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COMPLETE SPECIFICATION
Gold Electro-plating

" We, KABUSHIKI KAISHA SUWA SEIKOSHA,

a Japanese company, of 4—5, Ginza-Nishi,
Ohuo-ku, Tokyo, Japan, do hereby declare
the invention, for which we pray that a patent
maybegranwdtous,andthemethodby
which it is to be performed, to be particu-
larly described im and by the following state-
ment: —

This invention: relates to the electrodeposi-
tion of gold, herein referred to, for brevity,
as gold plating.

There are some mses, however, where a
thickness of this order is not sufficient to
resist corrosion and climatic effects. Un-
fortunately, as the thickness of electroplated
films increases, the brightness of the plated

- surface generally decreases. Moreover, internal -

warps of the plating films increase, which re-
fesult in band adhesion of and cracks in the

-plated films. This tendency dis particularly

marked where a bright plating bath is used.
Use may be made of supplementary means
such as buffing, annealing and so on to in-
crease the brightness of the deposit, but such
means are not only expensive but inapplic-
able to a great many goods such as delicate
electronic parts and jewellery.

An object of this invention is to prov:lde.

a method for gold plating which enables a
gold plate of satisfactory thickness and bright-
ness to be obtained.

" According to the present invention sthere is
provided a process for the electrodeposition

- of gold which comprises electrodepositing gold

by the passage of an electric current through
an aqueous solution of a cyano complex salt

30.

35

of gold comprising between 5 and 25 gram '

per litre of gold, calculated as metal, the said -

solution: containing guanidine or a demvarmve
thereof of the formula *

whermnthegroupsRl,Rz,R and R, are
the same or different and are hydrogen atoms
or alkyl groups, or three of them are hydro-
gen atoms and the fourth is a

—NH,, —CH,—CH,—CH,—CH(NH,)COOH, —CH,—COOH or
—CH,—CH;—CH,~—CH;NH,

45

groups or R, and R, are hydrogen and R, and R, together comstitute a chain of the 50

structure

—~CH,—CHy— or —C(=NH)-—NH—C'H,—CH2—-, |

the pH of the saxd. solution being controlled
tohebctWetmpH4ande6

[Price 4s. 6d1

‘Suitable compounds of the fonegmng for-
mula are the folrlowmg —_—

’
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- %o have any deleterious effect on'the plating

for gold plating according to the invention
are given below. - '

e
2 L 1,102,179 o ' i
Amino-guanidine -carbonate - . NH,NH--C(NH)—NH., .H,CO, :
L-afginine .7 : % . NHy—~CNH)}—NH—(CH,),—CH(NH,)—COOH
Creatine - = _ ~ NH~—~CNH}—N(CH,)—CH,—COOH.H,0.
Agmatine - 7 =7  NH;~C(NH)_NH(CH)—NH, = .
5° Monomethyl guanidine . - - . - CH,—NH NH)—NH, :
Tetramethyl guanidine - . - (CH,);N—C(NEH)—N(CH.)s
Ethylene biguanide é;n;_cuzm\:c(ﬂn)'-nu-cﬁm)ﬂxH
Ethylene guanidine hydrochloride C M, CH,— MR- C(NH)- M. H e
Using the aforesaid compounds bright gold itself or on the products of the plating pro-
platings may be obtained, dependifig ofi the ciss. ‘Therefore, it is preferable to use a
particular compound used, at thickness up:to reducing organic acid, for- example formic 60
10X 10 cm. and platings of thickness up acid, ascorbic acid or oxalic acid for this :
to 30X 10~* cm. are found to liave good:adhe- purpose. In this case, the PH range of the
sion and to be substantially free from cracks. plating bath can be adjusted with the said

15  According to a particular feature of the acid, or by use of an alkaline additive such,
invention there may be included in the plat- for example, as alkali hydroxide or aqueous 65
ing bath, to increase plitifig speed, a nickel ammonia. N
salt of an organic or iforganic dcid. Gen r= It is necessary to choose a suitably related:

_ ally, when a nickél salt is added 10 @b dcidic density of gold, temperature, cathode current

20 cyanide gold bath, the cutreént “efficiericy ini density and pH. Ordinanily, good results can .
the cathode becomes extremiély bud, so that be obtained by choosing a density of gold 70
the plating takes a relatively long fime. On between 10 and 25 g/l, a temperature of the
the other hand, it i§ a well-kdown Tact thit bath between: 55 and 65°C, = cathode current
if the plating current density is inciéased iri  density between 0.1 and 0.5 A/dm? and pH

25 an attempt to increase the plating speed, between 4 and . The current efficiency in :
hydrogen brittleness of the deposit, leading this cise is between 90 and 95%. /-]
to cracks and bad ddhesion will- tend to When using a plating bath as referred to .
occur. The aqueous solution ‘used according above but including a nickel salt it is pre-
to the present invention suffers also- a cer- ferable for obtaining wood results to employ

30 tail fall in the curréit efficiency when a the nickel salt at a concentration of 0.5 to -
nickel salt is added; but is not as prone to 10 g/l, calculated as nickel, and to employ 80
hydrogen brittleness of the electrochemical & greater cathode cuarrent denmsity, such as
deposit when the current density is increased. from 1 fo 3 A/dm?®. In this case, it is desir- .

. In this case, the deposit is a gold alloy film able to add a large quantity of reducing
35 comprising 1 %039 hickel. " organic acid to prevent decomposition of
Although it is not exacily clear how the the guanidine compound. The current effi- 85 -
guanidine compounds and the nickel salts act ciency in this case ds approximately 20%. -
in the plafing proctss, it seems that the prin-  The electrochemical deposit of the present
cipal cause of brightness in the resultant invention keeps its mirror brightness up to .

40 deposit originates fromy the guanidifie com- plating thicknesses of 10XT10% cm. and. is . .

pound. : ... scarcely affected by hydrogen brittleness up 90
Preferably the plating bath is mintilied to 30—40X 104 cm. -

at & temperature from 10 to 70°C.. A cathod A preferred plating bath, containing nickel,

current density from 0.1 to 3.0 A/dm* may which constitutes a further feature -of this.

45 be émployed. ) . . invention cofnprises an aqueous sofution- com-

: When applying the invention to a practical prising a cyano complex salt of gold at a 95
plating process, it is desirable to counteract concentration of 5 to 25 gflitre calculated :
the tendency of the gusiiiding Compounds to as gold, a nickel salt of an organic or in-

. decompose rapidly due to electrolytic oxida- organic acid at a concentration of 0.5 to 10
50 ton during plating, a tendency which is en- g/litre, calculated as nickel, at least 200 g/ -

: hanced s the anode cuifent Geisity ificieises. litre at a feducing orgaiiic 4eid, -anid ¢he 100
For this reason there ds pieterably ddded to guanidine or & guanidine derivative of the
the bath a large quantity of a reducing agent foregoing general formula, the pH of the solu-
to act as a depolariser and counteract the tion being between pH 4 and pH 6. '
above-mentioned tendency. - _ Four specific examples of aqueous solutions

This reducing agent should not.be such as 105
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ExAMPLE 1
KAz (CN),
Amino-guanidine carbonate
Sulphamic acid
Cathode current density
Temperature
Agitation

When plating with this solution, a bright
electro-deposit of thickness 10X 10 cm. and
good adhesion and free from cracks is ob-
taalg/cd. The current efficiency is approxintately

KAu (CN),

Ethylene guanidine
Forn'uc acid (85%,)
Ammonia water
Cathode current density
Temperature

Agitation

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

ExampLE III
KAu (CN). 15 g/1
Creatine 10 g/1
Formic acid (85%,) 250 g/i
Ammonia water to pH 4
Nickel sulfate 2 g/t :
Cathode current density 2 A/dm?
Temperature 60°C
Agitation conventional

30 g/1

20 g/1

to pH 4
0.2 A/dm?
50°C
none

ExampLE 11
30 g/1

10 g/1
250 g/l

to pH 4
0.2 A/dm?
50°C

- none

Using this plating solution, a mirror-bright
electro deposit i3 obtained up to a plating
thickness of nearly 1010~ cm. It is ob-
served that the hydrogen is penerated from
the face of the cathode during electrolysis,
but the electro-deposit shows no cracks and
has & good adhesion. The current efficiency
is approximately 20%. The deposit formed
contains 2%, nickel.

_ExAMPLE IV
15 g/1

“10 g/l
- 250 g/l
- . to pH 4
2g/las mckd
2 Ajdm®
60°C
conventional

KAu (CN).
L-arginine
Formic acid
Ammonia water
Nickel citrate
Cathode” current denﬂty
Temperature

Agitation

Using this plating solution, 2 mirror-bright
electro-deposit is obtained up o a plating
thickness 10X10-* cm. It is observed that
the hydrogen is generated from the face of
the cathode during electrolysis, but the elec-
tro-deposit shows no cracks and has good
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 for the ition of

process
gold which comprises electrodepositing 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 metal, the said
solution containing guanidine or a derivative
thereof of the formula

/'“1

NH=C\ /Rs

wherein the groups Ry, Ry, R, and R, are
the same or different and are hydrogen atoms
or alkyl groups, or three of them are hydro-
gen atoms and the fourth is a

~NH,;, —CH.—CH,~—CH.,—CH(NH.)COOH, ~—~CH.—COOH or
—CH,—CH,—CH.—CH,

groﬁp or R; and R, are hydrogen and R, and R, together constitute & chain of the structure

—~—CH.—CH— or —C(=NH)}—NH—CH,—CH.—,

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

-2, A method according to claim 1 wherein
the said solution containg 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 accordmg to claim 1 wherein
the gold concentration is 10 to 25 g/litre, the
temperature of the bath is 55—65°C, the
pH is between 4 and 5 and the cathode cur-

rent density is between 0.1 and 0.5 A/dm?

4. A method according to claim 2 wherein
the gold concentration is 10 to 25 g/litre, the
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?

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

6. An aqueous solution for use as a plat-
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. PH is between 4 and 5 and the cathode cur- -

: ExaMrLE 1
KAu (CN), 30 g/t

" Amino-guanidine carbonate 20 g/l
Sulphamic acid to pH 4

Cathode current densrcy 0.2 A/dm?

Temperature 50°C

Agitation none

When plating with this solution, a bright
electro-deposit of thickness 10X 10~ cm. and
good adhesion and free from cracks is ob-
fained. The current efficiency is approxinately

90%.

ExampLE IT
KAu (CNJ.
Ethylene guanidine 10 g/l
Formic acid (85%,) 250 g/1
Ammonia water . topH A4
Cathode current density 0.2 A/dm?
Temperature 50°C
Agitation none

30 g/i

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

KAu (CN) ExamrLE III
U 2

Creatine ,
Formic acid (85%,) 250 g/1
Ammonia water to pH 4
Nickel sulfate 2 g/t :
Cathode current dcnsrcy 2 A/dm*
Temperature 60°C
Agiitation conventional

Using this plating solution, & mirror-bright
electro deposit is obtained up to a plating
thickness of nearly 10X10~ cm. It is ob-
served that the hydrogen is generated from:
the face of the cathode during electrolysis,
but the electro-deposit shows no cracks and
has & good adhesion. The current efficiency
is approximately 20%,. The deposit formed
contains 2%/, nickel.

15 g/l
10 g/l

Ex_mruz v

- 15 g/l
" 10 g/i

~ 250 g/l

KAU. (m)z
L-arginine -~- -
Formic acid:
Ammonia, wanﬂer - ~ fto

Nickel citrate. - - 2 g/l; as nickel
Cathode current density 2 A/clm2
Temperature - 60°C

Agitation

Using this plating solution, a mirrer-bright
electro-deposit is obtained up to a plating
thickness 10X 10~ cm. It is observed that
the hydrogen iy generated from the face of
the cathode during electrolysis, but the elec-
tro-deposit shows no cracks and has good
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
gold Whlch compnsw electrodepositing gold
by the passage of an electric current through

conventional

-an aqueous solution of & cyano complex salt

of gold comprising betweenr 5 and 25 gram
per litre of gold, calculated as metal, the said
solution containing guanidine or a denvauve
thereof of the formula

wherein the groups R,, R, R, and R, are
thesameordlﬂermtamdamhydrogenatoms
or alkyl groups, or three of them are hydro-
gen atoms and the fourth is a

—NH,, —CH,—CH,—CH,—CH(NH,)COOH, —CH,—COOH or
| ~—CH,—CH,—CH,—CH,NH,

75 group or R, and R, are hydrogen and R, and R, together constitute & chain of the structure
-—OHz—-CHz— or —C(=NH)—NH~-CH,—CH,—,

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

2. A method according to claim 1 wherein
the said solution contains 0.5 to 10 g/litre
of a nickel salt of an organic or inorganic
acid and at least 200 gflitre of a reducing
organic acid.

3. A method according to claim 1 wherein:
the gold concentration is 10 to 25 g/litre, the
temperature of the bath is 55—65°C, the

rent density is between 0.1 and 0.5 A/dm?

50
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4. A method according to claim 2 wherein

the gold concentration is 10 to 25 g/litre, the
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?

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

6. An aqueous solution for use as a plat~
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ing bath in the decttojcpommm o'f -gold 7 An aqueous solumon accardmg to cla1m

which comprises a Cyaho complex Jalt. of gold 6 substantially as hereinbefore set forth in.

at a concentration. of 3 to. 25" g/litre; cal- either of the foregoing: specxﬁc Examples 3

culated as gold, anickel salt of “an organic and 4. '
5 or inorganic acid 4f a centration.of (. to 10

g/litre, calculated as’ nickel,, at*least- 200" g/ . J MILLER & CO .

litre of a reducing organic-acith-and-guanidine ~Agents for the Apphmnts,

or a guanidine derivative’ of the formula set Chartered Patent Agents,

forth in claim 1, the pH of the solution: being ]ohn Kirk' House, 31/32, John Street, .
10 betwempH4ande6 London, W.C.1.

Printed for Her Majesty’s Stationery Office by the Courier Press, Lea.mmgton Spa, 1968,

Published by the Patent Office, 25, Soutbampton Bmldmgs, London, W.C.2, from which copies may he obtained. -
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