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This invention relates to the electrodeposition 
of metals, and more particularly to the electro 
deposition of iron, manganese and other similar 
metals from aqueous solutions of salts thereof 
Wherein Said metals normally occur in a relatively 
lesser or lower Walent form but tend to aSSume a 
higher valent form in the presence of Oxygen. 
There are many industrial and other appli 

cations where it has been found useful to coat 
Various articles With iron and the like in Order 
to increase the life and utility of such articles. 
For example, in the case of copper heating tips 
of Soldering irons, the solder tinning compounds 
customarily used attack the copper and not only 
reduce the efficiency of the heating tips, but also 
cause them to wear-out rapidly. It has therefore 
been found advantageous to coat such tips with 
iron which is not attacked by such tinning com 
pounds. Again, in the case of printing plates, 
which are generally made of relatively Soft ma 
terial, it has been found advantageous to coat 
Such plates with iron to provide a hard wearing 
surface therefor. Many other similar applica 
tions are well known. 

Iron is usually applied to such articles by elec 
trodeposition. In the electrodeposition of iron 
according to prior art methods, the formation 
of pits in the electroplated layers is frequently 
encountered. These pits are due to the adherence 
of gas bubbles to the surface of the electrode 
posited metal. The gas bubbles shield the areas 
underneath them against further metal deposi 
tion, While the latter takes place in the area, ad 
joining the bubbles. This phenomenon takes 
place in practically any type of iron bath and un 
der nearly every operating condition known here 
tOfore. 
To remedy this, it has been proposed to in 

part movement to the cathode, where the electro 
plating takes place, or to stir the plating bath 
With Sufficient violence to wash off the adhering 
gas bubbles. However, any movement of the elec 
trode (particularly in the case of an iron bath) 
should be avoided because such motion causes 
accelerated oxidation of the bath from the lower 
Valent condition of the metal to the higher valent 
condition thereof (that is, from the ferrous to the 
ferric state in the case of iron). Such oxidized 
baths must be Subjected to a reducing treatment 
which is not only time and material consuming 
but, unless carried out with great care, may un 
balance the composition of the bath. Similar 
conditions exist in the electrodeposition of other 
metals, especially manganese, from aqueous elec 
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trolytes containing Salts thereof in which ther 
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metas appear in the lower Valent form. 
The primary object of my present invention 

is to provide an improved apparatus for elec 
trodepositing iron, manganese, and other similar 
metals which will not be subject to the above 
noted limitations. 
Another object of my present invention is to 

provide an improved apparatus for electroplating 
iron and the like which will result in Smooth sur 
faces substantially free from pits and other sim 
ilar irregularities. 

It is also an object of my present invention to 
provide an improved apparatus for electroplating: 
metals as aforesaid in which stirring of the elec-. 
trolyte will be enhanced without the necessity of 
using mechanical devices for this purpose, as has; 
been customary in the prior art. 
A further object of my present invention is; 

to provide an improved apparatus for electro-. 
plating metals as aforesaid in which the tendency 
for the plating metal in the electrolyte to oxidize: 
is counteracted, if not even almost entirely elim 
inated. 

Still a further object of my present invention: 
is to provide an improved apparatus for elec-. 
troplating as above set forth which will result in 
more uniform plating than has been achieved 
heretofore. 
In accordance With my present invention, the 

adherence of gas bubbles and particles in the 
plating bath to the surface of the cathodic de 
posit is effectively prevented by substantially 
evacuating the air space above the plating bath 
and maintaining the electrolyte at a pressure be 
low atmospheric pressure while electrodeposition 
takes place. In other words, I have found that 
pitting of the electrodeposited layer or coating 
can be effectively prevented by electrodepositing 
the metal in a Substantial vacuum. I prefer to 
use a vacuum of the order of two to five milli 
meters of mercury, although higher or lower pres 
Sures may be employed. The choice of the pres 
Sure may be influenced by the vapor pressure of 
the bath which, in turn, is governed by the bath 
temperature. The complete electrolytic system 
or apparatus is, of course, Substantially fluid- or 
air-tight. 
An immediate effect of the reduction of the 

preSSure under which the electrodeposition takes 
place to a point Substantially below atmospheric 
preSSure is increased gas evolution, especially at 
the cathode. However, the gas bubbles which are 
formed separate from the surface almost at once. 

: An additional benefit results from this increased 
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gas evolution since it thoroughly stirs the elec 
trolyte. This action tends to remove any foreign 
particles that may have settled on the cathode 
surface. A further benefit resulting from my 
present invention, especially in the case of an iron 
plating bath, is the decreased oxygen Concentra 
tion both within the bath and in the gas space 
above the bath, that is, in the attenuated atmose 
phere filling the air-tight enclosure in which the 
electrolytic bath is contained, whereby the metal 
in the plating bath tends to remain in its lower. 
valent form. 
A specific application of the use of vacuum in 

electroplating according to my present invention 
is found in the deposition of iron. On copper heat 
ing tips of soldering irons. When Such tips are 
iron plated according to conventional plating 
methods, the iron coatings almost invariably con 
tain pits and other porous areas due to the Con 
ditions described above, and these pits or the 
like decrease the effective heat conductivity 
through the plated iron. Hence, Such tips operate 
at a relatively low eficiency. On the other hand, 
soldering tips plated with iron while kept under 
a vacuum of about five millimeters of mercury in 
accordance with my present invention have an 
extremely Smooth surface coating free of pits and 
perform. With much greater efficiency. 
When electroplating under vacuum from an 

aqueous plating bath, evaporation of Water is 
greatly accelerated, especially. When the bath op 
erates above room temperature. If the bath con 
centration is to be held constant, as is usually 
desirable, frequent replacement of the lost water 
becomes necessary. I prefer to do this automat 
ically either by an automatic level control or by 
introducing a cooling unit into an evacuating duct. 
connected to the plating tank. In the latter case, 
the larger part of the escaping water vapor con 
denses on the surface of the cooling unit and 
is reintroduced into the bath. The use of such a 
Condenser is particularly desirable for the protec 
tion of the pump or other device that may be en 
ployed to evacuate the plating tank. By ordi 
narily maintaining a substantially uniform bath 
Concentration, the quality of the metal deposi 
tion is also enhanced. 
The novel features that I consider characteris 

tic of my invention are set forth with particu 
larity in the appended claims. The invention it 
Self, however, both as to its organization and 
method of Operation, as well as additional ob 
jects and advantages thereof, will best be under 
Stood from the following, description, when read 
in connection with the accompanying drawing in 
Which the Single figure shows, by way of illustra. 
tion, partly in Section and partly diagrammatical 
ly, One form of apparatus which may be employed 
in accordance with my present invention. 

Referring in greater detail to the drawing, there 
is shown a plating tank containing a plating 
bath or electrolyte 3 and provided with a cover 
5. The cover 5 may be held in air-tight relation 
With the tank by means of an interposed gasket 
and a plurality of C clamps 9. 
Suspended from the cover 5 are a pair of spaced 

terminal elements. and 3 the former of which 
is connected to the positive terminal of a direct 
current Source 5 to constitute an anode connec 
tion and the latter of which is connected to the 
negative terminal of the source: 5 to constitute a 
cathode connection. An anode 7 which is sup 
ported by the anode terminal is immersed in 
the electrolyte 3. An article 9 which is to be 
plated is suspended from the cathode terminal 75: 
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3 within the electrolyte 3 and constitutes the 
Cathode. In the illustrated embodiment, the 
Cathode or article 9 comprises a heating unit or 
applicator of a Soldering iron, the applicator be 
ing made of copper or other suitable material 
which has a higher heat conductivity than iron. 

For the purpose of evacuating the air space 
within the tank f above the electrolyte 3, a suit 
able pipe or duct. 2? is brought in through the top 
Or COVer 5 and is connected at its other end to a 
Wacuum pump or the like 23. A condenser coil 
25 through which a suitable coolant, such as 
brine, is fed serves to condense any water vapor 
that is evaporated from the electrolyte 3 and to 
condense the Water. By inclining the portion 2 fa 
of the duct 2 at a suitable angle relative to the 
cover 5, the condensing water droplets W will 
automatically flow back into the tank and the 
quantity of the Water in the plating bath or elec 
trolyte 3 will remain substantially constant. 
The electrolyte 3 is an aqueous solution of a 

Suitable Salt of the metal which is to be plated 
on the article 9. In the case of iron, the bath 
may be a solution of ferrous chloride, ferrous sul 
phate, ferrous fluo-borate, or of any other suitable 
divalent iron Salt which, in the presence of oxy 
gen, tends to oxidize to the trivalent or ferric 
State. If manganese is to be plated onto the 
article 9, the electrolyte may be an aqueous solu 
tion of divalent manganese sulphate, divalent 
manganese chloride, or any other similar divalent 
manganese Salt which tends to assume the triva 
lent form in the presence of oxygen. These and 
similar electroplating baths are acidic in nature 
and usually have a pH value of from three to six, 
wherefore hydrogen is liberated in relatively 
great quantities during the plating process. The 
hydrogen gas bubbles and foreign particles which 
may be present in the plating bath 3 ordinarily 
accumulate on the article 9 and result in pits 
and other similar deformations or irregularities 
which not only produce a rough surface in the 
plated coating, but render the plated coating 
easily Susceptible to chipping, fracture, and the 
like. By evacuating the air space above the plat 
ing bath 3, these bubbles and other foreign parti 
cles are quickly drawn off from the article being. 
plated, and the result is a smooth, firmly ad 
herent coating on the cathode. 
While I have shown and described the present 

invention. With particular reference to the plat 
ing of iron and manganese, it is apparent that 
the invention is applicable to the plating of other. 
metals as well. For example, in plating tin from 
Somewhat alkaline Solutions of a stannous chlo 
ride, stannous Sulphate or other stannous Salts, 
ny present invention may be used advantageous 
ly, notwithstanding the fact that such alkaline 
Solutions, which usually have a pH value of from 
eight to twelve, liberate only small amounts of 
hydrogen during the plating operation. Thus, it 
is apparent that the effect of vacuum in prevent 
ing pits and rough deposits, in promoting a stir 
ring of the electrolyte by the paSSage of the gas 
bubbles through the solution without the intro 
duction of extraneous mechanical devices, and in 
Counteracting oxidation is a general one. I there 
fore desire that my invention shall not be lim 
ited to any particular electroplating bath COIO-. 
sition or operating condition but that it shall be. 
limited only by the principles and Spirit of the 
invention disclosed herein, by the prior art, and a 
by the Spirit of the appended claim. 

I claim as my invention: 
In electroplating apparatus for electrodeposits 
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ing metal, the combination of a fluid tight recep 
tacle containing an aqueous electroplating Solu 
tion, an anode therein and a cathode therein to 
which the work to be plated is connected, means 
including a vacuum pump and a duct having an 
inclined portion connecting Said pump to Said 
receptacle for maintaining the interior of Said 
receptacle at a pressure lower than atmospheric 
pressure whereby (a) to enhance removal from 
said work of any gas liberated from Said electro 
lyte during the plating operation, and (b) inci 
dentally to enhance evaporation of water from 
said electrolyte, and means Within said duct for 
cooling said inclined portion of the duct for con 
densing the evaporated water in the duct and 
returning the condensed Water flowing back 
through the inclined portion of the duct to Said 
electrolyte whereby to maintain the quantity of 
water in said electrolyte substantially constant. 
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