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This invention relates to coating of base materials with 
a relatively thin layer of gold by means of electroless 
deposition, sometimes referred to as chemical plating. 
As is well known, electroless plating in its broadest 

aspects involves the immersion of a base material in a 
plating bath and the consequent deposition of a layer of 
film of the plating metal on the base by means of chemical 
reaction and without the use of externally applied elec 
trical energy. The chemical reaction taking place is an 
autocatalytic reduction of metal ions in the aqueous plat 
ing bath. In some cases, the base material is flashed or 
mirrored to coat it with an extremely thin layer of some 
metal which acts as a sensitizer to initiate the reduction 
reaction and/or promote adherence of the electroless de 
osit. 
p The electroless technique has several advantages Over 
electroplating. One of the most important of these is the 
fact that it produces a uniform plating thickness on even 
the most intricate shapes whereas electroplating does not 
“throw' well into niches and crevices. Among the other 
advantages of electroless plating are the simplicity of the 
required apparatus engendered by the elimination of elec 
trical equipment, and the relative ease of plating non-con 
ductive base material such as plastic films. 
While there has been considerable activity in recent 

years directed toward the application of the electroless 
plating principle to a wide variety of metals, the only 
commercially satisfactory processes evolved to date, in 
sofar as is known, are for the plating of nickel, cobalt, 
and copper. Practical success with other metals hereto 
fore has been nil or highly limited. Typical disadvan 
tages characterizing the processes heretofore devised are 
extremely slow deposition rate, coatings of unsatisfactory 
integrity and/or adherence, and instability of the plating 
baths resulting in lack of controllability of the deposition 
and rapid depletion of the bath. 

It has now been found that metallic gold may be plated 
onto a metallic or a non-metallic Substrate by a method 
of electroless plating which enables the production of 
dense, smooth, adherent gold coatings at higher deposi 
tion rates than heretofore possible. Moreover, composi 
tions have been developed for the electroless plating of 
gold from aqueous solution which are relatively quite 
stable and permit close control and reducibility of the 
platings produced. 
To the accomplishment of the foregoing related ends, 

said invention, then, consists of the means hereinafter 
fully described and particularly pointed out in the ap 
pended claims, the following description setting forth in 
detail certain illustrative embodiments of the invention, 
such disclosed means constituting, however, but a few of 
the various forms in which the principle of this invention 
may be employed. 

Briefly stated, the present invention is in an aqueous 
electroless gold plating bath having in solution therein a 
gold compound from which gold ions are derived. The 
aqueous solution is further characterized by the presence 
therein of a complexing agent selected from the group 
consisting of alkali metal Sulphites, ammonium sulphite, 
alkali metal meta-bisulphites and ammonium meta-bisul 
phite. Chemical reduction of the gold ions to metallic 
gold at the interface between the substrate and the aque 
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grams per liter). 

2 
ous solution is effected by a reducing agent which is Se 
lected from the group consisting of hydrazine, alkyl hy 
drazines in which the alkyl group contains from one to 
three carbon atoms, hydroxylamine and alkyl hydroxyl 
amines in which the alkyl group contains from 1 to 3 car 
bon atoms. These acqueous solutions are quite unstable 
in the absence of a stabilizing agent, and it has been found 
that the cycloaliphatic amines are a particularly satis 
factory class of materials for this purpose. 
The term "alkali metal' as used herein means sodium, 

potassium, and lithium. 
The quality of the plate of the present invention is en 

hanced during use by agitation of the bath, and particu 
larly utilization of mechanical stirring means which pre 
vents local over-heating of the aqueous electroless gold 
plating bath. 
The plating solutions of the present invention may be 

contained in any suitable vessel preferably non-metallic, 
e.g., glass, and the base material or article to be plated 
Suspended by any suitable means such as a clamp, mount 
ing or in a conventional plating basket. Alternatively, 
the plating solution may be sprayed, brushed or otherwise 
brought into contact with the surfaces to be plated. From 
the standpoint of control and maximum utilization of the 
plating solution, immersion is preferred. 

UltraSonic vibration of the object undergoing plating 
improves the uniformity and coherence of the gold plate. 
Any Suitable means for Supplying ultrasonic energy may 
be employed, for example when a clamp or holder is 
utilized to support the object being plated in the aqueous 
electroless plating solution, such holder may be suitably 
coupled to an ultrasonic transducer which is in turn con 
nected to a Source of high frequency A-C. electrical 
potential. A frequency of about 20 kc. is effective for 
the purpose of this invention. 

It will be understood that a wide variety of specific 
forms of apparatus may be devised and employed in the 
performance of electroless plating as contemplated by the 
present invention. 
The chemical constituency of the plating bath varies, 

of course, with the metal or combination of metals to be 
deposited. Stated generally, it comprises an alkaline aque 
Ous Solution of at least one complexing agent; at least one 
plating metal ion source of material, soluble in the solu 
tion and providing gold ions; and a reducing agent. In 
general the pH is in the range of from 7 to 12, and most 
usually in the range of from 8 to 11. 
The solution is rendered alkaline by the use of a suit 

able base, preferably ammonium hydroxide. The opera 
tive range of concentration is about 15 to 40 grams per 
liter or, in any event, high enough to give a pH above 7 
and preferably above 10. As the pH drops towards 7, 
the deposition rate falls off sharply. Satisfactory deposi 
tion rates are achieved throughout the operative range, but 
inasmuch as stability of the solution is inversely related 
to alkalinity, the pH in the higher portion of the range 
is preferred, e.g. a pH of above 10. 
The complexing agent is a water soluble sulphite or 

meta-bisulphite of ammonium, or an alkali metal, e.g., 
Sodium, potassium, or lithium. The permissible range 
of concentration of the complexing agent in the aqueous 
Solution is from about 0.7 to 2.5 mos/liter. While vari 
ation in the concentration does not substantially affect 
the rate of deposition, the stability of the solution de 
creases with decreasing concentration. An optimum con 
dition of Stability at deposition rate is achieved in the 
range of from about 1.2 to 1.6 mols/liter (150-200 

Higher concentrations tend to cause 
the salts to crystallize out of solution. . y . . . 
The Source of the plating metal ions of gold in the 
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bath may be any compatible gold compounds which are 
soluble in the bath and provide gold ions in solution. 
For gold plating, the chloride, nitrate, acetate, Sulphate, 
and various acidic and basic salts of gold, e.g., aim 
monium, chloraurate, aurichloric acid, auribromic acid, 
etc. A preferred water soluble compound productive of 
gold ions in the electroless plating baths of the present 
invention is aurichloric acid, HAuCl4.3H2O. In general, 
the permissible range of concentration of the gold ions 
in the aqueous solution is from about 0.013 to 0.05 mol 
per liter. At a higher concentration of gold, the gold 
complex formed in situ tends to become insoluble. At 
a concentration below about 0.013 mol per liter of gold, 
less satisfactory coverage of the substrate is found. At 
about 0.025 mol per liter, the maximum rate of 0.0001 
inch per 30 minutes of film deposition was obtained. 
Experience has shown that, as a general rule, an excess 
Of complexing agent is not detrimental to the process. 
The main requirement is that there is at least one donor 
group available to coordinate with each metal ion pres 
ent. For most purposes, a moi ratio of complexing agent 
to metal ion is conveniently in the range of from about 
5:1 to about 25:1. 
The reducing agent employed in the electroless plating 

Solutions of the present invention is a very powerful 
Teducing agent in comparison with the formaldehyde 
and polymeric formaldehyde reducing agents heretofor 
used in electroless plating compositions. It has been 
found that hydrazine, NH4, and hydroxylamine, HONH2, 
and the alkyl derivatives of these materials in which the 
alkyl substituent contains from 1 to 3 carbon atoms, 
are particularly well adapted for use as reducing agents 
in the aqueous electroless plating baths of the present 
invention. Thus, methyl hydrazine, dimethyl hydrazine, 
ethyl hydrazine, diethyl hydrazine, propyl hydrazine, 
dipropyl hydrazine, acetaldoxime, acetroxamine, pro 
pionaldoxime, and the like, are particularly useful in 
accordance herewith. The amount of the reducing agent 
which can be tolerated in the solution without introduc 
ing undesirable instability factors will be dependent upon 
the concentration of the other reactant materials in the 
bath. Generally, the reducing agent is present in an 
amount ranging from about 0.3 mol per liter to about 
2.4 mols per liter. In the case of hydrazine, the ma 
terial is operative over this range, but the optimum con 
centration of hydrazine is in the range of from about 
1.2 to about 1.8 mols per liter of solution. About a 
concentration of 1.2 mols per liter, the plating rate 
utilizing hydrazine as the reducing agent was not effected, 
but the bath tends to become more unstable. 
An increase in solution stability can be secured by 

incorporating in the compositions of the present inven 
tion from about 0.65 to about 1.95 mols per liter of 
a cycloaliphatic amine such as cyclohexylamine, methyl 
cyclohexylamine, cyclopropylamine, cyclobutylamine, cy 
clopentylamine, etc. While the cycloaliphatic amines 
do increase the solution stability, they tend to decrease 
the plating rate as the concentration of the stabilizing 
agent is increased. For example, in order to stabilize 
the solution at 85° C. for thirty minutes, 1.3 mols per 
liter of cyclohexylamine is required. Additional cyclo 
hexylamine dropped the plating rate from 0.000092 inch. 
per 30 minutes to 0.000052 inch per 30 minutes. Solu 
tion stability per periods of from 25 minutes to 75 
minutes or more, is regarded as Satisfactory. 
As indicated above, the pH range of the solutions of 

the present invention should be on the alkaline side, and 
broadly range from a pH of 7 to a pH of about 12. 
Ammonium hydroxide is a convenient alkalizing agent 
from adjusting the pH to the desired range although 
sodium hydroxide and potassium hydroxide may be used. 
An increase in the pH increases the plating rate consid 
erably, but the bath tends to become more unstable as 
the temperature is increased. Thus, the higher the pH, 
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4. 
the lower the temperature which is to be used for car 
rying out the electroless plating operation. Although an in 
crease in temperature favors bath decomposition, ele 
vated temperatures are preferred for the autocatalytic 
reaction which occurs at the interface between the sur 
face on which the deposition is taking place and the 
aqueous electroless plating bath. 
As indicated above, agitation increases the rate of 

plating without substantially affecting the stability of 
the bath, 
The SubStrate may, as above indicated, be metallic or 

non-metallic, such as a synthetic resinous film. In any 
event, best results are secured when the substrate whether 
metallic or non-metallic is previously sensitized by the 
deposition thereon of a very thin layer of a catalytic 
Tnetal or discrete activating sites or nuclei, which may 
be, for example, nickel, cobalt, copper, silver, rhodium, 
gold, platinum, or palladium. These metal surfaces or 
catalytic nuclei may be deposited by any convenient 
means Such as, electroplating, vaporization, or electro 
less plating, and provide a condition at the interface be 
tween the plating bath and the surface being plated which 
is receptive to and promotes the autocatalytic decomposi 
tion of the gold ions to metallic gold. The most pre 
ferred of these sensitizing materials is nickel, which has 
proved to be a very effective catalyst, even more so than 
gold. 

It becomes convenient at this point to illustrate further 
the present invention by setting forth the preferred mode 
of carrying out the invention together with alternative 
modes, it being understood that these are merely illus 
trative of the invention and are not to be construed as 
limiting the invention to the precise scope thereof. Those 
skilled in the art following the direction and suggestions 
contained in the following examples will be able to pro 
duce still further examples of gold electroless plating 
baths. 

Example I 
Mols per liter 

HAuCl43H2O ----------------------------- 0.025 
Sodium Sulphite --------------------------- 1.6 
Ammonium chloride ------------------------ 5 
Cyclohexylamine --------------------------- 1.3 
Hydrazine -------------------------------- 1.8 
Water, to make one liter. 
The Substrate used in this particular example was an 

electroless nickel plated steel sheet. The deposition of 
gold from the electroless gold plating bath was carried 
out at a temperature of 85 C. with agitation and yielded 
a deposition rate of 0.00015 inch per hour. The solution 
of Example I is quite satisfactory for depositing 0.0001 
inch to 0.002 inch of gold on a surface without con 
tinuous filtration. The solution life may be prolonged 
by employing continuous filtration of the plating bath 
during the course of the deposition. The foregoing bath 
of Example I represents the best compromise between 
rate of deposition of gold from the solution and bath 
stability under the conditions of plating. Solutions pur 
Suant to the formulation of this example have stabilities 
in excess of one hour up to six hours. 

Example II 
Mols per liter 

HAuCl43H2O ----------------------------- 0.03 
Sodium meta-bisulphite ---------------------- 1.0 
Ammonium chloride ------------------------ 1.5 
Cyclohexylamine --------------------------- 1.3 
Hydrazine --------------------------------- 1.8 
Water, to make one liter. 

The above solution is satisfactory for depositing 0.0001 
inch to 0.0002 inch of gold on a nickel sensitized steel 
Surface of 85 C. With mechanical agitation. Continuous 
filtration of the bath through a sintered glass filter im 
proves the stability of the solution. 
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Example III 
6 

7. An electroless gold plating bath in accordance with 
Mols per liter claim 1 in which the reducing agent is hydrazine. 

HAuBra'3H2O ------------------------------ 0.05 8. An electroless goldplating bath in accordance with 
Ammonium Sulphite ------------------------- 1.3 claim 1 in which the reducing agent is hydroxylamine. 
Cyclohexylamine ---------------------------- 1.5 5 9. An electroless gold plating bath in accordance with 
Hydroxylamine ------------------------------ 2.0 claim i in which the stabilizing agent is cyclohexylamine. 
Water, to make one liter. 10. An electroless gold plating bath in accordance with 
The above solution is satisfactory for deposition 0.0001 claim 1 in which the complexing agent is sodium sulphite, 

inch to 0.0002 inch of gold on a silver sensitized Mylar the reducing agent is hydrazine, and the stabilizing agent 
plastic film at 85°C. with vigorous agitation by bubbling 10 is cyclohexylamine. 
air into the bath. 11. An electroless gold plating bath in accordance with 
The following table illustrates further electroless gold claim 1 in which the complexing agent is sodium meta 

plating aqueous solution and examples of deposition rates bisulphite, the reducing agent is hydrazine and the stabil 
obtained. izing agent is cyclohexylamine. 

ABLE 

Example Moles/liter, Gold on Source Decomposition 
No. Moles liter, Agelt Moles, liter, Reducing Agent Moles liter, Stabilizer Rate, .00i ini 

30 min. G. 85°C. 

0.025-Aug 4.3EO.-------. 0.8-Na2SO3------------------ 1.8-Hydrazine.-------------- 1.3-Cyclohexyanille-------- 0.022 
0.025-HiAuCl4.3HO- 1.2-Na2SO --- 0.025 
0.025-IIAuCl4.3H2O 1.6-Na2SO3-...- 0.048 
0.025-HAuCl4.3H2O. 1.6-Na2SO3. 0.3-Hydrazine- 0.024 
0.025-HAuCl4.3H2O - 1.6-Na2SO3. 0.6-Eydrazine 0,034 
0.025-HAuCl4.3H2O 1.6-Na2SO3. 1.2-Eydrazine- 0.047 
0.025-HAuCl4.3H2O 1.6-Na2SOa-- 2.4-Hydrazine- 0.048 
0.03-HAuCl4.3H2O 0.7-Na2SO3-- 1.8-Hydrazine- 0.009 
0.025-HAuCl4.3H2O.-- -1,3-Na2SO3. 0.00 
0.038-HAuCl4.3H2O 1.9-Na2SO 0.090 
.050-AuCl4.3E20--- 2.5-Na2SO3 0.077 

0.025-HAuCl4.3H2O.--------- 1.6-Na2SO3 .65-Cyclohexylamine 0.112 
0.025-HAuCl4.3EO 16-Na2SO 0-Cyclohexylamine. 0.10 
0.025-EAuCl43H2O 1.f-Na2SO3. 3-Cyclohexylamine- 0.092 
0.025-HAuC-3H2O 1.6-Na2SO3. .95-Cyclohexylamine 0.052 
0.025-HIAuB4.3H2O 1.0-Na2S2O5 3-Cyclohexylamine------------------------ 
0.025-HIAuBr3H2O.---------.1.0-K2S2O5------ 1.5-dimethylhydrazine ----------- do--------------------------------------- 
0.025-HAuCl4.3H2O.-------- 1.6-Na2SO3------------------ 1.5-phenylhydrazine.-------------- do----------------------- 0.007 

Other ingredients which do not adversely affect the 
plating of gold from the solution or the character of the 
film and its adhesion to the substrate may be included 
in the composition. Solution stability is also improved 
by continuous filtration of the plating bath during plating 
to remove suspended catalytic nuclei from the solution. 
Preferred practice involves cooling the bath as it leaves 
the plating tank, filtering, and reheating prior to circula 
tion back to the plating tank. 

Other modes of applying the principle of this invention 
may be employed instead of those specifically set forth 
above, changes being made as regards the details herein 
disclosed, provided the elements set forth in any of the 
following claims, or the equivalent of such be employed. 

It is, therefore, particuluarly pointed out and distinctly 
claimed as the invention: 

1. An electroless gold plating bath consisting essen 
tially of an aqueous solution of a complexing agent 
selected from the group consisting of alkali metal Sul 
phites, ammonium sulphite, alkali metal meta-bisulphites 
and ammonium meta-bisulphite, a water soluble source 
of gold ions, a reducing agent selected from the group 
consisting of hydrazine, alkyl hydrazines in which the 
alkyl group contains from 1 to 3 carbon atoms, hydroxyl 
amine, and alkyl hydroxylamines in which the alkyl group 
contains from 1 to. 3 carbon atoms, and a cycloaliphatic 
amine stabilizing agent. 

2. An electroless gold plating bath in accordance with 
claim 1 having a pH of at least 8. 

3. An electroless gold plating bath in accordance with 
claim 1 in which the complexing agent is an alkali metal 
sulphite. 

4. An electroless gold plating bath in accordance with 
claim 3 in which the complexing agent is sodium Sulphite. 

5. An electroless gold plating bath in accordance with 
claim 1 in which the complexing agent is an alkali metal 
meta-bisulphite. 

6. An electroless gold plating bath in accordance with 
claim 5 in which the complexing agent is sodium meta 
bisulphite, 
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12. An electroless gold plating bath consisting essen 
tially of the following constituents in aqueous solution 
on a per liter basis: 

Mols per liter 
Sodium sulphite ----------------------- 0.7-2.5 
Hydrazine ---------------------------- 0.3-2.4 
Gold --------------------------------- 0.013-0.05 
Cyclohexylamine ----------------------- 0.65-195 

13. An electroless gold plating bath consisting essen 
tially of the following constituents in aqueous solution 
on a per liter basis: 

Mols per liter 
HAuCl43H2O ----------------------------- 0.025 
Sodium sulphite --------------------------- 1.6 
Ammonium chloride ------------------------ 1.5 
Cyclohexylamine --------------------------- 1.3 
Hydrazine -------------------------------- 1.8 

14. The process of autocatalytically plating gold on a 
metallic substrate which comprises contacting said metal 
lic substrate with a solution according to claim 1. 

15. The process of autocatalytically plating gold on 
a non-metallic substrate which comprises sensitizing said 
substrate by depositing a film of a metal selected from 
the group consisting of nickel, cobalt, copper, silver, 
rhodium, gold, platinum, and palladium on said non 
metallic substrate, and thereafter contacting the sensitized 
non-metal substrate with a solution according to claim 1. 
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