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ABSTRACT OF THE DISCLOSURE 
Austenitic steel alloy suitable for exhaust valves char 

acterized in that cobalt and copper are included in the 
alloy. The alloy can be heat treated by annealing at about 
1,150-1,250° C. for about 30-3 minutes, and precipita 
tion hardened at about 900-1000 C. for 60-30 minutes. 

The austenitic chrome-nickel-solicon steels used hither 
to as valve material have insufficient resistance to the 
attack of lead compounds which are brought into the 
combustion gases by the antiknock agent. This has lead 
in recent years to the development of austenitic chrome 
manganese-nickel steels which show an increased resis 
tance to damage by lead oxides and better hot strength. 
To improve the tensile properties and the austenite sta 
bility, these steels have been alloyed with higher carbon 
contents (up to 1.2%) and nitrogen contents (up to 
0.7%). By suitable heat treatment followed by hardening, 
complex carbides (M28Cs) are segregated. In the case of 
low carbon and nitrogen contents, there exists the danger 
with these steels, after a long period of operating stresses, 
of embrittling by the segregation of intermetallic phases 
(sigma phase and chi phase). By increasing the carbon 
and nitrogen contents the tendency towards the segrega 
tion of intermetallic phases is reduced, but an increasing 
carbon content impairs hot-forming qualities, and an in 
creasing nitrogen content impairs weldability. 
The problem to be solved consists in making available 

for exhaust valves subject to high stress appropriate steels 
which, on the one hand, meet the working requirements 
of high lead resistance, hot strength and low tendency to 
embrittlement, and on the other hand, eliminate the manu 
facturing difficulties encountered in the former steels. 
The invention is based upon the new discovery that it 

is possible in valve steels to replace in part the elements 
C and N with cobalt and copper, as far as their effects 
are concerned. In this manner, the heat-forming qualities 
and welding qualities are substantially improved and, 
furthermore, better wear resistance and oxidation resis 
tance are produced. Optimum hardening conditions are 
achieved when the ratio of cobalt to copper is made about 
3 to 1.5 parts cobalt per 1 part copper, preferably, a cobalt 
to copper ratio of about 3:1. Resistance to the attack of 
lead oxides is about three times as great as in the previous 
chromium-nickel-silicon steels. The good welding prop 
erties may be utilized in armored valves of valve parts 
consisting of steels according to this invention where this 
parts are clad with the usual valve armor materials, for 
example with stellites. It may be further utilized in com 
posite valve parts, the valve disk of them consisting of a 
steel according to the invention, whereas the valve stem 
is made of a steel of less value. 
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2 
Austenitic hardening valve steels contain, according to 

the invention, approximately: 
Percent 

Carbon ----------------------------- 0.30 to 0.50 
Silicon ------------------------------ 0.20 to 0.35 
Manganese --------------------------- 7 to 15 
Chromium --------------------------- 23 to 26 
Nickel ------------------------------ 1 to 2 
Cobalt ------------------------------ 1.5 to 5 
Copper w- - - - so m as era a w- - - was so - - - 0.5 to 3 

Nitrogen ---------------------------- 0.25 to 0.35 

The balance is iron containing the usual impurities. 
In the newly developed material, embrittlement in the 

engine can hardly occur, and the familiar chipping at the 
edge of the valve is eliminated. 
The steels of the invention and valves made therefrom 

can be produced by the known procedures for, respec 
tively, producing the said austenitic chrome-manganese 
nickel steels and producing valves therefrom. Heat treat 
ment of the steel alloys of the invention can involve a 
Solution annealing at about 1150-1250° C. for, respec 
tively, 30-3 minutes, and the precipitation hardening step 
can be at about 900-1,000 C., preferably about 950 C. 
This precipitation hardening temperature is (contrary to 
the precipitation temperatures applied to the known aus 
tenitic valve steels) so high that it is at least 100° C. 
above the max. working temperature of the valve within 
the motor. Such a high precipitation hardening tempera 
ture is applicable without imparing the desired strength, 
due to the high chromium and cobalt content. By the high 
precipitation hardening temperature applied to the steels 
according to the invention, the advantage is obtained that 
there is no further precipitation of embrittling inter-metal 
lic phases (sigma phase) during working of the valve 
within the motor. 

Extension tests have proved that, in a steel composed 
according to the invention, of 0.4% C, 25% Cr, 7.4% 
Min, 2.6% Co, 1.4% Ni, 0.85% Cu. and 0.3% N, and 
precipitation hardened at 950° C., for 45 minutes, no 
phenomena of embrittlement occurred after 300 hours of 
heating at 760 C. (max. working temperature), and an 
elongation of 21% and a reduction of area of 25% were 
maintained. 
After the customary heat treatment (1,150° C.) of the 

prior art valve steels made on a chrome-manganese-nickel 
basis with increase carbon and nitrogen contents, the elon 
gation fell from 11 to 5%, and the reduction of area from 
12.6% to 3% after 300 hours of heating at 760° C. 
The invention is further described with respect to the 

accompanying drawing, wherein: 
The drawing is a schematic showing, in cross-section, 

of a portion of an internal combustion engine outfitted 
with an exhaust valve according to the invention. 
The cylinder block 1 is provided with the cyinder bore 

8, in which a piston 2 on piston rod 3, is positioned. The 
block includes intake opening 4 and exhaust opening 5, 
and these ports are provided with suitable valves. The 
intake port 4 is provided with an intake valve having 
body portion 6, while the exhaust port 5 is provided with 
an exhaust valve having body portion 7. The exhaust valve 
is of an alloy according to the invention. 
While the invention has been described with respect to 

particular embodiments thereof, these embodiments are 
merely representative and do not serve to define the limits 
of the invention. 
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What is claimed is: 
1. Austenitic, hardening steel alloy suitable for exhaust 

valves consisting essentially of about: 
Percent 

Carbon ----------------------------- 0.30 to 0.50 
Silicon ------------------------------ 0.20 to 0.35 
Manganese --------------------------- 7 to 15 
Chromium --------------------------- 23 to 26 
Nickel ------------------------------ 1 to 2 
Cobalt ------------------------------ 1.5 to 5 
Copper ------------------------------ 0.5 to 3 
Nitrogen ---------------------------- 0.25 to 0.35 
Iron -------------------------------- Balance 

wherein the ratio of cobalt to copper is maintained at a 
value of about 1.5 to 3 parts of cobalt per 1 part of copper. 

2. Steel according to claim 1, and containing about: 
Percent 

Carbon ------------------------------------- 0.4 
Chromium ---------------------------------- 25 
Manganese ---------------------------------- 74 
Cobalt ------------------------------------- 2.6 
Nickel ------------------------------------- 1.4 
Copper ------------------------------------- 0.85 
Nitrogen ------------------------------------ 0.3 

3. Process of heat treating steel alloy which comprises 
solution annealing an alloy according to claim 1, at about 
1,150-1,250 C. for, respectively, about 30-3 minutes, 
and precipitation hardening at about 900-1,000 C. for 
60-30 minutes. 

4. Exhaust valve for an internal combustion engine 
comprising a body portion of alloy steel according to 
claim 1. 

5. Exhaust valve for an internal combustion engine 
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comprising a body portion of alloy steel according to 
claim 2. 

6. Process of heat treating austenitic, hardening steel 
alloy suitable for exhaust valves consisting essentially of: 

Percent 
Carbon ----------------------------- 0.30 to 0.50 
Silicon ------------------------------ 0.20 to 0.35 
Manganese -------------------------- 7 to 15 
Chromium --------------------------- 23 to 26 
Nickel ------------------------------ 1. to 2 
Cobalt ------------------------------ 1.5 to 5 
Copper ----------------------------- 0.5 to 3 
Nitrogen ---------------------------- 0.25 to 0.35 
Iron -------------------------------- Balance 

which comprises solution annealing at about 1,150-1,250 
C. for, respectively, about 30-3 minutes, and precipitation 
hardening at about 900-1,000 C. for 60-30 minutes. 

7. Exhaust valve for an internal combustion engine 
comprising a body portion of austenitic alloy steel of the 
composition and heat treated according to claim 6. 

8. Process according to claim 3, wherein the alloy has 
the composition according to claim 2. 
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