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ABSTRACT OF THE DISCLOSURE 
A corrosion resistant and Wear resistant high strength 

ferritic-austenitic steel consisting of: 
Percent 

Chromium _______ _; __________________ __ 23.0-30.0 

Nickel _______________________________ __ 4.0-7 .0 

Molybdenum _________________________ __ 1 .0-5 .0 

Copper ______________________________ __ 1.0-4.0 

Silicon _______________________________ __ 0.2-2.0 

Manganese ___________________________ __ 0.2-4.0 

Carbon ______________________________ __ 0.0l-0.1 

Nitrogen _____________________________ __ 0.06—0.4 

Iron (excepting unavoidable impurities) ____ __ Balance 

and wherein the chromium and nickel and nitrogen con 
tents satisfy the following formulae: 
(z') Chromium content 

= _ r 

Nickel content 3'8 620% 

(ii) 
Nickel content + 200>< nitrogen content 

Chromium content 

and wherein when the said formulae are plotted on a 
graph with Formula 1' plotted against the X axis and For 
mula ii plotted against the Y axis, the values of the two 
formulae taken together fall within ‘that area of the graph 
bounded by four straight lines extending between points 
A, B, C and D of the graph respectively having the fol 
lowing co-ordinates: 

= 0.74~3.72% 

X Y 

A_____- 3.72 
B 2.96 
G 1.1 
D .... __ 0.74 

Stainless steels are usually de?ned as steels containing 
substantial proportions of chromium with or without sub 
stantial amounts of nickel 'which render the steels resistant 
to corrosion in many media. The best known steels in this 
category are those containing nominally 18% chromium, 
10% nickel and small proportions of silicon, manganese 
and carbon. Such alloys are substantially austenitic steeels 
although they may contain some ferrite depending on the 
ratio of chromium to nickel. They are, however, highly 
resistant to corrosion but in general their strength is low 
and they are not amenable to hardening or strengthening 
by heat-treatment. 
Many attemps have been made to produce stainless 

steels which could be strengthened or hardened by heat 
treatment and the most successful alloys in this category 
are the so-called martensitic transformation stainless steels 
which contain in the region of 14-18% chromium and 3 
8% nickel, together with other alloying constituents such 
as silicon, manganese and carbon. Such stainless steels 
require a rather complicated heat-treatment in order to 
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2 
achieve the high strengths and hardnesses obtainable and 
although an excellent combination of mechanical prop 
erties can be achieved, the corrosion resistance is usually 
inferior to that of the non-hardenable austenitic steels re 
ferred to above. 
The object of this invention was to develop a stainless 

steel possessing a corrosion resistance superior to that of 
the non-hardenable austenitic stainless steels referred to 
above, but which was capable of being heat-treated to give 
hardnesses and tensile strengths comparable with those of 
the martensitic transformation stainless steels described 
above. 
Such a combination of properties, hitherto unknown in 

stainless steeels, is most desirable for the production of 
equipment for the chemical industry, and dairy industry, 
the marine industry, and in fact all applications where a 
high ‘corrosion resistance, combined with high strength 
and high resistance to galling and abrasion and erosion, 
are desirable. 
The austenitic stainlesss steeels containing nominally 

18% chromium and 10% nickel are well known for their 
excellent corrosion resistance to a wide variety of corrosive 
environments, but due to their comparatively low strength 
and low hardness they are quite unsuitable for the type of 
applications referred to above. 
By increasing the chromium content to about 25% and 

reducing the nickel content to about 5%, a much harder 
and stronger alloy, possessing an austenitic/ferritic struc~ 
ture is produced. However, this alloy possesses many un 
desirable characteristics compared with the austenitic 
stainless steels, the most serious being 

(1) Very poor resistance to corrosion under certain 
conditions, 

(2) Although the tensile strength is much higher, the 
ductility and notch impact value can be very low and 
?nished products may be very brittle, 

(3) Welding of ?nished products can result in very brit 
tle welds, 

(4) Propensity to hot cracking during either casting or 
subsequent heat-treatment. 

It has now been shown that the poor corrosion resist 
ance of this 25% chromium, 5% nickel alloy, can be 
vastly improved by the addition of molybdenum and cop 
per as shown by the following Examples a and b. 

Example a 

Samples of an alloy containing 26.3% chromium and 
5.15% nickel and weighing 15.5 grammes each when 
immersed respectively in 30% H2804 and 70% H2SO4 at 
60° C. completely dissolved in 20 hours. 

Example b 
Samples of an alloy of the following composition: 

Percent 
Chromium __ ___ 25.5 

Nickel ___- __ _ 5.2 

Molybdenum _ ___ ___- 2.1 

Copper ___________________________________ __ 3.5 

Silicon _ __ ___ 1.6 

Manganese ________________________________ __ 1.1 

Carbon __________________________________ __ 0.06 

Balance, substantially all iron. 

weighing approximately 20 grammes, when tested under 
similar conditions showed excellent resistance to corrosion 
as follows. 

Weight loss in 24 hours: 
30% H2504 at 60° C.—Nil 
70% H2804 at ‘60° C.—0.l6 gramme 
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However, with this alloy containing copper and molyb 

denum, although it possessed a vastly improved resistance 
to corrosion, nevertheless, the ductility of test pieces was 
unpredictable and could be very low when measured by 
the elongation of a tensile test specimen or by impact test 
(Izod or Charpy “V’V’ notch test). In the case of a casting 
hot cracking is liable to occur during casting or heat-treat 
ment. It was also found that this alloy was sensitive to 
cracking during welding when tested in accordance with 
the 'Weld test described in ASTM Speci?cation No. 
B369-61T. 
We have now found that these undesirable character 

istics possessed by this alloy can be completely eliminated 
by the introduction of a substantial percentage of nitrogen, 
which can readily be introduced into the alloy by means 
of high nitrogen ferrochromium master alloy. 

This invention therefore comprehends alloys falling 
within the following range of composition: 

Percent 
Chromium ___________________________ ._ _ 23-30 

Nickel ______________________________ _ _ 4.0—~7.0 

Molybdenum _________________________ __ 1.0-5 .0 

Copper _____________________________ __ 1.0-4.0 

Silicon _ _ ____ __ 0.2-2 

Manganese __________________________ __ 0.2-4.0 

Carbon ______________________________ __ 0.01-0.1 

Nitrogen ____________________________ __ 0.06—0.40 

However, in order to ensure that the aforementioned 
bene?cial eifects of nitrogen are reliably and consistently 
achieved, it is necessary to balance the elements chro 
mium, nickel and nitrogen, so that they satisfy the follow 
ing formulae: 

Formula i 
Chromium (percent) _ _ 

Nickel (percent) “3'8 6'25 

Formula ii I 

Nickel (percent) + 200 X nitrogen (percent) 
. =0.74~3.72 Chromium (percent) 

Indeed it is a further essential feature of the present in 
vention that the composition of the alloy must be so 
selected, that when plotted in accordance with the accom 
panying graphs, FIG. 1 or 2, where Formula 1' is plotted 
on the X axis of the graph and Formula ii on the Y axis, 
the values of the two Formulae i and ii taken together 
fall within the area bounded by four straight lines extend 
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4 
The stainless steel alloy composition having the con 

stituents controlled as speci?ed above is suitable for utiliza 
tion either for high quality castings or for production in 
wrought form. However, in order to ensure that the most 
satisfactory alloys are produced for various utilizations, 
further control of the composition, within the broad range 
above speci?ed, may be effected-as set out below and the 
various alloys discussed may be conveniently summarized 
under the following headings: 

(1) Alloys having a nitrogen content of 0.06% to 
0.40% according to a ?rst preferred range of composi 
tion, suitable for high quality casting and which have 
excellent ductility as measured by elongation or impact 
test (Examples 1 to 8 of Table A). 

(2) Alloys having a nitrogen content of 0.06% to 
0.40% according to a second preferred range of composi 
tion, suitable for high quality casting, and which have 
notable qualities of strength and hardness (Examples 9 
to 13 of Table B). 

(3) Alloys having a nitrogen content of 0.10% to 
0.40% according to a third preferred range of composi 
tion, and suitable for production in wrought form and 
which have excellent ductility as measured by elongation 
or impact test (Examples 31 to 36 of Table D). 

(4) Alloys having a nitrogen content of 0.10% to 
0.40% according to a fourth preferred range of composi 
tion and which have notable qualities of strength and 
hardness (Examples 37 to 39 of Table E). 
The alloys of Tables A, B and C were cast, then solu 

tion treated at 1120° C. then oil quenched and then pre 
cipitation hardened for four hours at the various tempera 
tures given in the tables. . 
The alloys of Tables D, E, F and G were cast into 

billets, then hot rolled at 900°-1200° C. into bars, fol- ' 
lowed by a single stage heat-treatment for four hours at 
the various temperatures given in the tables. 

These various alloy compositions together with methods 
of production will be discussed in greater detail below. 

Alloy in cast form 

Alloys according to this invention are suitable for pro 
duction as high quality castings which are not susceptible 
to hot tearing during casting or quench cracking during 
heat-treatment and they are readily weldable without 
cracking when tested in accordance with the weld test 
speci?ed in ASTM speci?cation No. B369-61T. 

Tensile tests carried out also con?rm this since the 
specimens tested exhibited a much higher elongation value 
than those which did not intentionally contain nitrogen; 

50 see Examples 0 and d of Table I. 

TABLE I.—-EXAMPLE C 

[Nitrogen not intentionally added (or present in quantities of less than 0.06%)] 

017 
Chemical composition, percent proo‘f Tensile Elonga 

stress, strength, tion, 
Cr Ni Mo Cu Si Mn C Condition Tlsqin. T/sq.in. percent 

Example: 
0 _____________ __ 24.9 5.7 2.51 3.29 1.31 0.82 0.06 Ascast ______ __ 37.25 48.75 3.0 
C ............. .- 24.9 5.7 2.51 3.29 1.31 0.82 0.06 Heat-treated" 47.5 62.0 8.5 

EXAMPLE D.—NITRO GEN INTENTIONALLY ADDED 

0.1% 
Chemical Composition, percent proof Tensile E1onga— 

stress strength tion, 
Cr Ni Mo Cu Si Mn 0 N2 Condition T/sq.in. T/sq.in. percent 

Example 
D _______ _. 25.1 5.7 2.44 3.18 1.24 1.61 005 0.13 Ascast ______ _- 29.4 52.5 22.0 
D _______ _- 25.1 5.7 2.44 3.18 1.24 1.61 0.05 0.13 Heat treated__ 45.5 63.75 20.0 

ing between points A, B, C and D of the graph respec 
tively having the following co-ordinates: 

X Y 

A ____ -- a. s s. 72 
B .... _- c. 25 2. as 
o ____ __ 6.25 1.1 

D .... .- 3. s o. 74. 

A ?rst preferred alloy suitable for production as a high 
70 quality casing has a composition in which the chromium, 

nickel and nitrogen contents satisfy the following 
formulae: 

(1') Chromium content__ J ,. 
Nickel content _4'0 0'20 

75 
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(ii) 
Nickel content+200>< nitrogen content 

Chromium content =0'77_3'6a 

provided that when these two formulae are plotted in 
accordance with FIG. 1 their values fall within the area 
bounded by straight lines joining the points E, F, G and 
H of the graph, FIG. 1, respectively having the following 
co-ordinates: 

Castings produced in accordance with this ?rst pre 
ferred range will, after heat-treatment referred to below, 
possess a 0.5% yield stress of at least 40- tons/sq. in. 
combined with excellent ductility as measured by 'the 
elongation value on tensile test or the notch impact value 
as measured by the Izod or Charpy “V” notch test. Such 
castings can be readily welded, produce high quality 
welds and, in general, the corrosion resistance and re 
sistance to stress corrosion is far superior to that of the 
austenitic stainless steels referred to earlier. 

Typical examples of alloys falling within this ?rst 
preferred range together with the heat-treatment applied 
after casting and the mechanical properties obtained 
are shown in Table A. 

Alloys having a ratio of chromium to nickel of be 
tween 4:1 and 5.25:1 in which the chromium, nickel, 
molybdenum and copper contents are similar to those 
referred to in this speci?cation, are not unknown, but 
unless such alloys are produced with a nitrogen content 
of 0.06% to 0.40% as provided for according to this 
invention and with the nickel, chromium and nitrogen 
contents balanced so that the values of Formulae I and 
II fall within the area bounded by the lines joining points 
E, F, G and H of the graph, FIG. 1, such known alloys 
possess the undesirable characteristics referred to earlier 
in this speci?cation. 
What is more, published information indicates that 

such known alloys have always been heat-treated as fol 
lows: Heat to 1120° C. and quench in a suitable medium, 
e.g. oil or water, followed by precipitation hardening for 
3-4 hours at 450-480" C. 

This heat-treatments results in such known alloys pos 
sessing good tensile properties but the notch impact value 
as measured by the Izod test or the “V” notch Charpy 
test is very low (see Examples 16-18 of Table C). More 
over, such known alloys are prone to quench cracking 
during heat-treatment while the alloys of Table A are 
not subject to this disadvantage if heat-treated as de 
scribed below. 
A second preferred composition suitable for produc 

tion as a high quality casting has a composition in which 
the chromium, nickel and nitrogen contents are con 
trolled to satisfy the following formulae: 

(i) Chromium content 
Nickel content =5'25_5'9 

(ii) 
Nickel content + 200 X nitrogen content 

Chromium content =0.95—3.26 

but the balance of nickel, chromium and nitrogen con 
tents must be such that When Formulae I and II are 
plotted on FIG. 1 their values fall within the area 
bounded by the straight lines joining the points F, I, J 
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6 
and G of the graph of FIG. 1 respectively having the 
following co-ordinates: 

Castings produced from alloy compositions in accord 
ance with this second preferred range possess an excel 
lent combination of properties as will be seen from Ex 
amples 9-13 in Table B and it will be noted that produc 
ing the alloy according to this second preferred range 
confers a high strength, in excess of 45 tons per square 
inch (0.5% proof stress) and has an extremely bene 
?cial effect on the tensile properties of the alloy and in 
particular on the elongation value. 

Alloys which fall within Formula I but not Formula II 
in which do not contain sufficient nitrogen are extremely 
brittle as determined by the elongation value on tensile 
test as shown in Example 19 in Table C. 
As will be furtherseen from Table B, castings accord 

ing to this second preferred range when subjected to heat 
treatment in accordance with this speci?cation possess 
a hardness value of not less than 300 Brinell Hardness 
Number with high yield stress, tensile strength and good 
ductility, combined with excellent corrosion resistance 
and, in spite of the increased strength and hardness due 
to the higher chromium content and method of heat 
treatment, the additional nitrogen ensures that they are 
not susceptible to hot tearing during casting, or quench 
cracking during heat-treatment. I 
With further reference to this second preferred range 

of alloy composition according to this invention as in 
tended for casting, with high ratios of chromium to nickel 
it is particularly important to increase the nitrogen con 
tent so that the value of Formula II falls above the line 
G] on the graph, FIG. 1. As seen in Example 19 the 
chromium nickel ratio is 5.5 and satis?es Formula I but 
the nitrogen content is only 0.07 thereby producing a 
value for Formula II which is lower than that speci?ed 
above with the result that the ductility as measured by 
elongation and notch impact values, is very poor. 

Production of alloy in cast form 

As stated above the alloy according to this invention 
is particularly suitable for production as a high quality 
casting. 
The alloy is ?rst melted by any of the Well-known steel 

melting techniques provided that all necessary precau 
tions are taken to ensure that the melt contains the‘ re 
quired proportion of nitrogen as speci?ed above. 

After being cast in a sand mould the alloy is heat 
treated as follows: 

(a) Solution treatment by heating to a temperature of 
between 1050° C. and 1200° C. followed by quenching 
in oil or water. 

(b) This is followed by precipitation hardening in the 
temperature range of 480° to 560° C. usually for from 
3-5 hours and preferably for four hours as 500° C. 

It will be noted that Examples 10 to 13 of Table B 
indicate that higher impact values can be achieved by 
modifying the precipitation hardening temperature with 
alloys having chromium/nickel ratios in excess of 5.25. 
However, this particular response to modi?cation of the 
precipitation hardening temperature is not found with 
alloys which are otherwise similar except that their nitro 
gen content is below that speci?ed above (again see 
Example 19 of Table C). 
However as Examples 9-13 show the improvement in 

ductility conferred by heat-treatrnent at higher tempera 
tures is accompanied by some reduction in hardness and 
strength. 
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Alloy in wrought form 

The invention also confers notable advantages when 
the alloy is utilized for the production of high quality 
wrought products in which case the nitrogen content 
should be controlled to between 0.1% and 0.4%. 

Table G contains examples of Wrought alloy steels in 
which nitrogen is not intentionally added or is present 
in amounts of less than 0.1% . 

It will be noted that in all of the Examples 42 to 51 
the Izod Impact Values are low and in most cases are 
well below 10 ft. libs. 

Tables D, E and F show wrought alloy steels according 
to this invention, these alloys having a composition as 
follows: 

Percent 
Chromium ___________________________ __ 23.0-30.0 

Nickel _______________________________ __ 4.0-7.0 

Molybdenum ______________ -n __________ __ 1.0-5.0 

Copper ______________________________ __ 1.0-4.0 

vSilicon ________________________________ __ 0.2-2.0 

Manganese ____________________________ __ 0.2-4.0 

Carbon _________________ -z ____________ __ 0.01-0.1 

Nitrogen ______________________________ _ _ 0. 10-04 

Iron (excepting unavoidable impurities) _____ Balance 

and wherein the chromium, nickel and nitrogen contents 
satisfy the following formulae: 

(1)) Chromium content 
Nickel content :38‘625 

(ii) 
Nickel eontent+200><nitrogen content 

Chromium content 

and wherein when the said formulae are plotted on the 
accompanying graph FIG. 2 with Formula I plotted 
against the X axis and Formula II plotted against the Y 
axis, the values of the two formulae taken together fall 
Within that area of the graph bounded by four straight 
lines extending between points A, B, C and D of the 
graph respectively having the following coordinates: 

X Y 

A ____ _ _ 3. 8 3. 72 
B ____ __ 6. 2'5 2. 96 
C ____ _ _ 6. 25 1. 1 
D .... . . 3. 8 0. 74 

In a third preferred range of alloy composition accord 
ing to this invention, nickel chromium and nitrogen con 
tents are adjusted to satisfy the following formulae: 

(-5) Chromium content_ , - 
Nickel content _‘t'o 5'25 

(ii) 
Nickel content+200 >< nitrogen content 

Chromium content 

and wherein the chromium, nickel and nitrogen contents 
are controlled such that when the said formulae are 
plotted on the accompanying graph, FIG. 2, the values of 
the two formulae taken together fall within that area 
of the graph bounded by four straight lines extending 
between points ‘E, F, L and M respectively having the 
following co-ordinates: 

X Y 

E ____ _- 4. 0 3. 66 
F ____ __ 5. 25 3. 27 
L ____ _- 5. 25 1. 32 
M ____ - _ 4. 1. 12 

It will be noted that the alloys of Examples 30-36 of 
Table D have signi?cantly improved Izod or Charpy 
Impact Values as compared with the examples given in 
Table G. It will further be noted that the signi?cant dif 
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ference between the two tables is that the alloys of Table 
D have a nitrogen content ranging from 0.15 to 0.39 
whereas the alloys of Table G the nitrogen content 
ranges from 0.05 to 0.08. 
The alloys of Table D a.-so present a useful improve 

ment in ductility measured by elongation as compared 
with the alloys of Table G. 

In the alloys of Examples 40 and 41 of Table F, the 
nitrogen content is 0.1 and 0.11 respectively and the 
improvement in the Izod or Charpy Impact Values is 
maintained but is less marked. 
Example 36 of Table D and Example 41 of Table F 

show ‘now the Izod Impact Values can be signi?cantly 
increased by heat-treatment at 525° C. for four hours. 
No corresponding increase is encountered with the alloys 
of Examples 43 and 47 of Table G while in Example 46 
although some improvement was obtained by heat-treating 
this alloy, the Izod Value was still of low order. 

In a fourth preferred range of alloy composition ac 
cording to the invention and intended for production in 
wrought form, the chromium, nickel and nitrogen con 
tents are adjusted to satisfy the following formulae: 

('5') Chromium content_ 0 _ 
Nickel content _5'“5 6'25 

(ii ) 
Nickel content + 200 X nitrogen content 

= . -— .2 

Chromium content 1 32 3 7 

and the chromium, nickel and nitrogen contents are con 
trolled such that When the said formulae are plotted on 
the accompanying graph FIG. 2, with Formula I plotted 
against the X axis and Formula II plotted against the Y 
axis, the values of the two formulae taken together fall 

F within that area of the graph bounded by four straight 
lines extending between points F, B, N and L on the graph 
respectively having the following co-ordinates: 

X Y 

F ____ __ 5. 25 3 27 
B ____ _- 6. 25 2. 96 
N ____ __ 6. 25 1. 48 
L ____ __ 5. 25 1. 32 

Examples of alloys according to this fourth preferred 
range are given in Table E, where it will be noted that the 
alloys of Examples 37 to 39 have an excellent combina 
tion of properties, together with hardness values exceed 
ing 300 Brinell Hardness Number. These alloys have 
chromium/nickel ratios (Formula I) exceeding 5.25 and 
are, therefore, to be compared with Examples 48 to 51 
of Table G and in this respect it will be noted that the 
alloys of Examples 37 to 39 possess greater ductility than 
the alloys of Examples 48 to 51. However, a more sig 
ni?cant advantage lies the excellent combination of 
proof stress and ductility obtained with the alloys of Ex 
amples 37 to 39. These alloys respond to heat-treatment 
and as shown with reference to Example 39 the ductility 
as measured by the Izod Impact Value is considerably 
enhanced by heat-treatment for four hours at 525° C. 
at the expense of some reduction in hardness and strength 
which is not practically signi?cant. 

Methods of producing alloy for wrought products 
The alloy described may be melted by any of the well 

known steel melting techniques, although it should be 
melted in electric furnaces, e.g. arc furnace, or induction 
furnace, in air or under inert atmosphere. The alloy may 
also be melted in vacuum, either in induction furnace or 
by the consumable arc process, but in this case all neces 
sary steps should be taken to ensure that the alloy con 
tains the necessary proportion of nitrogen. 
Having thus produced an alloy according to the inven 

tion, it may be cast into ingots by any conventional 
method, or alternatively, billets of any desired section 
may be produced by continuous casting. 
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We have found that ingots or billets thus produced are 

readily hot workable by all conventional methods, i.e. 
forging, rolling or extrusion over a wide temperature 
range from 900° C. to 1200° C. which is an additional 
improvement over the fully austenitic stainless steels 
which have a more restricted hot working temperature 
range and are rather susceptible to cracking during such 
hot working. 
An excellent combination of properties can be achieved 

without resorting to any subsequent heat-treatment since 
in the hot worked condition the tensile properties will fall 
within the following range: 

0.5% proof stress—-35—50 tons/sq. in. 
Tensile strength—55-65 tons/ sq. in. 
Elongation--20—50% 
Brinell Hardness——260-300 

combined with excellent corrosion resistance. 
But if these products are required to possess particu 

larly high strength or hardness values, they may be sub 
jected to a single stage heat-treatment (precipitation 
hardening) consisting of heating within the temperature 
range 400° C. to 600° C. after which they will possess 
mechanical properties and hardness values: 

0.5% proof stress-45-60 tons/sq. in. 
Tensile strength-60-80 tons/sq. in. 
Elongation—l5-40% 
Izod Impact Value—15—70 ft. lbs. 
Brinell Hardness—270—350 

Alternatively, after hot working by forging, press 
ing, rolling, extrusion or any other method, the wrought 
product may then be solution heat-treated by heating to a 
temperature in the range 1050“ C. to 1200° C. followed 
by quenching in water, oil or cooling rapidly in air. 

Being in a solution treated condition, the material is 
now susceptible to precipitation hardening which con 
sists of re-heating the product to within the temperature 
range 400° C. to 600° C. after which the tensile prop 
erties and hardness will be as follows: 
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0.5% proof stress—45—60 tons/ sq. in. 
Tensile strength-60-80 tons/ sq. in. 
Elongation—15—40% 
Izod Impact Value-15-70 ft. lbs. 
Brinell Hardness--270—350 

The hot rolled product which may be in the form of hot 
rolled sheet, strip or rod, having been subjected to solu 
tion treatment or having been rapidly air cooled from a 
hot working operation, may then» be cold worked to a 
considerable extent either by rolling, drawing or other 
conventional cold working method. 
Such cold worked products will possess tensile prop 

erties of which the following range are typical: 

0.5% proof stress—70 tons/sq. in. 
Tensile strength-—74 tons/ sq. in. 
Elongation—l2% 
Redn. in area-40% 

but these properties may be further increased by subjecting 
the cold worked product to a precipitation hardening 
treatment within the range 350° C. to 550° C. following 
which the following properties can be achieved: 
0.5 proof stress—80 tons/ sq. in. 
Tensile strength—87 tons/ sq. in. 
Elongation-12% 
Redn. in area—42% 
The high chromium content combined with a com 

paratively low nickel content of the alloys provided ac 
cording to this invention, ensures a slightly lower density 
than most previous austenitic stainless steels and Nickel 
alloys and this combined with a high modulus of elasticity 
and high proof stress, results in an alloy possessing a high 
speci?c modulus and speci?c proof stress. The alloy is, 
therefore, suited to all applications demanding a high 
strength to weight ratio combined with a high speci?c 
modulus and excellent resistance to corrosion and stress 
corrosion. 

In spite of the comparatively high content of ferrite in 
this alloy, the magnetic permeability of the ?nished prod 
uct will be in the region of 3-4 and consequently it is 
suitable for many so-called nonmagnetic applications de 
manding a high strength material. 

TABLE A.-CASTINGS 

Heat 
treatment, 0.5% Izod 

Chemical composition, percent Percent Ni 0. .=oil proof Tensile Elong- impact 
Percent plus 200Xper- quenched,l stress, strength, ation, value, 

Cr N1 M0 Cu Si Mn 0 2 Cr, Ni cent N2,Cr °C.at— T./sq. in T./sq. in. percent . lbs. 

Example: 
1 ____________ .. 24.0 6.0 2.78 3.29 1.21 1.33 0.05 0.10 4.0 1.1 500 p 38.0 60.0 33.0 28 

475 47. 0 64. 0 28. 0 17 
2 ____________ .. 25.9 5.8 2.6 3.6 1.29 1.21 0.05 0.26 4.45 2.16 500 43.0 59.0 28.0 48 

525 41. 0 58. 5 32. 0 59 
475 46. 0 63. 0 29. 0 22 

3 ____________ .. 25.2 6.65 2.24 3.72 1.28 2.37 0.06 0.24 4.45 2.12 500 43.0 60.0 31.0 59 
525 40. 0 58. 0 37. 0 60 

5.7 2.44 3.18 1.24 1.61 0.05 0.10 4.4 1.08 . 475 46.0 62.5 23.0 ________ _ 
475 47. 0 64. 0 20. 0 12 

5.4 2.37 3.5 1.2 1.15 0.06 0.13 4.7 1.23 500 47.0 62.0 26.0 43 
525 44. 0 57. 0 22. 0 46 
475 43. 0 61. 0 26. 0 16 

6 ............ .. 24.7 4.9 2.2 3.4 1.4 3.0 0.07 0.10 5.0 1.0 500 42.0 61.0 26.0 56 
525 40. 0 54. 0 35. 0 62 
475 48. 0 62. 0 26. 0 16 

7 ............ _- 25.2 5.1 1.9 3.29 1.64 1.1 0.04 0.10 5.0 1.0 500 46.0 59.0 30,0 45 
550 41. 0 55. 0 28. 0 32 
475 44. 0 57. 0 19. 0 15 

8 ____________ -- 25.0 4.9 2.3 0.6 1.5 1.2 0.06 0.10 5.0 1.0 500 46.0 55.0 20.0 25 
525 44.0 53.0 23.0 30 

1 1,120” 0. 0.Q. plus 4 hours. 
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TABLE B.—-CASTINGS 

. 113725172170723 19108310209109 N. “0.323323333392332 
B 

t7 - dceew _ oaum " hpm. " t 
mi. " 

“ nwnvt 000000000000000 gum 5.5.6 .. n?c 122 
o r l e E p 

8b.. . 000000000050060 .d n . . .5.L .om5L02.nm0.2.0m WMW66$766765765 
ens Tm/ Mt 

1 0 0000000000 
%M $m comrmeerhoaoleoz 5w00.. ~.M?4.544555554554 

ODUB S 
t 

l 5 50550550 
W =.d»_ mm?7mmm70270270 eQet 45545545545545 

I .ha 
.% :H 8.060 nu H80. 1 , mm 

.5! 1 9 6 4 

.mmXnC 9. . 0 0 1 6108 1 1. . - . 

cpocn? 1 1 1 

r. 2r. e1 9N PN p 

.tryi 4 6 8 8 8 

nCN . . . . . 

MW 5 5 5 5 5 

r e P 

2 5 2 3 2 3 

N 2 1 1 1 1 

0. 0. 0. 0. 0. 

6 5 5 5 

t C M 0 0 0 0 
m 0. 0. 0. 0 0 

c 

M n 9 8 4 1 1 p M 0 1 8 2 2 

v L 1 2. L L 

m 1 7 

5 
um S M 1 1 W 

.m L L 1 L L 

m. 

8 0 5 5 

m w m 1 . 0 0 

0 . . 3 . . 

C 3 3 3 3 

.m 0 9 0 7 7 

8 

c - - 

1M M 1 2 0W 

2 1 1 

e 

% .1 3 6 9 6 6 

N 5. 1 4.. 1 4. 

mm 6 8 3 8 7 

am 5. cm 6” 6” 2 2 2 2 2 
n - u _ - 

- u n n - 

.. _ _ 

h u ._ n A . 

p _ o. 1. 2. 3_ 

_ 

m 9 1 1 1 1 

a X E . 

TABLE C.—CASTINGS 

Izod 
impact 

Heat treat 
ment, 0 .Q. 

0.5% 
proof 

stress, 
Tensile 

strength, 
t./sq. 

Percent Ni Chemical composition, percent 

Ni 
plus 200X oil quenched,l value, 

ft. s . 

Elon 
gation 

. percent 
Percent 

N2 Cr, Ni 0 Cu Si Mn Mo Cr 

3. 35 
4. 35 mw 0.0. 6 0.0 991 08 1. 3 1. 

1.31 0. 

1.3 0.0 0.04 0.05 

0 6.8 2.3 3 
9 5 7 2. 5 3. 2 

2. 5 3.29 

Example: 
14___.......... 23. 
15____.-_______ 4 

16_.___________ 24.9 4.5 5.5 

4.9 1.3 1.1 0.08 0.03 0.2 17___....._____ 23.5 4.75 2.2 

5.0 18____-__._-___ 23.6 4.75 1.9 4.0 1.3 1.09 0.08 0.03 

5.5 1.0 1.0 0.04 0.07 10______.--____ 27.0 4.9 2.2 3.0 

1 1,120° 0.0.Q. plus 4 hours. 

TABLE D.——HOT ROLLED BARS 

Izod 
Elon- impact 
gation 

percent 

0.5% 
proof 

stress, 
Chemical composition, percent 

value, 
ft lbs, 

Tensile 
strength, 
t. /sq. in. 

Percent Ni+200XNz, Heat~ treat 
N2 Cr, Ni percent Cr ment,10 0. t./sq. in. 0 Cu Si Mn Ni Mo Cr 

96474732 83854525 9.747910903 5336546146 0000000000 33232333 8080028628 4090424312 525 
000050550 000070270 555545545 {[1 

4H1“ .2. 1 . 3 1 3 

6559 5 2 A“3300 6 5. 447m , 4“ 9707 5 8 3.1.22 1 3 00.0.0. 0. O 857 8 6 000 0 0 028 9 8 314 7 1 11L1 L L 5232 5 1 4535 7 6 5517 8 no L736 0 9 121 2. L 
28 0 5 8 2.4 3 8 5 

2.L2 2. 2. 2782 5 0 5.5.5.5 5. 5. 
5 0 

5.. . 

2 % _ _ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ 

_ _ 
_ . . . . . . _ 

5 6 3 3 

14 hours at. 

TABLE E.———HOT ROLLED BARS 
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d5 1. mmmm Im?ad .mvn . é 
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“mm min E D. e . mmm mnm. Tee Ht. S 
0.1 : wmmm. On?q 5% 

1 . muck man a 
tm m 5mm mvNAw m... mp $0.1 1 mN. mm P 

N 
t 0 

D e 
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p M 
n. 

o .1 WM 5 m 
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m C 
c 1 

w 0 m M 
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i 
c N 

r c 

8 0 2. 
Example: 

37__.-_____ 26. 7 4.8 2.12 
52 2 1. 38____-.___ 27.8 

39___-_.___ 26.3 4.8 2.37 1.75 5.5 .56 1.52 0.10 0.21 

1 4 hours. 

TABLE F.—HOT ROLLED BARS 

Heat 
Izod 

impact 
Ni plus treat- 0.5% 
200 XNz, ment,1 proof 

° stress, 
t/sq. in. 

Chemical composition, percent 

Ni 

Tensile Elonga 
strength, tion, value, 

q. in. percent ft. lbs. 
Percent percent 

Or 0 Cu Si Mn Mo Cr 

1.1 4. 0 

4. 55 

Example: 
40__.___--- .1 6.0 2.20 1. 65 .52 1.16 .08 0.10 

41._.._-.._ 25. 1 5. 5 2.37 1. 75 .33 . 88 0. 10 0. 11 

14 hours. 
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Percent Ni 0.5% _ Izod 
Chemical composition, percent plus 200 X Heat-treat- proof Tensile Elonga- impact 

Percent percent ment 1, ° 0. stress, strength, tion, value, 
Cr Ni Mo Cu Si Mn 0 N2 Cr, Ni N2, Ct at- t./sq. in. _ t./sq. in. percent ft./lbs. 

Example: . 
42 ___________ __ 23. 8 6.05 2. 32 1. 86 0. 49 1. 30 0.05 0.07 3. 94 0.67 500 58. 5 65.5 22.0 6, 6, 6 

475 65.9 75.2 18.0 4,4,6 
43 ___________ ._ 25. 5 6.05 2. 64 1. 86 0. 96 1. 91 0. 08 0.07 4. 22 0. 78 500 58. 4 66.9 20. 0 4, 6, 7 

525 57. 4 65. 9 20. 0 6, 7, 8 
475 60. 8 69. 0 21. 0 3, 4, 4 

5. 65 2. 64 2. 19 0. 55 1. 21 0.05 0.07 4. 42 0.79 { 500 56. 3 64. 8 20. 0 5, 6, 7 
525 50. 6 57. 4 22. 0 11, 13, 14 
475 67. 0 74. 7 18. 0 5, 2, 2 

5. 8 2. 64 2. 10 0. 75 1. 79 0. 08 10. 7 4. 45 0. 77 500 62. 2 70. 7 22. 0 2, 4, 4 
525 57. 1 65. 6 20. 0 7, 6, 6 

5. 5 2. 48 1. 98 0. 47 1. 21 0. 06 0. 056 4. 47 0. 68 500 57. 2 65. 5 21. 0 4, 4, 5 
6. 05 2. 12 1. 86 0. 59 1. 30 0 04 0. 08 4. 65 0. 79 500 66. 5 73. 0 23. 0 3, 4, 4 

4 4.8 1. 97 1. 98 0.51 1. 15 0. 06 0. 065 5. 3 0. 71 500 58. 0 65. 0 22. 0 4, 5, 6 
9 4. 8 2. 32 2. 19 0. 39 1. 2 0. 08 0. 06 5. 4 0. 65 500 53. 8 63. 0 28. 0 5, 6, 7 
4 4. 8 2.10 2.19 0.37 1. 21 0.07 0.10 5. 5 0. 95 500 50. 0 60. 32 17. 0 8, 7, 6 
9 4. 8 2. 30 1. 75 0. 43 1. 30 0.08 0.06 5. 6 0. 63 500 59. 2 72. 2 18. 0 2, 2, 3 

l 4 hours. 

We claim: (ii) 
1. A corrosion resistant and Wear resistant high 20 . _ 

strength ferritic-austenitic steel consisting of: Nickel content-i‘ 200 X mtrogen cOntent=0_77_3_6 5 

Percent 
Chrominum _________________________ __ 23.0-30.0 

Nickel ______________________________ __ 4.0-7.0 

Molybdenum ________________________ __ 1.0-5.0 

Copper _____________________________ __ 1.0-4.0 

Silicon ______________________________ __ 0.2-2.0 

Manganese __________________________ __ 0.2-4.0 

Carbon _____________________________ __ 0.01-0.l 

Nitrogen ____________________________ __ 0.06-0.4 

Iron (excepting unavoidable impurities) ____ Balance 

and wherein the chrominum and nickel and nitrogen con 
tents satisfy the following formulae: 

(1,‘) Chromium content 

(ii) 
Nickel content+ 200 X nitrogen content 

Chromium content 

and wherein when the said formulae are plotted on the 
accompanying graph, FIG. 1 or 2, with Formula 1' plotted 
againt the Y axis, and formula ii plotted against the Y 
axis, the values of the two formulae taken together fall 
within that area of the graph bounded by four straight 
lines extending between points A, B, C and D of the 
graph respectively having the following coordinates: 

= 0.74-3.72 

2. A corrosion resistant ferritic-austenitic high strength 
steel capable of being cast and hardened by heat-treatment 
to produce in the casting 0.5% yield strength of at least 
40 tons per square inch and consisting of: 

Percent 
Chromium ___________________________ __ 23.0-30 

Nickel _______________________________ __ 4.0-7.0 

Molybdenum _________________________ __ l0-5.0 

Copper ______________________________ __ 1.0—4.0 

Silicon _______________________________ __ 0.2-2.0 

Manganese ___________________________ __ 0.2-4.0 

Carbon ______________________________ __ 0.01-O.1 

Nitrogen _____________________________ __ 0.06-0.4 

Iron (excepting unavoidable impurities) _____ Balance 

and wherein the chromium, nickel and nitrogen contents 
satisfy the following formulae: 

(2') Chromium content 

25 

35 

40 

45 

50 

60 

65 

70 

75 

Chromium content 

and wherein when the said formulae are plotted on the 
accompanying graph FIG. 1, with Formula i plotted 
against the X axis and Formula ii plotted against the Y 
axis, the values of the two formulae taken together fall 
within that area of the graph bounded by four straight 
lines extending between points E, F, G and H on the 
graph respectively having the following coordinates: 

X Y 

4. 0 3 65 
5. 25 3. 27 
5. 25 0. 95 
4. 0 0. 77 

3. A corrosion resistant and wear resistant high 
strength ferritic-austenitic steel capable of being cast and 
hardened by heat-treatment to produce in the casting a 
0.5% yield strength of at least 45 tons per square inch 
and consisting of: 

Percent 
Chromium __________________________ __ 23.0-30.0 

Nickel ______________________________ __ 4.0-7.0 

Molybdenum ________________________ __ 1.0-5.0 

Copper 1.0-4.0 
Silicon 0.2-2.0 
Manganese __________________________ __ 0.2-4.0 

Carbon _____________________________ __ 0.01-0.1 

Nitrogen _____ .._ 0.08—0.4 

Iron (excepting unavoidable impurities) ..___ Balance 

and wherein the chromium, nickel and nitrogen contents 
satisfy the following formulae: 
(2') Chromium content 

Nickel content =5'25_5'9 

(ii) 
Nickel content + 200 X nitrogen content 

Chromium content 

and wherein when the said formulae are plotted on the 
accompanying graph FIG. 1, with Formula i plotted 
against the X axis and Formula ii plotted against the Y 
axis, the values for the two formulae taken together fall 
within that area of the graph bounded by four straight 
lines extending between points F, I, J and G of ‘the graph 
respectively having the following co-ordinates: 

4. A corrosion resistant and wear resistant high strength 
ferritic-austenitic steel capable of being cast and hardened 
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by heat-treatment to at least 300 Brinell and consisting 
of: l ' ‘ 

~ * . {Percent 

Chromium ______________ _..: ___________ _._ 23.0-30.0 

Nickel __.._e._ ' 4.0-7.0 

Molybdenum ___________ __i ______ _'_ ____ __ " 1.0-5.0 

Copper -__ 1' 1.0-4.0 

Silicon ____' ___________________________ __ 0.2-2;0 

Manganese '_ ____ -2 _____ up,’ ____________ __. 0.2-4.0 

Carbon " 0.-01-0.1 

Nitrogen _"_ ____________ __' _____ -1; ____ __._ 0.08-0.4 

Iron (excepting unavoidable impurities) __.___ Balance 

and wherein the chromiumfnickel and nitrogen contents 
satisfy the following formulae: 

(1') Chromium content 
Nickel content 

(ii) 7 

Nickel content + 200 X nitrogen conten 
" Chromium content 

and wherein when the said formulae are plotted on the 
accompanying: graph with Formula i plotted against the 
X ordinate and Formula ii plotted against the Y ordi 
nate, the values of the two formulate taken together fall 
within that area of the graph bounded by four straight 
lines extending between points F, I, J and G of the graph 
respectively having the following coordinates: 

X Y 

F ____ __ 5. 25 3.27 
I _____ -_ 4.9 ace 
:J. .... -_ 5.9 1.05 
G ____ -_ 5. 25 0. a5 

5. A corrosion resistant and wear resistant high strength 
ferritic-austenitic steel consisting of z - 1 

Percent 
Chromium ____i ____________ __'; _______ _.. 23.0-30.0 

Nickel . 5 " 4.0-7.0 

Molybdenum ~ 5 ' 1.0-5.0 

Copper _..._ 3.0-4.0 

Silicon _______________________________ __ 0.2-2.0 

Manganese 0.2-4.0 
Carbon W _____ 0.01-0.1 

Nitrogen _.___ 0.10-0.40 
Iron (excepting unavoidable impurities) _____ Balance 

and whereinrthe chromium and nickel and nitrogen con 
tents satisfy the following formulae: 2 

(i) Chromium eontent__ _ 
Nickel content _4'O 5'25 

(ii) 
Nickel content + 200 X nitrogen content 

. — 1.12-3.65 

Chrommm content 

and wherein when the said formulae are plotted on the 
accompanying graph, FIG. 2, with Formula i plotted 
against the X axis and Formula ii plotted against the Y 
axis, the values of the two formulae taken together fall 
within that area of the graph bounded by four straight 
lines extending between points E, F‘, L and M of the graph 
respectively having the following coordinates: 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

6 . 

- 75—-—128 

X Y 

E ____ __ 4. 0 3. 66 5' 
F-:_____ 5. 25 3. 27 
L ____ __ 5.25 1.32 

M ____ __ 4. 0 1. 12 ‘ 

6. A corrosion resistant and-wear resistant high strength 
fer'ritlc-austenitic steel consisting of: 

7 Percent 

Chromium' ____________ __> _____________ __ 23.0-30 

Nickel ____ __ __; _1___ 4.0-7.0 

Molybdenum ___; ___________________ __7__ 1.0-5.0 

Copper _' ____________________ _1' _____ __5__ 10-40 

Silicon -7 _____ __£ _____ __"_ ______________ __ 0.2-2.0 

Manganese _________________________ _i__ 0.2-4.0 
Carbon _- ___________ __"; _____ n: ________ .. 0.01-0.1 

Nitrogen ____ _; ______ _; _______________ __ 0.10-040 

Iron (excepting unavoidable impurities) __':_.._. Balance 

and wherein the chromium, nickel and nitrogen contents 
satisfy the following formulae:E 
(i) : Chromium content 

Nickel content - 

(ii ) r Nickel content +200 X nltrogen content _ 1.32_3‘27 
uhromlum content 

and wherein when the said formulae ,are plotted on the 
accompanymg grapH, FIG. 2, with Formula i plotted 
against the X axis and Formula ii plotted against the Y 
axis, the values of the two formulae taken together fall 
within that area of the graph bounded by four straight 
lines extending between points F, B, N and L on the graph 
respectively having the following co-ordinates: ~ 

7. A corrosion resistant and wear resistant high strength 
ferritic-austenitic steel consisting of: 

Percent 
Chromium ___________________________ __ 23.0-30.0 

Nickel ____ ' ' -4.0-7.0 

‘Molybdenum? ___ 1.0-5 .0 
Copper ___ 7 '’ 1.0-4.0 

Silicon ____: _____ _: ______ Q ___________ __ 0.2-2.0 

Manganese L __________________________ __' 0.2-4.0 
Carbon _____ i I '’ 0.0l-0.1 

Nitrogen _; _____ __' ____________________ _._ 0.06-0;4 

Iron (excepting unavoidable impurities) ____:' Balance 
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