
United States Patent Office 3,690,870 
Patented Sept. 12, 1972 

1. 

3,690,870 
STANLESS STEEL 

Eugene Williams, Pittsburgh, Pa., assignior to 
United States Steel Corporation 

No Drawing. Fited Aug. 26, 1970, Ser. No. 67,293 
Int, C. C22c 37/10, 39/54 

U.S. C. 75-124 2 Claims 

ABSTRACT OF THE DISCLOSURE 
A low cost ferritic stainless steel with exceptionally 

good corrosion resistant properties having the following 
composition: 
Carbon------------------ 0.1% maximum. 
Manganese--------------- 2.0% maximum. 
Silicon------------------- 0.5% maximum. 
Chromium--------------- 6-12%. 
Aluminum---------------. 2-7%. 
Copper------------------ 0.2-3.0%. 
Molybdenum------------- up to 2.0%. 
Iron--------------------- balance. 

wherein chromium plus aluminum is at least about 13.0% 
and copper plus molybdenum is at least 0.5%. 

BACKGROUND OF THE INVENTION 
This invention relates generally to stainless steel, and 

more specifically, to a new, low cost, 6 to 12 percent 
chromium stainless steel having corrosion resistance equal 
to or better than the conventional 17 percent chromium 
stainless steels. 
The superior corrosion resistance of commercial stain 

less steels is primarily due to the addition of chromium 
to the alloy in amounts which vary from 4 to 30 percent. 
Since the corrosion resistance of stainless steel is more 
or less a direct function of the chromium content, it is 
well accepted that those stainless steels having large 
amounts of chromium are usually superior in corrosion 
resistance to those having lesser amounts. 
The three most common stainless steels in commercial 

use today are the AISI (American Iron and Steel Insti 
tute) Types 410, 430 and 304 which contain about 12, 17 
and 18 percent chromium respectively. Of these three 
most common stainless steels, AISI Type 304, having the 
greatest amount of chromium plus about 8% nickel, is 
the best for conventional corrosion resistance applications. 

In addition to being one of the major constituents for 
corrosion resistance, chromium is also the principal cost 
element in most commercial stainless steels. Therefore, 
AISI Type 304 stainless steel, in addition to being Su 
perior in corrosion resistance, is also more expensive than 
AISI Types 410 and 430 or most other lower chromium 
stainless steel. 

Because of the relatively high cost of chromium, there 
are continuing efforts to find replacements for at least 
a portion of chromium by other cheaper elements that 
would reduce production costs yet maintain a reasonably 
high degree of corrosion resistance. 

In my co-pending joint patent application, Ser. No. 
829,110 now Pat. No. 3,594,156, there is disclosed one 
such stainless steel having only 6 to 12 percent chromium, 
and yet having corrosion resistance characteristics equal 
to or greater than AISI Type 304 stainless steel. In that 
steel small, relatively controlled amounts of aluminum, 
copper, molybdenum and columbium are added to the 
steel to more than compensate for the reduced chromium 
Content. 

SUMMARY OF THE INVENTION 
This invention is predicated upon my development of 

a new statinless steel wherein a portion of the chromium 
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2 
content is replaced by controlled amounts of aluminum 
and copper and with optional additions of molybdenum. 
No columbium is added to this steel. This lower cost stain 
less steel contains chromium in amounts of from 6 to 12 
percent, and yet has corrosion resistance characteristics 
equal to or greater than AISI Type 430 stainless steel. 
Although the steel of this invention is not quite as cor 
rosion resistant as is the alloy containing columbium, i.e., 
it being comparable to AISI Type 430 rather than Type 
304, it is substantially cheaper without additions of colum 
bium, and further, molybdenum can be completely elim 
inated where economy is the major consideration. 

Accordingly, it is an object of this invention to provide 
a new low cost stainless having exceptionally good cor 
rosion resistance and containing from 6 to 12 percent 
chromium and lesser controlled amounts of aluminum 
and copper with optional additions of molybdenum. 

It is another object of this invention to provide a new 
low cost statinless steel having from 6 to 12 percent chro 
mium and yet having corrosion resistance characteristics 
equal to or greater than the 17 percent chromium stain 
less steels. 

It is a further object of this invention to provide a 
new stainless steel having corrosion resistance character 
istics equal to or greater than AISI Type 430 stainless 
steel and yet utilizing lesser amounts of chromium. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Although aluminum, molybdenum, and copper are 
known to impart some small degree of corrosion resist 
ance to steel, I have found that there are substantial 
beneficial interactions between certain combinations of 
these elements which even further contribute to corrosion 
resistance. Even relatively small combined amounts of 
chromium and aluminum, or copper, with or without 
molybdenum will render exceptional corrosion resistant 
characteristics to a steel, I have further found that a 
combination of these beneficial interactions can be used 
as a substitute for a large portion of the chromium in 
stainless steels without an adverse effect on corrosion re 
sistance. These substituted elements being cheaper in cost 
and being used in comparatively smaller amounts have 
the effect of making a high quality stainless steel cheaper 
to produce and yet maintaining exceptional corrosion re 
sistance characteristics. A stainless steel in accordance 
with this invention therefore may have corrosion resist 
ance characteristics equal to or better than AISI Type 
430 statinless steel while containing about half, or even 
less than half as much chromium and low cost quantities 
of aluminum and copper, and molybdenum if desired to 
optimize corrosion resistance. 
The statinless steel of this invention is ferritic and has 

the following general composition: 
Carbon------------------ 0.1% maximum. 
Manganese--------------- 2.0% maximum. 
Silicon------------------. 0.5% maximum. 
Chromium--------------- 6 to 12. 
Aluminum---------------. 2 to 7. 
Copper------------------ 0.2 to 3.0%. 
Molybdenum------------- 0.0 to 2.0%. 

The balance of the steel should of course be iron (i.e., 
iron with other usual steelmaking impurities). The above 
composition range is further limited by the facts that the 
combination of chromium plus aluminum must be at least 
13 percent or very near thereto and that the copper or 
combination of copper plus molybdenum must be at least 
0.5 percent. 
Although as little as 2 percent aluminum will be bene 

ficial to the corrosion resistance properties of steels hav 
ing the higher chromium contents, optimum results are ob 
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tained only if the aluminum is maintained within the 
range of 5 to 7 percent at ideal chromium contents of 6 to 
10 percent. Chromium contents toward the higher end of 
the range will of course provide slightly better corrosion 
resistance. Since the improved corrosion resistance to 
Wards the extreme higher end of the range is quite slight, 
however, only about 8 percent chromium or from 6 to 10 
percent is preferred for most applications as a practical 
good balance between corrosion resistance and economy. 
Since the foremost essential requirement is that chromium 
plus aluminum equal at least about 13 percent, a provision 
for 8 percent chromium will make it essential that at 
least about 5 percent aluminum be added. 

Although molybdenum may be completely eliminated, 
Cupper, on the other hand, must be present in an amount 
of at least 0.5 percent, or at least 0.2 percent when the 
steel contains 0.3 percent molybdenum or more. Ideally, 
copper is maintained between 0.7 and 1.0 percent for op 
Limum effect on corrosion resistance, with or without the 
presence of molybdenum. Additions of molybdenum 
should be eliminated when economy is the major consid 
eration, but for optimum corrosion resistance, molyb 
denum in concentrations of at least about 1.0 percent is 
preferred. Increasing the molybdenum and/or copper con 
tents above the preferred 1.0 percent each will provide 
only slight improvement in corrosion resistance up to 
about 2.0 percent each, or up to about 3.0 percent copper 

Example 
No. 

AISI430---- 
1. 

5 

O 
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4. 
proper solution, the "stainless' metals inherently passi 
vate without the applied force. The driving force for the 
electrochemical reaction is provided by the currents re 
Sulting from local variations in potential at the metal 
surface. The inherent ability to form a protective film 
(passivate) requires that this reaction have a thermody 
namic and kinetic tendency greater than any other elec 
trode reaction that might possibly take place. 
A metal is passive if, on increasing the electrode poten 

tial toward more noble values, the rate of anodic dissolu 
tion in a given environment under steady-state conditions 
becomes less than the rate at same less noble potential. 
The tendency for passivation of stainless steels is a func 
tion of both a critical current density and a critical po 
tential. Therefore, by measuring these parameters and 
comparing them with those values for commercially avail 
able stainless steels, the passivation tendency, and hence 
the corrosion resistance characteristics, for any experi 
mental heat can be readily evaluated. A strong tendency 
to passivate is manifested by an active passivation poten 
tial and a low critical current density. 

Table I below contrasts the critical current density and 
chemistry of AISI Type 430 stainless steel with a repre 
sentative sampling of the experimental heats, most of 
which had compositions in accordance with this invention. 
AISI Type 430 stainless steel was shown to have a critical 
current density of 7.2 ma/cm.?. 

TABLE 

Chemical composition, by weight Critical 
X current, 

C MI P S Si Cr Al Cl Mo ma?am. 

0.610 0.65 0.020 0, 007 0. 52 17.10 0.01 7.2 
0.006 0.52 0.005 0.003 KO. 03 8.49 4.93 5.5 
0.080 0.5 0.017 0.005 0.28 8.95 3.98 7.2 
0.065 0.51 0, 01 0.005 0.29 7.9 5, 19 7.2 
0.025 0, 50 0005 0.006 0.028 8.00 498 4.25 
0, 06 0.53 0.005 O,008 0.96 8,34 5,99 3.3 
0.005 0.53 0.004 0.008 0.94 8, 14 5.02 3.2 
0.016 0.53 0.005 0.009 0.12 8.37 5, 18 2.6 
0, 004 0.54 0.005 0.007 0.09 8.14 4.94 3.1 
0.015 0.51 0.04 0.006 0.3 8,98 4.86 5.0 
0.08 O, 51 0, 017 O,005 0.28 8.95 3,98 7. 
0.065 0,5 0.017 0.005 0.29 7.9, 5.9 7. 
0.015 0.51 0, 04 0, 006 0.13 8.98 4.86 5.0 
0.068 0.52 0.015 0.006 0.29 0.30 94. 0.0 
0.050 0.50 0.006 0.01 0. 7.86 4.19 9.0 
0.048 0, 52 0, 006 0, 008 0.4 8.07 4.43 4.0 

Not determined residual amounts. 

when molybdenum is absent. Beyond these limits no ap 
parent improvement is obtained. 

Accordingly, the preferred composition of this stain 
less steel, for optimum corrosion resistance at a minimum 
cost, would be about 8 percent chromium, 5 percent alu 
minum and 1 percent each of copper and molybdenum. 
The effect of copper on corrosion resistance properties 

is actually detrimental at chromium contents below 6 per 
cent, but of course beneficial at chromium levels above 6 
percent. Therefore, the minimum chromium content of 6 
percent is somewhat critical to avoid the adverse effects 
of copper. 

Nickel, titanium and silicon additions were considered 
for this alloy, but neither showed any beneficial effect. 
Nickel and titanium are neither beneficial nor detrimental. 
Silicon, on the other hand, not only has a detrimental 
effect on corrosion resistance, but further adversely af 
fects the metallurgical quality of the steel. Therefore, 
silicon should be kept at residual impurity amounts of no 
more than 0.5 percent. 

In order to quantitatively evaluate the stainless steels 
of this invention, over 70 heats of steel having varying 
compositions were tested for actual corrosion resistance 
and potentiodynamic polarization. The potentiodynamic 
polarization test is based upon the fact that stainless steels 
achieve their high resistance to corrosion by their ability 
to spontaneously passivate (i.e., form a protective oxide 
film) in the corrosive environment. Although active metals 
such as iron can be made to passivate electrolytically by 
the application of an electrical current or potential in a 
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In Table I above, it is readily apparent that the stain 
less steels having compositions in acordance with this in 
vention do have equal or lower critical current densities 
than the AISI Type 430 stainless steel, and hence, equal 
or greater corrosion resistance tendencies. 
Upon careful examination of the specific examples 

shown in the above Table I, it should be noted that the 
last three examples had compositions outside the critical 
ranges taught above. Examples 13 contained insufficient 
aluminum at 1.94 percent, Example 14 contained insuf 
ficient chromium plus aluminum at 12.05 percent, and 
Example 15 contained insufficient copper at 0.31 percent. 
It should be further noted that each of these examples dis 
played higher critical current densities than the standard, 
AISI 430. It may be further noted that Examples 2, 4 and 
10 contained very slightly less than 13 percent combined 
chromium plus aluminum, namely 12.93 percent, 12.98 
percent and 12.93 percent respectively. These examples 
were, however, sufficiently close to the 13 percent limit 
that they did possess the desired lower critical current 
densities. Examples 13 and 14 containing combined alumi 
num and chromium levels of 12.24 percent and 12.05 
percent respectively were insufficient, and hence, substan 
tially inferior to the standard AIS 430 steel. 
The above potentiodynamic polarization tests were 

verified by exposing samples of my stainless steel along 
with samples of AISI Type 430 stainless steel to the cor 
rosive atmosphere of a coke making plant. After seven 
months exposure, my stainless steels were substantially 
less corroded than the AISI Type 430 samples, In addi 
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tion, the test heats were given chemical corrosion tests in 
sulfuric acid and sodium chloride. Table II below shows 
typical results contrasting two experimental heats with 
AISI Type 430. The first experimental heat was Example 
12 also shown in Table I above. The second experimental 
heat, Example 16, is a heat (not shown in Table I) having 
a composition outside the scope of this invention. 

TABLE II 

6 
bined chromium plus aluminum content being at least 
about 13.0 percent, and the combined copper plus molyb 
denum content being at least 0.5 percent. 

2. A low chromium stainless steel according to claim 
1 having about 8 percent chromium, 4 to 7 percent alumi 
num, and about 1 percent each of copper and molyb 
denum. 

Atmosphere corrosion tests, 
6 months Wet chemical corrosion tests 

5%, HSO4 at 36% NaCl at Major alloying elements Weight loss, g. 3. is: 3% E. 
47 hrs., weight 47 hrs., weight 

Example No. Heat No. Cr Al Cu Mo Testi Test i2 Average loss, gm. loss, gin. 

Standard--------- AISI430. 17.00 (1) 0.06 0.14 0.3031. 0.3204 0.317 5.4365 0.0095 
12----------------- 22047 8.98 4.86 1,03 (1) 0.2843 0,3233 0.3038 3.2275 0.002 
16----------------- Z21049 8.05 3.97 0, 42 0.22 0.4795 0,4860 0.4827 6,550 0.0090 

1 See footnote at end of table I. 

Examination of Table II will show that the steel in ac- References Cited 
cordance with this invention (Example 12) was indeed UNITED STATES PATENTS 
superior in corrosion resistance to AISI Type 430 steel. p 2 
Example 16, which contained an insufficient amount of 1763,421 7/1930 De Vries ------------ 75-124 
copper and an insufficient amount of chromium plus 25 SE S. 12: R. Yies -- - - - - an an a mesos 2:3: 
aluminum (12.02 percent) was inferior to AISI Type 430 - - -/3 TIS -------------- - 
steel. ( p ) yp 1,833,723 11/1931 Ruder -------------- 75-124 

I claim: 2,816,830 12/1957 Kegerise ------------- 75-125 
1. A low chromium ferritic stainless steel consisting es- 2,848,323 8/1958 Harris -------------- 75-125 

sentially of up to 0.10 percent carbon, up to 2.0 percent 30 
manganese, 6 to 12 percent chromium, 2 to 7 percent 
aluminum, 0.2 to 3.0 percent copper, up to 2.0% molyb 
denum, and the balance substantially iron with the com 

HYLAND BIZOT, Primary Examiner 
U.S. C. X.R. 

75-125 


