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(57 ABSTRACT 
Method of gold plating particularly suited for the gold 
plating of localized conductive areas such as contacts 
on printed circuit boards, wherein the surface to be 
plated is first cleaned and activated without any current 
being applied by rubbing onto said surface a non 
displacement type of gold electrolyte solution carried 
by absorbent material forming part of a gold applicator 
assembly that includes a gold anode. A plating current 
is then passed through said electrolyte solution during 
continued rubbing to effect the plating of gold on said 
surface as the cathode. The preferred electrolyte is a 
water solution of an alkali metal gold cyanide contain 
ing substantially no free cyanide or alkalimetal cyanide 
in excess of the cyanide bound to the gold present in 
said water solution. The method is self-indicating in 
that so long as the plating maintains a superficial dark 
or brownish coloration throughout the plating cycle, 
the gold electrodeposit is of satisfactory quality and is 
firmly adherent, whereas if the gold electrodeposit ex 
hibits a clear gold color, or if no plating takes place, 
that indicates a poor or broken plating connection in 
the plating circuit. Rubbing of the electrodeposit with 
the applicator during the plating operation, if there are 
poor or broken plating connections, quickly removes 
the superficial dark coloration of the electrodeposit 
and imparts thereto a clear gold color of substantially 
the same clarity of gold color as that of the gold appli 
cator used. If this occurs, it is only necessary to correct 
the bad plating connection and continue plating. 

6 Claims, 3 Drawing Figures 
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3,755,089 1 2 
METHOD OF GOLD PLATING has previously been available that would indicate the 

quality of the gold plating on each contact. 
RELATED INVENTIONS My present invention provides a gold plating electro 

This is a continuation-in-part of my pending applica-... lyte and method that: 
tion Ser. No. 2,982, filed Jan. 15, 1970 and now aban- 5 1. Requires in order to obtain a good gold plating, 

' only one single, relatively harmless, non-corrosive doned. solution that can be used practically anywhere 
DESCRIPTION OF THE PRIOR ART without danger to operator or to critical equip 

It has been customary in the prior art to gold plate ar- ment. , - 
ticles, such as the pen points of the Underwood U.S. 10 2. Employs a gold solution of a non-displacement 
Pat. No. 2,133,996, by immersion in alkaline gold cya- type that can be rubbed on areas to be plated, with 
nide baths and thereby obtain gold electrodeposits of a manual gold applicator, without current, as the 
highly lustrous ornamental appearance. To the best of final cleaning and activating operation before plat 
my knowledge, however, it is novel to provide a self- ing to ensure firm adhesion. 
indicating method of gold plating that is manually car- 15 3. Is self-indicating in that the maintencance of a su 
ried out without the use of plating baths, wherein a perficial dark or brownish coloration throughout 
nondisplacement type alkali metal gold cyanide elec- the plating cycle establishes that satisfactory gold 
trolyte is used that contains no free acid and no free al- plating is being carried out, whereas no plating, or 
kali metal cyanide, and in accordance with which gold a clear gold color of plating on any contact or con 
electrodeposits are obtained which are self-indicating 20 . . . tacts, immediately indicates a bad or broken plat 
as to their satisfactory or unsatisfactory character for ing connection which must be corrected to ensure 
use as electrical connections or contacts. good plating. The rubbing of the applicator over a 

gold plated surface during the plating operation 
SUMMARY OF THE INVENTION . will remove any superficial dark coloration and ex 

The present invention provides an improved, rapid 25 pose the underlying clear gold color of contacts or 
and more convenient method for electrodepositing areas having bad or broken plating connections, 
gold on surface areas of electrically conductive mem- but will not remove such superficial dark color 
bers to provide new contacts or to repair old contacts ation during plating if the plating circuit is in good 
for use in an electrical circuit, such as a printed circuit operating condition. 
board having copper or other electrically conductive 30 4. Ensures purity of the gold plating and permits the 

use of more rigid metals, such as nickel, for the members. 
The process requires no stationary plating tank or backing or reinforcing of pure gold-surfaced an 

other stationary equipment but involves manually rub- odes, because such more rigid metals will not co 
bing the surface to be plated, both before and during deposit with the gold from my solution operated 
plating, with an electrolyte applicator that suitably 35 under the conditions of my method. 
comprises an absorbent, inert material for carrying the 5. My gold electrolyte is a non-displacement type, 
gold electrolyte disposed on or about a gold-surfaced consisting of sodium or potassium gold cyanide or 
anode of suitable form and design for manual handling. a combination of both sodium and potassium gold 
The absorbent material, which may be a fabric of natu- cyanides in water with possibly a small amount of 
ral fibers, such as cotton, or of inert artificial fibers, wetting agent. Commercial gold cyanide and acid 
such as polyacrylonitrile, is wetted with an electrolyte gold plating solutions cannot be used for carrying 
of my invention particularly adapted for gold plating. out my method. This holds true for the gold plating 
A non-corrosive electrolyte, incapable of displacement electrolyte of aforementioned Underwood patent. 
plating, is used, such as an aqueous solution consisting 6. My electrolyte solution when used with the gold 
essentially of water and an alkali metal gold cyanide in 45 applicator utilizes current densities of from 400 to 
which there is no substantial excess of any alkali metal 700 amperes or more/sq. ft. and relatively high 
cyanide or free cyanide, over and beyond that bound voltages of about 8 to 16 volts (direct current). 
to or held by the gold as a part of the gold cyanide moi- It is therefore an 'object of this invention to provide 
ety. . so improved method of gold plating to form gold con 
One of the imprtant uses of this plating method is the tacts of high electrical conductivity and of optimum 

repair and maintenance of gold platings on electronic thickness, flexibility and adherence, wherein plating is 
and other contact surfaces. This includes printed cir- carried out to a point that is self-indicated by the ap 
cuits with as many as two dozen or more individual pearance of the electrodeposited gold as having a su 
small contacts complicated by component assemblies 55 perficial dark or brownish coloration in striking con 
making electrical contact for plating or replating very trast to the clear gold color exhibited by the gold 
difficult, surfaced anode of the gold applicator assembly. 
Such plating or replating must frequently be done in It is a further important object of this invention to 

confined areas of computer complexes, cockpits of air- provide a reliable method of forming gold plating that 
craft, spacecraft, etc. Heretofore, commercially avail- 60 provides good electrical connections and that can be 
able preparatory and plating solutions could not be distinguished from insufficiently plated contacts or 
used in these areas without danger to operator and to areas by their dark appearance as contrasted with the 
critical equipment, and, in fact, may be prohibited by clear gold color of the plating that indicates poor and 
safety regulations. " . for inadequate connections in the plating circuit. 
The situation is further complicated by the fact that other and further important objects of the invention 

this type of plating or replating must usually be done by will become apparent from the following description of 
operators with little or no knowledge of electroplating. certain preferred embodiments taken in conjunction 
No equipment or method other than through actual use with the accompanying drawing, although variations 
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and modifications may be effected without departing 
from the spirit and scope of the novel concepts of the 
disclosure, and in which: 

FIG. 1 of the drawing illustrates somewhat schemati 
cally equipment suitable for carrying out my gold plat 
ing method as applied to the gold plating of contacts on 
a printed circuit board; 
FIG. 2 is an enlarged fragmentary plan view of the 

conductive areas that have been gold plated, showing 
the difference in appearance between contacts prop 
erly plated in accordance with my invention and others 
not properly plated; and 
FIG. 3 is a back view of a preferred shorting strip for 

use with the present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

In order to prepare the surface for carrying out the 
method of my invention in the gold plating of an elec 
trical contact or other conductive surface, it is essential 
that the surface be properly cleaned and otherwise pre 
pared for receiving the electrodeposition of gold over 
the localized areas that are to form electrical connec 
tions or contacts in an electrical circuit. Preparation of 
the surface is accomplished prior to the application 
thereto of the gold electrolyte by scouring the surface 
with steel wool, such as 310 or 470 steel wool, to thor 
oughly polish the same. Such steel wool is commer 
cially available. After polishing, the surface is wiped 
clean with a lint-free cloth. The surfaces to be plated, 
which may be copper, brass, or nickel, or even ferrous 
metal surfaces, should be thoroughly polished in this 
manner over the area to be plated prior to the applica 
tion of any electrical plating current. 
With the current still off, a film of my gold plating so 

lution, or electrolyte, is rubbed over the polished sur 
face area by the use of the gold electrolyte applicator 
later to be described, indicated by the reference nu 
meral 11. Such rubbing action activates the surface for 
subsequent electrodeposition of gold, without, how 
ever, any objectionable displacement plating taking 
place prior to energizing the plating circuit. 
As shown on the drawings, the reference numeral 10 

indicates a tray, basin or other portable receptacle over 
which or in connection with which my plating method 
can suitably be carried out. The use of a plating tank, 
as such, is obviated entirely. The receptacle 10 serves 
as a portable reservoir for an electrolyte solution capa 
ble of depositing gold, and/or for collecting any excess 
electrolyte during the application thereof to electrically 
conductive material, but the applicator 11 wetted with 
the electrolyte from that in the receptacle 10, serves to 
apply the electrolyte to the conductive surfaces that are 
to be plated. 
For the purpose of this invention, I prefer to use a 

gold plating solution which is slightly on the alkaline 
side, that is non-corrosive, and that consists of a solu 
tion of sodium gold cyanide, or of potassium gold cya 
nide, or of a mixture of sodium gold cyanide and of po 
tassium gold cyanide, equivalent to ten grams of so 
dium gold cyanide (Au Na (CN)) in 16 fluid ounces 
of water, but as little as 2.5 grams of sodium gold cya 
nide per 16 fluid ounces of water can be used satisfac 
torily. Also, there may be an excess of the selected al 
kali metal gold cyanide in the gold plating bath over 
that which can be completely dissolved therein, since 
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4 
solution will then take place as gold is plated out in 
using the bath. 

Instead of sodium gold cyanide, a molecularly equiv 
alent weight of potassium or other alkali metal gold cy 
anide can be used but the resulting electrolyte should 
contain substantially no free cyanide and no excess of 
alkali metal cyanide over that bound to or held by the 
gold cyanide in combination therewith, which combi 
nation of gold and alkali metal cyanide is referred to 
herein as an alkali metal gold cyanide moiety. A solu 
tion of 10 grams per 16 fluid ounces of water of sodium 
gold cyanide and of 3 grams of potassium gold cyanide 
is most preferred. 
The following are analyses of satisfactory sodium and 

potassium gold cyanide moieties, respectively, ex 
pressed in percentages by weight: 

Percent by weight 

Sodium gold Potassium gold 
cyanide, Cyanide, 

Auna (CN)2 Auk(CN)22H2O 

Gold (Au)----------------------- 72, 44 80, 80 
Sodium cyanide (NaCN) - 18.00 20.08 
Gold cyanide (AuCN)---- 82.00 88, 8.2 
Water--------------------- 1, 1 

Potassium cyanide (KCN). 

Electrolytic gold cyanide solutions made with either 
the sodium or potassium or other alkali metal cyanide 
or mixtures of sodium and potassium gold cyanides 
should not contain any free or uncombined cyanides, 
or any excess of an alkali metal cyanide, since free al 
kali metal cyanides cause displacement plating, which 
is poorly adherent to the underlying stratum of conduc 
tive metal and which is likely to result in the giving off 
of fumes that are corrosive and noxious. Wetting agents 
are not usually needed, but anionic wetting agents can 
be included in the alkali metal gold cyanide solutions 
if desired. 
The avoidance of these undesirable results and the 

portability of the equipment make my method and 
electrolyte most suitable for gold plating contacts or 
other electrical connections in confined spaces, such as 
those in astronautical vehicles, space ship capsules and 
the like. 
The electroplating system of the present invention 

includes a goldsurfaced electrode 11a in the applicator 
assembly 11. Said electrode 11a can suitably be formed 
of a conductive, relatively rigid strip of metal, such as 
nickel to give the desired rigidity, with a strip of rela 
tively pure gold welded to the working surface of the 
electrode. A handle 12 is secured to the electrode 11a 
to permit the operator to manipulate the electrode 
along any preselected area of the surface to be coated. 
The electrode 11a is encased in an absorbent sleeve 13 
of an non-conductive woven or non-woven fabric such 
as cotton, polyacrylonitrile, glass fibers, or similar in 
ert, porous, fluid-absorbent and retaining material. It is 
this absorbent but inert and non-conductive fabric 13 
that prevents direct contact between the anode 11a and 
the surface area 16 to be plated and thus prevents a 
short in the plating circuit. The fabric 13, during the 
plating operation, is manually held against and rubbed 
over the surface area 16, with the result that the plating 
circuit between the gold surfaced electrode 11a and the 
surface area 16 to be plated is very short, indeed. 

  



3,755,089 
5 

The invention as shown in the drawings contemplates 
providing a gold plating on a laminated printed circuit 
board 15 having conductive areas 16 composed of cop 
per, nickel or the like disposed in a prearranged pattern 
on the surface. Contacts 16a are disposed at one edge 
of the board for connecting the board electrically with 
other circuits. In order to insure electrical continuity 
during plating to all of the contacts 16a on the board, 
a shorting strip 17 (FIG. 3) composed of an electrically 
conductive metal is laid across the surface of the board 
so that there is an electrically continuous path through 
all of the circuit elements 16a at the time electrodepo 
sition takes place. Such strip, as shown in FIG. 3, con 
veniently consists of a strip of aluminum foil 17a 
secured to a strip of pressure-sensitive tape 17b with 
one edge of the foil flush with an edge of the tape. Al 
ternatively, contact of small isolated areas on the 
printed circuit board can be made by connecting the 
electrical lead from the power source to a pointed 
piece of electrically conductive metal that can be held 
against the edge of the contact area by hand. 
Prior to starting my electroplating process, the area 

to be plated should preferably be polished with steel 
wool to remove any inert matter or burrs or other for 
eign material. After wiping the surface clean, a clip 18a 
can be fastened to the shorting strip 17 for providing 
electrical current to all the contacts 16a simulta 
neously. . . . . . " 

An electrical conductor 19 connected by a clip 18 to 
the electrode 11 and an electrical conductor. 20 con 
nected to the clip 18a are secured to the proper termi 
nals of a source of unidirectional current, such as a DC 
generator 22, batteries, a rectifier, or other source of 
direct current. 
In normal operation, the voltage from the generator 

to other source 22 will be adjusted to about 8 to 16 
volts, or broadly in the range from 3 to 16 volts. With 
the electrode 11a the anode and the contacts 16a to be 
plated the cathode, and with the sleeve 13 thoroughly 
wetted with the electrolyte solution, the sleeve is " 
rubbed against the areas to be plated while passing be 
tween the anode and cathode a unidirectional current 
having a current density equivalent to about 100 to 750 
amps/sq. ft. or higher, but usually averaging from 400 
to 700 amps/sq. ft. to effect the plating out of gold over 
the contact areas 16a. : 

Instead of rubbing the gold electrolyte solution onto 
the surface areas to be plated by means of the gold ap 
plicator, but without current, prior to actual plating, 
the final cleaning and activating-operation can be ef 
fected to ensure satisfactory adhesion of the plating by 
temporarily reversing the current and applying 1 to 5 
volts of reverse current per square inch for 2 or 3 sec 
onds, and then turning the switch to "plating' position, 
at a voltage of 8 to 12 volts and proceeding with the 
plating in the manner already described. 
Plating is continued if it has a dark or brownish su 

perficial appearance, until the desired thickness of plat 
ing has been obtained. This self-indicating appearance 
assures that a properly conductive, firmly adherent 
gold plated contact has been attained. Normally, reach 
ing such an end-point takes place immediately upon en 
ergizing the plating circuit. Desired thickness of gold 
plating can be accomplished by the continued passage 
of a plating current and continued application, or a re 
application of the electrolyte by rubbing the elec 
trolyte-saturated sleeve of the gold applicator assembly 

6 
over the already plated surface. After the plating has 
been completed the work is rinsed with plain water, 
warm or cold, and wiped. 
The improved method of my invention is applicable 

to plating gold or copper, brass and/or nickel surfaces 
provided the surfaces have been thoroughly cleaned 
and polished in the manner earilier described herein. 
After being gold plated, the work should be rinsed with 
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plain water, either hot or cold, and wiped dry. If a 
bright finish is desired, it is merely necessary to polish 
the dark-appearing gold plating lightly with a 310 or 4/0 
steel wool and wipe the surface clean with a clean, int 
free cloth. There is, however, no advantage except in 
appearance in this polishing step, since the dark 
appearing gold electrodeposits formed by properly car 
rying out the gold plating are just as suitable and just 
as efficient as those that have been polished. 
On the other hand, if during the electroplating step, 

the gold electrodeposit remains or becomes clear gold 
color, like the gold surface on the anode of the applica 
tor assembly, or changes from a superficial dark ap 
pearance to a clear gold color, that means that the plat 
ing is poor or unsatisfactory, probably due to a bad 
electrical connection in the plating circuit during the 
plating operation, and this must be corrected before 
applying an additional thickness of plating. 
The process of the present invention substantially re 

duces the amount of preparation necessary to gold 
plate printed circuit boards, eliminates the need for 
using corrosive chemicals, and ensures adhesion of the 
gold plating to the work even when carried out by inex 
perienced operators. The process of my invention 
makes possible the safe repair and maintenance of 
printed circuits and other electronic contacts in con 
fined spaces of missiles, aerospace equipment, wave. 
guides and other areas, which are difficultly accessible, 
Neither corrosive fumes nor corrosive liquids are gen 
erated or caused to be present during the operation of 
the herein-described method. The process of the inven 
tion can also be used in repair and maintenance work 
to fill in areas where the previously applied coatings 
have become depleted. 

In FIG. 2, certain of the contacts 16a, indicated by 
the letter B, are shown as having bright gold-colored 
surfaces, while others of said contacts, indicated by the 
letter D have a superficial brownish-colored appear 
ance. The B-designated contacts, exhibiting a clear 
gold color, are not of satisfactory quality or thickness 
if such clear gold color develops and persists as the di 
rect and inherent result of the plating operations with 
out any polishing of the surfaces of the gold plate hav 
ing taken place. 
On the other hand, if the surfaces of the contacts 16a 

become and stay brownish-colored during plating, like 
those designated by the letter D, the built-up gold con- . 
tacts are then of such high quality as to meet military 
specifications, such as MIL-G-45204, and stay firmly 
adherent to the under structure even when flexed. If of 
the desired thickness, say, at least 0.00005 inches, the 
contacts are satisfactory in the as-plated state for use 
without further processing, but for appearances' sake 
the surfaces can be lightly polished to present a clear 
gold surface. The description of the D contacts as 
"dark", or "brownish" is in contrast to the clear yellow 
color characteristic of gold, and is very marked and 
easily observable, as is also the contrast between the 
superficial brownish coloration of the D contacts and 
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the characteristically gold appearance of the gold on 
the surface 1 1a of the applicator electrode 11. The use 
of my non-displacement type of gold electrolye combi 
nation with the relatively close proximity, usually about 
1/16 inch, of the surface of the gold anode to the sur 
face area 16a to be plated, insures a satisfactory gold 
plating of said surface area with a superficial brownish 
colored gold layer, provided the plating circuit is prop 
erly completed to include all of the areas to be plated. 
Such completion of the electrical circuit through the 
assembled printed circuits and component assemblies, 
when including many discrete contact areas, can some 
times be best accomplished preparatory to, or during 
actual plating, by pressing a flexible mass of 1/10 or 2/0 
steel wool against all of the contact areas 16a 
simultaneously by means of an electrically conductive 
strip or bar of copper or brass. Such a strip or bar is 
used in lieu of the shorting strip 17 of FIG. 3 to short 
the contact areas 16a. 

In the practice of the method of my invention, so long 
as the gold plating is of a brownish color, the plating is 
satisfactory and can be continued until the desired 
thickness of the plating has been reached. Since under 
these conditions the rate of deposition remains uni 
form, a given thickness of electrodeposit will be ob 
tained in a certain length of plating time. Thickness of 
the plating can thus be calculated directly from the 
length of time of plating and the known rate of electro 
deposition of a unit thickness of gold. 

I claim as my invention: 
1. The method of electrodepositing gold on an area 

of an electrically conductive metal surface to provide 

5 

O 

5 

20 

25 

a firmly adherent high quality gold plate over said area, 
which comprises 

establishing a plating current between said surface 
and a manually guided pure gold anode through a 
gold electrolyte solution carried by a non 
conductive, absorbent fabric between said anode 
and said surface, effecting wetting and rubbing 
contact between said absorbent material and said 
surface as the cathode to effect gold plating of said 
area, 

said anode having a backing of a more rigid metal 
than gold incapable of codepositing with the gold 
from said gold electrolyte solution, 

said electrolyte solution consisting essentially of an 
aqueous solution of an alkali metal gold cyanide 
moiety containing substantially no free cyanide and 
substantially no free alkali metal cyanide not 
bound to the gold present in said gold cyanide moi 
ety, and 

continuing said gold plating to produce a gold plate 
having a superficial brownish coloration in contrast 
to the clear gold coloration characteristic of gold, 

said brownish color persisting during such continued 
plating, and 

stopping said plating when the desired thickness of 
said gold plate has been reached. 
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8 
2. The method as defined by claim 1, wherein said 

plating circuit carries a current density of at least about 
100 amps./sq. ft. and is at a voltage of from about 8 to 
16 volts. 
3. The method as defined by claim 2, wherein, the 

current density is from 400 to 700 amps./sq. ft. and 
higher. 

4. The method as defined by claim 1, wherein said 
surface area to be gold plated includes many discrete 
area portions, and all of said area portions are simulta 
neously electrically connected during plating by a flexi 
ble mass of steel wool held thereagainst and contacting 
said areas. 

5. A non-displacement type of gold plating electro 
lyte solution consisting essentially of an aqueous solu 
tion of an alkali metal gold cyanide moiety containing 
substantially no free cyanide and substantially no free 
alkali metal cyanide not bound to the gold present in 
a concentration molecularly equivalent to from about 
2.5 grams to about 10 grams of sodium gold cyanide, 
(Au Na (CN),), per 16 fluid ounces, said aqueous solu 
tion containing substantially no free cyanide and sub 
stantially no free alkali metal cyanide, and substantially 
all of the cyanide present including the alkali metal cy 
anide being bound to said gold. 

6. The method of electrodepositing gold on an area 
of an electrically conductive metal surface to provide 
a firmly adherent high quality gold plate over said area, 
which comprises 

establishing a plating current of at least 400 amps./sq. 
ft. density between said surface and a manually 
guided, effectively pure gold anode through a gold 
electrolyte solution carried by a nonconductive, 
absorbent fabric enveloping said anode and main 
tained in pressure contact with both said anode and 
said surface, effecting wetting and rubbing contact 
between said absorbent fabric and said surface with 
said surface constituting the cathode to effect gold 
plating of said area, 

said anode having a backing of a more rigid metal 
than gold incapable of codepositing with the gold 
from said gold electrolyte solution; 

said electrolyte solution consisting essentially of an 
aqueous solution of an alkali metal gold cyanide 
moiety containing substantially no free cyanide and 
substantially no free alkali metal cyanide not 
bound to the gold present in said gold cyanide moi 
ety, and containing no addition agent of any kind, 
and 

continuing said gold plating to produce a gold plate 
having a superficial brownish coloration in contrast 
to the clear gold coloration characteristic of gold, 

said brownish coloration persisting during such con 
tinued plating, and 

stopping said plating when the desired thickness of 
said gold plate has been reached. 

sk xx 


