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Ni: 1.0-7.0%

[0024] At least 1% Ni is required to stabilize the austenitic phase with respect to both
ferrite and martensite formation. Ni also acts to enhance toughness and formability. However,
due to the relatively high cost of nickel, it is desirable to keep the nickel content as low as
possible. Although Mn and N may be partial substitutes for Ni, high levels of Mn and N will
result in unacceptable levels of work hardening, reducing formability. Therefore, the alloy must
include a minimum concentration of Ni to provide for acceptable formability, The inventors
have found that 1.0-7.0% range of Ni can be used in addition to the other defined ranges of
elements to achieve an alloy having corrosion resistance and formability as good as or better than
those of higher nickel alloys. Accordingly, the austenitic stainless steel of the present invention
has 1.0-7.0 % Ni. In an embodiment, the Ni content may be 4.0-6.5%.

Cr: 16.0-23.0%

[0025] Cr is added to impart corrosion resistance to stainless steels by forming a
passive film on the alloy surface. Cr also acts to stabilize the austenitic phase with respect to
martensitic transformation. At least 16% Cr is required to provide adequate corrosion resistance.
On the other hand, because Cr is a powerful ferrite stabilizer, a Cr content exceeding 23%
requires the addition of more costly alloying clements, such as nickel or cobalt, to keep the
ferrite content acceptably low. Having more than 23% Cr also makes the formation of
undesirable phases, such as sigma, more likely. Accordingly, the austenitic stainless steel of the
present invention has 16.0-23.0% Cr. In an embodiment, the Cr content may be 16.0-22.0%, or
alternatively may be 17.0-21.0%.

N: 0.05-0.35%

[0026] N is included in the present alloy as a partial replacement for the austenite
stabilizing element Ni and the corrosion resistance enhancing element Mo. N also improves
alloy strength. At least 0.05% N is necessary for strength and corrosion resistance and to
stabilize the austenitic phase. The addition of more than 0.35% N may exceed the solubility of N

during melting and welding, which results in porosity due to nitrogen gas bubbles. Even if the
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solubility limit is not exceeded, a N content of greater than 0.35% increases the propensity for
the precipitation of nitride particles, which degrades corrosion resistance and toughness. The
present inventors have determined that a N content up to 0.35% is compatible with the Nb levels
in the alloy, without the formation of a problematic level of niobium carbonitride precipitates.
Accordingly, the austenitic stainless steel of the present invention has 0.05-0.35% N. In an

embodiment, the N content may be 0.08-0.30%.

Mo: up to 3.0%

[0027] The present inventors sought to limit the Mo content of the alloy while
maintaining acceptable properties. Mo is effective in stabilizing the passive oxide film that
forms on the surface of stainless steels and protects against pitting corrosion by the action of
chlorides. In order to obtain these effects, Mo may be added in this invention up to a level of
3.0%. Due to its cost, the Mo content may be 0.5-2.0%, which is adequate to provide the
required corrosion resistance in combination with the proper amounts of chromium and nitrogen.
A Mo content exceeding 3.0% causes deterioration of hot workability by increasing the fraction
of solidification ferrite to potentially detrimental levels. High Mo content also increases the
likelihood of forming deleterious intermetallic phases, such as sigma phase. Accordingly, the
austenitic stainless steel composition of the present invention has up to 3.0% Mo. In an
embodiment, the Mo content may be about 0.40-2.0%, or alternatively may be 0.50-2.0%.

Co: up to 1.0%

[0028] Co acts as a substitute for nickel to stabilize the austenite phase. The addition
of cobalt also acts to increase the strength of the material. The upper limit of cobalt is preferably
1.0%.

B: up t0 0.01%

[0029] Additions as low as 0.0005% B may be added to improve the hot workability
and surface quality of stainless steels. However, additions of more than 0.01% degrades the
corrosion resistance and workability of the alloy. Accordingly, the austenitic stainless stecl
composition of the present invention has up to 0.01% B. In an embodiment, the B content may

be up to 0.008%, or may be up to 0.005%.
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Cu: up to 3.0%

[0030] Cu is an austenite stabilizer and may be used to replace a portion of the nickel
in this alloy. It also improves corrosion resistance in reducing environments and improves
formability by reducing the stacking fault energy. However, additions of more than 3% Cu have
been shown to reduce the hot workability of austenitic stainless steels. Accordingly, the
austenitic stainless steel composition of the present mvention has up to 3.0% Cu. In an

embodiment, Cu content may be up to 1.0%.

W: up to 4.0%

[0031] W provides a similar effect to that of molybdenum in improving resistance to
chloride pitting and crevice corrosion. W may also reduce tendency for sigma phase formation
when substituted for molybdenum. However, additions of more than 4% may reduce the hot
workability of the alloy. Accordingly, the austenitic stainless steel composition of the present

mvention has up to 4.0% W. In an embodiment, W content may be 0.05-0.60%.

0.5 <(Mo + W/2)<5.0

10032] Molybdenum and tungsten are both effective in stabilizing the passive oxide
film that forms on the surface of stainless stecls and protects against pitting corrosion by the
action of chlorides. Since W is approximately half as effective (by weight) as Mo in increasing
corrosion resistance, a combination of (Mo+W/2) > 0.5% is required to provide the necessary
corrosion resistance. However, having too much Mo increases the likelihood of forming
intermetallic phases and too much W reduces the hot workability of the material. Therefore, the
combination of (Mo+W/2) is preferably less than 5%. In an embodiment, molybdenum and
tungsten may be present such that 0.5 < (Mo + W/2) < 2.3, or alternatively such that
0.5 < (Mo + W/2) <4.0.

1O<(Ni+Co)<8.0

[0033]  Nickel and cobalt both act to stabilize the austenitic phase with respect to
ferrite formation. At least 1% (Ni + Co) is required to stabilize the austenitic phase in the
presence of ferrite stabilizing elements such as Cr and Mo, which must be added to ensure proper
corrosion resistance. However, both Ni and Co are costly elements, so it is desirable to keep the

(Ni + Co) content less than 8%. In an embodiment, the (Ni + Co) content may be greater than
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4.0% but less than 7.5%.

(75(%C) <(Nb+Ti+V+Ta+Zr)<1.5

[0034] Nb reacts with carbon, and to a lesser extent nitrogen, to form carbides and
carbonitrides in the form of small particles. These particles effectively prevent the formation of
deleterious chromium carbides during elevated temperature service and during welding, which
improves the room temperature corrosion resistance. These particles, when produced using an
effective heat treatment, can also improve elevated temperature strength and creep resistance. A
minimum addition of (7.5 x %C) provides for one atom of Nb for every one atom of C present
dissolved in the metal. Higher levels of Nb will consume beneficial N, so it is desirable to keep
the Nb content less than 1.5%. Other elements which form stable carbides, including but not
limited to Ti, V, Ta, and Zr may be added in substitution for niobium. However, such substitutes
react more strongly with N than Nb and therefore are controlled to provide a beneficial effect,
such as improved weldabilty. The inventors have determined that the sum of the weight
percentages of Nb, Ti, V, Ta, and Zr should be maintained in the range of (7.5(%C)) up to 1.5%.
Stated differently, (7.5(%C)) < (Nb + Ti + V +Ta + Zr) < 1.5%. In certain embodiments,
(7.5(%C)) < (Nb + Ti + V +Ta + Zr) £ 1.0%. In certain preferred embodiments, the alloy
includcs at least 0.1% Nb, and the sum of the weight percentages of Nb, Ti, V, Ta, and Zr is in
the range of (7.5(%C)) up to 1.5% or 1.0%. In certain embodiments, Ti, V, Ta, and Zr are
present only as incidental impurities or are maintained at levels as low as practical. In certain
cembodiments, in order to optimize the room temperature corrosion resistance, clevated
temperature strength, creep resistance, and weldabilty properties of the alloy, certain
embodiments of the alloy include a Nb content of at least (7.5(%C)), and Ti, V, Ta, and Zr are
present only as incidental impuritics. The present inventors have determined that a Nb content
up to 1.5% is compatible with the alloy’s N content of 0.05-0.35% in that the combination does
not result in a level of niobium carbonitride precipitates that unacceptably degrades creep
resistance.

[0035] The balance of the stabilized austenitic stainless steel of the present invention
includes iron and unavoidable impurities, such as phosphorus and sulfur. The unavoidable
impurities are preferably kept to the lowest practical and economically justifiable level, as

understood by one skilled in the art.
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[0036] Elements that form very stable nitrides, such as Al, should be kept to low
levels.

[0037] The stabilized austenitic stainless steel of the present invention can also be
defined by equations that quantify the properties they exhibit, including, for example, pitting
resistance equivalence number, ferrite number, and MDs3g temperature.

[0038] The pitting resistance equivalence number (PREy) provides a relative
ranking of an alloy's expected resistance to pitting corrosion in a chloride-containing
environment. The higher the PREy, the better the expected corrosion resistance of the alloy.

The PREy can be calculated by the following formula:
PREN =%Cr+3.3(%Mo) + 16 (%N)

[0039] Alternatively, a factor of 1.65 (%W) can be added to the above formula to
take into account the presence of tungsten in an alloy. Tungsten improves the pitting
resistance of stainless steels and is about half as effective as molybdenum by weight. When
tungsten is included in the calculation, the pitting resistance equivalence number is designated

as PREw, which is calculated by the following formula:
PREw =%Cr+3.3(%Mo) + 1.65(%W) + 16 (%N)

[0040]  Tungsten serves a similar purpose as molybdenum in the invented alloy. As
such, tungsten may be added as a substitute for molybdenum to provide increased pitting
resistance. According to the equation, twice the weight percent of tungsten should be added
for every percent of molybdenum removed to maintain the same pitting resistance. The alloy
of'the present invention has a PREw value of greater than 22, preferably as high as 30.

[0041] The alloy of the invention also may be defined by its ferrite number. A
positive ferrite number generally correlates to the presence of ferrite, which improves an
alloy’s solidification properties and helps to inhibit hot cracking of the alloy during hot
working and welding operations. A small amount of ferrite is thus desired in the initial
solidified microstructure for good castability and for prevention of hot-cracking during
welding. On the other hand, too much ferrite can result in problems during service, including
but not limited to, microstructural instability, limited ductility, and impaired high temperature

mechanical properties. The ferrite number can be calculated using the following equation:
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FN=3.34(Cr +1.5Si +Mo + 2Ti +0.5Cb) — 2.46(Ni +30N +30C +0.5Mn +0.5Cu)-28.6

The alloy of the present invention has a ferrite number of up to 10, preferably a positive
number, more preferably about 3 to 5.

[0042]  The MDj;¢ temperature of an alloy is defined as the temperature at which
cold deformation of 30% will result in a transformation of 50% of the austenite to martensite.
The lower the MDsi, temperature is, the more resistant a material is to martensite
transformation. Resistance to martensite formation results in a lower work hardening rate,
which results in good formability, especially in drawing applications. MDsp is calculated

according to the following equation:
MDj;o (°C) = 413 -462(C+N) -9.2(S1) -8.1(Mn) -13.7(Cr) -9.5(Ni) -17.1(Cu) - 18.5(Mo)

The alloy of the present invention has a MDsyy temperature of less than 20°C, preferably less
than about -10°C.
EXAMPLES

[0043]  Table 1 includes the compositions and calculated parameter values for
Inventive Alloys 1-5 and Comparative Alloys S31600, S31635, S21600, and S20100.

[0044] Inventive Alloys 1-5 were melted in a laboratory-size vacuum furnace and
poured into 50-1b ingots. These ingots were re-heated and hot rolled to produce material about
0.250" thick. This material was annealed, blasted, and pickled. Some of that material was cold
rolled to 0.100"-thick, and the remainder was cold rolled to 0.050 or 0.040"-thick. The cold
rolled material was annecaled and pickled. Comparative Alloys S31600, S31635, S21600, and
S20100 are commercially available and the data shown for these alloys were taken from
published literature or measured from testing of material recently produced for commercial
sale.

[0045] The calculated PREw values for each alloy are shown in Table 1. Using the
equation discussed herein above, the alloys having a PREw greater than 24.0 would be
expected to have better resistance to chloride pitting than Comparative Alloy S31635 material,
while those having a lower PREw would pit more easily.

j0046} The ferrite number for each alloy in Table 1 has also been calculated. The

ferrite number for each of Inventive Alloys 1-5 is in the preferred range of less than 10.
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[8047] The MDs3g values were also calculated for the alloys in Table 1. According
to the calculations, Inventive Alloys 1-5, particularly Inventive Alloys 4 and 5, exhibit similar

resistance to martensite formation to Comparative Alloys S31600 and S31635.

Table 1
Inventive Alloys Comparative Alloys
1 2 3 4 5 831600 831635 821600 820100
C 0.017 0.015 0.014 0.014 0016 {0.017 3.016 0018 4.402
Mn 4.7 4.8 4.7 5.1 4.9 1.24 1.8] 8.3 6.7
Si 0.26 0.27 0.28 0.29 0.3 0.45 0.50 0.4¢ 0.40
Cr 16.6 16.6 16.6 18.1 18.2 16.3 16.83 19.7 16.4
Ni 52 5.2 5.2 5.5 55 10.1 10.7 6.0 4.1
Mo 1.47 1.47 1.47 1.00 1.1 2.1 2.11 2.5 0.26
Cu 0.40 0.40 0.39 0.40 0.5 0.38 0.36 0.40 0.43
N 0.075 0.104 0.081 0.329 0.170 0.04 1013 0.37 0.15
P 0.011 [£X13 4 0.012 0.014 0.014 0.03 0.031 (.03 (.03
S 0.0010 0.0012 0.0012 0.0016 | 0.0016 [0.0010}F 0.0004 0.0010 0.0010
W 0.10 0.10 6.09 0.04 0.09 0.1F 0.10 0.10 0.1
B 0.0019 0.0013 0.0016 0.0022 | G.0022 (0.0025{ 0.0025 0.0025 0.0605
Fe Bal Bal Bal Bal Bal. Bal Bal Bal Bal
Cb 0.710 0.498 0.288 0.500 0.26 0.35 0.02 0.10 0.10
Co 0.22 .19 0.15 0.19 0.15 - - - .
Ti - - - - - - 0.22 - -
FN 8.3 5.8 7.3 6.6 37 4.1 6.7 6.2 2.3
PREw 22.9 23.4 23.1 23.6 247 | 240 24.0 33.9 19.7
MDD, 19.3 6.6 17.2 -22.2 -46.2 -63 -72.4 2174 0.7
RMCI 0.63 0.63 0.62 0.59 0.60 0.96 1.00 0.80 0.41
Yield 47.0 47.0 46.1 48.4 53.7 43.5 41.5 335 43
Tensile 102.0 105.5 104.5 105.9 106.4 00.6 92.0 100 100
%E 43 49 48 41 49 56 67 45 56
0OCH 0.42 0.39 0.40 0.41 0.43 0.45 - - -

[0048] Table 1 also shows a raw material cost index (RMCI), which compares the
material costs for each alloy to that of Comparative Alloy $31635. The RMCI was calculated
by multiplying the average October 2007 cost for the raw materials Fe, Cr, Mn, Ni, Mo, W,

and Co by the percent of cach clement contained in the alloy and dividing by the cost of the
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raw materials in Comparative Alloy S31635. As the calculated values show, Inventive Alloys
1-5 has an RMCI of less than 0.65, which means the cost of the raw materials contained therein
are less than 65% of those in Comparative Alloy S31635. That a material could be made that
has similar properties to Comparative Alloy S31635 at a significantly lower raw material cost
18 surprising and was not anticipated from the prior art.

[0049] The mechanical properties of Inventive Alloys 1-5 have been measured and
compared to those commercially available Comparative Alloys S31600, S31635, $21600, and
520100. The measured yield strength, tensile strength, percent elongation over a 2-inch gage
length, and Olsen cup height are shown in Table 1. The tensile tests were conducted on 0.100"
gage material, the Charpy tests were conducted on 0.197" thick samples, and the Olsen cup tests
were tun on material between 0.040-and 0.050-inch thick. All tests were performed at room
temperature. Units for the data in Table 1 are as follows: yield strength and tensile strength, ksi;
elongation, percent; Olsen cup height, inches. As can be seen from the data, the Inventive
Alloys, and in particular Inventive Alloys 4 and 5, exhibited comparable properties to those of
the commercially available S31635 material. The Inventive Alloys, however, included less than
half the concentration of nickel and also significantly less molybdenum than in Comparative
Alloy S31635. The significantly lower concentration of the costly alloying elements nickel and
molybdenum is such that the RMCI of Comparative Alloys 4 and 5 at least 40% less than for
Comparative Alloy S31635. Despite their substantially reduced levels of nickel and
molybdenum, however, Inventive Alloys 4 and 5 had an austenitic microstructure and exhibited
yield and tensile strength significantly better than for Comparative Alloy $31635.

[0050] The potential uses of these new alloys are numerous. As described and
evidenced above, the austenitic stainless steel compositions described herein are capable of
replacing S31600 and notably S31635 in many applications. Additionally, due to the high cost
of nickel and molybdenum, a significant cost savings will be recognized by switching from
S31600 and S31635 to the inventive alloy composition. Another benefit is, because these
alloys are fully austenitic, they will not be susceptible to either a sharp ductile-to-brittle
transition (DBT) at sub-zero temperature or 885°F embrittlement at elevated temperatures.
Therefore, unlike duplex alloys, they can be used at temperatures above 650°F and are prime
candidate materials for low temperature and cryogenic applications. It is expected that the

corrosion resistance, formability, and processability of the alloys described herein will be very

14
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close to those of standard austenitic stainless steels.  Specific articles of manufacture for
which the alloys according to the present disclosure would be particularly advantageous
include, for example, flexible connectors for automotive exhaust and other applications, bellows,
flexible pipe, and chimney/flue liners. Those having ordinary skill may readily manufacture
these and other articles of manufacture from the alloys according to the present disclosure using
conventional manufacturing techniques.

[0051] Although the foregoing description has necessarily presented only a limited
number of embodiments, those of ordinary skill in the relevant art will appreciate that various
changes in the apparatus and methods and other details of the examples that have been described
and illustrated herein may be made by those skilled in the art, and all such modifications will
remain within the principle and scope of the present disclosure as expressed herein and in the
appended claims. It is understood, therefore, that the present invention is not limited to the
particular embodiments disclosed or incorporated herein, but is intended to cover modifications
that are within the principle and scope of the invention, as defined by the claims. It will also be
appreciated by those skilled in the art that changes could be made to the embodiments above

without departing from the broad inventive concept thereof.
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CLAIMS

1. An austenitic stainless steel consisting of, in weight %,

up to 0.20 C,

2.0-6.0 Mn,

up to 0.50 Si,

16.0-23.0 Cr,

1.0-5.5 Ni,

up to 3.0 Mo,

0.05-0.30 N,

up to 4.0 W,

(7.5(%C)) <(Nb + Ti + V +Ta + Zr) <1.5,

up to 0.01 B,

up to 1.0 Co,

iron and impurities,

wherein the austenitic stainless steel has a PREy value greater than 22 up to 30,
and a yield strength from 46.1 to 53.7 ksi.

2. The austenitic stainless steel according to claim 1, wherein;
0.5 (Mo + W/2) <5.0.

3. The austenitic stainless steel according to claim 1, wherein:
0.5 <(Mo + W/2) <4.0.

4, The austenitic stainless steel according to claim 1, wherein:
4.0 <(Ni + Co) =6.5.

5. The austenitic stainless steel of claim 1, wherein:
(7.5(%C)) <(Nb + Ti +V +Ta + Zr) <1.0.

6. The austenitic stainless steel of claim 1, wherein the Nb is at Jeast 0.7.

16



56 OCH 0.42 0.39 0.40 0.41 0.43 0.45 [0048] Table 1 al so shows a
raw material cost index (RMCl), which conpares the material costs for
each alloy to that of Conparative A loy S31635. The RMCI was

cal cul ated by nultiplying the average Oct ober 2007 cost for the raw
materials Fe, C, M, N, Mo, W and Co by the percent of each
clement contained in the alloy and dividing by the cost of the WO
2009/ 082498 PR /HUSRPRR A5iHRI6 steulofBlagtiitalvbetdinConmpar ative Al l oy
S31635. As the cal cul ated val ues_shaw, |nventive Alloys 1-5 has an
RVCI of less than 0.65, which heaVeCdheNBost-Sof the raw material s
contai ned therein are | ess than 65% of those in Conparative All oy
S31635., That a materjal could be made that has siml|ar properties to
Conpar &t i ve A AYytegticaiainiass stegl greerdingto|daimoivdiavinga? frititer numberdess
IS surpgidsimg and was not anticipated fromthe prior art. [0049] The
mechani cal properties of Inventive Alloys 1-5 have been neasured and
conpared to those commercially avail abl e Conparative Alloys S31600,
S316359. S216A8 auditfiteiRiRRss Bkl BRaBIE ﬁ?’hﬁ\biﬁg% @frrt@ rﬁﬁhfberhﬁ%%r‘ fhan 0
strength, percent el ongation over a 2-inch gage length, a sen cup
hei ght UBrt@ 18hown in Table 1. The tensile tests were conducted on
0.100" gage material, the Charpy tests were conducted on 0.197" thick
sanples, and the O sen cup tests were run on material between

0. 040- 4Ad oTbseusiepiiictstpipless Ateel pbslain e havipe efferrite austber 0bup to 5.
tenperature. Units for the data in Table 1 are as follows: yield
strength and tensile strength, ksi; elongation, percent; O sen cup
hei ght 11i nchbe augientigrstajelese stedl pererding @alaim t.Havingve MOy valtiel dysss
and in i t~lnventive Alloys 4 and 5, exhibited conparable
proper%ﬁ%ié*%“?gégé of the commercially available S31635 materi al

The I nventive Alloys, however, included |l ess than half the

concengkat i ' : Lonif : I de ha
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t he costQ°¢.al | oyi ng el ements nickel and nol ybdenumis such that the
RMCI of Conparative Alloys 4 and 5 at | east 40% | ess than for
Conparative Alloy S31635. Despite their substantially reduced | evels
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austenitic mcrostructure and exhibited yield and tensile strength
significantly better than for Conparative Alloy S31635. [0050] The
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evi denced above, the austenitic stainless steel conpositions
described herein are capable of replacing S31600 and notably S31635
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switching from S31600 and S31635 to the inventive alloy conposition.
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19.  The austenitic stainless steel of claim 1, consisting of, in weight %,
up to 0.10 C,
2.0-6.0 Mn,
up to 0.50 Si,
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close to those of standard austenitic stainless steels.Specific
articles of manufacture for which the alloys according to the present
di scl osure woul d be particularly advantageous include, for exanple,

fl exi bl e connectors for autonotive exhaust and ot her applications,
bel | ows, flexible pipe, and chi mey/flue liners. Those having
ordinary skill may readily manufacture these and other articles of
manuf act ur e 16106P2.0lGr, al | oys according to the present disclosure using
conventlonalﬁgggn$acturlng t echni ques. [0051] Al t hough the foregoing
descrlptlon cessarily presented only a |imted nunber of
enbodi ment sg 4obppsavef ordinary skill in the relevant art wll

appreci ate that various changes in the apparatus and nethods and

ot her det ai PH%P.3PMb6 exanpl es that have been described and
illustrated ol killed in the art, and al
such nndifiggﬁ{P(g) qugg?ﬁfg¥t??h§?ﬁg princi pl e and scope of the
present disGKHB@SGVHs expressed herein and in the appended claims. It
i s under st ood, QF efore, that the present invention is not limted
to the partHR{? & éﬂbodlnents di scl osed or incorporated herein, but
i's intendedypt o@verpmodi fications that are within the pr|nC|pIe and
scope of the invention, as defined by the clains. It wll also be
appreC|atedU9909H5$@55klIIed in the art that changes could be made to
t he enbodi ng ? q%@§$ wi t hout departing fromthe broad inventive
concept thereo ‘M5 1. An austenitic stainless steel consisting
of, in melgh0n%muup to 0.20 C, 2.0-6.0 M, up to 0.50 Si, 16.0-23.0
Cr, 1.0-5.5. Mb, 0.05-0.30 N, upto 4.0 W (7.5(%)) (Nb
+Ti +V +TQ°EGBF%7'WBUWS@ 01 B, up to 1.0 Co, iron and inpurities,

wher ei n t hewadRIRHd AGstshias aie%$ﬁa§b¢&feEJa@§Eué f@ﬁ\é’r ) 9;5 E?S raﬁd‘é‘”

22 up to 30, and a yield strength from#4 53. 7 ksi
austenﬂﬁﬁts@ﬁﬁﬂmﬁﬁ@§§4@ﬂé@ﬁ3éﬁ@%rd|ng to cIa|n11 wherei n: 0. .(Nb +
W 2) 3 The austenitic stainless steel according to cIa|n11 wher ei n:
0.5 . + W2) 4. The austenitic stainless steel according to claim
1, whe?& n: The GUP@n(tNStam@é? steel of QamEfﬂgTWée@JSt enitic stainless
steel of claim1, wherein: 5% EI + V +Ta + Zr) 6. The
austenitic stainless steel arm1 Féfn the Nib is at |east

0.7. 7. The austenitic stalnless steel of claiml1, wherein:

(7. 50%A)  he BustERficAShREL ldol 8 b 985wAbRAL according to claim 1,

having a ferrite nunber less t € austenitic stainless
steel of claim1, having a fer#il «Munbe) <f.8ater than 0 up to 10.

10. The austenitic stainless steel of claim1l, having a ferrite
nunber of 3 up to 5. 11. The austenitic stainless steel according to
cl ai m 22. haliheguatenitetstaialase stéellafstaim 19, wherein the Nb is at least 0.7.

23.  The austenitic stainless steel of claim 19, wherein:
(7.5(%C)) =Nb <1.5.

24.  The austenitic stainless steel of claim 1, consisting of, in weight %,
up to 0.08 C,
3.5-6.0 Mn,
up to 0.50 Si,
17.0-21.0 Cr,
0.5-2.0 Mo
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t han about 20C. 12. The austenitic stainless steel according to
claim11, having a MD30val ue | ess than -10C. 13. The austenitic
stainless steel of claiml1l, wherein the Cis limted to up to 0.10.
14. The austenitic stainless steel of claim1l, wherein the Wis
limted to 0.05 to 0.60. 15. The austenitic stainless steel of claim
1, wherein the Mhis limted to 3.5 to 5.1. 16. The austenitic

stainl ess s#@eb.5adi, claim1l, wherein the N is limted to 4.0 to 5.5.
17. The ausé%%icéi?@ tainless steel of claim1l, wherein the Cr is
limted to 1.0. 18. The austenitic stainless steel of claim

1, wherein t @ﬁW@f)}S:me’ﬁeﬂvhﬁraO%r)t%%«O 19. The austenitic

stai nl ess stee claim 1, consisting of, in weight % up to 0.10 C,
2.

0.

a
0-6.0 M, upir 0O5.B0 Si, 16.0-22.0 O, 1.0-5.5 Ni, 0.40-2.0 M,

08- 0. 30 )) (Nb + Ti + V +Ta + Zr) 0.05-0.60 W up to
1.0 Co, N?p@%og’%o% up to 0.030 S, up to 0.008 B, iron, and

i nci dent aI uppugites, wherein the austenitic steel has a PREw
val ue greater than.22 up to 30, and a yield strength from46.1 to
53.7 ksi . Hptelﬂi G®stenitic stainless steel of claim19, wherein:
0.5 . _(M +yWM&d0d-8. 21. The austenitic stainless steel of claim19,
wherei n: 4.0+ Co) 22. The austenitic stainless steel of claim 109,
wherein theiffib angl at | east 0.7. 23. The austenitic stainless steel of

claim19, V\ﬁl]%ra% fél Irﬁéwﬁ{eé&:)) 24. The austenitic stainless steel of

claim 1, consi s h wei ght %
whereln the austenitic stainless steel has a PREw value greater than 22 up to 30,

and a yield strength from 46.1 to 53.7 ksi.

25.  The austenitic stainless steel of claim 24, wherein:
0.5 (Mo + W/2) =4.0.

26. The austenitic stainless steel of claim 24, wherein:
4.0 <(Ni + Co) =<6.5.

27. The austenitic stainless steel of claim 24, wherein the Nb is at least 0.7.

28.  The austenitic stainless steel of claim 24, wherein:
(7.5(%C)) <Nb <1.5.

29.  An article of manufacture including an austenitic stainless steel consisting of, in
weight %,

up 1o 0.20 C,

2.0-6.0 Mn,

up to 0.50 Si,

16.0-23.0 Cr,

1.0-5.5 Ni,

up to 3.0 Mo,
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up to 0.08 C, 3.5-6.0 Mi, up to 0.50 Si, 17.0-21.0 Cr, 0.5-2.0 M,
4.0-5.5 Ni, 0.08-0.30 N, (7.5(%C) .(No + Ti + V +Ta + Zr) up to
0.050 P, upto 0.030 S, upto 4.0 W upto 1.0 Co, up to 0.01 B,
iron, and incidental inpurities, wherein the austenitic

stainl ess steel has a PREw val ue greater than 22 up to 30, and a
yield strength from46.1 to 53.7 ksi. 25. The austenitic stainless
steel of cl &0H-Q@80 Mherein: 0.5 . (M + W2) 4.0. 26. The austenitic
st ai nl ess sp zl48{ Iain124 wherein: 4.0+ Co) 27. The austenitic
stai nl ess stB& claim?24, wherein the Nb is at least 0.7. 28. The

austeni tic §1.8{%CHSS(NG edtli +0f +Fhai my24y swherein: (7.5(%)) 29. An
article of manufacture including an austenl tic stainless steel

consi sting HPOpI’QV\%’Ight % up to 0.20 C, 2.0-6.0 M, up to 0.50 Si,
16.0-23.0 t&’IQIéoS Ni, upto 3.0 M, 0.05-0.30 N, upto 4.0 W
(7.5(%)) (I\B Ti +V +Ta + Zr) up to 0.01 B, upto 1.0 Co, iron and
i npurities, |ronand IMEm’rmsn the austenitic stai nI ess steel has a PREw

val ue great 0,, and a |eI r thfrom461to

La O o et A tBrliC shmiadh B Mot SRt vAle Seeator BABIZE Yo
aust enahd @ i¢ldisieagth féraeds.1 kesNp sp at least 0.7. 31. The article
of manufacture of claim?29, wherein in the austenitic stainless Nb is

in the range of (7.5(%)) 32. The article of manufacture of claim

29, whabei nThbertwlé btmanufacada Rl eirh @0, %@rélﬁlrﬁﬂﬁéeﬁﬁémf?@ aitled éiﬁé‘{
terrper&‘:‘%{IE enV| ronnent and cryogeni c environnent. 33. The artic

of man PiFatlgpstd-4 m 29, wherein the article is selected fromthe
group consi sting of a erX|bIe connector, a bellows, a flexible pipe,

a chi gy {,\tner e liner. 34. The article of manufacture of
claim e @ftﬁ’ ﬂ@“?f‘ pgtuse PERGIn 2Pswhewmin iethe austanitinsstaintassst is in

KSi . the range of (7.5(%C)) <Nb <1.5.

32.  The article of manufacture of claim 29, wherein the article is adapted for use in at

least one of a low temperature environment and cryogenic environment.
33.  The article of manufacture of claim 29, wherein the article is selected from the
group consisting of a flexible connector, a bellows, a flexible pipe, a chimney liner, and

a flue liner.

34.  The article of manufacture of claim 29, wherein the yield strength is from 46.1 to
less than 50 ksi.

35.  The austenitic stainless steel of claim 1, wherein the yield strength is from 46.1 to
less than 50 ksi.

36.  The austenitic stainless steel of claim 1, wherein the yield strength is greater than
ayield strength of UNS S$31635.

37.  The article of manufacture of claim 29, wherein the yield strength is greater than

20



35. The austenitic stainless steel of claim1, wherein the yield
strength is from46.1 to |less than 50 ksi. 36. The austenitic
stainless steel of claiml1l, wherein the yield strength is greater
than a yield strength of UNS 531635. 37.The article of manufacture of
claim?29, wherein the yield strength is greater than a yield
strength of UNS S31635. 38. The austenitic stainless steel of claim
1, wheggiigldistiengih ¢fdJNBH31635t 0 0.2-0.5. 39. The austenitic
stainless steel of claiml, wherein the Si is limted to up to 0.5,
M is limted to 4-6.0, and Nl is limted to 4.0-5.5. 40. The

aust eni38i ¢ Jhaiawstendicsitaislessfstad af nlalm wnbessin thd8i Silimited thro.2-905.t 0
0.2-0.5, Mhnis limted to 4-6.0, and N is limted to 4.0-5.5.

39.  The austenitic stainless steel of claim 1, wherein the Si is limited to up to 0.5, Mn
is limited to 4-6.0, and Ni is limited to 4.0-5.5.

40. The austenitic stainless steel of claim 1, wherein the Si is limited to 0.2-0.5, Mn is
limited to 4-6.0, and Ni is limited to 4.0-5.5.
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