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Abstract

It is desirable to produce a fervitic stainless steel with corrosion resistance comparable to that of
ASTM Type 304 stainless steel but that is substantially nickel-free for reduced cost. The ferritic
stainless steel is dual stabilized with a titanium concentration of 0.10 to 0.25 percent by weight
and a niobium concentration of 0.20 to 0.30 percent by weight to provide protection from
intergranular corrosion. The steel further includes a chromium concentration of 20 to 23 percent
by weight, a copper concentration of 0.5 to 0.75 percent by weight, and a molybdenum
concentration of 0.20 to 0.60 percent by weight to provide pitting resistance without sacrificing
stress corrosion cracking resistance. Such a steel is particularly useful for commodity steel sheet
commonly found in commercial kitchen applications, architectural components, and automotive
applications, including but not limited to commercial and passenger vehicle exhaust and selective
catalytic reduction components.
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Cost-effective Ferritic Stainless Steel

Joseph A. Douthett
Shannon Craycraft

SUMMARY

It is desirable to produce a ferritic stainless steel with corrosion resistance
comparable to that of ASTM Type 304 stainless steel but that is substantially
nickel-free, dual stabilized with titanium and columbium to provide protection
from intergranular corrosion, and contains chromium, copper, and molybdenum to
provide pitting resistance without sacrificing stress corrosion cracking resistance.
Such a steel is particularly useful for commodity steel sheet commonly found in
commercial kitchen applications, architectural components, and automotive
applications, including but not limited to commercial and passenger vehicle

exhaust and selcctive catalytic reduction (SCR) components.
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DESCRIPTION OF THE DRAWINGS
While the invention is claimed in the concluding portions hereof, example embodiments are
provided in the accompanying detailed description which may be best understood in conjunction
with the accompanying diagrams where like parts in each of the several diagrams are labeled
with like numbers, and where:

Fig. 1 is a phase diagram showing the solubility curve of titanium nitride;

Fig. 2 is a graph showing the chemical immersion evaluations of nickel in 1% hydrochloric acid
immersion;

Fig. 3 is a graph showing the chemical immersion evaluations of chromium in 5% sulfuric acid
immersion;

Fig. 4 is a graph of electrochemical anodic dissolution current density versus % copper;
Fig. 5 1s a graph of electrochemical breakdown potential (Epit;oo) versus % copper;
Fig. 6 is a graph of electrochemical breakdown potential (CBD) versus % copper;

Fig. 7 is a graph of electrochemical repassivation potential (CBD) versus % copper;
Fig. 8 is a graph of electrochemical repassivation potential (Ei)itloo) versus % copper;

Fig. 9 1s a graph showing the poteniostatic behavior of ID 92 versus 304L in 3.5% sodium
chloride; and

Fig. 10 is a graph showing the potentiodynamic behavior of ID 92 in 3.5% sodium chloride.
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DETAILED DESCRIPTION

In the ferritic stainless steels, the inter-relationship of and amount of titanium,
columbium, carbon, and nitrogen are controlled to achieve subequilibrium surface
quality, substantially equiaxed cast grain structure, and substantially full
stabilization against intergranular cotrosion. In addition, the inter-relationship of
chromium, copper, and molybdenum is controlled to optimize corrosion

resistance.

Subequilibrium melts are typically defined as compositions with titanium and
nitrogen levels low enough so that they do not form titanium nitrides in the alloy
melt, Such precipitates can form defects, such as surface stringer defects or
laminations, during hot or cold rolling. Such defects can diminish formability,

corrosion resistance, and appearance. Fig. | was derived from an exemplary
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[0005]

[0006]

[0007]

phase diagram, created using thermodynamic modeling for elements of titanium
and nitrogen at the liquidus temperature for an embodiment of the ferritic stainless
steel. To be substantially free of titanium nitrides and be considered
subequilibrium, the titanium and nitrogen levels in the ferritic stainless steel
should fall to the left or lower portion of the solubility curve shown in Fig. 1. The
titanium nitride solubility curve, as shown in Fig. 1, can be represented

mathematically as follows:
Equation 1: Timax = 0.0044(N"077)

where Timax is the maximum concentration of titanium by percent weight, and N
is the concentration of nitrogen by percent weight. All concentrations herein will

be reported by percent weight, unless expressly noted otherwise.

Using Equation 1, if the nitrogen level is maintained at or below 0.020% in an
embodiment, then the titanium concentration for that embodiment should be
maintained at or below 0.25%. Allowing the titanium concentration to exceed
0.25% can lead to the formation of titanium nitride precipitates in the molten
alloy. However, Fig. 1 also shows that titanium levels above 0.25% can be

tolerated if the nitrogen levels are less than 0.02%.

Embodiments of the ferritic stainless steels exhibit an equiaxed cast and rolled
and annealed grain structure with no large columnar grains in the slabs or banded
grains in the rolled sheet. This refined grain structure can improve formability and
toughness. To achieve this grain structure, there should be sufficient titanium ,
nitrogen and oxygen levels to seed the solidifying slabs and provide sites for
equiaxed grains to initiate. In such embodiments, the minimum titanium and

nitrogen levels are shown in Fig. 1, and expressed by the following equation:
Equation 2; Timin = 0.0025/N

where Timin is the minimum concentration of titanium by percent weight, and N is

the concentration of nitrogen by percent weight.

Using the Equation 2, if the nitrogen level is maintained at or below 0.02% in an
embodiment, the minimum titanium concentration is 0.125%. The parabolic curve

depicted in Fig. 1 reveals an equiaxed grain structure can be achieved at nitrogen

2



CA 02868278 2014-09-22

WO 2013/151992 PCT/US2013/034940

[0008]

[0009]

[0010]

levels above 0.02% nitrogen if the total titanium concentration is reduced. An
equiaxed grain structure is expected with titanium and nitrogen levels to the right
or above of plotted Equation 2. This relationship between subequilibrium and
titanium and nitrogen levels that produced equiaxed grain structure is illustrated
in Fig. 1, in which the minimum titanium equation (Equation 2) is plotted on the
liquidus phase diagram of Fig. 1. The area between the two parabolic lines is the

range of titanium and nitrogen levels in the embodiments.

Fully stabilized melts of the ferritic stainless steels must have sufficient titanium
and columbium to combine with the soluble carbon and nitrogen present in the
steel. This helps to prevent chromium carbide and nitrides from forming and
lowering the intergranular corrosion resistance. The minimum titanium and
carbon necessary to lead to full stabilization is best represented by the following

equation:
Equation 3: Ti+ Cbyin=0.2% + 4(C + N)

where Ti is the amount of titanium by percent weight, Cbp, is the minimum
amount of columbium by percent weight, C is the amount of carbon by percent

weight, and N is the amount of nitrogen by percent weight.

In the embodiments described above, the titanium level necessary for an equiaxed
grain structure and subequilibrium conditions was determined when the maximum
nitrogen level was 0.02%. As explained above, the respective Equations 1 and 2
yielded 0.125% minimum titanium and 0.25% maximum titanium. In such
embodiments, using a maximum of 0.025% carbon and applying Equation 3,
would require minimum columbium contents of 0.25% and 0.13%, respectively
for the minimum and maximum titanium levels. In some such embodiments, the

aim for the concentration of columbium would be 0.25%.

In certain embodiments, keeping the copper level between 0.40-0.80% in a matrix
consisting of about 21% Cr and 0.25% Mo one can achieve an overall corrosion
resistance that is comparable if not improved to that found in commercially
available Type 304L. The one exception may be in the presence of a strongly

acidic reducing chloride like hydrochloric acid. The copper-added alloys show
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[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

improved performance in sulfuric acid. When the copper level is maintained
between 0.4-0.8%, the anodic dissolution rate is reduced and the electrochemical
breakdown potential is maximized in neutral chloride environments. In some
embodiments, the optimal Cr, Mo, and Cu level, in weight percent satisfies the

following two equations:
Equation 4: 20.5<Cr+ 3.3Mo
Equation §: 0.6< Cu+Mo < 1.4 when Cu pax < 0.80

Embodiments of the ferritic stainless steel can contain carbon in amounts of about

0.020 or less percent by weight.

Embodiments of the ferritic stainless steel can contain manganese in amounts of

about 0.40 or less percent by weight.

Embodiments of the ferritic stainless steel can contain phosphorus in amounts of

about 0.030 or less percent by weight.

Embodiments of the ferritic stainless steel can contain sulfur in amounts of about

0.010 or less percent by weight.

Embodiments of the ferritic stainless steel can contain silicon in amounts of about
0.30 — 0.50 percent by weight. Some embodiments can contain about 0.40%

silicon,

Embodiments of the ferritic stainless steel can contain chromium in amounts of
about 20.0 — 23.0 percent by weight. Some embodiments can contain about 21.5 —
22 percent by weight chromium, and some embodiments can contain about

21.75% chromium,

Embodiments of the ferritic stainless steel can contain nickel in amounts of about

0.40 or less percent by weight.

Embodiments of the ferritic stainless steel can contain nitrogen in amounts of

about 0.020 or less percent by weight.

Embodiments of the ferritic stainless steel can contain copper in amounts of about

0.40 — 0.80 percent by weight. Some embodiments can contain about 0.45 — 0,75
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[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

percent by weight copper and some embodiments can contain about 0.60 %

copper.

Embodiments of the ferritic stainless steel can contain molybdenum in amounts of
about 0.20 — 0.60 percent by weight. Some embodiments can contain about 0.30 —
0.5 percent by weight molybdenum, and some embodiments can contain about

0.40% molybdenum.

Embodiments of the ferritic stainless steel can contain titanium in amounts of
about 0.10 — 0.25 percent by weight. Some embodiments can contain about 0.17 —
0.25 percent by weight titanium, and some embodiments can contain about 0.21%

titanium.

Embodiments of the ferritic stainless steel can contain columbium in amounts of
about 0.20 — 0.30 percent by weight. Some embodiments can contain about 0.25%

columbium.

Embodiments of the ferritic stainless steel can contain aluminum in amounts of

about 0.010 or less percent by weight.

The ferritic stainless steels are produced using process conditions known in the art
for use in manufacturing ferritic stainless steels, such as the processes described

in U.S. Patent Nos. 6,855,213 and 5,868,875.

In some embodiments, the ferritic stainless steels may also include other elements
known in the art of steelmaking that can be made either as deliberate additions or

present as residual elements, 7.e., impurities from steelmaking process.

A ferrous melt for the ferritic stainless steel is provided in a melting furnace such
as an electric arc furnace. This ferrous melt may be formed in the melting furnace
from solid iron bearing scrap, carbon steel scrap, stainless steel scrap, solid iron
containing materials including iron oxides, iron carbide, direct reduced iron, hot
briquetted iron, or the melt may be produced upstream of the melting furnace in a
blast furnace or any other iron smelting unit capable of providing a ferrous melt.
The ferrous melt then will be refined in the melting furnace or transferred to a

refining vessel such as an argon-oxygen-decarburization vessel or a vacuum-
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[0027]

[0028]

[0029]

[0030]

oxygen-decarburization vessel, followed by a trim station such as a ladle

metallurgy furnace or a wire feed station.

In some embodiments, the steel is cast from a melt containing sufficient titanium
and nitrogen but a controlled amount of aluminum for forming small titanium
oxide inclusions to provide the necessary nuclei for forming the as-cast equiaxed
grain structure so that an annealed sheet produced from this steel also has

enhanced ridging characteristics.

In some embodiments, titanium is added to the melt for deoxidation prior to
casting. Deoxidation of the melt with titanium forms small titanium oxide
inclusions that provide the nuclei that result in an as-cast equiaxed fine grain
structure. To minimize formation of alumina inclusions, i.e., aluminum oxide,
Al O3, aluminum may not be added to this refined melt as a deoxidant. In some
embodiments, titanium and nitrogen can be present in the melt prior to casting so
that the ratio of the product of titanium and nitrogen divided by residual

aluminum is at least about 0.14.

If the steel is to be stabilized, sufficient amount of the titanium beyond that
required for deoxidation can be added for combining with carbon and nitrogen in
the melt but preferably less than that required for saturation with nitrogen, i.e., in
a sub-equilibrium amount, thereby avoiding or at least minimizing precipitation of

large titanium nitride inclusions before solidification.

The cast steel is hot processed into a sheet. For this disclosure, the term “sheet” is
meant to include continuous strip or cut lengths formed from continuous strip and
the term “hot processed” means the as-cast steel will be reheated, if necessary,
and then reduced to a predetermined thickness such as by hot rolling. If hot rolled,
a steel slab is reheated to 2000° to 2350°F (1093°-1288°C), hot rolled using a
finishing temperature of 1500 — 1800°F (816 — 982°C) and coiled at a temperature
of 1000 — 1400°F (538 — 760°C). The hot rolled sheet is also known as the “hot
band.” In some embodiments, the hot band may be annealed at a peak metal
temperature of 1700 - 2100°F (926 - 1149°C). In some embodiments, the hot
band may be descaled and cold reduced at least 40% to a desired final sheet

thickness. In other embodiments, the hot band may be descaled and cold reduced

6
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[0031]

[0032]

[0033]

at least 50% to a desired final sheet thickness. Thereafter, the cold reduced sheet
can be final annealed at a peak metal temperature of 1700 - 2100°F (927-1149°C).

The ferritic stainless steel can be produced from a hot processed sheet made by a
number of methods. The sheet can be produced from slabs formed from ingots or
continuous cast slabs of 50-200 mm thickness which are reheated to 2000° to
2350°F (1093°-1288°C) followed by hot rolling to provide a starting hot
processed sheet of 1 — 7 mm thickness or the sheet can be hot processed from strip
continuously cast into thicknesses of 2 — 26 mm. The present process is applicable
to sheet produced by methods wherein continuous cast slabs or slabs produced
from ingots are fed directly to a hot rolling mill with or without significant
reheating, or ingots hot reduced into slabs of sufficient temperature to be hot

rolled in to sheet with or without further reheating.

EXAMPLE 1

To prepare ferritic stainless steel compositions that resulted in an overall
corrosion resistance comparable to Type 304L austenitic stainless steel a series of

laboratory heats were melted and analyzed for resistance to localized corrosion.

The first set of heats was laboratory melted using air melt capabilities. The goal of
this series of air melts was to better understand the role of chromium,
molybdenum, and copper in a ferritic matrix and how the variations in
composition compare to the corrosion behavior of Type 304L steel. For this study
the compositions of embodiments used in the air melts investigated are set forth in

Table 1 as follows:
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Table 1

Code Stencil C Mn P S Si Cr Ni Cu Mo h Cb

A

251

0.016 | 0.36 | 0.033 ] 0.0016 | 0.4 |20.36 | 0.25] 0.5 | 0.002]0.024 | 0.2

Ti
0.15

302

0.013 {0.33 1 0.033 | 0.0015 { 0.39]20.36 | 0.25 | 0.48 | 0.25 | 0.024 | 0.2

0.11

262

0.014 | 0.31] 0.032 | 0.0015 { 0.37 | 20.28 | 0.25 | 0.48 | 0.49 | 0.032 { 0.19

0.13

301

0.012 { 0.34 1 0.032 { 0.0017 |{ 0.39 [ 20.37 { 0.25 ] 0.09 | 0.25 | 0.024 | 0.2

0.15

272

0.014} 0.3 |1 0.031]0.0016 [ 0.36 | 20.22 [ 0.24 | 1.01 | 0.28 | 0.026 | 0.19

0.12

271

0.014 {1 0.31 1 0.032 | 0.0015 | 0.36 | 18.85 | 0.25]0.49 | 0.28 | 0.024 | 0.2

0.15

28

0.012 { 0.36 | 0.033 | 0.0016 | 0.41 | 21.66 [ 0.250.49 | 0.25 | 0.026 | 0.2

0.12

I Of = m O ol w

29

0.014 |1 0.35]0.033 [ 0.0014 | 0.41 | 2024 | 0.25 | 1 0.5 [0.026 | 0.18

0.15

[0034]

[0035]

[0036]

[0037]

Both ferric chloride immersion and electrochemical evaluations were performed
on all the above mentioned chemistries in Table 1 and compared to the

performance of Type 304L steel.

Following methods described in ASTM G48 Ferric Chloride Pitting Test Method
A, specimens were evaluated for mass loss after a 24 hour exposure to 6% Ferric
Chloride solution at 50°C. This test exposure evaluates the basic resistance to
pitting corrosion while exposed to an acidic, strongly oxidizing, chloride

environment,

The screening test suggested that higher chromium bearing ferritic alloys that
have a small copper addition would result in the most corrosion resistance
composition within the series. The composition having the highest copper content
of 1% did not perform as well as the other chemistries. However, this behavior
may have been as a result of less than ideal surface quality due to the melting

Process.

A closer investigation of the passive film strength and repassivation behavior was
studied using electrochemical techniques that included both corrosion behavior

diagrams (CBD) and cycle polarization in a deaerated, dilute, neutral chloride
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environment. The electrochemical behavior observed on this set of air melts
showed that a combination of approximately 21% Cr while in the presence of
approximately 0.5% Cu and a small Mo addition achieved three primary
improvements to Type 304L steel. First, the copper addition appeared to slow the
initial anodic dissolution rate at the surface; second, the copper and small
molybdenum presence in the 21% Cr chemistry assisted in a strong passive film
formation; and third, the molybdenum and high chromium content assisted in the
improved repassivation behavior. The level of copper in the 21Cr + residual Mo
melt chemistry did appear to have an “optimal” level in that adding 1% Cu
resulted in diminished return. This confirms the behavior obsetved in the ferric
chloride pitting test. Additional melt chemistries were submitted for vacuum
melting in hopes to create cleaner steel specimens and determine the optimal

copper addition in order to achieve the best overall cotrosion resistance.

EXAMPLE 2

[0038] The second set of melt chemistries set forth in Table 2 was submitted for vacuum

melt process. The compositions in this study are shown below:

Table 2

Si Cr Ni Cu

51 10.014{0.30)0.026 | 0.0026 | 0.36 [ 20.76 | 0.24 | 0.94 | 0.25 | 0.014 | 0.20 | 0.17
91 10.016]0.29 | 0.028 | 0.0026 | 0.35]20.72 | 0.25[ 0.48 | 0.25 | 0.014 | 0.20]0.17
92 10.016]0.29] 0.028 | 0.0026 | 0.36 [ 20.84 | 0.25| 0.74 | 0.25 | 0.014 ] 0.20|0.15

[0039] The above mentioned heats varied mainly in copper content. Additional vacuum
heats, of the compositions set forth in Table 3, were also melted for comparison
purposes. The Type 304L steel used for comparison was commercially available

sheet.
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Table 3

31

0.016

0.33 { 0.028 | 0.0030 | 0.42 | 20.70 | 0.24 | <0.002 | <0.002 | 0.0057 | 0.21 | 0.15

41

0.016

0.32 ] 0.027 ) 0.0023 ] 0.36 | 18.63 ] 0.25| 0.48 024 | 0.014 | 0.18 | 0.16

52

0.015

0.30 | 0.026 | 0.0026 | 0.36 | 20.78 | 0.24 | 0.94 0.25 [ 0.014 | 0.20 | 0.16

304L
AIM

0.023

1.30 [ 0.040 { 0.005 [ 0.35]18.25|8.10| ------- 0.50 [ 0.030 | ==ssam | =mme-

max max

[0040]

[0041]

[0042]

[0043]

The chemistries of Table 3 were vacuum melted into ingots, hot rolled at 2250F
(1232°C), descaled and cold reduced 60%. The cold reduced material had a final
anneal at 1825F (996°C) followed by a final descale,

EXAMPLE 3

Comparison studies performed on the above mentioned vacuum melts of Example
2 (identified by their ID numbers) were chemical immersion tested in

hydrochloric acid, sulfuric acid, sodium hypochlorite, and acetic acid.

1% Hydrochloric Acid. As shown in Fig. 2, the chemical immersion evaluations
showed the beneficial effects of nickel in a reducing acidic chloride environment
such as hydrochloric acid. Type 304L steel outperformed all of the chemistries
studied in this environment. The addition of chromium resulted in a lower overall
corrosion rate and the presence of copper and molybdenum showed a further
reduction of corrosion rate but the effects of copper alone were minimal as shown
by the graph of the line identified as Fe21CrXCu0.25Mo in Fig. 2. This behavior
supports the benefits of nickel additions for service conditions such as the one

described below.

5% Sulfuric Acid. As shown in Fig. 3, in an immersion test consisting of a
reducing acid that is sulfate rich, alloys with chromium levels between 18-21%
behaved similarly. The addition of molybdenum and copper significantly reduced
the overall corrosion rate. When evaluating the effects of copper alone on the
corrosion rate (as indicated by the graph of the line identified as
Fe21CrXCu0.25Mo in Fig, 3), it appeared as though there is a direct relationship
in that the higher the copper, the lower the corrosion rate. At the 0.75% copper

10
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[0044]

[0045]

[0046]

level the overall corrosion rate began to level off and was within 2 mm/yr of
304L steel. Molybdenum at the 0.25% level tends to play a large role in the
corrosion rate in sulfuric acid. However, the dramatic reduction in rate was also
attributed to the copper presence. Though the alloys of Example 2 did not have a
rate of corrosion below Type 304L steel they did show improved and comparable

corrosion resistance under reducing sulfuric acid conditions.

Acetic Acid and Sodium Hypochlorite. In acid immersions consisting of acetic
acid and 5% sodium hypochlorite, the corrosion behavior was comparable to that
of Type 304L steel. The corrosion rates were very low and no true trend in copper
addition was observed in the corrosion behavior. All investigated chemistries of
Example 2 having a chromium level above 20% were within Imm/yr of Type

304L steel.

EXAMPLE 4

Electrochemical evaluations including corrosion behavior diagrams (CBD) and
cyclic polarization studies were performed and compared to the behavior of Type

304L steel,

Corrosion behavior diagrams were collected on the vacuum heat chemistries of
Example 2 and commercially available Type 304L in 3.5% sodium chloride in
order to investigate the effects of copper on the anodic dissolution behavior. The
anodic nose represents the electrochemical dissolution that takes place at the
surface of the material prior to reaching a passive state. As shown in Fig. 4, an
addition of at least 0.25% molybdenum and a minimum of approximately 0.40%
copper reduce the current density during anodic dissolution to below the
measured value for Type 304L steel. It is also noted that the maximum copper
addition that allows the anodic current density to remain below that measured for
Type 304L steel falls approximately around 0.85%, as shown by the graph of the
line identified as Fe21CrXCu.25Mo in Fig. 4. This shows that a small amount of
controlled copper addition while in the presence of 21% Cr and 0.25%
molybdenum does slow the anodic dissolution rate in dilute chlorides but there is
an optimal amount in order to maintain a rate slower than shown for Type 304L

steel,

11
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[0047]

[0048]

[0049]

[0050]

Cyclic polarization scans were collected on the experimental chemistries of
Examples 2 and commercially available Type 304L steel in 3.5% sodium chloride
solution. These polarization scans show the anodic behavior of the ferritic
stainless steel through active anodic dissolution, a region of passivity, a region of
transpassive behavior and the breakdown of passivity. Additionally the reverse of

these polarization scans identifies the repassivation potential.

The breakdown potential exhibited in the above mentioned cyclic polarization
scans was documented as shown in Fig. 5 and Fig. 6, and evaluated to measure
the effects of copper additions, if any. The breakdown potential was determined to
be the potential at which current begins to consistently flow through the broken

passive layer and active pit imitation is taking place.

Much like the anodic dissolution rate, the addition of copper, as shown by the
graph of the line identified as Fe21CrXCu.25Mo in Fig. 5 and 6, appears to
strengthen the passive layer and shows that there is an optimal amount needed to
maximize the benefits of copper with respect to pit initiation. The range of
maximum passive layer strength was found to be between 0.5-0.75% copper
while in the presence of 0.25% molybdenum and 21% Cr. This trend in behavior
was confirmed from the CBD collected during the study of anodic dissolution

discussed above though due to scan rate differences the values are shifted lower.

When evaluating the repassivation behavior of the vacuum melted chemistries of
Example 2 it showed that a chromium level of 21% and a small molybdenum
addition can maximize the repassivation reaction. The relationship of copper to
the repassivation potential appeared to become detrimental as the copper level
increased, as shown by the graph of the line identified as Fe21CrXCu.25Mo in
Fig. 7 and Fig. 8. As long as the chromium level was approximately 21% and a
small amount of molybdenum was present, the investigated chemistries of
Examples 2 were able to achieve a repassivation potential that was higher than

Type 304L steel, as shown by Fig. 7 and Fig. 8.

12
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A ferritic stainless steel of the composition set forth below in Table 4 (ID 92,

Example 2) was compared to Type 304L steel with the composition set forth in

Table 4:

Table 4

0.74 Cu, 0.25

0.016 20.84 0.25 0.36 0.15 0.20
Mo
304L 0.02 18.25 8.50 0.50 -- - 1.50 Mn
[0052] The two materials exhibited the following mechanical properties set forth in Table

5 when tested according to ASTM standard tests:

Table 5

Mechanical Properties

0.2% YS UTS %ZElongation Hardness
ksi (MPa) ksi (MPa) 2”) Rp
ID 92 54.5 (376) 72.0 (496) 31 83.5
304 40.0 (276) 90.0 (621) 57 81.0
[0053] The material of Example 2, ID 92 exhibits more electrochemical resistance,

13

comparative Type 304L steel, as shown in Fig. 9 and Fig. 10.

higher breakdown potential, and higher repassivation potential than the
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[0054] It will be understood various modifications may be made to this invention without
departing from the scope of it. Thercfore, the limits of this invention

should be determined from the appended claims,

14



What is claimed is:
1. A ferritic stainless steel comprising:

0.020 or less percent by weight carbon,
20.0 — 23.0 percent by weight chromium;
0.020 or less percent by weight nitrogen;
0.5 — 0.75 percent by weight copper;
0.20 - 0.60 percent by weight molybdenum;
0.10 — 0.25 percent by weight titanium;
0.20 — 0.30 percent by weight niobium, and
the balance including iron and unavoidable impurities.

2. The ferritic stainless steel of claim 1 wherein the chromium is present in an amount of

21.5 - 22 percent by weight.

3. The ferritic stainless steel of claim 1 wherein the molybdenum is present in an amount of

0.30 — 0.50 percent by weight.

4. The ferritic stainless steel of claim 1 wherein the titanium is present in an amount of 0.17

— (.25 percent by weight.

5. The ferritic stainless steel of claim 1 wherein the chromium is present in an amount of

21.75 percent by weight.

6. The ferritic stainless steel of claim 1 wherein the copper is present in an amount of .60

percent by weight.

7. The ferritic stainless steel of claim 1 wherein the molybdenum is present in an amount of

(.40 percent by weight.

17203684v1 15
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8. The ferritic stainless steel of claim 1 wherein the titanium is present in an amount of 0.21

percent by weight.

9. The ferritic stainless steel of claim 1 wherein the niobium is present in an amount of 0.25

percent by weight.

10. The ferritic stainless steel of claim 1 further comprising 0.40 or less percent by weight

mangancse.

11. The ferritic stainless steel of clam 1 further comprising 0.030 or less percent by weight

phosphorus.

12. The ferritic stainless steel of claim 1 further comprising 0.30 — 0.50 percent by weight

silicon.

13. The ferritic stainless steel of claim 1 further comprising 0.40 or less percent by weight

nickel.

14. The ferritic stainless steel of claim 1 further comprising 0.30 — 0.50 percent by weight

mangancse.

15. The ferritic stainless steel of claim 1 further comprising 0.10 or less percent by weight

aluminum.

17203684v1 16
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