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This invention relates to the manufacture of 
articles from nitride hardened iron and steel 
alloys. In such surface hardened articles it is 
Often desired to impart to the core also consider 
able hardness especially when the articles have 
to be subjected to high pressures or to consider 
able impact stresses, for example in the case of 
matrices, toothed wheels, clutch couplings and 
ball and roller bearings where on account of the 
very high compression stresses there is a risk of 
the nitride hardened surface layer being pressed 
into the Softer core material. It has already been 
proposed to use for the manufacture of such arti 
cles steel alloys which are both capable of being 
nitrided and resist tempering, that is alloys which 
are hard in the condition in which they are sub 
jected to the nitriding process and do not lese 
their original hardness when they are heated to 
the nitriding temperature of about 500° C. which 
is equivalent to a tempering treatment. However 
When Such alloys are used it is very difficult on 
account of the great hardness of the material to 
carry through the final working of the articles 

25 

30 

40 

5 

50 

SS 

in the cold state before the nitriding. 
The object of the present invention is to manu 

facture nitride hardened articles which have also 
great core hardness but which before the nitrid 
ing can be finally worked without difficulties in 
a Soft state. 
One method of proceeding in accordance with 

the invention is as follows: First a steel is manu 
factured which is capable of being nitride hard 
ened and which contains in addition to elements 
Such as aluminium, chromium, molybdenum, man 
ganese and so forth which introduce the capac 
ity for nitride hardening, also elements which can 
bring about precipitation hardening such, for 
example, as copper, beryllium, boron and tita 
nium. This steel alloy or an article roughly 
worked therefrom is then cooled from high tem 
perature in water, oil or air. The alloy is then 
soft and is finally worked. Next a nitriding proc 
ess takes place at a temperature of between about 
400 to 600 C. but preferably at about 500° C. and 
serves to increase the hardness of the surface layer 
of the article. The temperature used in the 
nitriding process, however, Serves simultaneously 
to bring about a Substantial increase in the hard 
ness of the core as a result of a precipitation hard 
ening action due to the presence of the copper, 
beryllium, boron, titanium or the like. 
The process according to the invention may 

also be carried into effect by cooling the steel 
article from a temperature lying above its critical 
point and then tempering it at a temperature be 
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low the critical temperature but above the nitrid 
ing temperature, the article being cooled in air, 
oil or water from the tempering temperature. 
The article is then in a condition in which it may 
be Worked, and in this condition it is subjected 
to nitride hardening whereupon as a result of its 
composition precipitation hardening simultane 
Ously takes place. 
The invention may also be carried into effect 

by making use of an alloy which can be nitrided 
and not bringing about precipitation hardening 
during the nitriding process but, by sufficiently 
quick cooling after the nitriding process from the 
nitriding or a somewhat lower temperature, hold 
ing a material in the alloy in supersaturated solu 
tion. Precipitation hardening is then brought 
about by tempering at a temperature below that 
of the nitriding or by allowing the material to re 
main for a long time at room temperature so that 
the hardness of the core is increased after the 
article has been nitride hardened. Examples of 
such materials which may be held in supersatu 
rated Solution are nitrogen and carbon. 
What we claim and desire to secure by Let 

ters Patent is:- 
1. Process of making an article of a steel alloy 

having a hard core surrounded by a hard case, 
which comprises roughly shaping the article 
from a steel alloy containing one or more ele 
ments adapted to accelerate nitrogenization and 
One or more elements adapted to cause precipita 
tion hardening at nitriding temperatures, cool 
ing the article from a temperature below the melt 
ing point and above the nitriding temperature, 
further shaping the article, and then subjecting 
the same to a nitride hardening and precipitation 
hardening process. 

2. Process of making an article of a steel alloy 
having a hard core surrounded by a hard case, 
which comprises roughly shaping the article from 
a steel alloy containing one or more elements 
adapted to accelerate nitrogenization and one or 
more elements adapted to cause precipitation 
hardening at a temperature below nitriding tem 
peratures, cooling the article from a temperature 
below the melting point and above the nitriding 
temperature, further shaping the article, Sub 
jecting the article to a nitride hardening process, 
quickly cooling the article from a temperature 
not higher than the nitriding temperature, and 
tempering the article at a temperature below the 
nitriding temperature. 

3. Process of making an article of a steel alloy 
having a hard core surrounded by a hard case, 
which comprises roughly shaping the article 
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2 
from a steel alloy containing one or more elements 
adapted to accelerate nitrogenization and one or 
more elements adapted to cause precipitation 
hardening at room temperature, cooling the air 
ticle from a temperature below the melting point 
and above the nitriding temperature, further 
shaping the article, subjecting the article to a ni 
tride hardening process, quickly cooling the arti 
cle from a temperature not higher than the 
nitriding temperature, and holding the article for 
a long time at room temperature. 

4. Process of making an article of a steel alloy 
having a hard core surrounded by a hard case, 
which comprises roughly shaping the article from 
a steel alloy containing one or more elements 
adapted to accelerate nitrogenization and One or 
more elements adapted to cause precipitation 
hardening at nitriding temperatures, cooling the 
article from a temperature below the melting 
point and above the nitriding temperature, fur 
ther shaping the article, and then simultaneously 
hardening the core and the surface by subjecting 
the article to a nitriding temperature in a nitro 
gen yielding atmosphere. 

5. Process of making an article of a steel alloy 
having a hard core surrounded by a hard case, 
which comprises roughly shaping the article from 
a steel alloy containing One or more elements se 
lected from the group consisting of aluminum, 
chromium, moybdenum, and manganese, and One 
or more elements selected from the group consist 
ing of copper, beryllium, boron, and titanium, 
cooling the article from a temperature below the 
melting point and above the nitriding tempera 
ture, further shaping the article, and then simul 
taneously hardening the core and the surface by 
subjecting the article to a nitriding temperature 
in a nitrogen yielding atmosphere. 

6. Process of making an article of a steel alloy 
having a hard core surrounded by a hard case, 
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which comprises roughly shaping the article from 
a-steel alloy containing one or more elements 
adapted to accelerate nitrogenization and One or 
more elements adapted to cause precipitation 
hardening at temperatures below nitriding tem 
peratures, cooling the article from a temperature 
below the melting point and above the nitriding 
temperature, further shaping the article, subject 
ing the article to a nitride hardening process, and 
then subjecting it to a precipitation hardening 
process at a temperature below the nitriding tem 
perature. : 

7. Process of making an article of a steel alloy 
having a hard core Surrounded by a hard case, 
which comprises roughly shaping the article from 
a steel alloy containing one or more elements 
adapted to accelerate nitrogenization and one 
or more elements adapted to cause precipitation 
hardening at a temperature of about 400 to 
600 C., cooling the article from a temperature 
below the melting point and above the nitriding 
temperature, further shaping the article, and 
then simultaneously hardening the core and the 
Surface by Subjecting the article to a temperature 
of about 400 to 600 C. in a nitrogen yielding at 
mosphere. 

8. Process of making an article of a steel alloy 
having a hard core surrounded by a hard case, 
which comprises shaping the article from a steel 
alloy which has been cooled from a temperature 
below the melting point and above the nitriding 
temperature and which contains one or more ele 
ments adapted to accelerate nitrogenization and 
One or more elements adapted to cause precipita 
tion hardening at nitriding temperatures, and 
then subjecting the article to a nitride hardening 
and precipitation hardening process. 

ADOLE FRY. 
ROLAND WASMUHT. 
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