmyloésun.p¢a§bﬂuh1hﬁﬂQIA§ﬁodéhQn§§H),

Addi ti onal Ty, tit{y Whefbrabl P R5E: "EY6 "o "686Ia8¥! {21081 6RIASDICN as

ruthenlum
The - abllity to use such high current densities is

another important advantage of the electroplating
10. baths of the present invention.

Nickel deposited on various substrates when
utillzlng the baths of this invention are characterised
by being seml-brlght, ductlle, and low~stressed.
'Furthermore,'lt is poss1b1e to use insoluble anodes in

15. carrying out both the initial and second coatlng
steps.' The insoluble anodes which can be employed
include, for example, platinized titanium, platinized
tantalum, platinized columbium (nlobium) as well as a.
platinum metal anode itself. Additionally;, titanium

20. anodes hav1ng mixed oxide coatln%, ‘such as ruthenium
dlox1de - titanium dioxide coatings, may also be used.

- The elect;oplating_of hardened gold deposits can
be carried out ﬁtilizing'the baths and the processes
described in U.S. Patent No. 2,905,601 Rinker and Duva

25. (1959). ‘Although cobalt-hardened gold outer coatings
are pteferred,.it willdbe understood'that other metal

- hardeners such as indium, or nickel may also be
employed in the practice of the present process which
involves the use of a high speed gold treating process

30. following the applioation of a high speed nickel

Py
) s,



har dened gol d deposits can be carried out utilizing the baths and the N~
cesses ‘described in U S.- Patent” No. 2,905,601 R nker and Duva 25. >
(1959) Al t hough. cobal t - hardened gol d outer coatings are preferred It o
. will be understood that other metal hardeners such a§ indium or “ni ckel>.ma
- al so be enployed in the practice gf the present process which rnvolve§bt
use of a high speed gold treating process 30. foll owi ng the applicatlon
of a high speed nickel = 5. treating process to formthe initial or
I nternmedi ate coating on the substrate or workpi ece. The el ectroplating bath
useful for the gold plating step wll conprise (1) an electrolyte e.g. a
5. weak, stable.,.organic acid, (2) gold as a cyanide (for exanple as
pot assi um Méasyﬁelgsaceeadt&%emetﬁe Eﬁ&eleqsefrat@aeﬁ@dfaé&' ubl e in
the bath. Exanples of acids which nmay be enployed are formc, acetic, .
citric, tar¢eating|ertthe g@bstrage ernWpzkPigce. acids and ni xtures of .
thesle ?CI ds. N Thﬁxé‘%ﬂeé?ﬁ@tﬂa@fné{ﬁﬁ.@ﬁt urgeferlorzerﬂ Iefes gqhdlol L 0 150 gr?ms-
per litre and np ar neutraliz Wi amoni um or al kali neta
hydr oxi de t %éé ?éb ig:oéomgrgse (2); an el@cErgdyits &g & aci d and

the procedurealof swabla) nbfgadbc achbe ttal)hgwmwrare & |dyarile pH range that-
produces th desir

d eff | d b
added as th %u%’l‘%n%g nggtep‘g{:aﬁﬂ'gmaﬁﬁi (‘)%/(I Irfr[eltag’l (Ea °35&1rrplngyase

pot assi um gof dnore base metal salts soluble in the bath
_ Examples of acids Whlch may be employed are formic,

xi de - titanium dioxide coatings, may also be used. The el ectroplating:’ a
0

acetlc, citric, tartaric, lactic, kogic, or 51milar
10. acids and mixtures o£ these acids. The acid should be
present in proportions_of 10 to 150 grams per litre and
‘may be partially neutralized with ammonium or alkali
metal hydroxide to give a 'pH of about 3:5; tIt is-
this weak organlc acid and the procedure of maintaining
15. the bath within a limited pH range that’ produces the
desired effect of a gold alloy deposition.
The gold may be added as the double cyanide of
gold and an alkali ‘metal, for example as potadssium gold
_ cyanide, and may'be present in proportions-of 8 grams
20. per litre to 26 grams per litre (as gold), preferably *
12 grams/litre (as gold). |
~ Base metal salts which may be added comprise the
sulphates, sulphamates, formates, acetates, citrates,
lactates, tartrates,'fluoboratee, borates, and phos-
25, phates, of base metalsfsuch as nickel, zinc, cobalt,
iddium,manganeSe; antimony, and copper. These
metal salts are preferably added in the'proportion of
‘from 0.5 to 5 grams per litre. Very satiSfaotory
results are obtained when two such base metal salts are
30. included in the bath. Although the addition of a base



cygnide, and may be present in proportions of 8 grams 20. per litre to 26
grams per litre (as gold), preferably 12 grans/litre (as gold). Base netg” W
sdl'ts which may be added conprise the sul phates, sul phanates, fornates, '
acet at €8, citrates, lactates, tartrates, fluoborates, borates, and phos-

25. pnates of base netals such as ni ckel, zinc, -.cobalt] |nd|unnanganese -
anti npny, and copper. These netal salte are preferably added in the
proportion of fromO. 5to 5 grans per-litre. Very satisfactory results are
obt ai ned when two such base netal salts are 30.  included in the bath.

Al t hough the addition of a base 6. nmetal -salt is necessary, it does not
matter which salt or mxture of salts is added as |ong as the added salts
are sol ubl e and co |b| with all other h ing redien 5. The
bath may be oper&gg% uﬁﬁﬂﬂe?ﬁﬁﬁﬁ¥¥'o+€ld?ﬁ 188 aﬂﬁ§F8§ BBich, fakE

foot (0.1 to 11 mpmma:umf csmLﬂEtsiers rmdded(a\sD).qmglvbdetHEeaﬂdedapiadts
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thernostatic regmngmaﬂlentsmmessary but hi gher or | ower tenperatdres of

ot modes *Sibdesus t acdns. Bk P (ddefRledoa ] QUEfen el e

el ectropl ating bdt Fauddu|amreres oas, Squasecﬁﬂdtcéatilngosﬂ-épawﬁﬁrﬁév@etme :

f0||0“ﬂﬂ9 formil agiire GBI e (ASD)). Moderate to rapid Q@EQQQEE%F'OU

(g/I) improves the operation.  The bath may be operated at
normal room temperatﬁre (70°F (21°C)) which is advan-

10. tageous in that no thermostatlc regulatlon is necessary

' but hlgher or lower temperatures of from 50° to 120°F

(10 to 49°C) may be employed. The maximum cathode/
anode surface area ratio should be about 4:1.

A-preferréd.elect:oplating_bath'useful for the

15. second coating step may have the following fdrmulation:'
' Component _ ' - Concentration (g/1)
Acetic Acid and Sodium Cltrate : 100 to 300
Formic Acid : 10 to 50 mls/1
Gold (as potassium gold cyanide) 12 to 26
20.- Cobalt (as sulphate). ' 0.5 to 1.75 -
' - Water ' _ - Remainder

The invention may be put'into practice iﬁ ﬁarious
- ways and one specific embodiment will beddescribed to
illustrate the invention with reference to the
25, accompanyihg Examples.
o EXAMPLE 1
A first electrolytic_bathgwas prepared by
dissolving the following ingredients in water:
. . o g/l
- 30. Nickel (as sulphate) - 75
Boric Acid - o | 40



Acétic Acid and Sodium-Citrate 100 to.300 Formc Acid

Nto. 50 nmls/I Cold (as potaSS|unlgoId cyanj de) 12 to 26 20. ~
akt- (as sul phate) 0.5 to 1.75 Water '
Remai nder The invention.may be put into practice in various ways and. ore
speci fic enbodinent will be described to illustrate the invention mntq:}
reference to the 25. . acconpanyi ng, Exanpl es. EXAMPLE 1. A first ~
electrolytic bath was prepared by di ssol ving the follomnng |ngred|ents in
wat er:  30. Ni ckel (as sul phate) _ 75 Boric Acid
40 7 7. O Fornyl Benzene Sul phonic-Acid - 1.5 FC 98
0.1 Water _ Remai nder A second
el ectrolytic bath was prepared by 5. dlssoIV|ng the fol |l owi ng
~ingredi ents iOrRestmyl Qﬁnzéh¢r$ulwh®ml¢a30pdtaSS|un1C|traﬂaﬁ 200
Formc Acid pc gg . - 20 ms/l- Gy 4 (as pota55|um
gol d cyanlde) : 12 10. ~ Cobalt (as sul phat e)
1.5 Water Water Remai nd&empH&AGRT of this

bath was adj usted § ekl d1dotfoly@ibybhtR addi brapatedbyrl kali or an

aC|d

5. dissolving the following ingredients in water:
Citric Acid (as potassium citrate) " 200
Formic Acid ' o 20 mls/1
Gold (as potassium'gold cyanide) - 12

10. ' cObalt (as sulphate) o ' | 1.5
Water S | - Remainder

The pH of this bath was adjusted to about 4.8 to 5.2
by the addition of an alkali or an acid. . :
The substrate; a commercial copper plated circuit
15. board, was first treated in the nickel electroplating
bath to give a semi-bright, ductile, and low-stress or
stress~free nickel deposit having a thickness between
about 2.5 to 5 microns. The_thuslcoated substrate was
. then treated in the second or gold electroplating'bath
20. . to give a bright, smooth, and'hardlgold-deposit.-'This
coating has a.thickness of from about 1 to 2 microns.
The corrosion resistance of the fesulting ?roduct, as
measured in accordance with Western Electric's manufac-
turing specification WL 2316, was found to be out-
25. standing.
" EXAMPLE 2
Example 1 was repeated but with the omission of
the step of electrodepositing the nickel coating. The
resulting product's corrosion reéistance'was'substan-
30. tially lower than that of Example 1. '



The substrate a comercial copper plated circurt 15. board, was first
tredted in the nickel el ectroplating bath to give a sem -Dbr i t ductile ).
and lowstress or stress-free nickel deposit hav mg‘u“ﬂmm s between QQ
about 2.5 to 5 mcrons. The ‘thus coated substrat ated in-the :
second_or gol'd el ectropl ati ng bath 20. to give a bright, snooth, and.
har d gold deposit. This coating has a8thi ckness of fromabout 1 to 2

m crons. The corrosion resistanceé of the resulting product, as neasured in
accordance with Western Electric's manufac- turing specification W. 2316,

was found to be out- 25. standing.géﬁiﬁéLE 2 Example 1 was repeated but
W th the om ssion of the step of electrodepositing the nickel coating. The
resul ting product’'s corrosion resistance was. substan- 30. tially | ower

than that of Exanple 11. A Spratesd/Sidr o}éctpind:agsohoa clubstmate @ gold

substrate a gol dﬁ%ﬁ%ﬁ-%falﬁgfgy%g 85’{-{-8%5.88 E.F ttgﬂg:g WJ.‘EJE conpri ses '

the follow ng se odepositing a ductile,
| oW stress or st reeRprizes nth& Obb@WLm@ sequentialdpdatdngats&enssm an

el ectropl ati ng bath Cog%ﬁJéiéEhfb %§?%ta aﬂcEEQ rqng%ﬁ@ygs or

ortho-fornyl benzene s Ehonlc aC| , el ectro ep05|t|ng
net al - har dened gdieFe®RT F@eoﬁli‘?]ﬁ%lr%%ﬁt%mﬁfﬂu'ébﬁl gaidogubsiteasen fram ess-

' an electroplatlng bath containing a nickel salt, an

electrolyte and ortho-formyl benzene sulphonlc acid;
- and | | | |
~ (b) electrodepositing a metal-hardened gold
coating on the resulting ductile, low-stress or stress-
free nickel plated substrate from an electroplating.
bath containing a gold salt, an electrolyte and a gold
hardener metal salt.

2, A process as claimed in Claim 1 in which the
gold hardener metal salt in the electroplating bath of
step (b) comprises a cobalt, 1nd1um, nlckel, or zinc
salt or a ‘mixture thereof.

3. a process as claimed.in Claim 1 or Claim 2 in
which the electrolyte in step (a) comprises boric acid
or citric acid or a mixture thereof. |

4._-A_process'as"claimed'in Claim 1, 2 or.3 in
which the electroplating bath in'step’(a) inoludes'as
a wettlng agent a blend of potassium perfluoroalkyl
sulphonates.

5. A process as claimed in Claim 1, 2, 3 or 4 in
‘which the eleCtroplating bath in step (a) incorporates
nickel sulphate as the nickel salt and boric acid as
the electrolyte. ' .



free nick | ated substrate froman electroplating bath containing a gold'-f
. s an g%egt?BTyté‘ahd—a~gold hardener nmetal salt. 2. A process as A

f € iml. in which the gold hardener netal salt in the
opI at Hﬂlmm ”m ep (b) conprises a cobalt, indium nickel, or .zinc
salt or . A process as clalnedln-CIaintl_or Caim2.in
whi ch the electrolyté i step (a) c%nprises boric acid or citric acid 8¢ a -
m xture thereof. 4. 'A process as clainmed in Caim1l, 2 or 3 in which the
el ectroplating bath in step (a) includes as a wetting agent a bl end of
pot assi um per fl uor oal kyl sul phonates. 5. A process as claimed in aiml,
2, 3 or 4 in which the electroplating bath in step . (a) incorporates nickel

sulphate as the nigkely ldcnd borisasisd 23 8hE BHECLOIARS 1 Go A

process as clalne in any one Cans 1 I-ch ectro yte in’

t he el ect r opPatitngdetin Wie tlgrtrlytepin sé%eaeleskrsp&mtén& datite aci d.

7. A procesggf %rtéipt@5)”'é&nﬁh@e§ua)5&é§ﬁes€aﬁl?edoﬁbéh'i@ afid.nproved
corrosi on-resi stance which conprises the follow ng Sequential plating

steps: (a)-electrodepositing a ductile, lowstress or stress-free ni ckel
coating on the saiz swspf@éesérmaébe&miﬁgpbﬁt hngub&ti-itat@taaigajm a

kel | t | ectr t
T xture Cher BURCRSE 1R (AT R SORES SR pRERFLoGaRge which ° ¢ O °

comprises the following sequential plating steps:

(a) electrodepositing a ductile, low-stress or
stress~free nickel coating on the said substrate from
an_eleotroplating bath containin§ a nickel salt, an
electrolyte comprising'bofic acid or citric acid or a

~mixture therebf, oftho-formyl benzene sulphonic acid,
and as a wetting agent a blend of potassium perfluoro—
alkyl sulphonates; and

(b) electrodepositing'a-base metal-hardened gold
coatinig on the resulting ductile, low-stress or stress-
free nickel plated snbst:ate from. an electroplating bath
containing a gold salt, an electrolyte comprising
acetic acid, citric acid or formic acid of a mixture
thereof, and a.gold hardener metal salt comprising a
cobalt,_indium,'nickel,.or zinc salt or a mixture
thereof.

8. A process as claimed in any one of Claims 1
to 7 in which the electroplating bath of step (b) is
maintained at a pH of 3 to 5.

9. A process as claimed in'any'one of Claims 1
to 8 in which the gold salt in the electroplating bath
of step (b) comprises a gold cyanide salt



and as_a wetting agent a blend of potassiumperfluoro-_alkyl sul phonates;

aﬁd“(b) el ectrodepositing a base netal - hardened gol d coatlng on the e

resul t1Ag ductile, |owstress or stress- free i‘““ﬂ bstrate fr:’.'
ereo

an eleetroplatlng bat h ‘contai ni ng a gol d salt onprlsl sﬁ?f
aceti¢ acid,’citric acid or. formc acid or and a g
har demer netal salt conprising a cobal 0. |nd|un1 ni ckel , Z|nc salt or=
‘m xture thereof. 8. A process as clainmed in any one of Clalns l1to7in
whi ch the electroplating bath of step (b) is maintained at a pHof 3 to 5.
9. A process as clained in any one of Clains 1.to 8 in which t he gold salt
in the el ectroplating bath of step (b) conprises a gol d cyanide salt.

10. A process. as clained in any one of Clains 1 to 9 in which the

el ectropl ati ng bath ol0Ostep pPaPCERSSops: sladmad drprang ong 5. Chaimg 1

process as clai nggd bnjANYLIBR Qﬁe%@b’&z%ﬁl%&%%rbm%ta?ep (a) is

electrodep03|t|on in step (a) is carried out wth insoluble anodes. 12. A |
process as clai ngBeFAtadyasneé BH efalntCl I-0 11 in which the
el ectrodeposition in step (b) is carried out wi th insol ubl e anodes. 13. A
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clalned in any obe b0 fhawhich the electrodeposition in step (a) is -
carried out w1th insoluble anodes.

12, a process as claimed in any one of Claims 1
to 11 in whlch the electrodep051tlon in step (b) is
carried. out. with insoluble anodes.

13. A process as claimed in any one of Claims 1
to 12 in which the electrolyte in the electroplating
bath of step (b) comprises acetic acid.

14. A process as claimed ih any one of Claims 1
-t0 13 in which the electrolyte in the electroplatlng
bath of step (b) comprises citric acid.

~15. A process as claimed in any one of Claims 1
~to 14 in which the electrolyte in the electroplating
bath of step (b)' comprises formic acid and citric acid.

16. A process as claimed in any one of Claims 1
‘to 15 in which the gold hardener metal salt in the
electroplating bath of step (b) is cobalt sulphate.

17. A process as claimed in Claim 1 substantially
as specifically described herein with reference to
Example 1.
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claimed in daim1 substantially as specifically described herein with
reference to Exanple 1. - M S 18. A hardened gol d pl ating whenever
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