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This invention relates to a method for gold 
plating and is especially concerned with the plat 
ing of a chromium alloy steel. The application, 
furthermore, is a continuation of my copending 
application Serial No. 707,502, filed January 20th, 
1934, ... " 

The principal object of the invention is to pro 
vide a gold plating method which will produce 
a plate tenaciously adhering to the base metal. 
In this connection, it should be understood that 
heretofore it has been very difficult, if not im 
pOSsible, to produce a satisfactory gold plating on 
a. chrome alloy steel, such as the so-called cor 
rosion resistant steel alloys which are usually 
chiefly comprised of chromium, nickel and iron 
with the addition of smaller amounts of other ele 
ments which are added for the purpose of still 
further increasing the corrosion resistance or 
other properties of the product. As a specific 
example of the composition, it might be noted 
that alloys for certain purposes, for example for 
the production of pen points, may contain in 
the neighborhood of 18% chromium, about 8% 
nickel, 2%% molybdenum, and the balance iron 
and incidental impurities. w 

Before discussing the method steps themselves, 
it might be noted that chromium steel alloys are 
ordinarily considered to be rendered corrosion 

on the surface of the alloy, of a non-metallic 
Oxide film. This non-metallic film forms on the 
Surface of the alloy very quickly upon exposure 
to the atmosphere, and, apparently, it is this film 
which has heretofore made it very difficult, if not 
impossible, to secure, an adherent gold plate. 

In accordance with the method steps disclosed 
in my copending application above referred to, 
I apparently secure direct bonding of the plate 
to the base metal, without the interposition of 
an oxide film. Thus, even though the oxide film 
has been eliminated and replaced, so to speak, 
by the gold plate, the resulting article is one 
which is not subject to tarnishing or corrosion. 
It will be seen, therefore, that even though the 
very thing which is usually considered to pro 
vide the protection for a metal of the type in 
question has been removed, the articles are not 
Subject to the difficulties heretofore encountered. 
In this way, I am enabled to produce an article 
(such, for instance, as a pen point) having the 
appearance and Some of the characteristics of 
gold, and this article under conditions of normal 
use will not corrode or tarnish and is, of course, 
much less expensive than a solid gold article. 
In carrying out the method as described in 

my copending application above referred to, the 
articles are first formed from the chromium 
alloy steel and, after thorough cleaning, as by an 
alkaline wash, I proceed as follows: 

subject the articles to the action of a bath 

capable of removing the oxide film such as a 
hydrochloric acid bath in sufficient concentra 
tion to accomplish the result. The action of the 
bath may be accelerated by electrolysis and may 
contain from about 25% to about 50% hydro 
chloric acid. 
Subsequent to this treatment, which apparently 

destroys the oxide film, I preferably rinse the 
articles in a dilute acid Wash. By Way of ex 
ample, this wash may contain from about 10% 
to about 15% hydrochloric acid. Subsequent to 
the washing, the articles are transferred very 
quickly to an electroplating bath, and it is to be 
noted that the rapidity of transfer is useful when 
following these steps for the reason that the rel 
atively low strength of the hydrochloric acid wash 
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is only sufficient to prevent the reformation of 
the oxide film for a relatively short period of 
time. Further with reference to the foregoing 
point, the hydrochloric acid rinse or wash is rel 
atively low in concentration in order to avoid 
carrying large quantities of hydrochloric acid into 
the plating bath and thus building up the acid 
content of the plating bath beyond the preferable figure. 
with reference to the above, it should be noted 
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that the washing of the articles in dilute hydro 
chloric acid is not essential. In fact, I may even 
eliminate this wash entirely or substitute a water 
wash, especially where it is convenient to transfer 
the articles very rapidly from the strong hydro 
chloric bath to the water wash and from there to 
the plating bath. In accordance with my under 
standing of the action which takes place, the im 
portant factor, when treating the articles in this 
Way to remove the oxide film is to carry on the 
several steps in such manner as to provide for 
the electrodeposition of some metal before the 
oxide film has had time or opportunity to reform 
to any appreciable extent. 
As to the plating itself, I first employ a plat 

ing bath of the acid type produced, for exam 
ple, in accordance with the disclosure of my co 
pending application above referred to. That is, 
the bath may be composed of the following in 
gredients in the approximate proportions indi 
cated: r 

Concentrated hydrochloric acid.---------- 1 pt. 
Sodium cyanide ------------------------ 8 oz. 
Sodium gold cyanide-------------------- % Oz. 
Water -------------------------------- 1 gal. 
A bath made up in this way is slightly acid 

Or, in other words, has a relatively low hydrogen 
ion concentration, and I find that this is prefer- 5. 
able, although, if desired, the acidity may be re 
duced until the bath approaches neutrality, or 
increased until the bath becomes almost a con 
centrated hydrochloric acid bath containing a 
little gold and cyanide. 
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The fact that the plating bath has at least a 

slight acid reaction is important in preventing 
reformation of the oxide film before some metal 
has been deposited. In addition, I have found 
that the success of this gold plating operation is 
apparently due to the presence in the plating 
bath of free hydrocyanic acid. This acid, of 
course, is produced by the hydrochloric acid and 
the cyanide in the bath and the apparent effect 
of the hydrocyanic acid is to inhibit the reforma 
tion of the oxide or other film and to improve the 
throwing power of the plating solution. I have 
shown by tests that the quantity of free hydro 
cyanic acid present is not critical. 
the bath should contain sufficient to give a slight 
acid reaction to litmus, and the quantity may be 
carried up at least to an amount equivalent to 
that which will combine with the gold present. 
Having initially prepared a bath with the pro 
portions of ingredients listed above, I prefer to 
renew the supply of hydrocyanic acid either by 
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adding an additional supply of sodium cyanide 
at periodic intervals, or in some other equivalent 
manner. As a guide in determining when addi 
tional sodium cyanide is necessary, the brilliance 
of the deposit may be observed. When the de 
posit noticeably loses its brilliance, additional 
cyanide should be added. Ordinarily, in an av 
erage plating bath of fifteen gallons capacity, 
it is sufficient to add a few ounces of sodium 
cyanide for each 500 gross of pens plated. 

It will be understood that the gold plating so 
lution may also be prepared from other gold 
salts. For example, gold chloride may be em 
ployed, although in this instance also it is neces 
Sary to use hydrochloric acid and cyanide so as 
to ensure the presence of free hydrocyanic acid. 

After this initial gold plating step, the articles 
may be removed from the bath and the film of 
oxide, of course, will not reform. The articles 
may be used in this condition, although I prefer 
to add a second gold plate in one of the common 
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types of alkaline baths, such as a cyanide bath. 
By way of example, a suitable alkaline bath 

may contain about 2 ounce sodium gold cyanide 
and about 2% ounces sodium cyanide per gallon 
of water. 

In Summarizing the foregoing steps, it will be 
seen that the articles are first treated with acid 
to remove the non-metallic or oxide film, and 
thereafter the plating is accomplished by elec 
trodeposition in a novel type of electroplating 
bath and in a manner which prevents reforma 
tion of any film until a direct bonding of the 
plate to the metal is secured. Where a direct 
bonding is obtained, of course, the oxide film 
cannot reform. I have further discovered that the foregoing 
gold plating steps proper may alternatively be 
employed to gold plate articles df stainless steel 
alloys which have been given a somewhat dif 
ferent pretreatment than that described above. 
More specifically, instead of removing the nor 
mally soft, spongy and non-adherent oxide film 
and then applying the plating directly to the 
alloy, I may either treat this film to render it 
tough, dense and highly adherent or substitute 
therefor a film having such characteristics. 
This can be done, for example, by immersing 
the article in nitric acid and then applying the 
gold plating on top of the toughened film. For 
this purpose I may use either a concentrated 
Solution or a solution containing only about 5% 
nitric acid or even lower, although, with lower 
concentration, the time of treatment must be 

Preferably, 

2,039,828 
increased. Ordinarily, from about 5 to 10 min 
utes immersion in a solution containing upwards 
of about 10% nitric acid will be found to be suff 
cient. 
When gold plating articles treated in this man 

ner it is also necessary that the initial plating 
bath contain free hydrocyanic acid. In this case, 
however, it is further of importance to ensure that 
the plating commences immediately upon immer 
sion of the articles in the plating Solution, this, 
apparently, for the reason that the nature of the 
plating bath is Such as tends to destroy or impair 
an oxide film of this tough and adherent charac 
ter. With this in mind, the cathode connection 
should be made or completed to the article be 
ing plated prior to immersion of the article in 
the bath. Following the first plating operation 
of the articles having such an adherent oxide 
film, I prefer also to employ a second deposit 
which may conveniently be accomplished by us 
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ing an alkaline plating bath of the character 
mentioned above. While all of the reasons why the foregoing 
procedure is effective for the purposes here in 
volved, including the prevention of tarnishing or 
corrosion, may not be fully understood, I have 
found in actual practice that a highly adherent 
gold plate is deposited in the presence of free 
hydrocyanic acid regardless of whether the oxide 
film has been removed or has been toughened. 
In the former case, even though the non-metallic 
corrosion proof film has been removed and re 
placed by a gold plate, the final product is one 
which is not subject to tarnishing or corrosion. 
It might seem that since the protective film is 
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removed and replaced by a plate which is well 
linown to be porous, the final product would be 
subject to difficulties similar to those encountered 
with prior gold plated articles where the base 
metal was not of a type which produces an oxide 
film. I have found, however, that articles plated 
in accordance with my improved process are 
not subject to corrosion and the reason for this 
may be that the oxide film reforms in the pores 
of the plating. I have also noticed that where 
wear occurs in an article plated in accordance 
with this invention so as to expose the alloy, the 
oxide film immediately reforms on the exposed 
Surface. 
On the other hand, in the case where the 

plating is applied on top of a tough and adher 
ent oxide film, the porosity of the plating is 
not of material consequence since the film itself 
is non-COTOsive. 
In either event, my improved article, as a 

matter of fact, is not subject to noticeable cor 
rosion under norinal conditions of service. 
The numerous objects of the invention will be 

apparent to those skilled in the art, although it 
night be mentioned that durability of the plat 
ing and resistance to tarnishing and corrosion 
are the most outstanding advantages. 

Attention is directed to the fact that the im 
proved article produced by the herein disclosed 
procedure of developing a dense and adherent 
oxide film on the pen and then gold plating the 
pen, is disclosed and claimed in my copending 
application Serial No. 21,189, filed May 13, 1935. 
I claim:- 
1. The method of gold plating an article Com 

posed of a chronium alloy steel on the Surface 
cf which a non-tarnishing film normally forms, 
which method includes electrodepositing gold 
from a gold plating solution containing free hy 
drocyanic acid. 
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2. The method of gold plating an articie com 

posed of a chromium alloy steel on the surface 
of which a non-tarnishing film normally forms, 
which method includes electrodepositing gold 
from a gold plating Solution containing hydro 
chloric acid and sodium cyanide. 

3. The method of gold plating a so-called stain 
ess steel article which includes the steps of re 
moving the oxide film normally present on the 
article, and electrodepositing gold from aya acid 
gold plating solution containing free hydrocyanic 
acid. 

4. The method of gold plating a so-called 
stainless steel article on the surface of which e. 
non-metallic oxide film normally forms which 
includes the steps of subjecting the article to a 
concentrated hydrochloric acid solution, wasih 
ing the article in a dilute hydrochloric acid so 
ution, and electrolytically depositing a gold pate 
(on the article from a plating bath containing asp 
proximately the following proportions of ingre 
dients: to each gallon of water, pint of cera 
centrated hydrochloric acid, 8 ounces sodia, cy 
anide, and 4 ounce sodium gold cyanide, 

5. The method of gold plating a so-called Stains 
less steel article on the surface of which a gaon 
anetallic oxide film normally forms which in 
cludes the steps of subjecting the article to a 
concentrated hydrochloric acid solution, 7&se 
ing the article in a dilute hydrochloric acid Soiu 
ision, and electrolytically depositing a gold late 
on the article from a plating bath containing 
water, hydrochloric acid, sodium cyanide, and 
Sodium gold cyanide. 

6. The method of gold piating a so-called stain 
less steel article on the surface of which & On 
metallic oxide film normally forms, which method 
includes the steps of subjecting the article to 
hydrochloric acid, and electrolytically depositing 
a gold plate on the article from a plating bath 
containing a gold salt, hydrochloric acid and 
Sodium cyanide. 

7. The method of gold plating a so-called stains 
less steel article on the surface of which a non 
metallic oxide film normally forms, which method 
includes the steps of subjecting the article to 
hydrochloric acid, and electrolytically depositing 
a gold plate on the article from a plating bath 
containing hydrochloric acid, Sodium cyanide, and 
Sodium gold cyanide. 

8. The method of gold plating a so-called stairie 
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less steel article on the surface of which a non 
metallic film normally forms, which method in 
cludes the steps of Subjecting the article to an 
acid solution capable of dissolving said film, rins 
ing the article to remove the excess acid, and 
electrolytically depositing gold thereon from 6, 
plating solution containing free hydrocyanic acid. 

9. The Amethod of gold plating a so-called stain 
less steel article on the surface of which a non 
3raetallic film normally forms, which method in 
ciudes the steps of subjecting the article to a bath 
capable of dissolving said film, rinsing the arti 
cle, and electrolytically depositing gold thereon 
from a gold plating solution containing free hy 
drocyanic acid. 

10. The method of gold plating a chromium 
alloy steel article on the surface of which a non 
anetallic illni normally forms which includes 
treating the article with an acid to produce a film 
of dense and highly adherent character and gold 
Splating the article so treated by electrodeposi 
tion in a plating bath containing free hydro 
cyanic acid. 

li. The method of gold piating a chromium 
alloy Steel article on the surface of which a non 
Snetallic film normally forgins which includes 
treating the article with an acid to prodyce S, 
filler of dense and highly adherent characte', and 
gold plating the article so treated by electrodep 
osition in a plating bath containing hydrochloric 
&cid and Sodium cyanide. 

12. The method of gold plating a chromium 
alloy steel article on the surface of which a non 
metallic film normally forms which includes 
treating the article with nitric acid to produce 
a film of dense and highly adherent character, 
and electrodepositing a gold plate on the article 
So treated by immersing the article in a plating 
bath with an electric potential applied thereto, 
the bath containing free hydrocyanic acid. 

13. The method of gold plating a chromium 
alloy steel article on the surface of which a non 
metallic film normally forms which includes 
treating the article with nitric acid to produce a 
film of dense and highly adherent character, and 
electrodepositing a gold plate on the article so 
treated by immersing the article in a plating bath 
with an electric potential applied thereto, the bath 
containing hydrochloric acid and sodium cyanide. 

HIRAM s. LUKENS. 
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