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COMPLETE SPECIFICATION 

Gold Electro-plating 
We, K.ABUSHIKI KAISHA SuwA SEIKOSHA, 

a Japanese: company, of 4-5, Gmzar.Nishi, 
Oh.uo-ku, Tokyo, Japan, do hereby declare 
ithe favention, for which we pray th8it a patent 

5 may be granted ;to us, and the method: by 
which it is rto be performed, to be particu­
larly described in and by ·the following sta.rte­
men.t: -

This invention relates to the electrocl.eposi­
J 0 Jtion of gold, herein referred to, for brevity, 

as gold plating. 
There are some cases, :however, where a: 

<thickness of this order as not sufficient l[O 

resist corrosioo and climatic effects. Un-
. ~5 fottuna.tely, as the tt:hickn,ess of el«:troplated 

fihns increases, the brightness of tthe plated 
surface ~Y decreases. Moreover, :internal 
warps of the plating films increase, which re­
resu1t ·in band adhesion of and cracb m !the 

20 . plaited films. This tendency is particularly 
marked where a: bmght plating bath: is used. 
U:se may be made of supplementary means 
such as btllfing, annealing and so oo to in­
crease .the brightness of :the deposit, but such 

25 means ere not only expensive but !inapplic­
able to a: great many goods such as delicate 
e:ICct:ronic parts ·~d jewellery. 

An object of this invention is to provide 
a ·method for gold plating which enables a 
gold plate of "Sa:tisfattory cthickness ·and bright- 30. 
ness to be obtamed. . 
· According to the present !invention there tis 

provid'ed a process for rthe electrodepositioo 
of gold which comprises elect:rodepositing gold 
by .the passage of an ele:otric current through 35 
an aqueous solution of a cyano complex :salt 
of gold c0mprising between 5 and 25 gram 
per litre of gold, calculated as metal, the said · 
solu:tion: containing guanidine or a derivative 
thereof of the formula ' 40 

/RI 

/ N' NH=C Rl 
\/R3 

~" R4_ 

wherein . the groups· Ri, R1, Ra and R4 are 
=rhe same or different -and are hydrogen: atoms 
or alkyl groilps, or three of tllem are hydro-
gm atoms and! the fourth is 8) 45 

-NH2, -CH~CHr-CH2-CH{NHe)COOH, ~OH or 
-CHr-CHr-CH:r-GH2NH2 

groups·. or Ri and R3 are hydrogen and! Rz and R4 together constitute a chafu of the 50 
struoture 

the pH of the said solution being con:trolled Sui.table com.poundis of the foregoing for-
to lie between pH 4 Md pH 6. µiu!a a:re die foliowlng: - ?~ 
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Ethylene bigUaclde · · 

Using the 'll:foresaad! rompound.$ J?right gold 
10 platin~ may be obtained~ cl'ependiiB'ifon :ihe· 

particular compound: used,· oat thi~ up·to 
lOxJc>-~. cm. and platings Of if.hi~ up 
1:030X10-4 cm. are founct toJrave,goodadb,e.. 
sion and to be ~tially ~ from ~·. 

15 . According to a parlli~ ft'.8-tl.U'e! _ Of the 
iri:~tioo ;there may be iiidu~ ~ ;tfu! p~­
fog· bath tO i~ pta'cifig :~, a :rikkcl 
sdt of ~ organic. Ot m~c _mtt. ~~ ally, when a.riitkel ~tis ad.tied t<t.~ acidic· 

20 cyamde. gold. bath, the ~ ~CieiCy' ml 
the cathode becomes ~cly ·bad:,.. go· ~1: 
the plating takes. a rela.tiv~. lOrig tinie. Ori 
tlie other hand iit is a! · W'e:ll.:kri'own fact rlialt 
if the plating ~ ~tY 'is iii~ in 

25 oo attempt to in.crease the pla.ting 'SpCed:, 
hydrogen brittlelleSs of the deposit,. lea.ding 
ro cracks and bad adhesion w.i1l: ~d! w 
QCCUt'. The aqueous sol'atl'oni Used according 
to the present invent.ion suffers mso. a cer-

30 rail fal:l . in lthe current efficiency whm al 
nickel sailt is edded, b1l't ds not as prone to 
hydrogen brittlene5s of 1the electrochemical 
depos.i.t when the current density is increased. 
In ·this- ca:se, ·the deposit- is ·a gold a;llQy fihn 

35 ~~ \t~s3~ m!:1.y clear .. how .the 
gWiiiiid:ine cOiiipouri:dS arid tne . nic1ef · ~ aot 
in the plaiting prOcesS, it seems drat die p.ririr. 
cipal cause of brightness in the resulia.nt 

40 deposit ori~neires from the- guam'(l!itte com-
pound. . . . . 

Preferably the plating bath is -~'Cd! 
at a temperature from 10 .to 70°C .. A cathode 
current density from 0.1 :to 3.0 A/dm2 may 4S be empioJed. - . · · · 

When applying the invention tu a pra:otical 
plaiting process, i~ is desirable 1:0 COlUl!t:e:l"aO 
the tendency of the giiitiidine &Rt~.· to: 
decompose rapidly due to electrolytic ~da-

50 tioo during pla11in:g,. a tendency whi~ .i~ en­
hairiced 'ifs. the a:noa.e CU:ttent ~-mcrease:s. 
For th.is reason lthere · ds -ffiferi!NY lidded itO 
the bath a large quantity Of a reducing agent 
to act as a depoJariser and counteract the 

SS above-mentioned tendency. 
This reducing agent 'Should •_be• ~uch ,as 

to ,have any deleterious effect. w:ithe :P!a'tiil:g 

'> 

d.tSelf· m.: on the products of the pfating pro-­cess. Therefore, it is preferable to U8e a 
reducing Organic acid, for exiirople formic 60 
acid, ascorbic acid or oxalic . acid for . this· 
ptirpose. In itfilis case; tire. pH range Of the 
plaiting bath can be adjusted w.i$ the said 
acid, or by. UBe of an alka:ldne additive such, 
f0r example, as wkali :hydroxide or aqueous 65 
ammonia. . .. 

It is necessary to choose a suitably relasfiD 
density of gold, ~perature, cathode qurre:nt 
densicy- and. pH. Ordinuily, good 'l'CSU1tS C'a:ll: 
be obtained -by choosing a doo&ty of gold 70 
between 10 and 25 g/l., ai temperature Of irhe 
bath between 55 and 65°C, a. cathode rurren.1l 
density between 0.1 and OS A/dm.2 and pill 
between 4 and 5. The curient efficiency m this case is betwmll 90 and 95%. · · 7S 
. 'When using. a pla1iing. bath as referred. to 
above: but includfug a nickcl sad.t it .is pre­
ferable for obtaining wood resulits _to employ 
the nickel salt at a concentta'llioo of 05 ito . _ .. 
10 g/l, caleulatedi as mclrel:, an4to employ· 80 
ar .~ter ca.$)de cilm'eritt density, such as 
from 1 fo 3 A/~2• In .this case, it is d~ir-.. 
able to ·add: ai large quantity of reducing· 
organic acid to prevent d~poS.ition: of. 
the· guanidine compOund •.. The. cµttenit effi.'"' 85 
ciency in this case is appromn!!-teIY. 20%. 

The electroclremica:l deposit of the present 
.invention keeps its mirror brightness up to ptmting tbic.kriesSes of 10 x·io-=& an. md. .is 
~Y affected by :hydrogen brittleness up 90 to 30-40 x IO-' cm. 

A preferred plating bath:, conta:ining nickel, 
which cODBtitun:os a: fuI'ther feaiture of ·this. 
:invention comprises an aqueous Solution: c:om.-. 
prising a: cyano complex sal:t. of ·gold! at a 95 

. concentration of 5 to 25 g/litre calculated! as gold, a nitkel s:alt of an organic or tin­
organ:ic acid at a con.Cenit:rattion of 0.5 to 10 
g/litre, calculated as nickel, at leaSt: 200 g/ :lit.re at a teduoing orgamc acid, -mid · ithe 100 
guanidine or a guantidine deri~tive of- 'the· 
foregoing genera:l' formula, the pH of :the S!Olu,. 
ticm being ·between pH 4 and: pH 6~ . . . 

Four specific examples of aqueous :solulllions 
for gold plating according to the inventioo 105 
are given below. · 

.· ...... · 
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EXAMPLE 1 
KAu (CN)2 
Anllll'O'"guanid:ine carbonate 
Sulphamic acid . 
Cathode current density 
Temperature 
Agita.tlon 

30 g/l 
20 g/l 
to pH 4 
0.2 A/rhn;2 

500C 
none 

When plating with this solution, a. bright 
electro-deposit of tli:ic:kness· 10X 1()-' cm. and 

10 good adhesion and free from cracks is ob­
'ta.ined. The c:utrent efficiency is approx.ioiately 
90%. . 

15 

20 

2S 

30 

EXAMPLE II 
KAu (CN):.i 
Ethylene guanid:ine 
Formic acid (85%) 
Ammonia water 
Cathode current density 
Temperature 
Agitaition 

30 g/l 
10 g/1 
250 g/l 
to pH 4 
0.2 A/dm.2 

500C 
--- none 

The same result as that of Example 1 ls 
obtained with this solution. 

KAu (CN)2 
Crea tine 

EXAMPLE III 

Formic acid (85%) 
Ammooi.a water 
Nickel sulfate 
Cathode current density 
Temperature 
A gt ta.ti on 

15 g/l 
10 g/1 
250 g/l 
to pH 4 
2 g/l 
2 A/dm2 

60°C 
conventional 

Using this plating solution, a mirror-bright 
electro deposit is ·obtained up :to a plating 
thickness of nearly lOX 10-" an. It is ob-

35 served ·that the ·hydrogen is generated from 
the face of the cathode during electrolysis, 
but :the electro-deposit Shows no cracks and 
has a good adhesion. The current efficiency 
is approximately 20%. The deposit formed 

40 contains 2% nickel. 

EXAMPLE IV 
KAu (CN)2 

L-arginine 
Fonnic acid 

... 15 g/1 

Ammoniia. water 
Niclcel citrar.e .· 
Cathodci ·current density 
T~~ture 
Agitation 

10 g/1 
. 250 g/1 
·ro pH 4 
2 g/l as nidtd 
2 A/dm9 
6()0C ·---
conventional 

Using this platlng solution, a. mi:rror-bright 50 
electro-deposit is obtained up to a pla;ting 
thickness lOX l<r' an. lt .is observed that 
the hydrogen is genera~ from the face of 
the cathode during electrolysis, but ithe elec­
tto-deposit shows no cracks and has good SS 
adhesion. The current efficiency is approxi­
mately 20%. The nickel content of :the deposit 
is in this case about 1 %. 

WHAT WE CLAIM IS:-
1. A process for the electrodeposition of 60 

gold which comprises clectroclepositing gold 
by the passage of an electric current through 
an aqueous solution of a cyano complex salt 
of gold comprising between 5 and 25 gram 
per litre of gold, calculated as metaF, the said 65 
solution contalning guanidine or a derivative 
thereof of the formula 

wherein the groups Ri, R2, R3 and R.,, are 
·the same or different and are hydrogen: atoms 70 
or alkyl groups, or three of them are hydro-
gen atoms and the fourth -is a 

-NH2, -CH:i-CH2-CH2-CH(NH2)COO~ ..o-CII2-COOH or 

-CH:r-CH:i-CH:i-CH2NH2 

75 group or Ri and R3 are hydrogen and R2 and R.,. together constitute a: chain of the structure 

the pH of the said solution being controlled 
to lie between. pH 4 and pH 6. 

· 2. A method according to claim 1 wherein 
80 the said solution cont.ains 0.5 to 10 g/litre 

of a. nickel salt of an organic or inorganic 
acid and at least 200 g/litre of a reducing 
organic acid. 

3. A method according to claim 1 wherein 
85 tthe gold concem:ration is 10 to 25 g/litre, the 

ttemperatu:re of the bath is 55-65°C, die 
pH is between 4 and 5 and the caithode cur-

rent density ls between: 0.1 and 0.5 A/dm2. 
4. A method according :to claim 2 wherein 

the gold concentration is 10 to 25 gflitre, the 90 
temperature of the bath is 55--65°C, the pH 
is between 4 and 5 and the cathode current 
density is between 1 and 3 A/dm.2• 

5. A method according to claim 1 wherein 
the plating bath used is substantially as set 95 
forth in any one of the foregoing specific 
examples. 

6. An aqueous solution for use as a plat· 

·----,-.---·-·-
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E'!AMPLE 1 __ - _ EXAMPLE IV 

\.. ' 
KAu (CN)2 3()· g/1 KAu (CN)2·> . :: 15 g/l 

. ..._,,- A.nlim>-guamdine carbona'l'e 20 g/1 L-~niine ,"'. --· 10 g/l 

5 
Sulphamic acid to pH 4 Fonn:ic acid. :; lSO g/1 
Cathode current density 0.2 A/~ Ammonds.-.~ ._ to pH 4 45 
Temperature S0°C Niekel ~- - · 2 g/t as nickel 
AgiLtadcm noire Cathode cu.rrtn.t ~ty 2 A/dm2 

When plating with '1his SGilution:, a: bright 
Temperature OOoC 
Agiitaltion i:0nventional 

10 
electro-deposit of 111.icknes& 10X lo-' an. and 
good adhesion and free from .cracb is ob- Using this plmling solution, a mirror-bright 50 
~. The current efficiency iis· awn>Xlimat?:ly electro-deposit is ob13iMd up oo a pfatirig 
90%. thickness lOX lo-' an. lt is observed that 

EXAMPLE II the hydrogen is generarred from the face of 

15 
K.Au (CN)2 30 g/1 tire ca.thode during electrolysis, but ith:e eJec-

55 Ethylene guanidine 10 g/1 il:ro-cfuposit shows no cracks '8lld has good! 
Formic acid (85%) 250 g/l adhesion. The cuttent efficiency is approxi-
.Ammooda water to pH 4. mately 20%. The nickel content of :the deposit 
Ca.tho& current density 0.2 A/dm" is rin this case -about 1 %. 
Temperature 50°C 

20 A~tarlon none WHAT WE CLAIM IS:-
1. A process for the e1ectrodeposi.tion of 60 

·l 
The -same result as thait of Example 1 is gold which comprises relectrodepositing goidi 

obtained with this solution·. by the passage of an electric current through 
.. • an aqueous soluJtioo of a cyano complex: salt 

EXAMPLE III .- .• of gold comprising between 5 and: 25 gram 
KAu (CN)2 15 g/} per -litre of gol'd, calculaored as metal, the said 65 

f" ·.: 25 Crea tine 10 g/l 'SOlution contadning guanddine or a derivative 
Formic acid (85%) 250 g/1 thereof of the fonnula 
Arnmonda waJter to pH 4 
Nidrel su1fate 2 g/l 

30 
Ca.thode current density 2 A/dm2 

. /RI 
Temperature 60°C 

/N'-Ago.talti.on conventional 
NH=\ Rz 

Using this plating solution, a mirror-bright /RJ 
electro deposit is obained up to a; p1:a.11ing \.R 
thickness of nearly 10 x lo-4 an. It :is ob-. 4. 

35 served: that the hydrogen ds generated from 
the face of the cathode dtiring electrolysi~ 
but .the electro-deposit -shows no aacks and wherein the groups Ri, R,, R3 and R4 are 
has a; good a.dhesion. The curren:t: efficiency the same or different and are :hydrogm atoms 70 
is approximately 20%. The deposit formed! or alkyl groups, CYt :three of them are hydro-

40 con.tams 2% nickel. gen atoms and the fourth is a 

-NH,, """"""'.CH2-CHa-Cli..-CH(NH2)COOH,, -CH2-COOH or 

-0Hr-CH~--CH2NH2 

75 group or Ri and: R3 are hydrogen and R2 and R, together eOD$1Ji;tute a: chain of ,the structure 

-CH2-CHa- -or -C(='N-H)-N~~,.-, 

the pH of ·the said solution: being controlled 
to !lie between pH 4 and pH 6. 

2. A method accordlllg to claim 1 whe:reini 
80 the said solution contains 0.5 to 10 g/litre 

of a nickel salt of, an: 'Organic or .inorganic 
acid and at least 200 g/lilll'e of a reduoing 
organic -acid'. 

3. A method acoorcling to claim 1 wherein 
85 ithe gold concen:rraition is 10 to 25 g/litre, the 

!l'el:nperature of the bath :is 55-65°C, the 
pH is between 4 and 5 and the oaithode cur-

rent density is between 0.1 and 0.5 A/dm.2• 

4. A method accord5.ng :to claim 2 whereiill 
the gold concentrait:ion i'SI 10 .to 25 g/li.tre, the 90 
tem.pera'l:UI'e of the bath is 55-65°C, the pH 
is between 4 Wld 5 and ·the cathode current 
densi:ty is between 1 and 3 A/dm2

• 

5. A method accorcling to claim 1 wherein 
ithe pla.ting bath used :is substamlially as set: 95 
forth in any one of the foregoing specific 
e:x:amples. 

6 .. An aqueous $0lution for use as '8' pfat-
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ing bath m the ~~~Jea~11i00., of".·.gold 7. An aqueoUB solll1lion. according to claim 
which comprises a. ;cym,.o OOJiip.l'C'x~l:t pf gold 6 'Sllbsta:ntia.lly -a,s ~nbefore set forth· in 
at a. concentratiOli. -of ;~ td-~ ·g/litre; cal- ~~4• of the foregoing specific. F.xam. _pl-es 3 
culated as gold, acnicket •-ot.,:'ail orpmc ana 

5 or inorganic acid ~(a ceri:ti,·aitim:of~Q;~;, 1:0 10 
g/li:tre, atlcu:lated as Jli2k:eJ.,,. ae--~: 200 g/ J. MILLER & CO., 
litre of a reducing orgamc'aqli):aad;gµanidine Agents for il:he Applicants, 
or a guan.idine derivative of·rthe .formula set Cbar.r.ered Patent Agen.118, · 
for.th in~ 1, the pH of die 1r0luti_on being John Kirk House, 31/3~, John S~t, 

10 between pH 4 and pH 6. .· London, W.C.1. 
~__,__,__,~~__...,~__,_...,~~ 

Print.ed for Her Majesty's Stationecy Offiee by the Co~rier Press, Leamington Spa 1968. . 
Published by the Patent Offiee, 20, Southami>ton Building&, London, W.Q.2, from which copies may be obtained. 

'·. 

I lllllll 111111"1111111111111111 * ' c· ··P 'L . ' ' ii' ' S * 

... 

. .. 


