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10 Claims. (C. 75-128) 
This invention relates to articles operated at elevated 

temperatures, especially metallic parts which are highly 
stressed or are exposed to oxidation at high temperatures, 
and to steels for making such articles. 

Patent No. 2,398,702 granted April 16, 1946, on an 
application filed by me discloses and claims steel alloys 
that are particularly adapted for use under stress at 
high temperatures. Those steels comprise, essentially, 
about 12 to 20 per cent of chromium, about 4 to 8 per 
cent of molybdenum, not over about 0.15 per cent of 
carbon, and nickel in an amount such as to render the 
alloy austenitic, suitably about 14 to 35 per cent, with the 
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remainder essentially iron. Those alloying elements are, 
in accordance with the invention of that patent, balanced 
with relation to one another so that the alloys are free 
from delta iron when quenched from about 2150 F. 
Manganese may be present within the amounts, normal 
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to such steels but because it assists in the production 
of austenite the preferred embodiment contains from 
about 1 to 2 per cent of manganese. Silicon may likewise 
be present in normal amounts and although somewhat 
larger amounts may be present to increase oxidation re 
sistance silicon should not exceed about 2 per cent. 
Preferably, those steels contain also from about 0.05 to 
about 0.25 percent of nitrogen. 
The preferred embodiment of that patent contains 

about 16 per cent of chromium, 25 per cent of nickel, 
and 6 per cent of molybdenum, in consequence of which 
the steels of the patent are commonly referred to as 
16-25-6. Because of their outstanding creep and rupture 
strengths at high temperatures, many millions of pounds 
of the 16-25-6 steels have been used during the past 
ten years in the production of turbine, wheels for jet 
engines, either to constitute the entire wheel or, more 
recently, as rims for welding to hubs of more lightly. 
alloyed steels, and in the production of aircraft super 
charger wheels and such other high temperature parts as 
gas turbine elements. The 16-25-6 steels have performed 
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admirably for such purposes as indicated by the extent 
of use just stated. However, the large amount of nickel 
contained in them coupled with the increasing demand 
for 16-25-6 steels constitutes a serious drain of nickel 
which is presently a critical metal in short supply. It 
would be desirable and advantageous, therefore, to pro 
vide comparable room, and high temperature properties 
by the use of lower amounts of nickel. . 

It is among the objects of this invention to provide ar 
ticles for use at high temperatures which possess a com 
bination of desirable mechanical properties at room tem 
perature, coupled with creep and rupture strengths at 
elevated temperatures at least comparable to those of 
16-25-6 steels. . . . . . 
Another object is to provide austenitic steels for the 

production of such articles, and which require the use 
of substantially lower amounts of nickel than are requisite 
in 16-25-6 steels. . ". . . . . .", . . . " 

Yet another object is to provide articles and steels in 
accordance with the foregoing objects and which possess 
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2 
ductility at high temperatures greatly superior to that 
of 16-25-6 steels. 

Other objects will appear from the following speci 
fication. - - - - - - 

This invention is predicated upon my discovery that its 
stated objects are attained by greatly lowering the nickel 
content and greatly increasing the manganese content 
in comparison with 16-25-6 steels. Further in accord 
ance with the present invention, the maximum carbon 
content is decreased likewise, the maximum being 0.1 
per cent. In the practice of this invention the new alloys 
comprise about 10 to 20 per cent of chromium and 4 
to 8 percent of molybdenum. In contradistinction to 
the 16-25-6 alloys, however, the alloys of this invention 
contain only about 10 to 20 percent of nickel, while the 
manganese ranges from 5 to 10 per cent. These essen 
tial elements are balanced, as exemplified by the preferred 
composition described hereinafter, to be austenitic and 
to be free from delta iron when quenched from 2150 
F. In general, to this end, the nickel content is increased 
with increase in the content of chromium and molybde 
num, and vice versa. 
The remainder of the new steels consists of iron, to 

gether with impurities and elements in amounts which 
do not essentially alter the characteristics of the steels 
as just described. Silicon may be present in amounts nor 
mal to such steels, and although somewhat larger amounts 
may be present, the silicon should not exceed about 2 
per cent, and preferably not over about 1 per cent. 
The alloys may, and with advantage will, contain nitro 

gen also because it tends to produce a fine primary grain 
structure which is beneficial to the forging properties. 
Also, it is productive of precipitation hardening proper 
ties, which improves the high temperature strength, and 
of particular importance, nitrogen tends to stabilize the 
austenite. The amount of nitrogen present is largely a 
function of the chromium content, with which it combines 
to form a nitride. Although exact limits can not be 
fixed which are applicable to all purposes, I now believe 
that for, all practical purposes these steels may contain 
from about 0.1 to 0.2 percent of nitrogen. This ele 
ment may be introduced readily in the production of 
these alloys by the use of high nitrogen ferrochrome. 

in the preferred embodiment of the invention the 
steels contain not over about 0.08 per cent of carbon, 
about 15 to 17 per cent of chromium, about 7 to 8 
per cent of manganese, about 5 to 7 per cent of molybde-, 
num, about 14 to 16 per cent of nickel, and about 0.1. 
to 0.2 per cent of nitrogen. Preferably the silicon con 
tent is 1 percent, or less. . . . 
The alloys are preferably produced in an electric fur 

aCC. 

Experience has shown that these alloys are exceedingly 
stiff under the forging hammer, and that at temperatures 
above about 2200 F. they tend to break up under the 
hammer. However, they may be forged satisfactorily 
at a temperature of about 2100°F. 
In the as-forged or as-rolled condition these alloys con 

tain an appreciable amount of a complex carbide phase 
which is distributed widely throughout the entire struc 
ture. This begins to go into solution at about 2000 F., 
and by a solution heat treatment at about 2150° to 2200° 
F. a fully austenitic structure is developed that is pre 
served by quenching. At about 2200. F. another phase 
appears in the grain boundaries, which may explain dif 
ficulties that may be encountered in forging the alloy at 
or above such temperatures. 
The alloys of this invention, like the 16-25-6 steels, 

are austenitic, non-magnetic and free from delta iron; 
also, there is no evidence of the presence of the Sigma . . 
phase. Likewise, the microstructures are similar to those 
of the 16-25-6 steels. However, the hot roller strength 
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at room temperatures of the new steels is greater than 
that of the 16-25-6 steels, and this situation persists even 
after tempering 15 hours at 1200 to 1600 F. My 
new steels, in comparison with 16-25-6, harden, upon 
heat treatment, to a higher hardness that is maintained 
at higher temperatures. When solution quenched from 
2150 F. the room temperature properties are approxi 
mately those of 16-25-6. Hot-rolled steels of this in 
vention undergo recrystallization beginning at about 
1900. F., while maximum ductility at room temperatures 
is developed by solution treatment at 2150 F. followed 
by quenching; for example, material in accordance with 
the preferred embodiment when treated in that manner 
showed 50 per cent elongation in 2 inches and reduction 
of area of 68 percent. 
These alloys being austenitic, it is necessary to sub 

ject them to cold work for the development of maximum 
room temperature properties and optimum creep resist 
ance and rupture strength at elevated temperatures. This 
may be accomplished by giving the hot wrought articles 
an equalizing treatment involving heating at about 1900 
to 2100 F. to effect recrystallization, followed by quench 
ing. They are then cold worked, suitably at an elevated 
temperature but below the recrystallization temperature, 
i.e., not over about 1700' F. 

Cold worked articles made from these new steels forge 
more easily. than the 16-25-6 steels in the sense that 
they are subject to less cracking during forging although 
the power requirements are about the same. Likewise, 
they show less tendency to crack under high stresses at 
high temperatures. Presumably these results are attribu 
table to the fact that the new steels show ductility at 
elevated temperatures much superior to that of the 
16-25-6 alloys at a given stress and time exposure. Ad 
ditionally, after being solution quenched, as described 
above, the new steels possess mechanical properties at 
room temperature closely comparable to those of 16-25-6 
steels; the same thing is true of creep resistance. 
The outstanding characteristic of my new steels is their 

excellent ductility both at room and at high temperatures. 
As evidencing this reference will be made to tests of an 
electric furnace heat in accordance with the preferred 
embodiment of the invention. The analysis of the steel 
was as follows: 

Percent 
C --------------------------------------- 0.07 
Cr--------------------------------------- 16.16 
Min -------------------------------------- 7.10 
Mo -------------------------------------- 6.10 
Ni--------------------------------------- 15.60 
N --------------------------------------- 0.168 
Si--------------------------------------- 0.42 
P---------------------------------------- 0.06 
S---------------------------------------- 0.009 
The heat was poured into 16-inch round corrugated 

ingots that were forged at 2100 F. to 8-inch squares 
which after conditioning of the surface were reheated 
and forged to 5%-inch squares that were then hot rolled 
in steps to 4-inch squares, to 2%-inch squares, and finished 
to 14-inch by 34-inch bars. 

... Test specimens were cut from the finished bars and 
subjected to cold stretching, after being given a solution 
treatment at 2150 F. followed by quenching. As 
quenched the room temperature tensile strength was 
about 107,000 p.s. i. and the elongation was about 45 
per cent. Stretching of the bars up to 30 per cent elon 
gation followed by tempering 4 hours at 1300 F. re 
Sulted in progressive increase intensile strength to about 
135,000 p.s. i., with the elongation decreasing to about 
24 percent; tempering 15 hours at 1300 F. produced ap 
proximately the same results. The yield strength (0.2% 
offset) increased from about 57,000 p.s. i. in the as 
quenched condition to 103,000 p.s. i. at 3 per cent elon 
gation by cold stretching. The results demonstrate the 
excellent room temperature ductility of these new steels. 

4. 
Standard specimens for rupture strength tests were 

prepared also from the hot rolled bars, solution treated 
at 2150 F. and quenched. The following table shows 
these alloys to possess excellent rupture strength under 

5 stress at high temperatures. 

d Stress, Time, Elongation, Red. Area, 
Temp., F. p.s. i. Ers. percent percent 

50,000 25.5 24.0 25. 
40,000 25.0 3. () 34.5 
35,000 540.0 26.5. 33.5 
40,000 21.0 40.0 46.0 
30,000 1840 4.5 50.0 
25,000 377.0 81.5 68,3 
20,000 92.0 63.0 62.5 
15,000 376.0 43.5 54. 
10,000 1, 409.0 8.0 3, 5 

As evidencing the fact that the ductility of these steels 
at high temperature reference is made to the following 

20 data comparing the foregoing tests results with those ob 
tained with 16-25-6 at the same temperatures and 
StreSSes: 

- Time to Elonga- Red 
25 Steel Tip, St. Ripture, tion, 56. Area, O.S. i. Ers. cent percent 

16-25-6------------ 1,100 60,000 2. 17.0 21.7 
this invention--- 1,100 60,000 64 2.5 66, 5 

16-25-3----...- 1,100 50,000 226.5 9. () 16.7 
This inventio 1,100 50,000 549.0 13.5 5.0 

30 (TTI 1,300 - 25,000 263 16.0 8.9 
This invention.--- 1,300 25,000 377 81.5 6.3.3 
i6-25-6------------ 1,400 20,000 106 15.5 24. 
This invention---- 1,400 20,000 92 63.0 62.5 

35 These data show that the ductility of these new steels 
is greatly superior at any given stress and temperature 
to that of 16-25-6. 

In addition to this outstanding and important im 
provement in ductility, a major feature of the invention 
is that it reduces by about 40 per cent the amount of 
nickel needed in the 16-25-6 steel. 
According to the provisions of the patent statutes, I 

have explained the principle and mode of practicing my 
invention and have described what I now consider to rep 
resent its best embodiment. However, I desire to have it 

45 understood that, within the scope of the appended claims, 
the invention may be practiced otherwise than as specifi 
cally described. 

I claim: 
1. A wrought steel article formed from an iron alloy 

50 comprising about 10 to 20 per cent of chromium, about 
5 to 10 per cent of manganese, about 4 to 8 per cent of 
molybdenum, about 10 to 20 per cent of nickel, not over 
about 0.1 per cent of carbon, and the remainder iron 
together with impurities and elements in amounts which 

55 do not essentially change the character of the alloy, and 
characterized by being austenitic and free from delta 
iron when quenched from about 2150 F. and by high 
creep and rupture strengths and ductility under stress at 
a temperature of 1300.F. 

60 2. An article according to claim 1, the alloy contain 
ing also not over about 2 per cent of silicon. 

3. An article according to claim 1, the alloy contain 
ing also about 0.1 to 0.2 per cent of nitrogen. 

4. A wrought steel article formed from an iron alloy 
comprising about 15 to 17 percent of chromium, about 
7 to 8 per cent of manganese, about 5 to 7 per cent of 
molybdenum, about 14 to 16 per cent of nickel, not over 
about 0.08 per cent of carbon, and the remainder iron 

70 together with impurities and elements in amounts which 
do not essentially change the character of the alloy, and 
characterized by being austenitic and free from delta iron 
when quenched from about 2150 F. and by high creep 
and rupture strengths, and ductility under stress at a tem 
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75 perature of 1300 F. 

  



2,724,847 
5 

5. An article according to claim 4, the alloy also con 
taining not over about 1 per cent of silicon, and about 
0.1 to 0.2 percent of nitrogen. 

6. An iron alloy comprising about 10 to 20 per cent 
of chromium, about 5 to 10 per cent of manganese, 
about 4 to 8 per cent of molybdenum, about 10 to 20 
per cent of nickel, not over about 0.1 per cent of car 
bon, and the remainder iron together with impurities 
and elements in amounts which do not essentially change 
the character of the alloy, and characterized by being 
austenitic and free from delta iron when quenched from 
about 2150 F. and by high creep and rupture strengths 
and ductility under stress at a temperature of 1300 F. 

7. Alloy according to claim 6, the alloy containing also 
not over about 2 percent of silicon. 

8. Alloy according to claim 6, the alloy containing 
also about 0.1 to 0.2 per cent of nitrogen. 

9. An iron alloy comprising about 15 to 17 per cent 
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of chromium, about 7 to 8 per cent of manganese, about 
5 to 7 per cent of molybdenum, about 14 to 16 per cent 
of nickel, up to about 0.08 per cent of carbon, and the 
remainder iron together with impurities and elements 
in amounts which do not essentially change the character 
of the alloy, and characterized by being austenitic and 
free from delta iron when quenched from about 2150 F. 
and by high creep and rupture strengths and ductility 
under stress at a temperature of 1300 F. 

10. Alloy according to claim 9 containing also not 
over about 1 per cent of silicon, and about 0.1 to 0.2 
per cent of nitrogen. 
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