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This invention relates to the art of surface 
hardening ferrous metals and more particularly 
the present invention relates to producing boron 
containing deposits on the surface of ferrous 
metals by the decomposition of gaseous diborane. 

In accordance with the present invention, it 
has been found that an extremely hard boron 
containing layer is formed on the surface of fer 
rous metals, such as, for example, iron, steel, 
cobalt, or nickel, by heating the metal in an at 
mosphere of gaseous diborane at a temperature 
above 500° C. but substantially below the melting 
point of the metal. It has been found that in 
this range of temperatures ferrous metals reacts 
with diborane to give metal borides. The boron 
containing layer may be formed veither by heat 
ing the article to be hardened in a static atmos 
phere of gaseous diborane or by heating the arti 
cle while ?owing diborane thereover. 
A further feature of the present invention is 

the control of the pressure of the gaseous dibo 
rane which is used in forming _ the hardened 
layer on the surface of the ferrous metal. It has 
been found that it is desirable to perform the 
hardening operation at subatmospheric pressures 

‘ preferably below about 50 millimeters. At higher 
pressures, non-volatile boron hydrides are formed 
which will accumulate on cool surfaces in the 
apparatus and thus diminish the yield of hard 
ened metal from a given amount of gaseous 
diborane. It has also been found that the size 
of the object to be hardened is also important 
in determining the optimum pressure at which 
the process may be carried out. With larger ob 
jects, lower pressures should be used since here 
the gaseous diborane is in contact with the heated 
surface for a longer period of time and thus there 
is more danger of the formation of non-volatile 

When the hardening is carried 
out at about 700° C., pressures below 30 milli 
meters of mercury are found to give the most 
satisfactory results. It is not desirable to use 
extremely low pressures, however, since under 
these conditions the rate of hardening becomes 
so low as to be impractical. 

In\the process of the invention, the hardening 
effect is believed to be produced by the reaction 
between boron formed from the decomposition 
of diborane and the surface of the ferrous metal, 
and also, at least partially, to a direct reaction 
of the metal and diborane. This reaction results 
in the formation of an extremely hard layer of 
metal boride. Furthermore, it has been found 

' that this surface layer of boride is extremely 
resistant to acid and alkaline corrosion. 
In a preferred embodimentof this invention 

an iron cylinder may be hardened by treating it 
with diborane at 700° 0. Prior to the coating 
operation the surface to be coated is thoroughly 
cleaned, as by machining or sandblasting and is 
degreased with a suitable solvent such as ethylene 
dichloride or carbon tetrachloride. The cylinder 

' is then placed in a decomposition chamber and is 
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degassed by induction heating to a dull red heat 
at an absolute pressure of 10-4 millimeters of mer 
cury. The chamber is then ?lled with puri?ed 
hydrogen to a. pressure of 20 centimeters, the 
cylinder is reheated to a dull red heat for about 
10 minutes, and gases in the chamber are pumped 
out while the cylinder is still hot. The latter 
step is repeated until no more‘ water is formed 
or until the gas removed contains no appreciable 
content of oxygen. The cylinder is then de 
gassed until a pressure of 10-4 millimeters is at 
tained within the chamber at 500° C., and re 
mains at that pressure without further evacua 
tion of the chamber. _ 

After the cylinder has been ‘cleaned and de 
oxidized by the above-described method, the 
temperature is adjusted to 700° C. and diborane 
is passed through the chamber at a pressure of ' 
about 3 millimeters of mercury until a layer of 
boride about 5 microns thick is formed. This 
layer is extremely hard and resistant to abrasion. 
It is unaffected by an ordinary steel ?le, the teeth 
of the ?le being completely worn away. 

It will be apparent that the above-described 
embodiment of the invention is illustrative, and 
many modi?cations thereof will be apparent to 
those skilled in the art without departing from 
the spirit of the invention or the ‘scope of the 
appended claims. 
The deposition of boron in amorphous form is 

the subject matter of our co-pending applica 
tion, Serial No. 708,446, ?led November '7, '1946. 
What is claimed is: 
l. The method of producing a hardened sur 

face on ferrous metal which consists in contact 
ing the surface of said ferrous metal and heating - 
it to about 700° C. with gaseous diborane at sub 
atmospheric pressure of below 30 millimeters of 
mercury whereby metal boride is formed. , ~ 

2. The method of producing a hardened sur 
. face on ferrous metal which consists in contact 

50 
ing the surface of said ferrous metal and heating 
it above 500° C. but below the melting. point of 
said metal with gaseous diborane at subatmos 
pheric pressure of below 50 millimeters of mer 
cury whereby metal boride is formed. 
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