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This invention pertains to improvements in 
austenitic steels, and provides a relatively high 
carbon, high phosphorus, steel of this type which 
is age hardenable to a minimum of 'C' 32 and 
up to about 'C' 50 RCckwell depending upon the 
analysis, and which is furtheir characterized by 
high Strength and corrosion resistance at both 
roCin and elevated temperatures. 
-Objects of this invention are: to provide 

austenitic age hardenable steels which are useful 
for applications where high strength at room 
temperature combined with low magnetic per 
meability are required, as for studs, gears, 
CrankShafts, and So on, in non-imagnetic power 
plants of Submarines; for retainer rings on 
rotors of electric generators; and so forth; also 
where hardness and resistance to softening at 
elevated ternperatures upward of 1300°F. com 
bined with good resistance to oxidation and cor 
rosion at Such temperatures are required, par 
ticularly in combustion products of leaded gaso 
line, as for automotive exhaust valves, valve 
Seats, and Similar parts; and finally, where high 
Strength -at temperatures upward of 100°F. is 
required together with resistance to oxidation at 
and gas turbine parts. 
Another, object of this invention is to provide 

an austenitic steel which is hardenable to a 
minimum of 'C' 32 Rockwell, or 300 Brinell. 
Another object of this invention is to provide 

an austenitic age hardenable steel which can be 
hardened to a minimum of 'C' 32 Rockwell by 
use of a Solution temperature no higher than 
2200 E. 
In a co-pending application of one of the 

present inventors, Serial No. 222,736, filed April 
20, 1951, there are disclosed austenitic steels 
containing: 0.4 to 1.5% carbon; 12 to 30% chro 
mium; 0 to 25% nickel; 0.1 to 25% manganese; 

O 

25 these temperatures, as for steam power plant 
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40 the Combined nickel and manganese content 
comprising 8 to 28%; 0 to 5% silicon; balance 
substantially iron, which are age hardenable to 
at least 'C' 32 Rockwell by a heat treatment 
consisting of solution treating at about 2300 F. 
and quenching, and thereupon aging at about 
1300 F. An appreciable deterrent to the use of 
such hardened steel is the very high solution 
experature required. Even With nodern fur 
nace equipment and design it is not easy to heat 
treat large quantities of parts at Such high ten 
peratures, particularly if the parts are sizeable. 
Furthernoe, the Solidus tenparature of Such 
steel is not much above 2350° E. Thus the solu 
tion temperature is dangerously close to the tem 
perature at Which the Steel begins to inelt, and 

era is conside'ale hazard therefore in the 
handing of Suich Steel at the temperature re 
quilled for proper Solution treatment for the de Siired hardening. 
Now we have discovered that by introducing 

45 

2 
about 0.15 to 0.45% phosphorus into steel of 
approximately the composition given above, the 
necessary solution temperature can be lowered 
appreciably from the undesirably high temper 
ature required for the steel in the absence of 
this phosphorus content. Depending on the 
phosphorus content, the necessary Sglution ten 
perature can be lowered to about 2150 F. With 
moderate amounts, say about 0.20%, and even to 
1950 F. when amounts of about 0.4% phos phorus are used. 
We have found that the high hardness of the 

steel of this invention cannot be obtained merely 
by the use of phosphorus in the steel, as shown 
in Table I. 

Table I 
LOW CARBON AUSTENITIC STEELS WITE 

PROSPEORUS 
Solution treated at 2150°F. and 2300°F. and water quenched; aged at 

1200°; 1300°; 1400 F. for 16 hours. 
Bar C M. P Si Ni Cr N 

.26 
2. 

3915.------------------ 
8918.----------------- .05 

.05 
.0 
27 

. 40 1. 

.37 1.3 
8.0 1.5 

l. 4 18.8 

'C' Rockwell Hardness 

Bar 3915 Bar 3918 

2,150°F, 2,300°F.2,150°F. 

6 6 
8 8 
20 2. 
19 9 

2,300°F. 
As Solution Treated.--------- 8 7 
Aged 1,200 F.-i6 hours----- 8 7 
Aged 1,300 F-16 hours.---- 8 7 
Aged 1,400°F.-16 hours----- 9 8 

Evidently although Some hardening is attain 
able in low carbon steel containing about 0.27%. 
P, the attainable hardness is coasidered insuf 
ficient for the partS We wish to nake froin a 
hardenable austenitic Steel. However, when 
higher carbon is used in the See along with 
high phosphorus the desired hardiness of over 
“C' 32 Rockwell can be obtained as shown in 
Table I. 

Table II 
EFFECT OF CON ATTAINABLE HARDNESS IN AUSTEN 
ITIC C-Mn-Ni-Cr STEELS CONTAINING POSPHORUS 
Specimens solution treated at 2150°F, water quenched, and aged at 

1250° F. for 16 hours. 

'C' Rockwell 
Hardness Ni Cr N 

t AS After 
Queinched Aging 

9 0. 2 O 6 3 

5 3 

  



2,686,116 
3 4 

We therefore, set 0.30% as the low limit for steels of the co-pending application it is nec 
carbon in our Steel. The high limit for carbon is essary to Solution treat at about 2300 F. in 
established by forgeability and for forgeable order to develop a hardness of 'C' 32 Rockwell 
steels we generally set the upper limit for car- or higher in the steel after aging. When a mini 
bon at 0.80%. However, for castings we may use mun of about 0.15% phosphorus is in the steel, 
as high as i.5% carbon. however, adequate hardneSS may be developed 
The effect of phosphorus on the attainable With Solution treatments no higher than 2200 F., 

hardness of the steel after a Solution treatment the higher the phosphorus, the lower the neces 
at 2150 F. and aging at 1250 F. is shown in Table Sary Solution temperature. This is illustrated by 
III and Table W. 10 data in Table W. 

5 

Table V 
EFFECT OF POSPORUS ON THE SOLUTION TEMPERATURE NECESSARY FOR DEVELOPING 

ADEQUATE HARDNESS IN C-Mn-Ni-Cr AUSTENITIC STEEL 
Specimens quenched fron indicated Solution temperature and aged at 1,250°F. for 16 hours. 

'C' Rockwell Bardness 

Bar C Mn P Si Ni Cr Mo N 1999 F. 2,000°F. 2,150°F, --------------------- 
As As As Quanhed Agedquenched Agedquenched Aged 

7.8 .15 .40 7.3 22.1 1.8 .06 23 23 2 23 21 32 
4.8 19 .19 3.8 20.6 ------ ... Of 32 33 32 35 2S 43 
5.0 2. 58 3.8 2.4 ------ 22 ---------------- 25 37 22 43 
7.5 .23 .47 7.4 22.2 1.8 05 23 29 23 32 23 40 
4.9 .33 40 3.8 21.5 ------ 20 31 37 28 42 2 47 
1.4 .38 .33; 9.3 21.1 ------ .26 27 39 27 43 22 47 
7.5 41 .36 7.3 21.5 1, . 07 27 35 26 38 24 47 
1.4 .44 .39 9,821.0 - 15 26 40 27 41 26 48 

Table III Furthermore, whereas with the low phosphorus 
EFFECT of PHospHoRUs on ATTAINABLE HARD. Steels of the co-pending application it is neces 
NEss of MEDIUM CARBON AUSTENITIC Ma Ni-cr 35 Sary to cool rapidly as in a Water quench from STEELS the solution temperature in order that the de 

(Specimens solution treat at 2150E water quenched, and aged at sired hardness may be attained in the steel after 1300°F. for 16 hours. it is aged, we have found that when phosphorus 
v over about 0.15% is present in the steel, the de 

"Cell 40 sired hardness over “C” 32 Rockwell may be at 
Bar C. Min P : Si Ni Cr N Hardness tained in the steel after aging even though the 

As After cooling rate from the solution temperature is 
Quenched Aging Somewhat retarded as in an oil quench, Or even 

--------------- air cool of Sections under about 1 inch thick. 
. 44 9.4 8.6 .05 14 284. This obviously is of considerable advantage in 
3, 1893; 2. the heat treatment of large sections which would 
33 3: isg 5 5 38 Suffer much less distortion when quenched in 
S. S. 8: 8 3 oil than when quenched in water. Although the balance of the composition in 
Table IV 50 addition to carbon and phosphorus is not re 

Stricted especially, it is desirable that the aus 
tenite forming elements manganese, nickel and 
nitrogen be present in sufficient amounts to as 
Sure a stable austenitic structure in the steel. 

EFFECT OF PEOSPEIORUS ON ATTANABLE HARD 
NSS OF IGE CARBON AUSTENITIC C-M-Ni-Cr 
STEELS (Specimens solution treates gigs fai quenched, and aged at ss Manganese may be present within the range of I 0.5 to 15% and nickel may be present within the 

'C' Rockweli range of 3 to 25%, and the sum of the two within 
Hardness the limits of 9 to 30%. Nitrogen is generally over 

Bar C Mn P Si Ni Cr N .03% and may be present up to about 0.40%. 
Q ?é, d {E. so Silicon is always present in the steel for de uenenes, Aging Oxidation purposes and may be present up to 

about 3% for improving the resistance of the steel 

E. g i s 2: t to SR at externate S.----. 5.9 . . . . . . . 29. .9 romium is generally present in our steel 
82.61144.8 s 21.0.15 * from about 15 to 30% to provide corrosion and Oxidation resistance. As the chromium is in 
We, therefore, set our low limit at about 0.15% Creased, We generally increase also the sum of 
phosphorus for securing steel With a hardness manganese and nickel So that the steel Will have 
after aging of at least 'C' 32 Rockwell. With a stable austenitic structure substantially free of 
increasing phosphorus, the forgeability of the 70 ferrite. 
Steel decreases and therefore we set a high limit When the steel is to be used under high stress 
of about 0.45% phosphorus for wrought material. at elevated temperatures we generally include up 
However, for cast material we may use as much to about 3% of either one or both of the carbide 
as 1% phosphorus. forming elements molybdenum and tungsten. 
AS Stated earlier, in the high carbon, Mn-Ni-Cr is Since the steel may be machined in the hard 
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ened condition after final heat treatment, we may 
include Sulfur in the steel composition up to 
about 0.30% to improve machinability. 
We may use different proportions of the ele 

ments carbon, manganese, phosphorus, Silicon, 
nickel, chronium, inolybdenum (or tungsten), 
and nitrogen in the steel depending on the ap 
plication. For an application requiring a non 

- Bar 

6 
17 to 25%; nitrogen up to about 0.3%; Sulfur 
up to about 0.3%; balance substantially iron. 
For Steel to be used for automotive exhaust 

Valves and similar parts, we generally balance 
5 the composition with carbon in the middle of the 

range and managanese in larger amount than 
nickel, although We may also use a high percent 
age of nickel as shown in the analysis of Bar 
4123 in the table below. 

Table VII 
PROPERTIES OF STEELSSUITABLE FOR EXHAUST WALVESERVICE 

'C' Rock. Weight 
Tata lifi - reate T. C Mn P Si N1 - Cr N j', '63i 

Aged 1,300° 1,675° F., 
F., hrs. gms.sq. in. 

4.7 20 .50 3.8 21.2 .04 4. 3.1 
5.0 21 .58 3.8 21.0 .17 42 2.8 
8, 2 .25 .79 4.3 21.9 .22 46 2.6 
9.0 .21 .90, 3.7 20.6 .21 45 2.6 
8.3 24 1.89 4,322.0 .22 46 2.3 
8.4 .24 2.90 4.3 22.2 .20 46 2.3 
8.3 .22 .53 15.6 30.0 .39 42 2.4 
5.0 .42 .35 3.9 20.7 .. 5 48 3.2 

magnetic material with high room temperature 
strength and good ductility, we generally bal 
ance the composition. So that the carbon is On 
the low side of the range and nickel is present 
in larger amounts than manganese. Data on 
some compositions Suitable for Such an applica 
tion are given in Table WI. 

Table VI 

30 

Steels of the foregoing type which are age 
hardenable to a minimum of 'C' 38 ROckWell on 
Solution treating at a temperature no higher 
than 2200 F., and subsequent aging at about 
1300 F., have the following preferred range of 
analysis: Carbon about 0.4 to 0.7%; phosphorus 
about 0.15 to 0.45%; manganese about 1 to 12%; 

MECHANICAL AND PERMEABILITY PROPERTIES OF STEELS FOR NON-MAG 
NETIC HIGH STRENGTH APPLICATION 

Bar C Mn P Si 

.36 3.5 .24 .33 

.34 3.5 37 . 44 

.51 3.5 .25 .38 

.46 3.4 39 .30 

.36 1.4 .24 .22 

.33 1.4 37 30 

.49 ... 4 .23 .20 

.47 1.3 37 22 

Ni Cr N 

9.4 18.6 .05 
9.3 19.0 .04 
9.2 18, 6 06 
9.3 8.5 09 
13.0 18.8 .04 
3. 19.0 .05 
13.1 8.8 .05 
13.1 19, 1 . 14 

Pieces in 56 sq. section solution treated as indicated; aged at 1,300°F. for 16 hours; and machined to tensile, impact, and permeability test pieces.) 

'C' 0.2% Tensile ET Bar Solution Treatment Rock Yield, Strength, ". 
Hard p.s. i. P. S. l. Percent 

394i-...-- 2,050 F. water---- 34 88,000 146,000 27.9 
394i----- 2,150°F. water---- 38 116,000 167,000 17.6 
3942----- 1,950 F. water---- 36 106,000 155,000 22.2 
3942.---- 1,950 F. air----...- 35 100,000 152,000 24.4 
3942----- 2,050 F. water---- 41 132,000 175,000 15.0 
3944----- 2,050° F. water---- 33 88,000 149,000 24.7 
3944----- 2,150° F. water---- 42 126,000 177,000 18, 4. 
3945----- 1,950 F. Water---- 40 121,000 167,000 8. 
3945----- 1,950 F. air------- 39 109,000 160,000 20.7 
3947----- 2,150°F. Water.-- 35 105,000 i55,000 23.0 
3947----- 2,150 F. air.------ 35 107,000 153,000 7.2 
3947----- 2,200 F. Water---- 39 128,000 171,000 11.5 
3948----- 1,950 F. water---- 33 100,000 145,000 22.9 
3948----- 2,050 F. water---- 39 124,000 166,000 2.5 
3950----- 2,150 F. Water---- 36 103,000 155,000 9.4 
3950----- 2,150°F. air------- 36 105,000 i55,000 21.0 
3951----- 1,950 F. Water---- 34 104,000 149,000 8.6 
3951----- 1,950 F. air------- 33 92,000 143,000 22.7 
3951.---- 2,050 F. Water.--- 40 125,000 166,000 17.1 

Percent 

Red 
Area, 

W. Notch Permea 
bility, 
E=500 

Izod, 
ft.-bs. 

37.5 
26.5 
33.5 
29.0 
24.5 
33.0 
25.0 
27.0 
26.0 
33.5 
29.5 
5.5 
4.5 
35.5 
30.0 
29.0 
30.5 
30.0 
28.5 

The low permeability steels of the foregoing 
type having good forging and age hardening 0 
characteristics together with high strength, have 
the following preferred range of analysis: car 
bon about 0.3 to 0.5%; phosphorus about 0.2 to 
0.4%; manganese about 1 to 5%; nickel about 8 
to 15%; Silicon up to about 1%; chromium about 5 iron. 

nickel about 3 to 25%, the sum of Inanganese 
and nickel being from about 9 to 30%; chiromi 
urn from about 20 to 30%; Silicon up to about 
3%; nitrogen up to about 0.4%; Sulfur up to 
about 0.3%; metal of the group molybdenum and 
tungsten up to about 3%; balance substantially 
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For applications where strength at high ten 
peratures for long time Service is required, We 
generally include molybdenum (or tungsten) 
in the composition as stated above. Some data. 
on steels suitable for high temperature applica 
tions. Such as steam power plant and gas turbine 
parts are given in Table VIII. 

8 
hardness is about 1250/1300 F. good hardness 
is developed with aging temperatures as high as 
1500 F. Furthermore, Steel which has been 
aged at 1300 F. Can be reheated for a short 
time at temperatures as high as 1700' F. With 
Out Suffering much loSS of hardness. Some data, 
On the resistance of the steels of this inven 

Table VII 
PROPERTIES OF STEEL SUITABLE FOR SERVICEAT 1,200°F. UNDER 

STRESS 

Bar C Mn P St Ni Cr Mo 

.5 7.5 .23 .47 .4 22.2 .8 
61 7.5 22 .42 7.3 22.0 1.9 
.72 7.6 .26 .45 7.3 22.8 1.8 
58 7.5 .43 38 7.5 21.2 1.6 

ROOM TEMPERATURE PROPERTIES 

rt 0.2% - - - Elong. Feat “C Tensile Red. V-Notch 
Bar Treat- Rock. sh Strength, i. Area, Izod, 

ment 1 Hard. p.s. i. s 9. S. i. . . percent percent ft.-bs. 

BB 35 98,000 156,000 8.6 25.0 7 
BO 32 81,000 141,000 2. 30.5 15 
BB 36 96,000 54,000 21.4 23.5 7 
BO 33 77,000 137,000 26.6 32.5 13 
BO 33 80,000 140,000 22, 27.5 ---------- 

STRESS RUPTURE PROPERTIES A 1,200 F. 

Heat Stress Rupture E"E. Percent 
Bar Treat- si. Time, E.S. Reiuction 

ment 1 O. S. Hours 1.4 in Area 

BB 56,000 89 1.4 20.) 
BB 62,000 119 ------------------------ 
BO 56,000 203 5.7 5.0 
BB 56,000 82 15.4 27.0 
BB 62,000 196 ------------------------ 
BO 56,000 184 6.3 20.0 
BO 62,000 197 ------------------------ 
BB 56,000 85 15.4 2.5 
BO 56,000 96 20.7 27.5 
BO 62,000 20 ------------------------ 
BO 56,000 527 3.8 8.5 

1 Heat Treatments: BB-2,150 F., water quench; aged 1,500. F. -6 hours. BO 
2,150° F., water quench; aged 1,300 F-16 hours; plus i,700 F. -2 hours. 

2 NoTE-Test piece with 60 degree V-notch, diameter base of notch .252 in. with 
gage section .357 in. diameter; .005 in. radius base cf notch. 
A preferred range of analysis for steels of this 

type is: carbon about 0.45 to 0.7%; phosphorus 
tion to softening at high temperatures are 
shown in Table IX. 

Table IX 
EFFECT OF HIGH TEMPERATURE HEATING ON HARDNESS OF C-Mn-P-Ni-Cr STEELS 

Specimens solution treated at 2,150 F., Water quenched, and aged as indicated. 

'C' Rockwell Hardness 

N C M Aged M10 Aged Aged Aged 13. F., 
As Q 130F13F5F.Ed is hours is hours 16 hours - 1,700 °F., 

2hrs. 

7.4 22.2 1.8 23 40 35 33 32 
7.3 22.0 1.9 24 41 35 34 33 
7.3 22.8 .8 27 41 37 34 33 
7.3 2.5 1.7 24 46 42 40 39 
7.5 21.2 .. 6 25 46 43 38 39 

Bar C Mn P S. 

23 47 
.22 .42 
.26 .45 
41 .36 

.43 .38 

about 0.2 to 0.45%; manganese about 5 to 12%; 
nickel about 4 to 18%; chromium about 20 to 
30%; silicon up to about 3%; metal of the group 
molybdenum and tungsten, about 1 to 3%; nitro 
gen up to about 0.4%; Sulfur up to about 0.3%; 
balance Substantially iron. 

It is of interest that the Steels of this inven 
tion are quite resistant to overaging. Although 

What we claim is: 
1. Age hardenable austentic steel character 

ized in being hardenable to a minimum of about 
“C' 32 RockWell after solution treatment at a 
temperature no higher than 2200 E. and sub 
Sequent aging at about 1300 F. for about 15 
hours, Said Steel containing about: 0.3 to 1.5% 
Carbon; 0.15 to 1% phosphorus; 0.5 to 15% man 

the optimum aging temperature for maximum 75 ganese; 3 to 25% nickel, the Sum of nickel and 
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manganese being about 9 to 30%; 15 to 30% 
chromiuim, up to about 3% silicon; up to about 
3% of metal Selected from the group consisting 
of molybdenum and tungsten; up to about 0.4% 
nitrogen; up to about 0.3% sulfur; and the bal 
ance iron. 

2. A precipitation hardened, austenitic alloy 
Steel, having a hardness of at least 'C' 32 Rock 
Well, Said Steel having Substaintially the follow 
ing composition: 0.3 to 1.5% carbon; 0.15 to 1% 
phosphorus; 0.5 to 15% manganese; 3 to 25% 
nickel, the Sum of nickel and manganese being 
about 9 to 30%; 15 to 30% chromium; up to 
about 3% silicon; up to about 3% of metal se 
lected from the group consisting of molybdenum 
and tungsten; up to about 0.4% nitrogen; up to 
about 0.3% sulfur; and the balance iron. 

3. A cast article made of precipitation hard 
ened, austenitic alloy steel, having a hardness 
of at least 'C' 32 Rockwell, said steel having sub 
Stantially the following composition: 0.3 to 1.5% 
carbon; 0.15 to 1% phosphorus; 0.5 to 15% 
manganese; 3 to 25% nickel, the sum of nickel 
and manganese being about 9 to 30%; 15 to 30% 
chromium; up to about 3% silicon; up to about 3% 
of metal Selected from the group consisting of 
molybdenum and tungsten; up to about 0.4% 
nitrogen; up to about 0.3% sulfur; and the bal 
ance iron. 

4. A forgeable, age hardenable, austenitic steel, 
characterized in being hardenable to a minimum 
of 'C' 32 Rockwell after solution treating at a 
temperature no higher than 2200 F. and sub 
Sequent aging at about 1300 F. for about 15 
hours, Said steel having substantially the fol 
lowing composition: 03 to 0.7% carbon; 0.15 to 
0.45% phosphorus; 0.5 to 15% manganese; 3 to 
25% nickel, the sum of nickel and manganese 
being about 9 to 30%; 15 to 30% chromium; up 
to about 3% silicon; up to about 3% of metal 
Selected from the group consisting of molyb 
denum and tungsten; up to about 0.4% nitrogen; 
up to about 0.3% sulfur; and the balance iron. 

5. A forgeable, age hardenable, high strength, 
low permeability steel, which is age hardenable 
to a minimum of about 'C' 32 Rockwell after 
Solution treating at a temperature no higher than 
2200 F. and subsequent aging at about 1300 F. 
for about 15 hours, said steel having substantial 
ly the following composition: 0.3 to 0.5% carbon; 
0.2 to 0.4% phosphorus; 1 to 5% manganese; 8 
to 15% nickel; 17 to 25% chromium; up to 1%, 
Silicon; up to 0.3% nitrogen; up to 0.3% sulfur; 
balance iron. 

6. A precipitation hardened, austenitic alloy 
Steel, having a hardness of at least 'C' 32 Rock 
well, Said steel having substantially the follow 
ing composition: 0.3 to 0.7% carbon; 0.15 to 
0.45% phosphorus; 0.5 to 15% manganese; 3 to 
25% nickel, the sum of nickel and manganese 
being about 9 to 30%; 15 to 30% chromium; 
up to about 3% silicon; up to about 3% of metal 
Selected from the group consisting of molyb 
denum and tungsten; up to about 0.4% nitrogen; 
up to about 0.3% sulfur; and the balance iron. 

0. 
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7. A precipitation hardened, austenitic alloy 

steel, having a hardness of at least 'C' 32 Rock 
well, said steel having substantially the follow 
ing composition: 0.3 to 0.5% carbon; 0.2 to 0.4% 
phosphorus; 1 to 5% manganese; 8 to 15% nickel; 
17 to 25% chromium; up to 1% Silicon; up to 
0.3% nitrogen; up to 0.3% Sulfur, balance iron, 

8. A forgeable, age hardenable steel adapted 
for automotive exhaust valves and similar parts, 
said steel being hardenable to a minimum of 
about 'C' 38 RockWell on Solution treating at a 
temperature no higher than 2200 F. and Sub 
sequent aging at about 1300 F., and having good 
corrosion and oxidation resistance at elevated 
temperatures, said steel having Substantially the 
following composition: 0.4 to 0.7% carbon; 0.15 
to 0.45% phosphorus; 1 to 12% manganese; 3 
to 25% nickel, the sum of manganese and nickel 
being about 9 to 30%; 20 to 30% chronium; up 
to 3% silicon; up to 0.4% nitrogen; up to 0.3% 
Sulfur; up to 3% of metal Selected from the 
group consisting of molybdenun and tungsten, 
balance iron. 

9. An article made of a precipitation hardened 
alloy steel, having a hardness of at least 'C' 38 
ROckWell, Said Steel having Substantially the foll 
lowing composition: 0.4 to 0.7% carbon; 0.15 to 
0.45% phosphorus; 1 to 12% manganese; 3 to 
25% nickel, the Sum of manganese and nickel 
being about 9 to 30%; 20 to 30% chronium; up 
to 3% silicon; up to 0.4% nitrogen; up to 0.3% 
Sulfur; up to 3% of metal selected from the group 
consisting of molybdenum and tungsten, bai 
ance iron. 

10. A forgeable, age hardenable steel, Suitable 
for service under high stress at elevated tem 
peratures upward of 1100 F., said steel being 
hardenable to a minimum of 'C' 32 ROckWell. On 
Solution treating at a temperature no higher 
than 2200 F., and Subsequent aging at about 
1300 F., said steel having substantially the fol 
lowing composition: 0.45 to 0.7% carbon; 0.2 
to 0.45% phosphorus; 5 to 12% manganese; 4 
to 18% nickel; 20 to 30% chronium; up to 3% 
silicon; 1 to 3% of metal selected from the group 
consisting of molybdenum and tungsten; up to 
0.4% nitrogen; up to 0.3% sulfur; balance iron. 

11. An article made of a precipitation hardened 
alloy steel, having a hardness of at least 'C' 32 
Rockwell, said steel having substantially the 
following composition: 0.45 to 0.7% carbon; 0.2 
to 0.45% phosphorus; 5 to 12% manganese; 4. 
to 18% nickel; 20 to 30% chromium; up to 3% 
Silicon; 1 to 3% of metal selected from the group 
consisting of molybdenum and tungsten; up to 
0.4% nitrogen; up to 0.3% sulfur; balance iron. 
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