WO 2012/161661PCT/SG2012/000183 AUSTENITIC STAINLESS STEEL Background and Field of
the Invention This invention relates to Austenitic Stainless Steel. 5 Traditionally, 300 series Austenitic
Stainless Ste&l2&¢e@s1UNS 530403 (304L) and UNS 530453 (304LN) R4zss§petiigdig8hemical
compositions in percentage by weight as illustrated in Table 1 herein: 10 15 UNS No Type 5 30403
304L MIN MAX UNS No Type 5 30453 304LN MIN MAX C 0.030 C 0.030 Mn 2.00 Mn 2.00

AUSTENITIC STAINLESS STEEL

Background and Field of the invention

This invention relates to Austenitic Stainless Steel,

5
Traditionally, 300 series Austenitic Stainiess Steels such as UNS 530403 (304L) and UNS
530453 (304LN) have specified chemical compositions in percentage by weight as illustrated
in Table 1 herein: '
10 | | TABLE 1
UNS No Typé C Mn p 5 Si Cr Ni Mo N
530403 304L MIN 17.50 B8.00
MAX 0.030 2.00 0.045 0030 075 1850 12.00 .. 0.10
15 UNSNo Type C Mn P S S & N Mo N
S 30453 304LN MIN - 18.00 B.00 0.10
MAX 0.030 2.00 0.045 0.030 0.75 20.00 12.060 .. 0.16

There are a number of shortcomings with thé abovementioned conventional Austenitic
?_d Stainless Steels associated with their particuiar specification ranges. This can potentially
jead to a lack of proper control of the chemical analysis at the melting stage, which is
necessary to optimise the properties of the All_oys to give an excellent combination of

mechanical strength properties and good corrosion resistance.

25 The mechanical properties that are achieved, with Alloys such as UNS 530403 and UNS
S30453 are not optimised and are relatively low cdmpared to other generic stainless steel
groups such as 22Cr Duplex Stainless Steels and 25Cr Duplex and 25Cr Super Dupiex

Stainless Steels, This is demonstrated in Table 2 which compares the properties of these



TABLE 1 P5 0.0450.030 P.S 0.0450.030 Si 0.75 Si 0.75 Cr 17.50 19.50 Cr 18.00 20.00 Ni 8.00 12.00
Ni 8.00
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conventional Austenitic Stainless Steels with typical grades of ‘22Cr Duplex, 25Cr Duplex and

25'Cr Super Dupiex Stainless Steels.

TABLE 2
5 Mechanical Properties of Austenitic Stainiess Steels
UNS No Type Tensile Strength Yield Strength Elongation Hardness
: 2in or 50mm Note 2
Min Min Min Max
“Ksi MPa Ksi MPa % Brinell Rockwell B
10
S30403 304t 70 485 . 25 170 40 201 92
$30453 304LN 75 515 30 205 40 217 95 -
15
Mechanical Properties of 22Cr Duplex Stainiess Steels
'UNSNo Type Tensile Strength Yield Strength Elongation Hardness
2in or 50mm Note 2
Min Min Min Max
20 _ Ksi MPa Ksi MPa ' % Brinell Rockwell C
531803 2205 90 620 65 450 25 283 31
§32205 2205 85 655 65 450 25 293 . 31
25 ,
$32304 2304 87 600 58 400 25 290 32
30 Mechanical Proper’riés of 25Cr Duplex and 25(r Super Dupiex Stainless Steels
UNSNo Type  Tensile Strength Yield Strength Elongation Hardness
. 2in‘or 50mm Note 2
Min Min Min Max .
Ksi - MPa Ksi MPa % Brinel! Rockwell C
35 : .
532760 ... 108 750 80 550 25 270
S32750 2507 1io 795 80 550 15 310 32
40 $39274 .. 116 200 80 550 15 310 32
§32520 .. 112 770 80 550 25 310

Note 2: The hardness figures quoted apply to the solution annealed condition.
45



12.00 Mo ... Mo ... N 0.10 N 0.10 0.16 There are a number of shortcomings with the abovementioned
conventional Austenitic 20 Stainless Steels associated with their particular specification ranges. This
can potentialiy¢eadatosestack of proper control of the chemical analysis at themelting/siags, which is
necessary to optimise the properties of the Alloys to give an excellent combination of mechanical
strength properties and good corrosion resistance. 253 he mechanical properties that are achieved,
with Alloys such as UNS 530403 and UNS 530453 are not optimised and are relatively low compared
to other generic stainless steel groups such as 22Cr Duplex Stainless Steels and 25Cr Duplex and
25Cr Super DupI&x Bt AR PEEEIP HIREt i YRMHBR SR aRERViferap I austaiichsEisarde the Hrbperties of
these WO 20113ik6653: €21 S8k RAODEHRBrenre i ting alibustesititobpainas shateedsvith typical
grades of 22Cr D'%ElleF .25Cr Duplex and 25Cr Super Duplex Stainless Steels. TABLE 2 5Mechanical
Properties of AU |é‘§t‘ainless Steels ' .

5
Summary of the Invention
According to a first aspect of the invention, there is provided austenitic stainless steel
according to claim 1.
10

Further preferred features may be found in the dependent claims.

As it can be appreciated from the described embodiments, the austenitic stainless steel {Cr-
Ni-Mo-N) Altoy comprises a high level of Nitrogen possesses a unigue combination of high
15  mechanical strength properties with excellent ductility and toughness, along with good
weldability and good resélstance to general and localised corrosion. Specificaily, the
described embodiments also address the problem of relatively low mechanical strength
properties in the conventional 300 series austenitic stainless steels such as UNS 530403 and
UNS S30453 when compared to 22Cr Duplex Stainless Steels and 25Cr Duplex and 25Cr

20 Super Duplex Stainless Steels.

Detailed Description of the Preferred Embodiments

3041 MI4N

25  For ease of explanation, a first embodiment of the invention is refer‘red to as 304LM4N, In
general terms, the 304LM4N is 2 high strength austenitic stainiess steel (Cr-Ni-Mo-N) alloy
which comprises a high level of Nitrogen and formulated to achieve a minimum specified
Pitting Resistance Equivalent of PREy 2 25, and preferably PREy 2 30. The PREy is calculated
according to the formulae:

30 PREN =% Cr +{3.3 x % Mo} + {16 x % N).



UNS No TypeTensile StrengthYield StrengthElongationHardness 2in or 50mmNote 2 MinMinMinMax
KsiMPaKsiMPa%Brinell Rockwell B 530403 304L70485251704020192 530453
3041N755158@20B4025¢05 Mechanical Properties of 22Cr Duplex Stainlessi8ieedszldddENo
TypeTensile StrengthYield StrengthElongationHardness 2in or 50mmNote 2 MinMinMinMax
20KsiMPaKsiMPa%Brinell Rockwell C S31803 220599620654502529331 532205
220595655654502529331 25 532304 230487600584002529032 30Mechanical Properties of 25Cr

Duplex and 25Cr Super Duplex Stainless Steels UM No TypeTensile StrengthYield
StrengthElong A6 AT MBS F6F BB O 2 MIRRI R RFMRGR=ess2 = uniaue combination of

high mechanical strength properties with excellent ductility and toughness,'afong with good

weldability and good resistance to general and localised corrosion.

5  Chemical composition of the 304LM4N high strength austenitic stainless Stee! is selective
and characterised by an alloy of chemical elements in percentage by weight {wt) as follows,
0.030 wt % C {Carbon} max, 2.00 wt % Mn {Manganese) max, 0.030 wt % P (Phosphorus)
max, 0.010 wt % S {Suiphur) max, 0.75 wt % Si (Silicon) max, 17.50 wt % Cr {Chromium) -
20.00 wt % Cr, B.0D wt % Ni (Nickel) - 12.00 wt % Ni, 2.00 wt % Mo {Molybdenum) max, and

10 0.40 wt % N {Nitrogen} - 0.70 wt % N.

The 304LM4N stainleés stee! also corﬁprises principally Fe {iron) as the remainder and may
also contain very small amounts of other eiéments such as 0.010 wt % B {Boron) max, 0.10
wt % Ce (Cerium) max, 0.050 wt % Al {Aluminium) max, 0.01 wt % Ca {Calcium) max and/or
15 0.01 wt % Mg (Magnesium) max and cther impurities which are normally present in residual

levels.

The chemical composition of the 304LM4N stainless steel is optimised at the melting stage
to primarily ensure an austenitic microstructure in the base material after solution heat
20 reatment typically performed in the range 1100 deg C to 1250 deg C followed by water
guenching. The microstructure of the base material in the solution heat treated condition,
‘along with as-welded weld metal and heat affected zone of weldments, is controlied by
optimising the balance between austenite forming elements and ferrite forming elements to
primarily ensure that the alioy is austenitic. As a result, the 304LM4N stainless steel exhibits
25 @ unigue combination of high strength and ductility at ambient temperatures, whiie at the
same time achieves excellent toughness at ambisnt temperatures and cryvogenic
temperatures. in view of the fact that the chemical composition of the 304LM4N high
strength austenitic stainless steel is adjusted to achieve a PREy 2 25, but preferably PREy 2
30, this ensures that the material also has a good resistance to general corrosion and
30 localised corrosion {Pitiing Corrosibn and Crevice Corrosion) in a wide range of process

environments. The 304LM4N stainless steel also has improved resistance to stress corrosion



KsiMPaKsiMPa%Brinell Rockwell C 35 532760 ...1087508055025270 532750 _
2507116795805501531032 40539274 ...116800805501531032 5325201127708055025310 Note 2:
The hardnessyfigtres gideied apply to the solution annealed condition. WGQet/sG2012/000183
2012/161661PCT/SG2012/000183 3 It is an object of the present invention to provide an austenitic
stainless steel which alleviates at least one of the disaglvantages of the prior art and/or provide the
public with a useful choice. Summary of the Invention According to a first aspect of the invention, there
is provided austenitic stainless steel according to claim 1. Further preferred features may be found in
the dependent E36K1E R<HBHRPHE MBS SYH IR NGB CTITRRE % B FRAEFECTRE ALTERBYItiC
stainless steel @amiNisMtie=N Ao CarpsRes artigihiexehet Nitrogen possesses a uniqgue combination
of high 15 mechanical strength properties with excellent ductility and toughness, along with good
weldability and good resistance to general and localised corrosion. Specifically, the described

embodiments aﬁﬂ%@ﬁﬁe@aﬁr@ﬁ@m%t%@@&wbﬂ%meshég@ﬁw Prongiiesimiie

conventional 300 series austenitic stainless steels such as U N 0403 and UNS 530453 when

compared fo 25E&MsSDIERSHinfaulye splesHid 29CFappRex Hisd Tolieying Shpicplupirstainfess
Steels. DetailegdresesptwneidhePraforves:knbeehedtembodiment, '

Carbon (C)
Carbon content of the 304LM4N stainless steel is < 0.030 wt % C {i.e. maximum of 0.030 wt

10 % C). Preferably, the amount of Carbon should be = 0.020 wt % C and £ 0.030 wt % C and
more preferably s 0.025wt % C.

Manganese (Mn)

The 304LM4N stzinfess steel of the first embodiment may come in two variations: low

15 Manganese or high Manganese,

For the low Manganese ailoys, the Manganese content of the 304LM4N stainless steel is <
2.0 wt % Mn. Preferably, the rangeis2 1.0 wt % Mn and £ 2.0 wt % Mn and more preferably
2 1.20 wt % Min and £ 1.50 wt % Mn. With such compositions, this achieves an optimum Mn

20  to N ratio of £5.0, and p‘referably, z 1.42 and £5.0. More preferably, the ratio is 2 1.42 and
£3.75. "

For the high Manganese alloys, the Manganese content of the 304LM4N stainless steel is <
4.0 wt % Mn. Preferably, the Manganese cdntent is 2 2.0 wt% Mn and € 4.0 wit % Mn, and
25  more preferably the upper limit is < 3.0 wt % Mn. Even more preferably, the upper timit is <
. 2.50 wt % Mn. With such selective ranges, this achieves a Mn to N ratio of £ 10.0, and
preferably 2 2.85 and £ 10.0. More preferably, the Mn to N ratio for high Manganese afioys

is 2 2.85 and £ 7.50 and even more preferably > 2.85 and £ 6.25.

20



- 304LM4AN 25For ease of explanation, a first embodiment of the invention is referred to as 304LM4N.
In general terms, the 304LMA4N is a high strength austenitic stainless steel (Cr-Ni-Mo-N) alloy which
comprises aRighdeyeligiNitrogen and formulated to achieve a minimum spegifiesRittingResistance
Equivalent of PREN 25, and preferably PREN 30. The PREN is calculated according to the formulae:
30PREN =% Cr + (3.3 x % Mo) + (16 x % N). WO 2Q12/161661PCT/SG2012/000183 4 The
304LM4N high strength austenitic stainless steel possesses a unique combination of high mechanical
strength properties with excellent ductility and toughness, along with good weldability and good
resistance to general and localised corrosion. Chemical composition of the 3041M4N high strength
austenitic staintassohéegl is) selective and characterised by an alloy of chemical elements in percentage
by weight (wt) as follows, 0.030 wt % C %Carbon) max, 2.00 wt % Mn (Manganese) max, 0,030 wt % P
(Phosphorus) AP OB RR SRSl AT ARk 5PIe s SR o SBT3 7 Kbt Oht G
(Chromium) - 2008 abty9bHe 3BI0MIW L Fo\NIiaENi Olaly wi 2 OC ndt Pro M ip 266 bt 26 Mo (Medybdesnum) max,
and PAO wt %0 N (Niragem), 0,70 N, Th A0ALMAN Stainless sieel aise comprises Brngipally Fe
(Iron) as the remainder and ™ay a SO coritain very dmall amounts of other elements such as'0.010 wt
% B (Boron) m&xX; 0.10 wt % Ce (Cerium) max, 0.050 wt Al (Aluminium) max, 0.01 wt % Ca (Calcium)
max and/or 150.01 wt % Mg (Magnesium) max and other impurities which are normally present in
residual levels. The chemical composition of the 304LMA4N stainless steel is optimised at the melting
stage to primafiREKElile an austenitic microstructure in the base material after solution heat 20

treatment typicallye dormedin o sanaenltORided Calo drtidedfbiallaur i MeigquaRching.

The microstructuroe of the base material in the solution hee‘}t treated condition, along with as-welded
weld metdPand*héat-dieereq'yafe MAVEBhIBAS, FC08 e By BpthmSHgeRie DA bétveen

austenite forming elemenic prd:fapite fcoming elements to primarily ensure that the alloy is austenitic.
As a result, the 304LM4N stainless steel exhibits 25 a unique combination of high strength and ductility

at ambient temperatures, while at the same time achieves excellent toughness at ambient
temperatures angeery(@enic temperatures. In view of the fact that the chemical composition of the

304LM4N high&tren{ggg rﬁéﬁﬁmﬂ% §5%ﬂ|ﬁ§f §te?l IS z;[\éjépsted 0 ﬁlecmg\ge aPREN a. 2 !ebgg Gpireferably
t

. e 5Lainiess s Contro e as low as possi
PREN 30, this er@ures at the material a soahas a gooésresstan_ce to generalacc?rrosmn and’

30localised cotfesios ePibidgrEorrisiGhlNg \Cheyic €. T rdsion) reietaideo tamgetoMaroeénshas
. $-0.050 wt % O and more preferably £ 0.030 wt % 0. Even more preferably, the alloy has <
0.010 wt % O and even further more preferably = 0.005 wt % O.

Silicon (Si) _

20 Silicon content of the 304LM4N stainless stee!l is .5 0.75 wt % Si. Preferably, the alloy has 2
0.25wt % Siand £0.75 wt % Si. More prefarably, the range s 2 040wt % Siand £ 0.60 wt %
Si. Howevef, for specific higher temperature applications where improved oxidation

resistance is required, the Silicon content may be > 0.75 wt % Si and < 2.00 wt % Si.

25 Chromium (Cr)
Chromium content of the 304LM4N stainless steel of the first embodiment is 2 17.50 wt %

Crand £ 20.00 wt % Cr. Preferably, the alioy has 2 18.25 wt % Cr.

Nickel {Ni)
30 Nickel content of the 304LM4N stainless steel is 2 8.00 wt % Ni and < 12.00 wt % Ni.

Preferably, the upper limit of Ni of the alioy is £ 11 wt % Ni and more preferably < 10 wt %
Ni. |



environments. The 304LMA4N stainless steel also has improved resistance to stress corrosion WO
2012/161661PCT/SG2012/000183 5 cracking in Chloride containing environments when compared to
conventional wgstenitig &fainless Steels such as UNS 530403 and UNS 53Q453:»dtag:keen
determined that the optimum chemical composition range of the 3041M4N 5stainless steel is carefully
selected to comprise the following chemical elements in percentage by weight as follows based on the
first embodiment, Carbon (C) Carbon content of the 304LM4N stainless steel is S 0.030 wt % C (i.e.
maximum of 0.030 wt 10% C). Preferably, the amount of Carbon should be ? 0.020 wt % C and S
0.030 wt % C and more preferably S 0.025 wt % C. Manganese (Mn) The 304LMA4N stainless
steel of the firsll\emlb@dmaﬂmay come in two variations: low 15Manganese or high Manganese. For
the low Manga the Man e content of the 3041 M4N stainless steel is S 2.0 wt % Mn.
Preferably, the PRI SRS PTG 0 Gk R IRb 5 SHhehy o PSR M and 5
1.50 wt % Mn. V\ﬂtﬁ&wcmmmﬂmn@ vthis Behisves prefegiingutineNMmv2Oken N bl of Eﬁcﬂwand
preferably, 2.142 and S 5.0. More preferably, the ratio is ?.1.42 and

Nitrogen (N}
Nitrogen content of the 304LM4N stainless steel is < 0.70 wt % N, but preferably > 0.40 wt %

N and £ 0.70 wt % N. More preferably, the 304LMA4N alloy has 2 0.40 wt % N and 5 0.60 wt
10 % N, and even more preferably 2 0.45 wt % N and < 0.55 wt % N.

PREn
The PITTING RESISTANCE EQUIVALENT (PREy} is calculated using the formulaé:
PREN =% Cr+ {3.3x % Mo) + (16 x % N).
15 The 304LMAN stainless steel is specifically formuiated to have the following.ccmposition:
{i} Chromium content of 2 17.50 wt % Cr and £ 20.00 wt % Cr, but preferably > 18.25
wt % Cr; _
(Ei} Molybdenum content £ 2.00 wt % Mo, but preferably = 0.50 wt % Mo and < 2.00
wt % Mo and more preferably > 1.0 wt % Mo;
20 {iii} Nitrogen content < 0.70 wt % N, but preferably 2 040wt % N and £ 0.70 wt % N
and more preferably 2 0.40 wt % N and £ 0.60 wt % N and even more preferably 2

045wt % Nand <055 wt% N

With a high level of Nitrogen, the 304LMA4N stzinless steel achieves the PREy of 2 25, and
25 preferably PREy 2 30. This ensures that the alloy has a good resistance to general corrasion
and localised corrosion (Pitting Corrosion and Crevice Corrosion} in e wide range of process
environments. The 304LMAN stainless stea! also has improved resistance 1o stress corrosion
cracking in Chioride containing environments when compared to conventional Austenitic
Stainless‘ Stesls such as UNS $S30403 and UNS $30453. it should be emphasised that these
30 eguations ignrore the effects of microstructural factors on the breakdown of pzssivity by

pitting or crevice corrosion



53.75. For the high Manganese alloys, the Manganese content of the 304LM4N stainless steel is 5 4.0
wt % Mn. Preferably, the Manganese content is ? 2.0 wt % Mn and 54.0 wt % Mn, and 25more

preferably thg gpperlifiis S 3.0 wt % Mn. Even more preferably, the upperiigaitiszo@s0 wt % Mn.
With such selective ranges, this achieves a Mn to N ratio of S 10.0, and preferably 2.85 and 5 10.0.

More preferably, the Mn to N ratio for high Manganesg alloys is ?.. 2.85 and S 7.50 and even more
preferably ? 2.85 and 56.25. WO 2012/161661PCT/SG2012/000183 6 Phosphorus (P1 Phosphorus

content of the 3041M4N stainless steel is controlled to be 5 0.030 wt % P. Preferably, the 304LM4N

alloy has 5 0.09% WO B RSt prefidraBRA M D 2RI BeR eaPhiBie b refOaBN iIRBRBy has 5
0.015 wt % P apdpupndistites masepiriaabbybiRa0 aviddd Ry Sdphilr dS)ivaldaypbesrgaptent of the
304LM4N stainless steel of the first embodiment includes is 5 0.010 10wt % S. Preferably, the
304LMAN haas SCPEEEAR O BoaiRiem 510 B arst Atk Bob8 R ol 98 M8 Srelb iy £°0.001 w

% S . Oxygen @ith &y genaeonte refkiitc30dHddt b stainle 3b steald sraantia eiteto dobrasn oveaas
possible and in 15 the first embodiment, the 304LM4 0.07 % 0. erat()fl fhe 304LM4N
%%ﬁmeir%%p!crmy er!?c}rme i t%b? éag%?y\%)%é%%g q%% ge (P{;gﬁow ¥j¥ wal

alloy has 5. 0. w and'more preferab 3 . Even more preterably, the a?lroy has 5
0.010 wt % 0 andehens flithanavere: preferhbily B&HO05RtI9hi0 LS ebHit8iNe20SHiceh wuitiat.of the

304LMAN stainlgss Jaelis,2i0:4 M el Rre ekl rilieallan 3 Qdmwhie Biandeity Wt % Si.

More preferably, the range is 0.40 wt Si and S 0.60 wt % Si. However, for specific higher temperature
applications wisereifisrove BatRemR BT RSEi SR A TREGFctl e SiRRE A COFREATRRG BEeNtS wt %Si

and 5 2.00 Wt % Simarity ensure that the alloy is austenitic. The alloy can therefore be manufactured and

10 supplied in the Non-Magnetic condition.

The 304LM4N stainless steel also has principally ron {Fe) as the remainder and may also
contain very small amounts of other elements such as Boron, Cerium, Aluminium, Calcium
and/or Magnesium in percentage by weight as follows,
i5

Boron (B
The 304LM4N stainless steel may not have Boron intentionally added to the aléby and as a
result the evel of Boron is typically 2 0.0001 wt % B and £ 0.0006 wt % B for mills which
prefer not to intentionally add Boren to the heats. Altefnatively, the 304LM4N stainiess

20 steel may be manufactured to specifically include < 0.010 wt % B. Preferably, the range of
Boron is = 0.001 wt % B and < 0.010 wt % B and more preferably = 0.0015 wt % B and <
0.0035 wt % B. In other words, Boron is specifically added during the production of the

stainiess steel but conirolied to achieve such levels.

25 Cerium (Ce}

The 304LM4N stainless steal of the first embodiment may also include < 6.10 wt % Ce, but
preferably > 0.01 wt % Ce and < 0.10 wt % Ce. More preferabiy, the amount of Cerium is 2
0.03 wt % Ce and < 0.08 wt % Ce. if the stainless steel contains Cerium, it may also possibly
contain other Rare farth Metals {REM) such as Lanthanum since REMs are very often
30 supplied to the staintess steel manufacturers as Mischmetal. it should be noted that Rare
Farth Metals may be utilised individually or together as Mischmetal providing the total

amount of REMs conforms to the levels of Ce specified herein.



25Chromium (Cr) Chromium content of the 304LM4N stainless steel of the first embodiment is ?.
17.50 wt % Cr and 5 20.00 wt % Cr. Preferably, the alloy has 1825 wt % Cr. Nickel (Ni) 30Nickel
content of th%v@ﬁ)'rm% tainless steel is 8.00 wt % Ni and 5 12.00 wt % Nj~Preferahly, the upper limit
of Ni of the alloy is 5 11 Wt % Ni and more preferably 5 10 wt % WO
2012/161661PCT/SG2012/000183 7 Molybdenum (Mgl Molybdenum content of the 304LM4N
stainless steel alloy is 2.00 wt % Mo, but preferably ? 0.50 wt % Mo and 5. 100 wt % Mo. More
preferably, the lower limit of Mo is ? 1.0 wt % 5 Mo. Nitrogen (NI  Nitrogen content of the 304LM4N
stainless steel is 5. 0.70 wt % N, but preferably ? 0.40 wt % N and 5 0.70 wt % N. More preferably, the
304LM4N alloyahagintuf fywt % N and S 0.60 wt 10 % N, and even more preferably? 0.45 wt % N and
50.55 wt % N. PREN The PITTING RESISTANCE EQUIVALENT (PREN) is calculated using the
formulae: PREN' 33*E4NStanless fis) 7 (46 Lsh RyLREMAE0aY Rlaa RPERiiRREL Q8RME ¥ dbcifically
formulated to hawetbrlowmgosampositien: dibsehkeminraconeabafidrdufy200wi §aet:andra 20.00 wt
% Cr, but preferab ? 18 2 wt % Cr; (ii) Molybdenum content 52.00 wt % Mo, but preferably ? 0.50
Wt % Mo and 200" \%R 10"and more preferably ? 1.0 wt % Mo; 20(iii) Nitrogen content ..c 0.70 wt %
N, but preferably ? 0.40 wt % N and S 0.70 wt % N and more preferably? 0.40 wt % N and 5 0.60 wt %
N and even mo(_rqcpref&rqt}l%ggo 45 W rvﬁg)N and 5. 0.55 wt % N.

nes:um

The 304LMA4N stainless steel may also include < 0.010 wt % Ca and/or Mg. Preferably, the
stainless steef may have 2 0.001 wt % Ca and/or Mg and £ 0.010 wt % Ca and/or Mg and
10 more preferably 2 0.001 wt % Ca and/or Mg and < 0.005 wt % Ca and/or Mg and other

impurities which are normally present in residual levels.

Based on the above characteristics, 304LM4N stainless steel possesses minimum vyield
strength of 55 ksi or 380 MPa for the wrought'version. More preferably, minimum vieid
15  strength of 62 ksi or 430 MPa may be achieved for the wrought version. The cast version
possesses minimum vyield strength of 41 ksi or 280 MPa. More preferably minimum vyieid
strength of 48 ksi or 330 MPa may be achieved for the cast version. Bazed on the preferred
strength values, comparisons of the wrought mechanical strength properties of 304LM4N
. stainless steel, with those of UNS 530403 in Table 2, suggest that the minimum yield |
20 strength of the 304LM4N stainless steel might be 2.5 times higher than that specified for
UNS S30403. Simitarly, a comparison of the wrought mechanical strength properties of the
novel and innovative 304LMAN stainless steel, with those of UNS $30452 in Table 2,
suggests that tEe minimum yield strength of the 304LM4N stainless steel might be 2.1 times
higher than that specified for UNS 530453,
25
The 304LM4N stainless steel of the first embodiment possesses 2 minimum tensile strength
of 102 ksi or 700 MPa for the wrought version. More preferably, & minimum tensile strength
of 109 ksi or 750 MPa may be achieved for the wrought version. The cast version possesses
3 minimum tensile strength of 95 ksi or 650 MPa. More preferably; a minimum tensile
3¢ strength of 102 ksi or 700 MPa may be achiéved for the cast version. Based on the preferred
values, a comparison of the wrought mechanical strength properties of the novel and

innovative 304LI4N stainless steel, with those of UNS S30403 in Table 2, may suggest that -



With a high level of Nitrogen, the 304LMA4N stainless steel achieves the PREN of .? 25, and 25
preferably PREN ? 30. This ensures that the alloy has a good resistance to general corrosion and
localised compsimnyRitiing Corrosion and Crevice Corrosion) in a wide ramga/Stpregeggssnvironments.
The 304LMA4N stainless steel also has improved resistance to stress corrosion cracking in Chloride
containing environments when compared to conventmnal Austenitic Stainless Steels such as UNS
530403 and UNS S30453. It should be emphasised that these 30equations ignore the effects of

microstructurel factors on the hreakdown iV itting qr crevice corrosian, WQ .
2012/161661PETREIHT ié‘éeﬁgmé’ c%%ﬁé’!é%ﬁr%tp%’éﬁu fgr?qg?tﬁe"@éﬁﬁm%%%gﬁﬁsésg%%el is
optimised at tmnm_ehmgs&tejg‘ectdcmméﬁ@aﬂihéinatwnfatmrﬁ@ﬁr'eqmivfalént\divkﬁﬁ fonge ctheen [dN11]
equivalent, aceording to Schoefetsys in the.ange 30 Aetak A3sRHERIRIARY .0, A5:@nd < 095,

in order to prirﬁéﬁr ObYalh an austenitic microstructure in the base material after solution heat 5
treatment typicéikbyepef fomhetB it IR cirairée 12,00/ gyt thastedeip i il o shyieatsh qierehing. The

microstructure o, iz, Rass materialinhe selytionhrat iaatedgandiiaBealRRonyithassyrided weld

metal and heat affected zone of weidments, is controlled by optimising the balance between austenite

forming elemeffdeafditas e RSHNTRF ARG FERBI P RFARST R e RAYR! ! AIRYY ALY The alloy

can therefore he;manuaciwead.angd:tosunnlieddn sheNendvagnelistsondifisae The 3043 MAN stainless
steel also has principally Iron (Fe) as the remainder and may also contain veg small ;’i\mountrc, of other
€

elements sucha@ BB C ENTHE R AR S A8 B B a SO B e ERAGE B feight as
follows, 15 Borgnr0&)e Fheoa0dil M Nrstainlgissr steel thaty spetifiayed3 azisiatantanallyraddedtto the

alloy and as a result the leyel of Boron is typically 0.0001 wt % B and 5,. 0.0006 wt % B for mills which
) . {

prefer notto mf@ﬁﬂéﬁgﬁﬁra d %o?é‘ﬁetb %HSY ?%ea%.n%férgcgﬁ\{\\/leﬁ? {ﬁg’ﬁogﬁﬁnm qainldss 20 ‘steel may be

manufactured torspgtificafiyrineludetbe0 IWEOMENS stRidéer aliiss! the veagenokBafoandy0 i001owad% B and

50010 wt 9% B.5nd, Mot IGlEraRl CAALR M 30 204,86, 00858 W Ehdis el o dBa 010N IS

specifically adégg%aur_lng the production of the stainless steel but controlled to achieve such levels.

25Cerium (Ce)arFHis3@abilv 4Nesgiiniearestier bof peedlr iasnibsdirnefiehiay 21$6 RulsgsBineEso wt %
Ce, but preferably, Q.01 wh % Gaand S0H0 M % Cesdarapisfesahlissihg.amount of Cerium is 2.

0.03 wt % Ce and 5 0.08 wt % Ce. If the stainless steel contains Cerium, it may also possibly contain
other Raré&Earth Metals (REM) such as Lanthanum since REMs are very often

This means that applications using the wrought 304LM4N stainless steel may be frequently

© designed with reduced wall thicknesses, thus, leading t5 significant- weight savings when
specifying 304L.M4N staihless steel compared to conventional austenitic stainless steels such

as UNS 530403 and 530453 because the minimum allowable design stresses may be

20 significantly higher. in fact, the minimum allowable design stresses for the wrought
3041LMA4N stainless steel may be higher than for 22 Cr Duplex Stainless Steeis and similar to

25 Cr Super Duplex Stainless Steels,

For certain a‘pp}ications, other variants of the 304LM4N stainless steel have been purposely
25 formulated to be manufactured containing specific levels of other altoying elements such as
Copper, Tungsten and Vanadium. it has been determined that the optimufn chemical
compésition range of the other variants of the 304LM4N stainless steel is selective and

characterised by alloys of chemical compositions in percentage by weight as follows,

30 Cowpper (Cu)
The Copper content of the 304LMA4N stainless steel is € 1.50 wt % Cu, but preferably 2 0.50

wt % Cuand € 1.50 wt % Cu and more preferably £1:00 wi% Cu for the iower Copper range .



30 supplied to the stainless steel manufacturers as Mischmetal. It should be noted that Rare Earth
Metals may be utilised individually or together as Mischmetal providing the total amount of REMs
conforms to e, lavels;plse specified herein. WO 2012/161661PCT/SG2QL2/000183,9:4duminium
(Al)  The 304LMA4N stainless steel of the first embodiment may also comprise 5 0.050 wt % Al, but
preferably ? 0.005 wt Al and 5. 0.050 wt % Al and moyg preferably ? 0.010 wt % Al and 5.5 0.030 wt %
Al. Calcium (Ca) /Magnesium (Mg) The 304LMA4N stainless steel may also include s 0.010 wt % Ca
and/or Mg. Preferably, the stainless steel may have ? 0.001 wt % Ca and/or Mg and .5 0.010 wt % Ca
and/or Mg and ABYhSI¥ PiteraBRPY. URFLANAW, the SPRABT MGt a0 00uiR/E0R Toavdnd/&Mg and

other impurities;WhiGih ke RorMaly Presen #b iesidoakirvals-Bage o thesahrve gharacteristics,

304LM4N stainless steel possesses minimum yield strength of 55 ksi or 380 MPa for the wrought
version. More preferably, minimum yield 15 strength of 62 ksi or 430 MPa may be achieved for the

wrought versioGogie GRGIMLENIRNNAGRRARAS mimmumyteiaaSWEngt&h@Jtéa, K&in@aeaao MBauhore
preferably mini ylel% stren h of 4%}( or 33 e achleved for the cast ver ion. Based

on the pref%rre?‘ (RS \L/‘giues /o5 NSRRIt tal“r%dﬁhai RS NAHRYS) APEHERH P FOBE & of
304LM4N staindessesteetp vidttihvosepafud NS %@%&mrﬁabﬂe@r&ﬂggesi dfaththalminitappeyield 20
strength of the SOﬁLIE}{Iqél\lnstagnlessbsteel mi 1t5é é mes I ngpee{ than that. squc(pjlegi for U;‘\IS 530403.

LOF ]g‘ ore s 'HF[%LW he 2Lo Olﬁl
Similarly, a comparison of the wroug an ca strength properties of the novel an d'fnnovative

304LM4N stairdeYs seaw timier thious ol S GB04 53 kh Teabkn @ cougges e tframrgreneiitimurieyield

strength of the 304LM4N stainless steel might be 2.1 times higher than that specified for UNS 530453.
25 The 304LMAN stainless steel of the first embodiment possesses a minimum tensile strength of 102
ksi or 700 1Palidesifa Wbught version. More preferably, a minimum tensile strength of 109 ksi or 750

MPa may be aghienpgien tia MobOE RISIORAN ThEEaS LRI RRSFERSRS LT RIRIRIEAN L0 SiE
strength of 95 ksi or 650 MPa. More preferablyi a minimum tensile 30 stren th of 102 ksi or 700 MPa

may be achiev&f Fol A SPUfsTbN BNEarREiE Bl VARIY, FrdtApdAN s sreRfbught
mechanical strengiftpropaties Dithadnoved ammNmemuvxm@@mm&ttmme&sﬂaehsvwgmtblose of

UNS 530403 |r} Tab!e 2, may suggest that
15 PREnw =% Cr+[3.3 x % (Mo -+ W} + (16 x % NJ,
This Tungsten containing variant of the 304LM4N stainless steel is specifically formulated to
have the following composition:
| (i) Chromium tontenté 17.50 wt % Cr and < 20.00 wt % Cr, but preferably > 18.25 wt
% Cr; |
20 . -[ii} Molybdenum content £ 2.00 wt % Mo, but preferably = 0.50 wt % Mo and < 2.00
wt % Mo and more preferably 2 1.0 wt % Mo;
{iii} Nitrogen content £0.70 wt % N, but preferably 2040wt % N and £ 0.70 wt % N
and more preferably > 0.40 wt % N and £ 0.60 wt % N and even mor'e preferably 2
0.45 wt % N and £0.55 wt % N; and ‘
25 {iv} Tungsten content £ 2.00 wt % W, but preferably = 0.50 wt % W and £ 1.00 wt %
W and more preferably 2 0.75 wt % W.

& The Tungsten containing variant of the 304LMA4N stainless steel has a high specified level of
Nitrogen and a PREyw = 27, but preferably PREyw = 32. it should be emphasised that these

30  eguatians ignore the effects of microstructural factors on the breakdown of passivity hy
pitting or crevice corrosion. Tungsten may be added individually or in conjunction with

Copper, Vanadium; Titanium and/or Niobium and/or Niobium plus Tantalum in all- the



WO 2012/161661PCT/SG2012/000183 10 the minimum tensile strength of the 304LM4N stainless
steel is more than 1.5 times higher than that specified for UNS 530403. Similarly, a comparison of the
wrought mecshenigahsigmngth properties of the novel and innovative 304L Mdhsaistenitiasstainless
steel, with those of UNS 530453 in Table 2, suggests that the minimum tensile strength of the 5
304LMA4N stainless steel might be 1.45 times higher han that specified for UNS 530453. Indeed, if the
wrought mechanical strength properties of the novel and innovative 304LM4N stainless steel, are
compared with those of the 22 Cr Duplex Stajnless Steel in Table 2, then it might be demonstrated that
the minimum tSHESH sEERYRE S the® 504N 4RI CEPE e s & st 18 in TRES St o?vf.'fiﬁrﬁ%rsr iGher than
that specified fesfa3t80a andisimilay touhatdOisperiiedforo2yGné uperbduplekiginlesssSiecel.
Therefore, the minimum mechanical strenaih properiss. of e 044N, Sjpless sieel faye been
significantly improved compared to SSRVERGONAl Rustenttic Stainless Steals such as 0403 and
UNS S30453 atudkifite, tengiles stremigttrpeopertdsrarenbetieththiliothat specified for 22 Cr Duplex
Stainless §teel and similar to those specified for 25 Cr Super Duplex Stainless Steel. 15 This means
that applications using the wrought 304LM4N stainless steel may be frequently designed with reduced
wall thicknessé&@ngdim dading to significant weight savings when specifying 304LM4N stainless steel
compared to copventianahasienitiy staialpsmsiesls SuaNas UNSEROAR8 Al 5iRQ5RMegauSe the

minimum allowable design stresses may be 20 significantly higher. In fact, the minimum allowable

design stresse® 8% Widtgif Zout kY Rnetaare e LasRinad- B idher aradinee 2 xhespiex
Stainless Stee|sdamLsimnibarito ;G cBsoriiR uleyplaimgss Sterisimoraarainapplisadiansr other
variants of the 304LM4N stainless steel have been purposely 25 formulated to tge chanufactured
containindospeEIﬁE‘Vé‘Q/B\gsgf’B?Pl’@fndﬂ&'/iH?geéf'éf%‘é%ﬁ%%%gﬁtgg% Hbeéﬁe%fﬂ Lt SR VARG, It has
been determinegf ihatiheoptionpechemicad cdrpositiprnvianrdeafitheothend arantsrofitheid®4LM4AN
stainless steel is selective. and characterised by alloys.of chemical compositions in percentage by
weight as foIIO\'[/)ng,'iJ e d%teer ( u‘:}gtmiéeé%%ﬁ%)rxggﬁ gﬁﬁ oﬁet%eogbﬁtﬁﬁéﬁlggﬁ?} eeésllr%i%ﬁ? éﬁgSO wt %
Cu, but preferabby@80ivt Y Qunandrd. corspiw forusardawbreegriferably 5 1.00 wtto Cu for the lower
Copper range WO 2012/161661PCT/SG2012/000183 11 Alloys. For higher copper range alloys, the
Copper content may include 5 3.50 wt %, but preferably ?. 1.50 wt % Cu and 5 3.50 wt % Cu and
more prefErabliamend@iwt % Cu. Copper may be added individually or in conjunction with Tungsten,

Vanadium, TitaRium,5aaseeNisRiumang/es Niokiwp phusvaniakimde aiihevariguseombinations
of these elements, to further improve the overall corrosion performance of the Alloy. Copper is costly

and therefore &85/ AT Y Nrfitsy o TR TRy CUERYA RS O PER2RHEY F e TRHE €ame time
optimising the digrtility,d0uahness andanuIasior parHenbanen:aff the AQWIAN stainiess steel may

be > 0.040 wt % C and < 0.10 wt % C, but preferably < 0.050wt % Cor >0.030 wt % Cand £
20 0.08 wt % C, but preferably < 0.040 wt % C. These specific variants of the 304LM4N High
strength austenitic stainless steel may be regarded as the 304HM4N or 304M4N versions

respectively.

Titenium (Ti} /Niobium {Nb) /Nichium {Nb) pius Tantalum (Ta)

25  Furthermore, for certain applications, other stabilised variants of the 304HMA4N or 304M4N
stainless steels are desirable, which have been specifically formulated to be manufactured
containing higher levels of Carbon. Specifically, the amount of Carbon may be 2 -0.0#0 Wt %
Cand <0.10 wt% C, but preferably < 0.050 wt % C, or > 0.030 wt % Cand £ 0.08 wi % C, but
preferably < 0.040 wt % C.

30 (i} These .include the Titanium stabilised versions which are referred to as

304HMANT] or 304M4NTI to contrast with the generic 304LM4N stainless steel

versions.



10Tungsten (W) The Tungsten content of the 304LM4N stainless steel is 5 2.00 wt % W, but
preferably ? 0.50 wt % W and 51,00 wt % W and more preferably .? 0.75 wt % W. For 304LM4N
stainless steg|gaganigigpntaining Tungsten, the PITTING RESISTANCE BRRt¥A): 5 i calculated
using the formulae: 15PRENw = % Cr + [3.3 X % (Mo + W)] + (16 x % N). This Tungsten containing
variant of the 304LM4N stainless steel is specifically fgrmulated to have the following composition: (i)
Chromium content ? 17.50 wt % Cr and 5 20.00 wt % Cr, but preferably ? 18.25 wt % Cr; 20(ii)
Molybdenum content 5 2.00 wt % Mo, but preferably ? 0.50 wt % Mo and 5. 2.00 wt % Mo and more
preferably ? 1.0 wt % Rfol AN YGFEEER IO FBHCRe! AocRitmERe Bt plerdrgdRmwWas0 wt % N and 5 0.70

wt % N and more preferaptyinOod Wt % 1iNand oD S0 wh% N780d avemmoLsReeiRIa @45 Wt %
N and 50.55 wt % N; and 25(iv) Tungsten content 5 2.00 wt % W, but preferably ? 0.50 wt % W and 5

1.00 wt % W and mor@ Prétdisnly™ Hapisht 98 R tivHe R4 containing variant of the 304LM4N

stainless steel has a hightapecified levehohitoge s:antkedP BiaNm4 NG/ obuopreienablydiieNw ? 32.

It should be emphasis&d th?{ these 30 equatjons ig(ﬂior the ?eiffects of ;Qﬂ'cro_str cturTI factors on the
on. €

i WBY SIEING BT EUEE"E S FSLIbN T ARTSERRTTY b BB M aiviaRially or in

breakdown of passivi
conjunction with Coppr, S\sabadiiv g Fit&h brmaim ahok INLO b Cnm an d/o miie bibimaaluresParttadiyrinin all the
WO 2012/161661PCT/9G2012/000183 1.2 gﬁ{si%jg combinations of these elements, to further improve

. T t0 have Im erivatives 0 [8) . .
the overall corrosion per?ormance o] tHe-i\ﬁoy. ngsten is extremelgl costly and therefore is being

purposely limited to ofiitinfisedtiigocoriemics oftthel Aoy imhiks aetke Bamentifact wptrishegtdie ductility,
toughness and corrogi eI AINANES ARG KMIQY, SYANANNEAY) 304MmaNNbTa versions where
10 the Niobium plus Tantalum content is controlled -according to the following
formulae: |
Nb +Ta' Sx C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max, or Nb + Ta 10 x C min,

1.0 wt % Nb + Ta max, 0.10 wt % Ta max.

15 Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the
Alioy may be given a stabilisation heat treatment at a temperature lower than the initial
solution heat treatment temperature. Titanium and/or Niobium and/or Nicbium plus
Tantalum may be added individualiy or in ﬁonjunction with Copper, Tungsten and Vanadium
in all the various combinations of these elements to optimise the alloy -for certain

20 applications where higher Carbon contents are desirable. These alloying elements may be
utilised individually or in all the various ccmbénatioﬁs of the elements o taflor the stainless
steal for specific app!icat'io'ns and to further improve the overall corresion performance of

the alloy.

25  The wrought and cast versions of the 304LM4N stainless steel along with the gther variants
and embodiments discussed herein are generally supplied in the solution annealed
condition. However, the weldments of fabricated components, modules and fabrications are
generally supplied in the as-weided condifion, provided that suitable Weld Procedure
Qualifications have been prequalified in accordance with the respective standards and

30 . specifications. For specific applications the wrought versions may also be supplied in the

cold worked condition.



- The Vanadium content of the 304LMA4N stainless steel has 5 0.50 wt % V, but preferably ?. 0.10 wt %
V and 5 0.50 wt % V and more preferably 5. 0.30 wt % V. Vanadium may be added individually or in
conjunction with GpRes1Tungsten, Titanium and/or Niobium and/or 10 Nigbisaplismdastalum in all
the various combinations of these elements to further improve the overall corrosion performance of the
Alloy. Vanadium is costly and therefore is being purpesely limited to optimise the economics of the
Alloy, while at the same time optimising the ductility, toughness and corrosion performance of the

Alloy. 15Carbop (C r certain gpplicatiqns, other variants of the 304LM4N High strength austenitic
stainless steel %%85%‘%&% eigﬁ‘%o \'/régct?gegr‘]egﬁse%? |céﬁ§f FSRRSTEtSd %0 be manufactured comprising

higher levels of Carbon. Specifically, the Carbon content of the 304LM4N stainless steel may be 0.040

wt % C and <0,10 wt % C, but preferabl . 26 C.or >0,030 wt % nd 2,20 Q.08 wt % C, but
roforainy < 0.8 o Oh Rl B b e e gy e S e
steel may be reggrdeccasviie S04k Nher 30aN Rindeferoriscdusspe ciiveligatitanitings TO MNivbium (Nb)

/Niobium (b) plus Fantaliim {dahiZa GHITRRIIQLE HORSaTRINGRRICAIANSALhSL Stabilised variants of

the 304HM4N or 304M4N stainless steels are desirable, which have been specifically formulated to be
manufactured containing higher levels of Carbon. Specifically, the amount of Carbon may be ?. 0.040

wt % C and <0@npt¥aCaiyinpratenablycarReAb O e (e d6ixhie39 Wi:961ich ae2ve& ¥yt 4ok, but

preferably < 0.040 wt % C. 30(i) These include the Titanium stabilised versions which are referred to

as 304HMANTI SSRIANARAE EHLoh ARt itth thE YR AT SO AMAR DEiflivey SbeiRifsorgtwo
2012/161661PCohsa20iy AR08 facTine Fitanimnaonierinkahialed acsartingcto theutedowing
formulae: Ti4 x C mi 70wt % Timax or Ti 5 x.C min, 0.70 wt % Ti max.respectively, in.order to
v TitaAm QoA e o SO B g e s s e R AT e et e
304HM4NNbD orr@Chgihistbiv desomisBvunerctihedtiobl oftloontertsis.contreiddtac candimgttththe
following forml'ggﬁésion resistance attainable. Alloying elements in the solid solution, Manganese Sulphide
inclusions and various phases which can precinitate giving Chromium and Molybdenum
depleted zones around the precipitates, can all have & profound influence on the

15 microstructure, the mechanical properties of the alloy and the maintenance or breakdown

of passivity.

Thus, it is extremely challenging to derive an optimum composition of the elements of the
alloy in order for the alloy to have good mechanical strength properties, excellent ductility
26 and toughness and vet good weldability and resistance to general and localised corrpsion.
This is especially true in view of the complex array of metallurgical variables which make up
the alloy composition and how each variabie affects passivily, micro-struciure and the
mechanical properties. It is also necessary to incorporate this knowledge into new slioy
development programmes, fabrication and heat treatment schedules. !n the following
25  passages, it is discussed how each of the elements of the alloy is optimised to achieve the

abovementioned properties.
Effect of Chromium
30 Stainless Steels derive their passive characteristics from alloying with Chromium. Alloying

“iron with Chramium moves the primary passivation potential in the active direction. This in

wirn expands the passive potential range and reduces passive current density | nae. In



Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max, respectively, in order to have
Niobium stabilised derivatives of the alloy. (iii) In addition, other variants of the Alloy may also be
manufacturegite Gengiliobium plus Tantalum stabilised, 304HMANNDT a©f 94NN a versions
where 10the Niobium plus Tantalum content is controlled according to the following formulae: Nb +Tel
8 x C min, 1.0 wt % Nb + Ta max, 0.10 vvt % Ta maxgor Nb + Ta I0xCmin, 1.0 wt % Nb + Ta max,
0.10 wt %Ta max. 15Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised
variants of the Alloy may be given a stabilisation heat treatment at a temperature lower than the initial

solution heat trEMRHERCRAHIPR atifE2FRg MG HRTHEFNIBIR Ao RioBiERS PSS THSAItHREMay be
added individuaHyeati#n Ganidae}i e dvith L ORNES s RY SRR AAAORGIMIA Rk dTervarouS ses
combinations ofhthese elements to ,ogtimise the E&I{O  for certain _ZOﬁflicaﬁons where higher Carbon
contents are déSfABRE1TRSE Aty SRINREINE Sy B RIS RTBHAY! otsin &l e 872AGs
combinations ofctheselemeitsréastaitolHhenstainiesshsteddots peaifi applieations badterksdher

mprove the overall senesion perfarmance of e ally, 25The Mruantand gast versions of the

304LM4N Stainléss stee g|ong with the other varants and eemboﬁlmenf'saéiscucs%eend erein are
generally supphéahiatkes dolatisn tnagaledycondition.addwetesititheiwedtinmtims ofcfabricatedas

components, madyles and fabsications AreARneiaiwsPlsh R is 3Raaldsd candifians prpvided that

suitable Weld Procedure Qualifications have been prequalified in accordance with the respective
standards and BOSERBIfiEARHAS HPEsEviRbcapplidagoRs HIE WheerRmhe Ve dstsheristy ParsP e Supplied in

the cold workegoediioRraWQIKO LIS LOS HRGHRF RRE200R4 88, 44 Fitrrd Alihe:proppsegkalloying

Elements and their compositions One of the most important properties of stainless steels is normally
their corrd$ion FESREESHCE M MG RIGEE, Treyaifobid THREMEW hdiess aicapphieanBreidimestipniany

Sinstances theiginechanigdlpieprEies carde ioatehadhyess gostly Mmateiialsoebangesatitalloying
element content . which are desir bIeM establish attractive corrosion_resistant characteristics can have
a marked effec %otnpfhél%yétgnﬁr %4&. S% iﬁ‘fggbleéfesetﬁe?%as been spef:tﬁcaﬁy f%rmugted 1o Lave a
Cnromium content = 17.50 wt % Cr and < 20.00 wt % Cr to achieve optimum results.
- Preferably, the Chromium content is 2 18.25 wt %
15

Effect of Nickel

It has been found that Nickel moves the pitting potential Ep in the noble direction, theraby
extending the passive potential range and also reduces the passive current density i pass:
20 Nickel therefore, increases the resistance to localised corrosion and general corrosion in
austenitic stainless steels. Nickel is an Austenite forming element and the ievel of Nickel,
Manganese, Carbon and Nitrogen are optimised in the first embodiment to balance the
ferrite forming elements such as Chromium, Molybdenum and Silicon to primarily maintain
an austenitic microstructure. Nickel is extremely costly and therefore is being purposely
25 limited to optimise the economics of the Alloy, while at the same time optimising the
ductility, toughness and corrosion performance of the Alloy. This 304LM4N stainless steel
has been specifically formulated to have a Nickel content z 8.00 wt % Ni and < 12.00 wt %

Ni, but preferably < 11.00 wt % Ni and more preferabiy £ 10.00 wt % Ni. _

30



. Consequently, this can affect the physical and mechanical characteristics which can be used 10
practically. The establishment of certain desirable properties such as high strength, ductility and
toughness iswlgpengdeantspon the control of the microstructure and this mayclimit e carrgsion
resistance attainable. Alloying elements in the solid solution, Manganese Sulphide inclusions and
various phases which can precipitate giving Chromiugg and Molybdenum depleted zones around the
precipitates, can all have a profound influence on the 15microstructure, the mechanical properties of
the alloy and the maintenance or breakdown of passivity. Thus, it is extremely challenging to derive an
optimum comp%fg"rﬁf)ﬂf&ﬁ?w@‘fﬁ%‘r'ﬁ'énts of the alloy in order for the alloy to have good mechanical
strength properties, excellent ductility 20 and toughness and yet good weldability and resistance to

general and localised corrosion. This is especially true in view of the complex array of metallurgical
variables whicﬁtrr?ﬁﬁtécﬂlﬁrtﬁé%lI@cyCEBOrﬂbLbrEiﬁ%W d[u%%qéeéi&:y XY, nr%%ﬁ%‘-“ﬁ#@%?f’b AR '

micro-structureramelith® nhécharical priepariesity isalsosrecessari kainceriordtethisgdaswlgdge into

new alloy develonment programmes [abrication andheat Usatmen! sebeduies, In e ollowing

25passages, it IS discussed Now eac of the elements of t“ﬁ%'%n“oy IS optimised to achiev
abovementionedsproperiestid ffecsof CirronmanM3dBaniesscOitastt disriviowsesir passivedckmvacteristics

from alloying wyigh, Cromit mfHRYING FQnuith GHEamIM MARLRS thi: RIMARY Ressl@igRpotential in

the active direction. This in turn expands the passive potential range and reduces passive current
density i p"5. IF-oWIZ0AY f6MFE 1PC IS 20 £L 100 e SN ORNSHAGCLGBILRMHG afFR reases the

Chromium confeqiafStaiklespricclgdaisesivRitingnetantiahBrdh ey expandingfhapassive
potential range. Chromium, therefore, increases the resistance to localised corrosion (Pitting and

Crevice ClrrosiYRASTHEN 5sHERRIS ESTRIBoR RS Th AR BS R ShiMiclY ST M s AP R I forming
element, may ehdalanceddyiiboaninspease:in Niskelapdethetaustenite oy miageignemtssuch as

Nitrogen, Carbon and Mangane e in ordgm%)rimari%{mai tain an Auséerg{tic microstructure. However,

. attese, Carbon an en. arily maintain an enitic microstructure,
it has been fou%‘(ﬁ‘ﬁ{awé?ﬁomMm in conjuncﬂo With 8 yb&enum and Silicon may INcrease the

tendency towardsvtheprstiptasionmoinnterjeetaidic plidsedhand.ieleteriSlisprevpitatesaFhenefore,
practically, theig s & MAKimTLITILLS 105 5vel o Shiagy T (Al mavBe:dd arrased uiiiout

enhancing the rate of Intermetallic phase formation’in ctions which, in"tur adtoa
reduction 1A dubighitsy, leveljinidéeidadreorosior parp imerresaicehaaiioye o s tBOY PMUNatkilless steel

has been specifically form g#ﬁﬁ%ﬂy DANE ARG ONIRES ARG W G ARGiRA2 QR W% Cr to
achieve optimum results, Preferably, the Chromium content is ?218.25 wt % 15
‘ intermetaliic phases and deleterious precipitates. Sometimes other elements such as

Tungsten may be introduced into the heat in order to lower the relative amount of
Molybdenum required in the Alloy. Therefore, practically, there is a maximum fimit to the

-20  level of Molybdenum that can be increased without enhancing the rate of intermetallic
phase formation in thick sections which, in turn, could lead to a reduction in ductility,
toughness and corrosion performance of the Alioy. This 304LMA4N stainless steel has been
specifically formulated to have a Molybdenum content < 2.00 wt % Mo, but preferably
0.50 wt % Mo and < 2.0 wt % Mo and more preferabily 2 1.0 wt % Mo.

25

Effect of Nitrogen

In the first embodiment {and the subsequent erﬁbodiments}, one of the most significant
improvements in the localised corrosion performance of austenitic stziniess steels is
30  obtained by increasing the Nitrogen levels. Nitrogen raises the pitting potential E, thereby
expanding the passive potential range. Nitrogen modifies the passive protective fiim to

improve the protection for the breakdown -of passivity. It- has been reported’, that high



Effect of Nickel It has been found that Nickel moves the pitting potential Ep in the noble direction,
thereby extending the passive potential range and also reduces the passive current density i pa". 20
Nickel therefgyg, dyereages the resistance to localised corrosion and genergtgRkasiamingustenitic
stainless steels. Nickel is an Austenite forming element and the level of Nickel, Manganese, Carbon
and Nitrogen are optimised in the first embodiment to;balance the ferrite forming elements such as
Chromium, Molybdenum and Silicon to primarily maintain an a ustenitic microstructure. Nickel is
extremely COSt,% and therefore is being purposely 25 limited to optimise the economics of the Alloy,

while at the saffE AR SERASAIFIASHFCARED PEEHNRALSS HiRa R olibnop it metHeesiMhE Riloy. This

3041M4N stainlpsssteekhastgen spaesficalbefemugateditodaavie anNigkeheONt@Ing 28:06hwvd % Ni
and 5. 12.00 WE?% Ni, but preferably 11.00 gt % Ni ?ng more Ereferab y 1%
VB

L ) 1Q.Q0 wt % Ni. WQ
2012/161661P %@fﬂﬁ'%ﬁb@?% Y& AR RIS e MARBAT A A AT Y %é‘\rseoaﬁsehér%srtrﬁrﬂ’r;ﬁ content,

it has been foufwdrtivat déalybdaihan toas!es sirengroenefizadiinfilueseaionftheipassvighofsatsienitic

stainless sicels, Pie. addifion,of.o Molypdanum.maves e bifing agientialinde.more pobls direction
thus extending the %asswe potential range. n easing Moly denum content also lowers 1 max and
thus Molybdentmbitaprevibs fieeite Sistannee dergene ralcorsodiorraws. | dtellibeehoormsioniPitting.

Corrosion and Greviee Gorosion) i Chieride epvirpnments- MelyRIRRHIPAISUIBRIP YRR NG

resistance to Chloride stress corrosion cracking in Chloride containing environments. 10 Molybdenum
is a Ferrite formgeerinEntoamdnirsmst@iiopiaetysier g ion gaiair C HreRtisan 8 SiEERAts

optimised to bajgnce thenaualeriia JpHRinGqlrme rissiRh asrblickel, MaRNEANASeel- 008 ARl
Nitrogen to primarily maintain an Austenitic microstructure. However, Molybdenum in congnction with

Chromiunttnd eHHRtERES firsré 2o therteniadey titvests i sreaisiliabi e ATtEAR LRI Phases and
deleterious pregipitairss pletibigheutavelmol (Mebddienis) Misdeossibleippexparieaesor boro-

macro-segregation, particularly in casti and primary products, which may which may further
eraee s B e P bt e o e ool B e e
elements such asidgingkiep tnassbe tatiasddcEdripontie inesdlit iddorios|ovies dhereatativiblamount of

Molybdenum required in the Allay. Therefore ractic%l sth re IS m%mu .Iilmit tqthle 2@ll§vel of
Molybdenum that can' etﬁcr“é%%é'aﬁﬁh%ﬁt” tnrﬂgrr]%?ﬁg T eoratteeof%ltermetaslﬁ‘?énpeﬁsasseef%rma'tlson in thick
sections vihich giautimg toeidd eatndiaredosternire dutiilings theghntilly dedsborosion parsienance of

the Alloy. This §8%Mé‘£\ée5@iGl@%z§Eﬁ%ﬁ@%ﬁ%é&%&iﬁi&?‘ﬁ%;ﬁ%@w@@ﬂm havea Melyhgenum

content 5 2.00 wt % Mo, but prefera .50 wt % Mo and 5 2.0 wt % Mo and more preferably 1.0 wt %
Mo. 25 Effect otkrogb falgherfifdeerbodftet \atrinee strtbatiesrremmsdifriefrepubtieddPthe most

significant improxem Rt dBrtbenterakSerbeRrP R LPEHAMANE® b austanii HainleRe siRelwis
more preferably 2 0.40 wt % N and £ 0.60 wt % N and even more preferably 2 0.45 wt % N
20 and£0.55wt %N,

Effect of Manganese

Manganease is an austen_ite forming element and the level of Manganese, Nickel, Carbon and
25 Nitrogen is optimised in the embodiments to balance the ferrite forming elements such as
Chromium, Molybdenum and Silicon to primarily maintain an austenitic microstructure.
Therefore, a higher level of Manganese indirectly allows for a higher solubifity of Ca‘rbon and
Nitrogen both at the melting stage and in solid solution so as to minimise the risk of
deleterious precipitates such as MyX (carbo-nitrides, nitrides, borides, boro-nitrides or boro-
30 carbides) as well as Mg carbides. Therefore, increasing the Manganese concentration to
specific levels to improve the solid soiubility of Nitrogen would result in an improvement in

the localised corrosion performance of the Austenitic Stainless Steel. Manganese is also a



. 30 obtained by increasing the Nitrogen levels. Nitrogen raises the pitting potential ; thereby expanding
the passive potential range. Nitrogen modifies the passive protective film to improve the protection for
the breakdowyhol pagsiyity. It- has been reportedl, that high WO 2012/163}66)RGohARfmAg:2/000183
17 Nitrogen concentrations have been observed at the metal side of the metal-passive film interface
using-Auger electron spectroscopy. Nitrogen is an extremely strong austenite forming element along
with Carbon. Similarly, Manganese and Nickel are also austenite forming elements albeit to a lesser
extent. The levels of austenite forming elements such as 5 Nitrogen and Carbon, aﬁs well as
Manganese ang9Gckafr &8 SRMTERETH Y 508 REASE 5 a‘l'gﬁeeatﬁeétﬁgrﬁf@ PTG Bfements
such as Chromitizydyletybides useignaiGiicon teepxlimarifywaimialeanasstenite phicrastgicisee. As a
result, Nitrogen indirectly limits the, propensity to form_ intermetallic phasgs since diffysion rates are
o slowe 1CSIBHIE T Hi e Rl b R AT e o B P A e, 1
view of the factulpBithat dusteniverithsra Goodrspkubitks/ ffomNirtgenn thissadensathatittgEotential to
form deleteyious BieCiaIEaSHEh AR MAX (FaHRATULGS SUIHAE ROrNRRLROIO- AIUITRE Bes
borocarbides) as well as 11/123C6 carbides, in the weld metal and heat affected zone of weldments,
during weldingtegctesdespedavaaisNitrogersinitatensliid ssiimoalis phasayilysragionsiBreterittereasing
the mechanical,slrengtbsPrARRHICS PlRA04LMAN stalnleassieal whilstdrRANEING fbal @p.austenitic

microstructure optimises the ductility, toughness and corrosion performance of the Alloy. Nitrogen

however, has &3hedrsEetsity’BBH Rt RTSItAG SBapCadsmesticsBatR i s L ik
stainless steel hasdeanrsgeaticalhy, @imulaieddohaemaidlitiegriatroptesighnOsd Qivit SorMsibat
preferably ? 0.40 wt % N and Sg\ﬁ) wt %_N and more rDreferalol .20.40 wtﬁ/o nd 50.60 wt % N
and even Hore’ BYEFGIARTS & 375 \vod Ne 30N S 688 e 75K %ﬁgSF RYEN @%\‘HSQE"ME%%%% is an
austenite formingelemanganrddhenevelzof Marnganese phNickelpCahBmand25kiteogan vatoptimised in
the embodiments to balance the fertte foyming. el s Chromium, Mol /| denum and Silicon
(0 primanty ma R AL BTE e et e Trenbr A e e et B )
allows f_or_ a_higdmet@ﬁﬁdbiﬁtymﬁ@@fd@dﬁaaa@ﬁﬂr@g@wbmh @tithis méﬁiwgt_!stgg@rah_ﬂ _mlsﬂ)lidrsbiution o)
as to minimise e fiskqf drlelaros ieciplaios SaN asYieX deao:niides, ldes. hogdes.

boro-nitrides or boro- 30 carbides) as well as M23C6 carbides. Therefore, increasing the Manganese
concentratfon tBhspéaifienertstEivipry e the aaatsss by bnNhrberTRiretle Pt Mnamd <
improvement in, ig-locqiised:cruRaION PETUMARGERHRSAusieniip taiiess:Siae sitManganese is
also a WO 2012/161661PCT/SG2012/000183 18 more cost effective element than Nickel and can be
used up to a ceRAiRARET © Hirfit BRE BiFTBTRNOENIERAWET QHifded /i titeeROY S HIR G ér 2fere is a
limit on the Mangaressvlavel dhat fanele disadipuceassinllyzsineerthihannygieadtaghecterraation of
Manganese Sulphide inclusions which are favourable sites for pit initiation, thus adversely affecting the
5 localised corfd$ion performance of the Austenitic Stainless Steel. Manganese also increases the
tendency towards the precipitation of intermetallic phases as well as deleterious precipitates.
Therefore, pra%%%llgf g&?rﬁuis xm%%%i%ﬁ%"r{“%? tghe level of Manganese that can be increased
without enhancing the rate orintermetallic pﬁwgse Yormation in thick sections which, in turn, could lead
to a reduction in ductility, toughness and corrosion 10 performance of the Alloy. This 304LM4N
Stainless steel ecifi 0 ' : % and 5
2,00 i 3 i, BUEISaEl A e e 20 s Secr e s EB et W
Manganese cofteshefira) BerRasHeoit 86 ematir étHERad Faresed Wirsge E@gyiss 65/e°ahd

preferably,1.42,and & 50, Mase Araferablridhe atiosiss.42 Ahdi5 3o ok thealpwer-Manganese range

Alloys. ‘
Y with Manganese at specific levels, promotes the formation of Manganese Sulphide

inciusions. In addition, Oxygen in conjunction with Aluminium or Silicon at specific levels,
promotes the formation of oxide inclusions such as Al , O 3 or Si O ; These inclusions are
favourable sites for pit initiation thus adversely affecting the localised corrosion
30 performance, ductility and toughness of the austenitic stainiess steel. Likewise, Phosphorus
promotes 'the formation of deleterious precipitateﬁ which are favourable sites for pit

-initiation which adversely affect the pitting-and-crevice corrosion resistance of the Alloy as



15 The Manganese content may be characterised by an Alloy that contains 2.0 wt % Mn and 5 4.0 wt
% Mn, but preferably 5 3.0 wt % Mn and more preferably 5 230 wt % Mn, with a Mn to N ratio of 5
10.0, and prefasabig/163&85 and 5 10.0. More preferably the ratio is .? 2.8p@anstBof2@@Rd even more
preferably 2.85 and 5 6.25 for the higher Manganese range Alloys. 20 Effect of Sulphur, Oxygen and
Phosphorus Impurities such as Sulphur, Oxygen and hosphorus may have a negative influence on
the mechanical properties and resistance to localised corrosion (Pitting and Crevice Corrosion) 25 and
general corrosion in Austenitic Stainless Steel. This is because Sulphur, in conjunction with
Manganese at ¥5EAfiCIBYERS, HroHotey e forslaroh B MdhganeearslIprIge midsTSAS A Stdition,
Oxygen in conjuaetion aid«Alefenivatier iticankabspesificririsatsRromatesitheferaalion efoxide
inclusions such as Al 2 3 or Si 0 2 .These inclusions are favourable sites for pit initiation thus adversely
affecting the loaTeBY EoFPEEIGH 30 SETEHR AL Sty M PEOUTHFSE SPINEE AR G ‘é’lei%less
steel. Likewise ek spvarid s pricnhotesttinitarialeen sod dlefederious predipitates wihichisaredavourable
sites for pit_initiation. which %gv rsely affect the pitting-and-crevice corrosion resistance of the Alloy as
SR T o e i e e e e
Sulphur, Oxygeiteandifotiphordschaverentadver sersffgoto hithechdics dekdbilityeoff o ugbdeaustenitic
stainless steelsahine:SRAROLAWATESAL GraGKINKNM AR Acking. RAd Al R gAsfings and
the weld metal of weldments in austenitic stainless steel. Oxygen at specific levels may also lead to 5
porosity in AusfSSRIEUSERFESSr STEEICA3ERGs TTHEP HIRFT§En BY A BOEiIsHariackighisksvdites within
the cast compaReiisithatexrarienceshigitieyslicaklores e Tingrefvg edermBasiiing tachiioyes such

as electric arc melting, induction melting and vacuum oxy%en decarburisation or argon oxygen
decarburiddtiorPiAEJRIIHREI TR BHEF SEABFLHREMBRIRY EERRIGH LS SHIPHY ERSEERS St

Remelting or VaisshipiAkccReened ting asanell asindd} e eerediningiasiyicues agp yilisadstor@nsure that

extremely low Su(llptgur, %ngeﬂ and Ppo,%pQOrus org]t%nts are obta%pedi 0 im%r,ove th§ hot workability
of wrought Staifliés$ stE&%nd o rettied Yheaéveaﬁs?tivﬁy OWards RBE cfa ki?}rﬁ He &) gr%i@f(ﬁWg and
porosity particuarticidedasticgsraadid ithehavekidmetal of wedddnents/dedcereitreltng teckaigies also
lead to a reduction Iy ihe euel ohinelusions, Fhismpraves s gleapess ofdheAustanie, 12
Stainless Steel and hence the ductility and toughness as well as the overall corrosion per?ormance.

This 304LM4N %W&ﬁﬁé@l%é&n@@ﬁ@pé@tﬁ@&tl;af@rﬁwﬁtwmha«ml astipharecghtentdiod. 010 wt
% 5, but preferghhywith, & SHIRhsE S RGN F 1o 000 WUk %.3-280L MALS PrETRIARY S0 Q93w % S and

even more preferably 5 0.001 wt % S. The Oxygen content is as low as possible and controlled to 5

0.070 wt % 0, ButnprETeraisht 5 0P bbe i S g EigmPbinyie refahusiceoienrivi 86esardey e more

preferably 5 0.QQavt Y dP-aRdeyensivithet mererieiarrblyefdip wb Yo Dwthe Bhaspbepws,content
is controlled to 5. 0.030 wt % P, but preferably 5. 0.025 wt % P, and more preferabl& 50.020 wt % P,

and even more BrETBHALTY 925 REEYR P ahePBUBIEENeP TSRy plePeibIf S BB TP P I6 Effect of
Silicon Silicon maxes-ihe pitiagppteotEintbemekie:cireciion thesehyyextanding the passive potential
range. Silicon s%ls%enhanceséhe quid&% of the mel he manufacture of Stainless Steels.

i
ikewise, Sico TR B0Ee TSRS (O AT el MERPACHT g g "rolea o £ 0,030 wt

% P, but preferably £ 0.025 wt % P, and more preferably £ 0.020 wt % P, and even more

preferably £ 0.015 wt % P, and even further more preferably < 0.010 wt % P.
25 Effect of Silicon

Siiicén moves the pitting potential in the noble direction thereby extending the passive
potential range. Silicon also enhances the fluidity of the melt during the manufacture of
Stainless Steels. Likewise, Silicon improves the fluidity of the hot weld metal during welding
30  cycles, Silicon is a Ferrite forming elemeant and the {evel of Silicon along with Chromium and
Molybdenum, is optimised to balance the Aﬁstenite forming elements such as Nickel,

Manganese; Carbomn and Nitrogen to primarily maintain-an Austenitic microstructure: Silicon



- 30 cycles. Silicon is a Ferrite forming element and the level of Silicon along with Chromium and
Molybdenum, is optimised to balance the Austenite forming elements such as Nickel, Manganese;
Carbon and {yiragendxdrimarily maintain-an Austeniticmicrostructure. SigamsdM@z/000183
2012/161661PCT/SG2012/000183 20 contents in the range of 0.75 wt % Si and 2.00 wt % Si may
improve the oxidation resistance for higher temperatuge applications. However, Silicon content in
excess of approximately 1.0 wt % Si, in conjunction with Chromium and Molybdenum may increase
the tendency towards the precipitation of intermetallic phases and deleterious precipitates. Therefore,
5 practically, tHeREEE MBS TAREH AR 20 eV SP8IEShINE RISy SHRF R IBY Withd P8 hancing
the rate of intersnaighic phase faraaipncithickisectionsydichotitdbm estdd lebshioairestastion in
ductility, toughness q)nd.corrosiorrlgp_erfor_t ance of the A(I]J% Tgés 304LM4N Stainl(%?s steL?I has been
specifically formti%ted tb Hatdh R SHEB N ES BB 206 oy e 5GE PreFatiiiy 635% the J5874Id s 0.75
wt % Si and mareapdeferaptycRbAABWOinBranth 10 3 &:60amt HeBieTthe Sikcpitaenténtraiasebe
characterised By, g Alloy, hat CoMAIRS, 703 s B ah i WLl for specilic Nigher,
temperature a|8p21|ca Ions where |mprov_eﬁ1 oxﬁatlon resistance Is required. Effect of Carbon 15 Carbon
is an extremelyrstroriggibs ettt eforraimgtelénreasaforigaiidh NithidfescSimilrighNrarganegddand
Nickel are alsoAysteiteotning.clemenys b4 3 iRssst SR fhmipvelsof Rusispite,forming

elements such as Carbon and Nitrogen, as well as Manganese and Nickel are optimised to balance

the Ferrite formftfgMetAEe s RpeasaC Rrsfrierr I oUWIBITIURIAAT AR SHile @ PRRIERY Miintain an

Austenitic micrstrugtunesfsoi kasul vWearbamdndiresty linitsibesropensitvyo tosoviatesmeaiallic
phases since diffusion rates are much slower in Austenite. Thus, the kinetics of intermetallic phase

formation’f® red @8t Talnl8s SHSHR G B RCPHFAR RERSLIHTPHAR Al GH BHSHINBIE 38 E dfbon, this
means that thepetentiat to.doran delsteldoysdarecipitate saHpbr & 1/ EPX IEaaidre-nitdee snpitides,

borides, 25 boroo,-éli%rid(-:-rgscl)réak%og)ié(:r%rkl)}iiqf? ) as well as M23C6 carbides, in the weld metal and heat
affected zone SFWwelgdhents &urlng W Ihg cycles, is reduced. Carbon and Nitrogen in the solid

solution are primarily responsible for increasing the mechanical strength properties of the 304LM4N
Stainless steel whilst.ensuring that an Austenitic microstructure optimises the ductility, toughness and
corrosion performance o ﬁ1e Alloy. The Carbon content is normally 30 restricted to 0.030 wt % C
maximumifo optimise the properties and also to ensure good hot workability of the wrought Austenitic

Stainless Steelﬁrmsié%%kéém@%ﬂ@ﬁﬁ}&@m@%&w@ spasifically formwaier leehayeraCarbon
content S 0.030 wt % C maximum, but WO 2012/161661PCT/SG2012/000183 21 preferably ? 0.020

wt % C and 5 (M93Er0Rs9R Y AYiekphare prarérsiiyits dosnie sem ety ¥Bethin appireatsHEtwiEre a

higher Carbon euuentat LA40 wtine abedentd dRmdYedbutmreferadly, 20 960 Wiiarzaees2 0.030 wt
% C and 50.08 wt % C, but preferably < 0.040 wt % C is desirable, specific variants of the 304LM4N

Stainless steel?¥hAER! 59+ IR 6F SB0ANRARE ¥ EEHVEOHAVE 188 HEE 1 Y5trFosalPBiulated.
Effect of Borongigstsmri\kinigiiten CaleinmranechMaginesiufstenitic microstructure, As a result,

Carbon indirectly limits the propensity to form intermetallic phases since diffusion rates are
much slower in Ausfcenite. Thus, the kinetics of intermetailic phase formation is reduced.
Likewise, in view of the fact that Austenite has a good solubility for Carbon, this means that
the potential to form deleterious precipitates such as M;X (carbo-nitrides, nitrides, borides,
25 boro-nitrides or boro-carbides) as well as Ma3Cs carbides, in the weld metal and heat
'affected zone of weldments, during welding cycles, is reduced. Carbon and Nitrogen in the
solid solution are primarily responsible for increasing the mechanical strength properties of
the 304LM4N Stainless steel whilst easuring that an Austenitic microstructure optimisas the
ductility, toughness and corrosion performance of the Alloy. The Carbon content is normally
30 restricted to 0.030 wt % C maximum to optimise the properties and alse to ensure good hot
workability of the wrought Austenitic Stainiess Steels. This 304LMA4N Stainless steei has

been specifical!y"fbrmufated to-have a-Carbon content £ 0.030 wt % C maximum, but



The hot workability of Stainless Steels is improved by introducing discrete amounts of other elements
such as Boron or Cerium. If the Stainless steel contains Cerium it may also possibly contain other
Rare Earth Metads16REfdbisuch as Lanthanum since REMs are very often sipglie iodhigsstainless
steel manufacturers as Mischmetal. In general, the typical residual level of Boron present in Stainless
Steels is ? 0.0001 wt % B and .5 0.0006 wt % B for mjijls which prefer not to intentionally add Boron to
the heats. The 304LM4N stainless steel may 15 be manufactured without the addition of Boron. -

Alternatively, the 304LMA4N stainless steel may be manufactured to specifically have a Boron content
2 0.001 wt% BERIHY B AP 95 &, B&PB@%@BW%@M 0% BSFARC CORE Mok 6. e

beneficial effecieabRaeimandal weskabiigheesdhsofresnrasuringthat Barendis eiainedin, satid
solution. It is ther forg‘ necessary to ensure that deleterious recipitates such as M2X D%borides,

boro-nitrides oP 96 BRYGECaTBId¥s Y dothat e tibitdts Mene microtrbcit S SRy rahBE Widkries of

the base matedaisddeinghieanpéaicitivagaard detistraatovemt cyaldssorstedhenasae idimeld saetal and

heat affectgd z %T%Weesld nents %g&ings\évggygﬁu(%écgﬁ Tpe %,Qé M4N stainless steel may be
manufactured to speci |c§ﬁy aVe'8 CErum Comtent s \é?d-"f wi % Ce, but preferably ? 0.01 wt % Ce

and 5 0.10 wt % Ce and more preferably ? 0.03 wt % Ce and 5 0.08 wt % Ce. The Cerium forms
Cerium oxysuIgﬁgggfigot,lg%%g[ﬁsgi§;§i§|,_m‘jwmwﬂgt,w xahility but, at specific levels, these do
not adversely affect the corrosion resistance of the material. For certain applications, where a higher
Carbon content of ? 0.04 wt % C and <0.10 wt % C, but preferably 50.050 wt % C or >0.030 wt % C
and 5 0.08 wt %3G prigf eralelvne Q- 94N Madroldesiiabiauviaiants £f the.aRALdYdMestainless

steel may also be manufactured to specificall¥ have a Boron content 5 0.010 wt % B, but preferably a

0.001-wt 9B afl&mFB- DM WISHES AR TRE JrdRErIBIN'S O TS WEVpE A NGB 5 W6 HY WO

2012/161661Pgah{56> 2the2 PO IR R 2eta GReMsGantRnL B e dnwiibeCrrlatitpseferplites 0.01 wt
% Ce and .<, 0.10 iWt % C‘@e gnd {nore referaplé? 0.03 wt % Ce alnd 5 0.08 }%t % Ce. It should be
noted that Rar&"FPAITA M&tsIZRILG b tRICaH I Vﬁﬁﬁé‘\fj"&?‘?&’&%&ﬁek‘%ﬂﬂ@&ﬁ ARG SGHANG the total
amount of RENMsat o frros poctizetlevelsigbe sepiedified tremt T304 MbbissStainlesasteitd may be 5

manufactured {9, specifigally contain Alminiym. Colclum aadier Maansslym, These.clements may be
added to deoxidise andjor esufp Urise the Stainiess steel I order to improve 1S tleanness as well as
the hot wabkabblitynef tfestaratenihonttibeeadd|tvnief SveonlUitamhativeuntenBis tyFidaityivesttied to have
an Aluminium coptent.0 QR0 Wi o6 f%'sguemsﬂwé\béxs_aupgmeénwg%?M%%w& Lydhang pore
preferably .? 0.010 wt % Al and 5 10 0.030 wt % Al in order to inhibit the precipitation of nitrides.
Similarly, the CakiftirisieiaRdr ARSI BaRtene LROBAEANE cOMmRsinetide! rEee af Garamaroiavg
content of 5 0.1 A% GAARVRHMSsbPIRIeTERYN 20 Q01 VasGiA ABMMME ANGSRQL0 Wt %
Ca and/or Mg and more preferably ? 0.001 wt % Ca and/or Mg and 5 0.005 wt % Ca and/or Mg to
restrict the amSETEHT8IHY %Wﬁ%\ﬁ%'ﬁ irfBRESTRHE RS ERFRR/ A RS Mot TSRS HPRSHtARS, Yther
variants ofdhe f04lMéiestainlessyaiealmanbadaimdtatedda be magufackiesksentainiagspecific
levels of other allgr)éli,n elements §uch as Cofpﬂger 20 Tungsten and \,/anadium.I imilarly, for certain
applications, wREYe'a Kigie: CAHIBH SRRt 2 0T WISH AR 206 Pee e Bl BErdIaBly 5 0.050
wt % C or > 0.030has 04 stk itk 08 wel &b £3 1 Ddutrpizefesialply 30840 wt % C is desirable, specific
variants of the 304LM4N stainless steel, namely 304HfV14N or 304M4N respectively, have been
purposely formulated. Furthermore, for certain applications, where a higher Carbon.content .? 0.040 wt
% C and < 25 DhtGWLRHE strinipreferealoly b 16 050w €Y oF speciiddiwtNe@ GaliBi@@8ant 96 C but
preferably < 0.040 ytat-C i5 clasiiable, SRRails varanis othe SOAHMAN ar R04MAN stainiess steel,
namely Titanium stabilised, 304HM4NTi or304M4NTi1 Niobium stabilised, 304HM4NN¥3 or 304M4NNb
and Niobium pWis*TemaatlaPapiti&cer- 3ba RN RASTA 6 BOARANIN DT as AllbysShivieslsiebéen
purposely formplaied. ditapimsiapdiseds Miohiim,30 siabilised,andOirkiymlysntarialipystabilised

variants of the Alloys may be given a stabilisation heat treatment at a temperature lower than the initial
solution heat tréSifMBFR W MPBETATENR! THASRHT FRBIGF ISR S b NS FafTF pée T aitdldth- may be

added' wt % C and < 0.10 wt % C, but preferably < 0.050 wt % C or > 0.030 wt % C and < 0.08 wt %
30 C, but preferably < 0.040 wt % C is desirable, variants of the 304LM4N stainless steel may
also be manufactured to specifically have a Boron content £ 0.010 wt % B, but preferabiy >

0.001-wt % Band < 0:010'wt % B and more preferably-2 0.0015wt %-Band £ 0.0035wt % B



» WO 2012/161661PCT/S02012/000183 23 individually or in conjunction with Copper, Tungsten and
Vanadium in all the various combinations of these elements to optimise the Alloy for certain
applications whera tiigh@s Carbon contents are desirable. These alloying #l€mi&rspiRYIBR utilised
individually or in all the various combinations of the elements to tailor the stainless steel for specific
5applications and to further improve the overall corrosion performance of the Alloy. Effect of Copper
The beneficial effect of Copper additions on the corrosion resistance of stainless steels in 10

non-oxidising media is well known. If approximately 050 wt % af Copper is ad the active
dissolution raté’in t%lrﬁ]né T—?)?KéﬁigchP(j!}%‘%{?:fgégrf?gL%ef%reée/?ci:yeac%%jog%r/lg I%esgnlﬁ 'Cqﬁ%ri\aae%ieu%dns are
both decreasedhdtcharslsehty foWrts thatilie geder &l Bowb%idre résisanid dénrSigphricRatidatso

improves with ms%aggigyege%&%qﬁaiMeJa;bertpo&e ;\{‘é"s‘Kﬂ&Hr%e%ﬁ’ﬁ%%"ﬁﬁ?&@%%L‘?QJ%%JR{%F”9

element along with Ni , Manganese, Carbon and Nitrogen. 15 Therefore, Copper can improve the
localised corroBRdsaetifgencralteeirsioaffaforerfad dortalire 38444 SElqesvEreb@opper and

other austgniteforming AlemenisaeaRtimised-tofatances theskamite.fermingslamgnts sheh as

Chromium, Molybdenum and Silicon to primarily maintain an Austenitic microstructure. Therefore, a

variant of the SV RMNSUiRfeddeln HaXisbenaapiuimcatip euisetEtf wraiale segppetrtdntent 5 1.50

wt % Cu, but 2@mesferalleORQ s % & U ek 5hd: S0ovih 8616 L ank Mmaterpreleraklyr&ev:R0md % Cu for
the lower Copper range Alloys. The ch?per content of the 304LM4N m%%)/?be characterised by an alloy

which comprisé&FEEREARY, PSRRIV S W ED AHES G W Vs C P2 h idte Peferably 5
2.50 wt % Cu fprethmaiitighenCopper senge<AllosEw2 SC0ppe mmey doefadbligd: indi crelyAberia <
conjunction wity Tyngsiery vanadiym, Tienium andioriopium andior Nigbiym ol Tantglym in all
the various combinations of these elements, to further improve the overall Corrosion performance of
the Alloy. Coppérgsesostlycakehtiengfordyisdreinipguegosely fimited toMdptinmitetiod c@omomics of the

Alloy, while at the i imising, th jlity COasiPR:Redor of the
Aoy, WO 2013 B Do R B e ot

occupy a similanpasiionreisrah REHBdivtdble ane/palie ansim d0p otk ficpand/ipiriMeriesestithe

resistance to lagalises, cosFORIoR(RikiNiIRAR Gigvice 5 Corrosion). At particular levels of Chromium
and Molybdenum content, Tungsten has a strong beneficial influence on the passivity of Austenitic

Stainless Bteels. Addition of Tungsten moves the pitting potential in the more noble direction, thus
extending the passigpatential range. Increasing Tungsten content also reduces the passive current
density i pa ". Tungsten is present in the passive layer and is adsorbed without modification
For certain applications, other variants of the 304LM4N stainless steel may be formulated 1o
be manufactureé containing specific levels of other alloving elements such as Copper,
20 Tungsten and Vanadium, Similarly, for certzin applications, where a higher Carbon content 2
0.040 wt % C and < 0.10 wt % C, but preferably £ 0.050 wt % C or > 0.030 wt % Cand =0.08
wt % C, but preferably < 0.040 wt % Cis desirable, specific variants of the 304LM4N stainless
steel, namely 304HMAN or 304M4N respectively, have been purposely formulated.
Furthermore, for cartain applications, where 2 higher Carbon content 2 0.040 wt % Cand <
25 0.10 wt % C, but preferably £ 0.050 wt % C or > 0.030 wt % C and <0.08 wt % C but
- preferably < 0.040 wt % C is desirabie, specific variants of the 304HM4N or 304M4N
stainless steel, namely Titanium stabilised, 304HM4NTI or304MANTI, Niobium stabilised,
304HMANND or 304MaANNDb and Niobium pius Tantalum stabilised, 304HMANNDTz or
304M4ANNDTa Alloys have also been purposely formulated. Titanium stabilised, N'iobium |
30 stabilised and Nioblum plus Tantalum stabilised variants of the Alloys may be given a
stabilisation heat treatment at a temperature lower than the initial solution heat treatment

temperature. Titanium and/or Niobiwm--and/or Niebium plus Tantalum may be added



10 of the oxide state'. In acid Chloride solutions, Tungsten probably passes directly from the metal into
the passive film, by interaction with water and forming an insoluble W03, rather than through a
dissolution theroadspipiian process. In neutral Chloride solutions, the beneficiadetireihofigsingsten is
interpreted by the interaction of W03 with other oxides, resulting in enhanced stability and enhanced
bonding of the oxide layer to the base metal. 15 Tungsten improves the resistance to general
corrosion and localised corrosion (Pitting Corrosion and Crevice Corrosion) in Chloride environments.
Tungsten also im&)r%ve the resistance to Chloride stress corrosion cracking in Chloride containing
environments. TUNGLIEN i€ B TP RSHAINY Bl EREand BEE 78V AT PIAYER AL A h §NRith EHfomium,
Molybdenum amrdnSilicoionisodptinistehtenbatangeithe Austenitédocaing elpmentsswebrasigherNickel,
Manganese, Carbon and Nitrogen to primarily maintain an Austenitic microstructure. However,
Tungsten in Co%fﬁg{‘,gﬂ”\}ﬁtES@%%Q%{L%FJ&%% Z‘ﬁﬁirnrffgnedn %Féc??layngaey‘ﬁtﬁ{sreea@ W3 aeRS towards
the precipitationihef iridensetatibiphiawes ahditeldterious preciiitatelss Tdwndforestpradticathscthere is a
maximum limit o, the. ieveLok THRgSiE) !rma%\?eaﬁl\pgvlé}grh %?%Qsé;’%‘%%&@%ﬂ%‘&#@ﬁetﬂ oate of -
intermetallic phase formation in thick sections 25 which, in turn, could lead to a reduction in ductility,
toughness and corrosion performance of the Alloy. Therefore, a variant of this 304LM4N stainless
steel has been gpagificalypiermulated to have a Tungsten content 2.00 wt % W, but preferably 0.50 wt
% W and .1.00 wt W and more preferably 0.75 wt % W. Tungsten may be added individually or in
conjunction with Copper, Vanadium, Titanium and/or Niobium and/or Niobium plus 30Tantalum in all

the various conThinbéiasisigf dHesevelesppatsdtadsnthar improvestbe Rvefalearesionperfesmance of
the Alloy. ;I'ungsten isdextreme!g ,cose‘tly and th?refore,is.bein WO 2012/161661PCT/SG2012/000183
25 purpostly liMAEFS SFHMTLE the RESIRSIS BPIREMIEY, IAT W At HERRFSRABEIHNSHG the
ductility, toughnissiaiich cateosiomopie cintancaont theiAlay. fhfept otd/ anackion bAtpartioues levels of
Chromium and Molybdenum content, Vanadium has a str neficial influence on the passivity of
Austenitic Stainsleggé tseaerles.bﬁ%d?t%ﬁe%sfe@a%gh |%}ﬁe?ﬁ!o%ggcrhge%§§fﬁgg%%ef'é’r?t?g[ﬁ%stt%ne "Tora ioblke
direction thus exihdiirgtirbafsadsivee presterntictheasmiyit snoreCming threty apadilife sonéent ‘atspdeners i rr
and thus Vanadiup, Aﬂs@&w%H%ﬂ]&%gMQnMQ!XPQWWM'E&BEF’XE%QS%

(esistance Ipogperal corrosion
and localised corrosion (Pitting Corrosion and Crevice Corrosion) il Chloride environments. Vanadium

in conjuncifon Witsr NRER/SAEREMEFh HPRARMS iFid Ferad ek crssisiem et g hiorivher stiers sarbarosion cracking

in Chloride containiLnMEOR MRS, dlOWeYE el ARG 41 CANL RS AR MR Ghramium; Malybdenum
and Silicon may increase the tendency towards the precipitation 15 of intermetallic phases and

deleterious pretipieitas ienErIiHm FRERBEH 6RGTentiSh & (oo deIMelibienpre eritaiioriieh as

M2X (carbo-nitgeiesriRitridesa ot essbangnisidesar-heso-rrshides) aswalhasMR3Goaaibides.
Therefore, practic,a’ley, there is% maximum limit to the level of Vanadium that can be increased without
a

enhancing the T8 oFIRtET EtaIRE HHRESE FRINSRRFHEh thitay & 8 HRARE" AN &8 Frh- 20t Féalds the
propensitgto famsatly 20.6eletssious: precipiatesincthenyeld rmptetadtal, heabafiected zeng of
weldments, durin Iding cycles, These intermetallic phase leterious, phases could, in turn,
lead to a reduclfri’(‘))gne % erceﬁ i%a{_,g'?oﬁig ﬁ'éilse glﬁ p&r)rcroonsl:fa'c)nn %%?f%?’rﬁ%ﬁ%%ﬁomﬁxg i‘?ro%?cfﬁ%sr% &% variant
of this 304LM4MNisstaihlefssosteaidiassifdent Sp Soiftoally demaiiata b omzva andanasiium wantend 5 0.50 wt

76 V. bult preferaBly & el uiyLo% o6 g2 OrsPHE b nLAN oI pLSIpIgblY 25 5 030 wi 56 V.

Vanadium may be added individually or in conjunction with Copper, Tungsten, Titanium and/or
Niobium and/or Niobium plus Tantalum in all the various combinations of these elements to further

improve the ovesgl£angsianpaEpimanesa¥ theAlgy: Yanadinm isnpstly andthersfare is heing

purposely limited to optimise the economics of the Alloy, while at the same time optimising the ductility,
toughness and*86&yr gR&W‘béPﬁJﬁﬁ&h‘&@% tEsalpgyralum in all the various combinations of these

elements, to further improve the overall corrosion performance of the Alloy. Copper is
costly and therefore is being purposely limited to optimise the economics of the Alloy, while
at the same time optimising the ductiiity, toughness and corrasioﬁ performance of the Alloy,

30



- WO 2012/161661PCT/S62012/000183 26 Effect of Titanium, Niobium and Niobium plus Tantalum For
certain applications, where a higher Carbon content ? 0.040 wt% C and < 0.10 wt % C, but preferably
5 0.050 wt Yo an 2361wt % C and 5 0.08 wt % C, but preferably < 0.04@wt& e masigiesirable,
specific variants of the 304HM4N or 304M4N stainless steel, namely 304HM4NTi or 304M4NTi, have
been purposely formulated to have a Titanium contentsaccording to the following formulae: Ti 4 x C
min, 0.70 wt % Ti max or Ti 5 x C min, 0.70 wt % Ti max respectively, in order to have Titanium
stabilised deriyv, .é/c So P{_ &Qes EIrI‘oy. Titanium stabilised variants of the alloys may be given a stabilisation
heat treatment at a tempe?a ure 10 lower than the initial solution heat treatment temperature. Titanium
may be added individually- or in conjunction with Copper, Tungsten, Vanadium and/or Niobium and/or
Niobium plus Tanam Inahheavarions compinalions.ofdhse slements toentmise the ductiiy.
toughness and corrosion performance. of the aIFoy. isLikewise, for certain applications, where a higher
Carbon content?ir0RAGeM Y @ anfthence 10 Wieltedstsnepreforatipboor 0@t JiiGamd (L8308t % C

and 50.08 wt % £, RidprateraRivm 01040 Wk Uhia isidasirablao sBasiinVasiante af e 304EMAN or
304M4N Stainless steel, namely 304HM4NNb or 304M4NNb, have been purposely formulated to have

a Niobium conf8i"&cEBRafif LA oNinG FoPRfSTEE: Rb AR ifiinStaitan Sharle MedideNe 10 x C

20 min, 1.0 wt % d¥adnaxsaspertivaldneraaidohave Niekiummstahilised-derivatives ahthea,Alloy. In
addition, other variants of the Alloy may also be manufactured to contain Niobium plus Tantalum

stabilised, 304PAFAINITFE 8P ' BARRA NS T e FSTAFR SR HERE e R BRI UL T BREaN R LBRRENt i
controlled accafelisigyto,ther folswing fosmulae tidpaEa S a6 ain jslaBsuibed Manb Eanmak:RidO wt % Ta

max, or Np.+ Ta 10 x C min, 1:0 wt % +Ta 0.10 wt 25 % Ta max. Niobium stabilised and
Niobium plus 'IDZn S shised vaé:’r%alyn@sogérefhsg? gﬁ'(g)r}%lﬁ”é]ﬁ%%ng%%ﬁ s PaBif SR N & ment at a

temperature lowevsthaie lﬂi_le t_rmi:xwesf@mnb_mi:hteegcuieaimmaempeqfafnnrmg\lknbmmwmd,\ﬁmme plus
Tantalum may e, added AV er B aeaaeian IR apRet, LLAAR. aadiup.agdor

Titanium in all the various combinations of these elements to optimise the ductility, toughness and
corrosion 30petfeatiariceliortnd AesslenWio IDEIRITed 461 e SGAIRGONPSYRT Fiting Riesistance

Equivalent It is;eyideatifraniheforeaning thal-a Aumhes-af RlIIOMRg SIBMERs in RLainiesssieels move

the pitting potential in the noble direction. These beneficial effects are complex and 5 interactive and
attempts Rave BEEHFRATEPIE s & Mo rRpoSRiSn LB 8RtHTE AoEiATHicar felatrbinethip ey it R rgsistance

indices. The most-s9emenly accepteddasr)ulae nlisrdiiealsehading RN RESISEANEE
EQUIVALENT: ' . . L ‘ - .

resistance to Chloride stress corrosion cracking in Chloride containing environments.

Tungsten is a Ferrite forming element and the level of Tungsten along with Chromium,

Mq}ybdenum and Silican, is optimised to balance the Ausfcénite forming eieh':ents such as

20 Nickel, Manganese, Carbon and Nitrogen to primarily maintain an Austenitic microstructure.

However, Tungsten in conjunction with Chromium, Molybdenum and Silicon may increase

the tendency towards the precipitation of intermetaliic phases and defeterious precipitates.

Therefore, practically, there is a maximum limit to the level of Tungsten that can be

increased without enhancing the rate of intermetallic phase formation in thick sections

25 which, in turn, could lead to a reduction in ductility, toughness and corrosion performance

of the Alioy. Therefore, a variant of this 304LM4N stainless steel has been specifically

formulated to have a Tungsten content < 2.00 wt % W, but preferabiy 2050 wt % W and <

1.00 wt % W and more preferably 2 0.75 wt % W. Tungsten may be added individually or in

conjunction with Copper, Vanadium, Titanium an-d/or Niohium andfor Niobium plus

30 Tantalum in all the various combinations of these elements, to ftirfher impfove the overzll

corrosion performance of the Alloy. Tungsten is extremely costly and therefore is being



PREN =% Cr + (3.3 x % Mo) + (16 x% N). It is generally recognised that such Alloys as described
herein with PREN values less 10 than 40, may be classified as "Austenitic" Stainless Steels. Whereas

such alloys aggagetibagdsiaerein with PREN values of greater or equal to 4@-ma¥Re:skassified as
"Super Austenitic" Stainless Steels reflecting their superior general and localised corrosion resistance.

This 304LM4N stainless steel has been specifically foggulated to have the following composition: (1)
Chromium content 17.50 wt % Cr and S. 20.00 wt % Cr, but preferably 18.25 15wt % Cr, (ii)
Molybdenum content s 2.00 wt % Mo, but preferably .? 0.50 wt % Mo and S 2.0 wt % Mo and more
preferably .2 1.HRCSEIKIBNIed Gy ANIRHSR EHF CERABERTIES o Peelion NhilratihaeraIsy MEORIWS T N and

S 0.70 wt % N andimere,prelgrably sadQdbus Yo danhite® AR N and even more preferably
200.45 wt % N and S 0.55 wt % N. The 304LM4N Stainless steel has a high specified level of Nitrogen

and a PREN .? 25, but preferably PREN 30. As a result, the 304LM4N Stainless steel possesses a
unigue combinatiert sfiigiEioechanical strength properties with excellent ductility and toughness,
along with good weldability and good resistance to general and localised corrosion. There 25 are
reservationis concerning the utilisation of such formulae in total isolation. The formulae do not take
account of the benefitialeffeetssofottiepeiements suchtaerkungsteanyhiGniiprovepitingong

performance. Foer QQ%‘M st "},9%% steel va |aqt Tun ten t PITTIIEI SISTANCE
EQUIVALENT 15 calcuiate ﬁs%g the Tormull a((e’ OPF%’:*T\F"' 'C/g%"'es e S g;:’E"’(i%éx 7% N). It

is generally red@gﬁééhﬁhé‘t‘%@@iﬁ%ﬂr@@abmgwlbe*d%rﬁnthuse)@m\xhvmmymm 40, may
be classified ag,AustRpilicinptab|ess RieelnVReIRa AN AllaKs ARdeseiibed et wmﬁ’RENW

values of greater or equal to 40, may be classified as 'Super Austenitic" Stainless Ste els reflecting
their-supeHongiiBr oI FoE a1 4BaBY df e FErsn £0/8 858 1 PO BNSE 20t iTBbEREPB 98 tance.

This Tungsten goatainiogrvarantefl the3RAL N Stainiescaleel hasbrstkapecifigaluformylated to

have the following composition: (II ) Chromium content ? 17.50 wt % Cr and 5 20.00 wt % Cr, but

preferably ?. 1802@‘{/\&“9”@?‘”5%’ Kﬁsﬁlrb’aéﬁﬁﬁwa%df‘é’?f%e YBHNTIRIER BWPBFEfW&Eﬂ)?WGSB@ wt % Mo
and 5 2.0 wt %cMexmgdiimone prefesaklyitgl Ovioderivias. (HpviNiteogeseante Sn{hvioho Melut

preferably ? 0.40 wt % 0wt and mare refe ably 2 0.40 wt % N .and 5 0,60 wt % N
and even more%gref%ra ﬂ?ﬂf?)dﬁ% Wt%d/lgf "HRd 570 85 ?5‘57 kF téndenty owards the precipitation

15 of intermetallic phases and deleterious precipitates. Vanadium has a strong tendency to
form deleterious precipitates such as MzX (carbo-nitrides, nitrides, borides, boro-nitrides or
boro-carbides) as well as Ma3Cs carbides. Therefore, practically, there is a maximum limit to
the level of Vanadium fhat c:aﬁ be increased without enhancing the rate of intermetallic
phase formation in thick sections. Vanadium also increases the propensity to form sﬁch

20 deiete_rious precipitates in the weid metal and heat affected zone of weldments, during
welding cycles. These intermetallic phases and deleterious phases could, in turn, iead to g
reduction in ductility, toughnesé and corrosion performance of the Alioy. Therefore,ra
variant of this 304LM4N stainless steel has been specifically formulated to have z Va nadium

content < 0.50 wt % V, but preferably = ¢.10 wt % V and .S 0.50 wt % V and more preferably

25 < 0.30 wt % V. Vanadium may be added individually or in conjunction with Copper,
Tungsten, Titanium and/or Niobium and/or Niobium pius Tantaium in all the various-
combinations of these elements to further improve the averall corrosion performance of
the Alloy. Vanadium is ;ostly and therefore is being purposely limited to optimisé the
economics of the Alloy, while at the same time optimising the ductility, toughness and

30  corrosion performance of the Alioy.



. 10(iv) Tungsten content 5 2,00 wt % W, but preferably ? 0.50 wt % W and 5 1.00 wt % W and more
preferably ? 0.75 wt % W. The Tungsten containing variant of the 304LM4N Stainless steel has a high
specified levgl®idiigarm and a PRENw ? 27, but preferably PRENw? 3Zedtraiicuid/beemphasised
that these equations ignore the effects of microstructural factors on the breakdown of passivity by
15pitting or crevice corrosion. Austenitic Microstructuge The chemical composition of the 304LM4N
stainless steel of the first embodiment is 20 optimised at the melting stage to primarily ensure an
austenitic microstructure in the base material after solution heat treatment typically performed in the

range 1100 defEtSUIERHBY Wabivga Hrhium RS SARHIET The microstructure of the 304LM4N

base material in the solution heat treated condition, 25 along with as-welded weld metal and heat
affected zone of weldments, is controlled by o timisig the bal?g%eoggtWV\@eP aalésgeéwijttﬁ forg{ni(pg

elements and eoﬁﬁgqunﬁ%%’ceﬁg?ﬁ‘é’n‘f’s,eé%adlhs', uesfscea anoc\?él,t, % primarily EhsUte that the al oy'is

austenitic. Theute!athferﬁfesms %teieﬂms ‘Wmoh stabilis® Wltg’%fgrlﬁte mdaaimflgr.ﬂt@&lphases can
30 be expressed in tem gfngi (] an N sy alsiR.Re coigiahelleial Wilising feal and NI

c
equivalents has been demonstrated using the metho proposecrl by Schaetffier4 for predicting the
structures of waldHivEdrs. oT FePEMaETflerve diegramripstiictyyoniiehitidaptez Vepium content

2012/161661PLTiR6320d 2000 AA2I0FaRidly, 935t AR 690RdA0NE.SHCH 35 whldmens.ar chill

castings, However, the Schaeffler4 diagram can also give an indication of the phase balance of

‘parent’ materidfs’! SEHARTRRTABlediEtr iR e ctinReBrapiintdse SdianeldThalay BBk on rapid
cooling accordipghindbelraRe sakGEIRAsilien avpiassasliktirmsRtthaindtrhenethibeesguivalents.
The Schaeffler4 diagram utilised [Cr] and [Ni] equivalents according to the following formglae:
. 10 lower than the initial solution heat treatment temperatdre. Titanium may be added
individually or in conjunction with Copper, Tungsten, Vanadium and/or Niobium and/or
_Niobium plus Tantalum in all the various combinations of these elements to optimise the

ductility, toughness and corrosion performance of the alloy.

15 Likewise, for certain applications, where a -higher Carbon content 2 0.040 wt % C and < 0.10
wt % C, but preferably < 0.050 wt % C or > 0.030 wt % C and £ 0.08 wt % C, but preferably <
0.040 wt % C is desirable, specific variants of the 304HM4N or 304M4N Stainless steel,
namely 304HMA4NND or 304M4NND, have been purposely formulated to have a Niobium
content according to the foliowing formulae: Nb 8 x Cmin, LOwt % Nb maxor Nb 10 x C

20 hin, 1.0 wt % Nb max respectively, in order to have Niobium stabilised derivatives of the
Afloy. In addition, other variants of the Alloy may also be manufa_ctured to contain Niobium
plus Tantalum stabilised, 304HMA4ANNDTa or 304M4NNbTa versions where the Niobium plus
Tantalum content is controlled according o the following formulae: Nk +Ta 8 x Cmin, 1.0
wt % Nb + Ta max, 0.10 Wt % "f’a max, or Nb+Ta 10x Cmin, 1.0wt % Nb+ Tz max, 0.10 wt

25 % Ta max. Niobium stabilised and Niobium plus Tantalum stabilised variants of the alioys
may be given a stahilisation heat treatment at a temperature lower than the initial solution
heat treatment temperature. Niobium and/or Niobium plus Tantalum may be added
individually or in conjunction with Copper, Tungsten, Vanadium and/or Titanium in all the
'varrious combinations of these elements to optimise the ductility, toughness and corrosion

30 pérforma nece of the alloy.



[Cr] equivalent = wt % Cr + wt % Mo + 1.5 x wt % Si 0.5 x wt % Nb(1) 10[Ni] equivalent = wt Ni + 30 x
wt % C + 0.5 x wt % Mn(2) However, the Schaeffier4 diagram did not take account of the significant
influence of Njtegem hgiabilising Austenite. Therefore, the Schaeffler4 diggsasahasdaeaen modified by
DeLongs to incorporate the important influence of Nitrogen as an Austenite forming 15 element. The
DelLongs diagram utilised the same [Cr] equivalent fogmulae as utilised by Schaeffler4 in equation (1).
However, the [Ni] equivalent has been modified according to the following formulae: [Ni] equivalent =
wt % Ni + 30 x wt % (C + N) + 0.5 x wt % Mn(3) 20 This DeLongs diagram shows the ferrite content in
terms of magn8HiEAfFetERsHEM Rl content and the Welding Research Council (WRC) Ferrite
number. The difference in the Ferrite number and the percentage Ferrite (i.e. at values > 6 % Ferrite)
is related to thtla WRC calibrati%'n [?rocedures and the calibration cFrves used with the rrga netic
measurements. & 38BN BPERESLRARMUTPHi R PARY SRA TS Ballongl Ao difeld SRkaeffiera
diagram revealsdhgitiifgy acgéveni[Gr]iequivalenti@atdiNijregis Visdealt:the-Balange diagtdsn predicts a
higher Ferrg'te cl:ontentt‘l(? tg}(riﬁmgterl% 5 %9 gégher eBpth the Schaef{llgﬁdiaogrram and the Ii)eLongs

i.e. appr
! ; P é? ! . e
diagram have p"rﬁ@.%a y Been evglgped’ for °38 weldments and are theretore ot nc‘;’*{l‘i‘f’gﬁﬁ icable to

'parent’ materiagiddonsbinsricheirtie prosideaindos ifticatish ohmephasestikelyrtoue présent and

give valuable i@gpggp&ﬁimggrﬁm@k%g}ﬁmﬂg%&megﬂﬁ:diﬁerent alloying elements. WO
2012/161661PCT/SG2012/000183 30 Schoefer6 has demonstrated that a modified version of the

Schaeffler4 diagram BB Béaided3c désMebe tHexPelflte number in castings This has been achieved

by transforming the q:sQseliaaifs et ipsSehaaiiemt disgramuiesitbe e BRI PrENRIRY: fMolume
Percent Ferrite 5 on the horizontal axis as adopted by ASTM in AB00/A800M - 10.7 The vertical axis is

expressedbs AR pE iRt A MugioHbd BiRtHesiNeaGuVarEsR SEhalnr 208555 B8 ied the
[Cr] equivalentrapg{ Ni} e arivaleniiastere.aacer ding toctae, fellgwingdaimrulae super Austenitic”

Stainless Steels reftecting their superior general and localised corrosion resistance. This
304LM4N stainiess steel has been specifically form uéated to have the following composition:
{) Chromium content 2 17.50 wt % Cr and < 20.00 wt % Cr, but preferably = 18.25
15 wt % Cr, _ ‘
{ii) Molybdenum content £ 2.00 wt % Mo, but preferably 2 0.50 wt % Mo and £ 2.0
wit % Mo and more preferably 2 1.0 wt % Mo ‘
(iii} Nitrogen content < O,“}O wt % N, but preferably 2 040wt % Nand = 0.70 wt % N
éncE mlore preferably 2 0.40 wt % N and £ .60 wt % N and even more preferably 2
20 C.45wt % Nand < 055wt % N. ‘

The 304LM4N Staiﬁkess steel has a high sp.ecified ievel of Nitrogen and a PREy 2 25, but
preferably PREy 2 30. As a result, the 304LM4!\% Stainless steel possesses @ unique
tombination of High mechanical strength properties with excellent ductility and toughness,
zlong with good weldability and good resistance to general and localised corrosion. There

25 are reservations concerning the utilisation of such formulae in total isolation. The formulae
do not take account of the beneficial effects of other elements such as Tungsten wﬁich
improve pitting performance. For 304LMA4N stainiess steél variants containing Tungsten, the
PITTING RESISTANCE EQUIVALENT is calculated using the formulae: PREyw = % Cr + [373 X%
Mo + W)] + (16 x % NJ. 1t is generally recognised that such alloys as described herein with

30 PREww values less than 40, may be classified as “Austenitic” Stainfess Steels. Whereas such
Alloys as described herein with PREyy values of greater or equal to 40, may be classified as

“Super Austenitic” Staintess Steels reflecting their-superior-general and localised corrosion



[Cr] equivalent = wt %Cr + 1.5 x wt % Si + 1.4 x wt % Mo + wt % Nb - 4.99(4) 10 [Ni] equivalent = wt %
Ni+30xwt% C+ 0.5xwt% Mn + 26 xwt % (N -0.02) + 2.77 (5) It is also suggested that other
elements whigh arexfressite stabilisers are also likely to influence the [Cr] eprivedent fasters to give a
variation in such equations adopted by 15 Schoefer6. These include the following elements which
have been designated with the respective [Cr] equivalent factors that may be relevant to the variants of
the Alloys contained herein: Element[Cr] equivalent Factor 20Tungsten0.72 Vanadium2.27

Titanium2.20 Tantalum0.21 Aluminium2.48 25 Likewise |t is also suggested that other elements which
are Austenite SCTBSEFS S8 AEERIERF 05 HARENLA BTE AT S INARAR Ve To SR EFoRifon in
such equationsmdiaiid oyrucheeterntve bie tatbidas dhedodlawing element which has been designated

i e resectve ) SRS b vt s s evssgpraned
% Cr,
5 (i) Molybdenum content = 2.00 wt % Mo, but preferably 2 0.50 wt % Mo and £ 2.0
wt % Mb and more preferably 2 1.0 wt % Mo,
{iii} Nitrogen content < 0.70 wt % N, but preferably 2 040wt % Nand s 0.70 wt % N
and more preferably 2 0.40 wt % N and < 0.60 wt % N and even more prefei'ably 2
© 0.45wt% N and £ 0.55 wt % N
10 {iv] Tungsten content € 2.00 wt % W, but preferably 2 0.50 wt % W and = .00 wt %
W and more preferably 2 0.75 wt % W.
The Tungsten containing variant of the 304LMA4N Stainless steel has a high specified level of
Nitrogen and a PREnw 2 27, but preferably PREwwz 32. It should be emphasised that these
equations ignore the effects of microstructural factors on the breakdown of passivity bly

15  pitting or crevice corrosion.
Austenitic Microstructure

The chemical composition of the 304LM4N stainless steel of the first embodiment is
20 optimised at the melfting stage to primarily ensure an ausienitic microstructure in the base
materiai after seiution heat treatment typicaily performed in the range 1100 deg C to 1250

deg C followed by water gquenching.

The microstructure of the 304LMA4AN base material in the solution heat treated condition,
25 slong with as-welded weld metal and heat affected zone of weldments, is controlied by
optimising the balance between austenite forming elements and ferrite forming elements,

as discussed above, to primarily ensure that the alloy is austenitic.

The relative effectivensss of elements which stabilise the ferrite and austenite phases can
30 be expressed in terms of their [Cr] and [Ni] equivalents. The -conjoint effect of utilising {Cr}
and INi] eguivalents has been demonstrated using the method proposed by Schaeffler for

- predicting the structures of weld metals. The Schaeffler® diagram-is strictly oniy-applicable~~ -



Copper0.44 However, ASTM A800/A800M - 107 states that the Schoefers diagram is only applicable .
to Stainless Steel Alloys containing alloying elements in percentage by weight according to the
5following spggifisationgange: CMnSiCrNiMoNbN MIN17.00 4.00 MAX 0.26-2/616-4:190645$90 13.00
4.00 1.00 0.20 10 From the foregoing, it can be deduced that the Nitrogen content in the 304LM4N
stainless steel, is 5 0.70 wt % N, but preferably 0.40 wt % N and 5 0.70 wt % N and more preferably
0.40 wt % N and 0.60 wt % N and even more preferably 0.45 wt % N and 5 0.55 wt % N. This exceeds
the Schoefer6 diagram maxXimum limitations as adopted-by ASTM A800/A800M 15 - 107.
Notwithstandintf tFi& &3 airanied, Ahevs ehee e alagiats vifll gk BTeNgtvE QBRparksn of the

Ferrite numberseréaiurheiRResseni-FatoterrenemiiaddigbeaNiveaeneantaiping.Alstanitis Stainless
Steels. Nitrogen is an eztremélgdstron%Austenite forming element along with Carbon. Similarly, 20

Manganese anti Nitkel dre A6 IANS e Yoy alireriee it R folaied QR AePrhePRi08ls of
Austenite formingeetiaipettstbichcasmiitiogemandicarbgne asdvell as-ianganese|andaNickaliare
optimised to balance the Eerrite forming elements suc Chrpmium, Molybdenum and Silicon to
ormarly i AL e et A AR T RRe) Ao DI eEs FTEAFE Srolbensty to
form intermetafiidphiasés siree diffusion rates 25 are much slower in austenite. Thus, the kinetics of
intermetallic phase formation is reduced. Likewise, in view of the fact that austenite has a good
solubility for Nitrogen, this means that the potential to form deleterious precipitates such as M2X.
(carbo-nitrides, nitridéS] Barissnbovs-titidestdr Hero lcariddsiashieMaganib3Ce carbidds, in the
weld metal and heat affected zone of weldments, during welding cycles, is reduced. As discussed

already 30other variants of the stainless steels may also include elements such as Tungsten,
Vanadiunt°Titanium, W SEAUAEAR Y% Cofiger O WOveB19M 61661PCT/SG2012/000183 32

However, the Schaeffler® diagram did not take account of the significant influence of
Nitrogen in stabilising Austenite. Therefore, the Schaeffler® diagram has been modified by
Detong® to incorporate the important influence of Nitrogen as an Austenite forming
15  element. The Delong® diagram utifised the same {Cr] equivalent formulae as utilised by
Schaeffier* in equation [1). However, the [Ni} eguivalent has been modified according to the

foliowing formulae:

INi] equivalent = wi % Ni+ 30 xwt % {C+ N} + 0.5 x wt % Mn (3)
20
This Delong” diagram shows the ferrite content in terms of magnetically determinéd Ferrite
content and the Welding Research Council (WRC) Ferrite number. The difference in the
Ferrite humber and the percentage Ferrite (i.e. at values > 6 % Ferrite} Is related to the WRC
calibration procedures ahd the calibration curves used with the magnetic measurements. A
25  comparison of the Schaeffier® diagram and the Delong® modified Schaeffler® diagram
reveals that, for a given [Cr] equivalent and [Ni] equivalent, the Delong® diagram predicts a

higher Ferrite content {i.e. approximately 5 % higher).

Both the Schaeffler® diagram and the Delong’® diagram have principally been developed for
30 weldments and are therefore not strictly applicabie to ‘parent’ material. However, they do
provide a good indication of the phases likely to be present and give valuable information of

-the refative influence of the different zlloying elements;



- Therefore, the 304LM4N stainless steel has been specifically developed to primarily ensure that the
microstructure of the base material in the solution heat treated condition along with as-welded weld
metal and hegbaffesiethzone of weldments is Austenitic. This is controlledeby/eptinising ghe balance
between Austenite forming elements and Ferrite 5 forming elements. Therefore, the chemical analysis
of the 304LMA4N Stainless steel is optimised at the neglting stage to ensure that the ratio of the [Cr]
equivalent divided by the [Ni] equivalent, according to Schoefer6, is in the range > 0.40 and < 1.05, but
preferably > 0.45 and <0.95. 10As a result the 304LM4N Stainless steel exhibits a unique combination
of High Strength and Ductility at ambient temperatures while at the same time guarantees excellent
toughness at antbigat’ termpenatusestan cheryagediiteterapenabines. Shutiterhoretie dlidyecardoe
manufactured and supplied 1n the NonsMagnetic, condition. JaQplimum, Ghemical, Gomposifon As a
result of the forgoing, 1t has been determined that the optimum chemical gompositlon range of the
304LM4N staintdiseistes] sesuluutiter didsmotudeithepefeaitane by vasie Moo o Rewe1t R ©.030 wt %
C maximugm, byt prefReably Q050 wit %yGand;s 0080 Wt Xade/ARsbmore.BrefgablyR.Q-9gs wt % C;

(i) 5 2.0 wt % Mn, but preferably 1.0 wt % Mn and .5 2.0 wt % Mn and more preferably 7. 1.20 wt %
Mn and 5 1.50eWr e MrasvitiF oV TeeNGaRs gr 850 aifEprafeisolY il sepisHant S siemae
preferably,1.42,aflea Beiorfef dhilawaladRlYaNoANS e JaBES AURNA: Uitho iRt Ymbia but
preferably 5 0.025 wt % P and more preferably 5 0.020 wt % P and even more preferably 5 0.015 wt %
P and even further more preferably 5 0.010 wt % P; (iv) 50.010 wt % S, but preferably 50.005
wt % S and mere gieferally 20063 wk%wa0Ssiandiemenymase: preferably 520.001 wt %%;. WO
2012/161661PCT/SG2012/000183 33 (v) 50.070 wt % 0, but preferably 5 0.050 wt % 0, and more
preferabl§/55 0.030 wt % 0, and even more preferably 5 0.010 wt % 0, and even further more preferably
5 0.005 wt % Qii} equivalefvi) 0% BiwBdox 8t b ate&fereldly 2n 6.26xwit % Bi-ahd2p 0275 wit(8h Siand more
S5preferably ? 0.40 wt % Si and 5. 0.60 wt % Si; (vii) ? 17.50 wt % Cr and 520.00 vvt % Cr, but

preferably ? 18.25 wt % Cr;
tt is also sugpested that other eiements which are Ferrite stabilisers are also likely to

influence the [Cr] equivalent factors to give a variation in such equations adopted by
15 Schoefer®. These include the following elements which have been designated with the
raspective [Cr] equivalent factors that may be relevant to the variants of the Alloys.

contained herein:

Element [Cr) equi\;alent Factor
20 Tungsten 0.72
Vanadium 2.27
Titanium 2,20
Tantalum 0.21
Aluminium 2.48
25
Likewise it is also suggested that other elements which are Austenite stabilisers are also
likely to influence the [Ni} equivalent factors to give g variatiorn in such equations adopted
by Schoefer®. This includes the foliowing element which has been designated with the
respective {Ni] equivalent factor that may be relevant to the variants of the Alloys contailned
30 hereirn: '

Element [Ni] equivalent Factor



(viii) ? 8.00 wt % Ni and 5. 12.00 wt % Ni, but preferably 5 11 wt % Ni and more preferably 5 10 wt %
Ni; (ix) 5 2.00 wt % Mo, but preferably ? 0.50 wt % Mo and 5 2.00 wt % Mo and more

10preferably &9yl %d¥io; (x) 5. 0.70 wt % N, but preferably ? 0,40 wt %,Nand, 5 0,40 wt % N and
more preferably ?. 0.40 wt % N and 5 0.60 wt % N and even more preferably ?. 0.45 wt % N and 5

0.55 wt % N. 15The 304LM4N stainless steel has a high specified level of Nitrogen and a PREN ?_
25, but preferably PUN ? 30. The chemical composition of the 304LM4N stainless steel is optimised at
the melting stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni] equivalent, according
to Schoefer6, is in the f&iger> 0.40 an@-441.05, but preferably > 0.45 and <0.95. 20 The 304LM4N
stainless steel also contains principally Fe as the remainder and may also contain very small amounts
of other elements such as Boron, Cerium, Aluminium,,Calcium and/or Magnesium as well as other

impurities whicH Y45 Bie HTEYAARY NS al 1RV ETRt=T Hee BteL RmeTetaRitessieannagpbebimrufactured
without the addiigniefBeranand he.atmeesidial avel-at 8RS iypiod)ly a0 M S Brand 5

0.0006 wt % B for mills which prefer not to intentionally add Boron to the heats. Alternatively, the
304LM4N Stainl8LLURESPRTIF IO MaRactured to specifically have a Boron content ? 0.001 wi% B
and 5 0.010 wt % B, but preferably ? 0.0015 wt % B and 5 0.0035 wt % B. Cerium may be added with
a Cerium content 50.10 wt 0/8 Ce, hut pref&rably 2. O'% wt % Ce ?\Ind S010 wt % Ce and more 30
preferably ?. 0.03 wt % Ce ahd 5 0.08 wt % Ce.cﬁc the'StainiéSs stegl contains Cerium it may also
possibly contain otheri®are Earth Metals (REM)7siicht &g Lanthanum since REMs are very often

supplied to the Stainlegg steghmanyfactyrers IS tal. It.s d be.poted that WO
2012/161661PCT/SG2012/00(%‘83'SEZ R%irgé5 E%ﬁ%%%&méé%ehggéseg %lbdividually or together as

MisChmet#l providing the total amount of REMs conforms to the levels of Ce specified herein.

Aluminium maykg-Added Wit an-AlminiIg conenl &Qr%%g%"é%ﬁlerﬁ% e IARME QR %0 Al
and 5 0.050 wt % Al and more preferably 0.010 wt % Al and 5 0.030 wt % Al. Calcium and/or

Magnesium 5nma§ehés SdHEUWith\a Rk APV S4AthEd BdcPafa s B.8 eitoerear afstrely Mg but

preferably 5. 0.002 o4 NarneosoNig sFramdle-ahave. RpRHaAl oS Y SR Ny oy gBt304L MAN
stainless steel can frequently be designed with reduced wall thicknesses, thus Ieadinﬁ to signific‘ant

weight savings WH&N FE SPEARIRRISB 0P RN SRR rafiticgs ATFaniad v ABRXAZED nitic

Stainless Steels michasviMSH3R403 anp204b3-becaysethaminiunalewalgidesigmsiesses are
significantly higher. In fact inimum allowab pesigpestres?es for the Wrou%ht 3041 M4N Stainless

he .
steel are highef?ﬁfﬁrf%?n?gl TGRS, SRR RIS RIS IS T B S U SR N Eelinless

Steels. containing Austenitic Stainless Steels.

Nitrogen is an extremely strong Austenite forming eiement along with Carboﬁ‘ Similarly,
20 Manganese and Nickel are also Austenite forming elements alﬁeit to a lesser extent, The
levels of Austenite forming elements such as Nitrogen and Carbon, as well as Manganese
and Nickel are optimised to balance the Ferrite forming elements such as Chromium,
Molybdenum.and Silicon to primarily maintain an.austenitic microstructure. As a result,
Nitrogen indirectly limits the propensity to form imtermetaliic phases since diffusion rates
25 are much slower in austenite. Thus, the kinetics of intermetallic phase f.ormation is reduced.
likewise, in view of the fact that austenite has a good solubility for Nitrogen, this means
that the potential to form deleterious precipitates such as M:X. {carbo-nitrides, nitrides,
borides, boro-nitrides or boro-carbides) as well as My3Cq carbides, in the weld metal and
heat affected zone of weldments, during welding cycles, is reduced. As discussed already
30  other variants of the stainless steeis may also inciude elements such as Tﬁngsten,

Vanadium, Titanium, Tantalum, Aluminium and Copper.



15 It should also be appreciated that if wrought 304LM4N stainless steel is specified and utilised, this
may lead to overall savings in fabrication and construction costs because thinner wall components
may be designedoudriehsere easier to handle and require less fabrication tirger/Stweneiommz804LM4N
stainless steel may be utilised in a wide range of 20industry applications where structural integrity and
corrosion resistance is demanded and is particularly switable for offshore and onshore oil and gas
applications. Wrought 304LM4N Stainless steel is ideal for use in a wide range of Applications in

various Markets and Industry Sectors such as topside piping systems and fabricated modules used 25
for offshore Flc;a.{ﬁﬁegﬂf?q#éefig%ﬁ\g?ﬁrﬁa@ egs(litffg% s\/E%esrg%%éccaaﬁené%’F F eegibom &ﬁw eerfa‘r"nrfe savings
and fabricationtssmehsavingstthatcanfdathievestewddioh iretswhiipadsto signdficentdittst shwvings. The
304LMAN stainjegs steel.ean alvo Be.specficd andimay be dsed o1 RN sysiem Hilised for both
offshore and onshore \%\pp?lcatlons, such as piping systems used for offshore FLNG vessels and
onshore LNG ptanitsiied \iewrsintisiie Hioh baochadietstreAgskieG0priopeitesamedactiidyestwell as

possessing excﬁ&ﬂﬁﬂé@&%ﬂ%&ﬂ&@%ﬁ)&?QL@Q@&%@%@J&@&@%@%au\xx@ Stainless steel is
2012/161661PCT/SG2012/000183 35 In addition to 304LM4N austenitic stainless steel, there is also

proposed a seEBHIERHIFOEHMBSHSTEERiERERF rEtchEdthe BEBeBIMUN RiwHa e <EYiBdARY 5'816LM4AN

The 316LMA4N fyjghsiieRathaust@niliaipkess siarlremprsesoabighilevedofditeermend a
specified Pittina Resistance Equivalent of PREN ?. 30, but preferably PREN 35. The Pitting

Resistance Eq Péﬁt%%gée'signated by PREN is calculated according to the formulae: PREN ': % Cr
+ (3.3 X % Mo) + (16 x % N). 10The 316LM4N Stainless steel has been formulated to possess a

unique combination of hlﬁg m c‘\lﬁﬂgal_stren th! %L%pbertles with excellent dugﬁnﬁt §nd tomﬁlggr;lr‘]e_ss,

along witngoo Sveerﬁfggif an& goo traéréllgﬁsa%gs to.ge'rtlse?alf%?\‘fflﬁ%g 1884 Cofos n.trlelqét chemical

com positi(_)n ofuhei&&@tMﬂﬁibgtabﬂemsasm e lective amdithapacteniseddsyetienatioy bfichemical
elements in Pereanians by welgnLas alloys,0 0501 mexe 2 NI Mn Lampx 0,030 wt % P

max, 0.010 wt % S max, wt I max, 16.00 wt % Cr - 18.00 wt % Cir,
manufactured and supplied in the Non-Magnetic condition.

15 Optimum Chemical Composition

As a result of the forgoing, it has been determined that the optimum chemical composition
range of the 304LIM4N stainiess steel is selective and includes in percentage by weight as
foliows:
20 {i) £ 0.030 wt % C maximum, but preferably > 0.020 wt % C and £ 0.030 wt % € and
more preferably £ 0.025 wt % C;
(i) £ 2.0 wt % Mn, but preferably 2 1.0 wt % Mn and £ 2.0 wt % Mn and more
preferably 2 1.20 wt % Mn and € 1.50 wt % Mn, with a Mn to N ratio of £ 5.0 and
preferzbly, z 1.42 and £ 5.0 but more preferably, 2 1.42 and < 3.75, for the lowser
25 Manganese range Alloys; |
{iii) £ 0.030 wt % P, but preferably < 0.025 wt % P and more preferably £ 0.020 wt %
P and even more preferably £ 0.015 wt % P and even further more preferably <
0.010 wt % P; |
{iv) £ 6.010 wt % 5, but preferably £ 0.005 wt % S and more preferably £ 0.003 wt %

30 S, and even more preferably £ 0.001 wt % S,



10.00 wt % Ni -14.00 wt % Ni, 2.00 wt % Mo -4.00 wt % Mo, 0,40 wt % N -0.70 wt % N. The 316LM4N
Stainless steel also comprises principally Fe as the remainder and may also contain very small

amounts of ofpgrelemgts such as 0.010 wt % B max, 0.10 wt % Ce max,l,?(()ﬁ SR Whafx Al max, 0.01
wt % Ca max and/or 0.01 wt % Mg max and other impurities which are normally present in residual

levels. The chemical composition of the 316LM4N staifjless steel is optimised at the melting stage to
primarily ensure an Austenitic microstructure in the base material after solution heat treatment typically
performed in the range 1100 deg C to 1250 deg C followed by water quenching. The microstructure of
the base material in thé 28-88huioh Rektitpeeirsabtonifbhwalt iy anihmasswettisebivel .636tat #nd heat

affected zone of weldimenis. js.CABHORIRLRALIBISAGNS Balancs, hetieen Ausienile. farming

elements and Ferrite formingeelements to primarily ensure that the Alloy Is Austenitic. As a result, the
316LM4N Stainless stei%%hibits a unique combination of high strength and ductility at ambient

temperatures, while afthe sametineguaraiass Bycelent taughness at gabignt30 temnssatures and
cryogenic temperatures._In view of the fact that the chemical analysis of the 316LM4N stainless steel

is adjustedto guaranfdE E BREN-40 ik PANETHhRP BRENI35, this ensures that the material also has a
good resistance to genigrateavesiecancklocalimed: 3WE), B0 /38 AHH1PE PASR2012/000183 36

corrosion (Pitting Cor os'gngaﬁﬁ revice Corrosion) in a yide ran % rocess environments. The
316LM4N Stainless s{\é”éil also é’% %p@g\')godg r%gs'%;?zyfﬁ"tC(e2 t}(g{’SPrLéts r%gelr §0‘<n Bk dlifEhpeGe
containing environmertsardiBnciisdééd to conventional Austenitic Stainless Steels such as UNS

531603 and UNS 531653 3 esisen, delsumingd Dating opimum,chemical composlion fange of

the 316LM4N stainless steel is carefully selective t6 comprise the foﬂowmg chermical Slements in
percentagl® by weigheeisetitiwslishwed deia second embodiment, 10Carbon (C) Carbon content of

the 316LMAN stainlesy steghis,x GOR0p YocferbERsinumg R Areferably &7%-%0%"/3& Alf50.030
wt % C and more preferably 50.025 wt % C. Manganese (Mn) 15The 316LM4N stainless steel of the

second embodiment M&FEEME v Valiane sl powtitdhgahews st rirklaAdSE: wokthe low

Manganese alloys, the:Mamganesencontent of the 316LM4N stainless steel is 5 2.0 wt % Mn, but
preferably ? 1.0 wt % Mn and 5 2.0 wt % Mn and more preferably ? 1.20

15  The 304LM4N stainiess steel has a high specified Ie\}el_ of Nitrogen and a PREy = 25, but
preferably PRE 2 30. The chemical composition of the 304LM4N stainless steel is optimised
at the melting stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni]
equivalent, according to Schceferle, is in the range > 0.40 and < 1.05, but preferably > §.45

© and < 0.95. -

20
The 304LMA4N stainless steel also contains principally Fe as the remainder and may also
contain very smail amounts of other elements such as Boron, Cerium, Aluminium, -Calcium’
and/or Magnesium as well as other impurities which may be present in residual levels. The

: 304LM4N'stainl‘ess steel may be manufactured without the addition of Bo.rbn and the

25 residual level of Boron is typically 2 0.0001 wt % B and < 0.0006 wt % B for miifé_ which
prefer not to intentionally add Boron to the heats. Alternatively, the 304LMA4N stainiess
steel may be manufactured to specifically have 2 Boron content = 0.001 wt% B and < 0.010
wt % B, but preferably > 0.0015 wt % B and < 0.0035 wt % B. Cerium may be added with a
Cerium content < 0.10 wt % Ce, hut preferably 2 0.01 wt % Ce and £ 0.10 wt % Ce and more

30 preferably 2 0.03 wt % Ce and € D:08 wt .% Ce. If the stainless steel contains Cerium it may
also possibly contain other Rare Earth Metals (REM) such as Lanthanum since REMs are very

" often supplied to the Stainless steel manufacturers -as Mischmetal. It should be noted that



.20wt % Mn and 5 1.50 wt % Mn. With such a composition, this achieves an optimum Mn to N ratio of 5
5.0, and preferably, ? 1.42 and 5 5.0. More preferably, the ratio is ? 1.42 and 3.75. For the high
Manganese glloys;iheibdanganese content of the 316MN4N is 5 4.0 wt %pdtqs2hdrieteiably, the
Manganese contentis ? 2.0 wt % Mn and 5 4.0 wt % Mn, and more preferably the upper limitis 5 3.0
wt % Mn. Even more preferably, the upper limit is .5 250 wt % Mn. With these selective ranges, this
achieves a Mn to N ratio of .5 10.0, and preferably ?. 2.85 and 5 10.0. More preferably, the Mn to N

ratio for high Manganese alloys is ? 2.85 and 5 7.50 and even more preferably ? 2.85 and 56.25. WO
2012/161661PETPSESh Meahotasbs HibRed BIsbAdea b iReeB1s6 8p Al RS A BV BB s fBtaVIAN

stainless steel imeantrofiadiio ke Mh030 Wk YevRis Rireterallbititen el MM ialley hag BO LRadvt % P
and more preferablg 5 0.020 wt % P. Even more preferably, the alloy has 50.015 wt % P and even

further more prefeErABR/ ETHETH RREG5E O Sathibir By Puhy "%iﬁ&%?ﬁ%%ﬁ%\f #d 3PEPRMN stainless
steel is 5 0.010\Wwdrkb iBofe nefeiealtlyy, thed3bheldM4N has 5 Q@0SwEQAIScanrdmars jareferatalym0.003 wt

% 5, and even morge preferably 10 0.0\??lw % 5. Oxyge Th en content ftp@ gélLGLM4N
stainless steel t|ﬂsat¥ogr1ﬁ{?a‘o%-eega;‘!g)I e gssa oW as [\é%scgﬁa eengﬁ%“lrr%)' g gg‘f&%ﬁfﬁ“ﬁ(ﬂ%%gﬁﬂf fHie"818EMaN has
5 0.070 wt % Opreferfnisls 9,088 et/ dFkias 50.050 wt 0 and more preferably 5 0.030 wt % 0.

Even more preferably, the alloy has

From the above, applications using the wrought 304LM4N stainless steel can frequently be .
designed with reduced wall thicknesses, thus leading to significant weight Savings when
10 specifying 304LM4N Stainfess steel compared to conventional austenitic Stainless Steels
' such as UNS 530403 and 530453 because the minimum allowable design stresses are
signiﬁcantiy higher. In fact, the minimum allowable design stresses for the wrought
304LMA4N Stainless steel are higher than for 22 Cr Duplex Stainfess Steels and similar to 25
Cr Super Duplex Stainless Steels.
15 .
it should aiso be appreciated that if wrought 304LM4N stainless steel is specified and
utilised, this may lead to overall savings in fabrication and construction costs because
thinﬁer wall components may be designed which are easier to handle and require less
fabrication time. Thérefore, 304LMA4N stainiess steel may be utilised in a wide range of
20 industry applications where structural integrity and corrosion resistance is demanded and is

particularly suitable for offshore and onshore oil and gas applications.

Wrought 304LM4N Stainless steel is ideal for use in 2 wide range of Applications in various
Viarkets and industry Sectors such as topside piping systems and fabricated modules used
25  for offshore Floating Liquefied Natural Gas {FLNG) v_esséls because of the significant weight
savings and fabrication time savings that can be achieved, which in turnlleads to significant
tost savings. The 304LM4N stainless steel can also be specified and may be used for piping
systems utilised for both offshore and onshore Applications, such as piping systems used fo.r
offshore FLNG vessels and onshore LNG plants, in view of their high mechanical strength
30  properties and ductility, 2s well as possessing excellent toughness at ambiént and cryogenic

temperatures.



5 0.010 wt % 0 and even further more preferably 5 0.005 wt % 0. Silicon (Si) The Silicon content of
the 316LMAN stainless steel has 5 0.75 wt % Si. Preferably, the alloy 20 has ? 0.25 wt % Si and

50.75 wt % Sj rably, the range is ? 0.40 wt % Si and 50.60 wt % Si r higher
S\'&zﬁ"ﬁ%‘i‘iﬂﬁfﬁ 596?;'{5%’;%?%{ 18

temperature applications wherein improved oxidation resistance is require con content
maybe? 0.75 wt % Si and 52.00 wt % Si. Chromium (Gr), 25The Chromium content of the 316LM4N
stainless steel is .? 16.00 wt % Cr and 5 18.00 wt % Cr. Preferably, the alloy has ? 17.25 wt % Cr.
Nickel (Ni)  The Nickel content of the 316LM4N stainless steel is ? 10.00 wt % Ni and 5 14.00 wt %
Ni. 30Preferably, #esitippetoliPPREHIIN ofitbiettioysisiBess. GBelt Woak dndckivvorrprefefably&dR.00 wt %

Ni. WO 2012/ 16661 PCTISG2012/000483.38 Molvideni (el Mplvbdenum content of the

316LMA4N stainless steel is .? 2.00 wt % Mo and 54.00 wt % Mo. Preferably, the lower limit is ? 3.0 wt
% Mo. S Nitrogen (Ni The Nitrogen content of the 316LM4N stainless steel is 5 0.70 wt % N, but
preferably ? 0.40 wt % N and 5 0.70 wt % N. More preferably, the 316LM4N has ? 0.40 wt % N and
50.60 wt %sN’ %E‘QL&‘&%” more preferably ? 0.45 wt % N and 50.55 wt % N.

The 316LM4N High strength austenitic stainless steel comprises a high level of Nitrogen and
a specified Pitting Resistance Equivalent of PREy 2 30, but preferably PREy 2 35. The Pitting
Resistance Equivalent as designated by PREy is calcuiated according to the formulae:;

PREn =% Cr+{3.3 x % Mo) + {16 x %6 N}.

16 The 316LM4N Stainless steel has been formulated to possess a unigue combination of high
mechanical strength properties with excelient ductility and toughness, along with good
weldability and good resistance to general and localised corresion. The chemical
composition of the 316LM4N stainless steel is selective and characterised by an alley of
chemical elements in percentage by weight as follows, 0.030 wt % C max, 2.00 wt % Mn

15 max, 0.030 wt % P max, 0.010 wt % S max, 0.75 wt % 5t max, 16.00 wt % Cr - 18.00 wt % Cr,
10.00 wt % Ni - 14.00 wt % Ni, 2.00 wit % Mo - 4.00 wt % Mo, 0.40 wt % N - 0.70 wt % N.

The 316LM4N Stainless steel also comprises principally Fe as the remainder and may also
contain very small amounts of other elements such as 0.010 wt % B mayx, 0.10 wt % Ce max,

20 0.050 wt % Al max, 0.01 wt % Ca max and/or 0.01 wt % Mg max and other impurities which
‘are normally present in residual levels, The chemical composition of the 316LM4N stainiess

steel is optimised at the melting stage to ps;imariiy ensure an Austenitic microstructure in

the base material after solution heat treatment typically performed in the range 1100 deg C

1o 1250 deg C followed by water quenching. The microstructure of the base material in the

25 solution heat treated condition, aiong with as-welded weld metal and heat affected zone of
weidments, is controlied by optimising the balance between Austenite forming elements

and Ferrite forming elements to primarily ensure that the Alioy is Austenitic. As a result, the
316LMA4N Stainless steel exhibits 2 unigue combination of high strength and ductility at
ambient temperatures, while at the same time guarantees excellent toughness at ambient

30  temperatures and cryogenic temperatures. in view of the fact that the chemical analysis of
~ the 316LM4N stainless steel is adjusted to guarantee a PREy 2 30, but preferably PREy 2 35,

this ensures that the material also has & good resistance to general corrosion and localised



10 PREN The PITTING RESISTANCE EQUIVALENT (PREN) is calculated using the formulae: PREN
=% Cr+ (3.3x% Mo) + (16 x% N). The 316LM4N Stainless steel has been specifically formulated
to have the fgllowipg, dagpmposition: (i) Chromium content .? 16.00 wt % £aneh S L&t % Cr, but
preferably ? 17.25 wt % Cr, (ii) Molybdenum content ? 2.00 wt % Mo and 5 4.00 wt % Mo, but
preferably ?. 3.0 wt % Mo, 20(iii) Nitrogen content 5 G40 wt % N, but preferably ? 0.40 wt % N and 5
0.70 wt % N and more preferably ?. 0.40 wt % N and 5 0.60 wt % N and even more preferably .? 0.45
wt % N and 5 0.55 wt % N. With a high level of Nitrogen, the 316LM4N stainless steel achieves a
PREN .? 30, bfR 8% BRelfafpmh - Prasien st Crehice SRsnntaf inl AR S 6 REES 2 guB e B tance to
general corrosioR a3nel MealisQcheerasiontBiHisgnRFRYIoR: RN CrRVitR S euisian) teakwida range of
process environments. The 316LM4N stainless steel also has imcproved reﬂstance to stress corrosion
cracking in ChioH& &orRATRINGZ AUYEHIRERTS Whkh ?6?865%‘2&% RORAERIBN ARG Ti@ B tinless
Steels such asstédSsb3H&0NET3 4GS 6801853216580uld be 30emphasised that these equations ignore
the effects_of microstructural factors on the breakdown of passivity by pitting or crevice corrosion. WO
2012/161661PCT/SG2012/000183 39 The chemical composition of the 316LM4N stainless steel is
optimised at thié haeltinepstatrtinedsbet thatofiemaniocbérnriea] Cejragsitieterangiyitfedidy TRV AN]
equivalent, according to.Sghefergy i ndieangs A dAanths LAowikt BISIRAbMe Q45 and < 0.95,
in order to primarily obtain an austenitic microstructure in the base material after solution heat 5
treatment typic2alyahErEsrpMekighiiie tellsye Bared eegsecambenteyd Bediowed by water quenching. The
microstructure of the base material in the solution heat treated condition, along with as-welded weld
metal and heat affected zone of weldments, is controlled by optimising the balance between austenite
forming efdmefistRAdFerrite forming elements to primarily ensure that the alloy is austenitic. The alloy
can therefore bamanidaehireckiangh $0aun a6l de: hiesNoa-dirgnetic canslifiaim, the Rty

Stainles steel s i PIGIR3B5, 4 s HUSEL A, Dy e gopter

Manganese [Mn)

15 The 316LMA4N stainless steel of the second embodiment may come in two variations: Low

Manganese orhigh Manganese,

For the low Manganese alloys, the Manganese content of the 316LIMA4N stainless steel is £
2.0 wt % Mn, but preferably 2 1.0 wt % Mn and £ 2.0 wt % Mn and more preferably 2 1.20
20 wt% Mn and = 1.50 wt % Mn. With such a composition, this achieves an optimum Mn to N
ratio of £ 5.0, and preferably, 2 1.42 and £ 5.0. More preferably, the ratio is 2 1.42 and <

3.75.

For the high Manganese alloys, the Manganese content of the 316MN4N is < 4.0 wt % Mn.

25  Preferably, the Manganese content is 2 2.0 wt % Mn and £ 4.0 wt % Mn, and more
preferably the upper limit is € 3.0 wt % Mn. Even more preferably, the upper limit is £ 2.50
wt % Mn. With these selective ranges, this achieves a Mn to N retio of £ 10.0, and preferably
2 2.85 and £ 10.0. More preferably, the Mn to N ratio for high .Manganese alloys is 2 2,85
and £ 7.50 and even more preferably 2 2.85 and £6.25.
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very small amounts of other elements such as Boron, Cerium, Aluminium, Calcium and/or Magnesium
in percentage by weight and the compositions of these elements are the same 15as those of
304LMA4AN. Inwtharwr@s: the passages relating to these elements for 304pM4add:are/alexapplicable
here. The 316LM4N stainless steel according to the second embodiment possesses minimum yield
strength of 55 ksi or 380 MPa for the wrought versiongMore preferably, minimum yield 20 strength of
62 ksi or 430 MPa may be achieved for the wrought version. The cast version possesses minimum
yield strength of 41 ksi or 280 MPa. More preferably, minimum yield strength of 48 ksi or 330 MPa may
be achieved foﬁﬂ@éggaﬁﬂ&sion. Based on the preferred values, a comparison of the wrought

mechanical strengihpsemettiesatiesSteLYENistpinirss steal withdhare eb BINSHERHAP3ysuggest
that the minimum 1yield Strensgig of the, 25 316LMA4N stainless steel mg?t be 2.5 times higher than that
i

specified for UNE&3280%eiRHMA) A Q6Mpafdm Stthé ardmytie Aeiabhes PARENGH Bréttties of
the novel and innovativfer306) M Nistainless steel withathDee:0FLHNS bdk6 hifaraynsuggastihat the
minimum yjeld tEength of the 316LMA4N stainless steel is 2.1 times higher than that specified for UNS
531653. 30 WO 2012/161661PCT/5G2012/000183 40 tensile strength of 109 ksi or 750 MPa may be
achieved and for the wrought version. The cast version possesses a minimum tensile strength of 95
ksi or 650 MPag Ware preferably, a minimum tensile strength of 102 ksi or 700 MPa may be achieved
for the cast version. Based on the preferred values, a comparison of the wrought mechanical strength
properties of thE'8 SEIRVMIN-2t4gHless Hie Sl a4 thesnerUNSISB 1501 hay Su§gestitmatlihahminimum

tensile strength; of o BAGALMANSIAIBISSH SRS FORFeHD2M b irnass highel dhansthat sregified for
UNS 531603. Similarly, a comparison of the wrought mechanical strength properties of the 316LM4N

stainless steel, SHEPHBSE ©f UNS S31653, may suggest that the minimum tensile strength of the
316LMA4N stainless steel might be 1.45 times higher than that specified for 10 UNS 531653, Indeed, if
the wrought mechanica! strength properties of the novel and innovative 316LM4N stainless steel, are
compared with £ofthe 22 Cr Duplex Stainless Steel, then it might be demonstrated that the
minimum tensilthsttength afrtteat3d6ihM 4N Strain|essnatecitargibtdet bl e tregion 0fvl .2 imesiigher

than that specified.for 531803 and similar tg t ified for 25 Cr r Duplex Stajn teel.
Therefore, the ?ﬁ}%f?ntﬁlr%si%o%eecrﬂga%{gg 8 rgﬁgﬁ%gﬁo%%még %’f@%l%?pl\&R%sr%ﬁﬁe%%aa!sjtg?‘eﬁ?ﬁgve been
significantly impro¥dtlebmparedd moreerfionalyAusidnitt BaiblessStesistuatiashe/ NBY$34603 and
o> 931653 and t6 Rnple. Al eNRAIDSHIRS ALERENEL han theg epecified for 22 C7 Duplex

Stainless Steel and similar to those specified for 25 Cr Super Duplex Stainless Steel. 20This means
that applications using the wrought 316LM4N stainless steel may be frequently designed with reduced
wail thicknesseg; diigsijeading to significant weight savings when specifying 316LM4N stainless steel
compared to conventional austenitic stainless steels such as UNS S31603 and 531653 because the
minimum allowHH & teigRnEEdba fid ilihiciainlesighnel NRt falt/IHg MiviiBissrahbndsiaia¥sign
stresses fog thewwrooghta 364 MAEN: Stainlesss2 hstee braay-ae highemnthanfersd 2,0x Ruplex Stainless

Steels and similar to 25 Cr Super Du%lex Stainless Steels. o L
wt % 5. However, for higher temperature applications wherein improved oxidation

resistance is required, the Silicon content may be = 0.75 wt % Si and < 2.00 wt % Si.

Chromium (Cr)
25 The Chromium content of the 316LIM4N stainless steel is 2 16.00 wt % Cr and < 18.00 wt %

Cr. Preferably, the alloy has = 17.25 wt % Cr.

Nicke! (Ni) .
The Nickel content of the 316LM4N stainless steel is = 10.00 wt % Ni and < 14.00 wt % Ni.

30  Preferably, the upper limit of Nj of the alloy is £ 13.00 wt % Ni and more preferably < 12.00
C wt%Ni. |



. For certain applications, other variants of the 316LM4N stainless steel have been purposely
formulated to be manufactured containing specific levels of other alloying elements such as 30
Copper, Tunggtenand¥anadium. It has been determined that the optimuracehemigaleeizposition
range of the other variants of the 316LM4N stainless steel is selective and the compositions of Copper
and Vanadium are the same as those of 304LM4N. Inhgther words, WO
2012/161661PCT/SG2012/000183 41 the passages relating to these elements for 304LM4N are also
applicable here for the 316LM4N. Tungsten (W) 5The Tungsten content of the 316LM4N stainless
steel is 5. 2.00 wt % W, but preferably ? 0.50 wt % W and .5 1.00 wt % W and more preferably ?. 0.75
wt % W. For 31GbMANgtamess steel variants containing Tungsten, the PITTING RESISTANCE
EQUIVALENT Ifﬂ’ alculated usmg the formulae: PRENw = % Cr +[3.3 X % (Mo + Wl X % N).
10This Tungstelt M MYV W(Sf’{ﬁg%i]&Mﬁ'ﬁlsﬁéﬂﬁ%%eg{é%f‘ R B’ééﬁ'\é?)@'&‘i{frcﬁl fﬁ?rﬁulated to
have the following easfapdsyiic ((W<Chromiwnb.contemid. 16.00 wt % Cr and 5 18.00 wt % Cr, but
preferably ? 17.25 wt % Cr; (i) Molybdenum content ? 2.00 wt % Mo and 5 4.00 wt % Mo, but
preferably 55 3.0 15wt % Mo; (iii) Nitrogen content' 5. 0.70 wt % N, but preferably ? 0.40 wt % N and
50.70 wt % N aditterendMreferably ? 0.40 wt % N and 5 0.60 wt % N and even more preferably ? 0.45
it % N and 5 Oy dkeABBheent of ind SPASIEN, SABLE0L T, 2 00 MW BN LPIRIRIAPLY-50 wt %

W and 5 1.00 Wt % 20W and more preferably ?.0.75 wt % W. The Tungsten containing variant of the
316LM4N StairttéssNseng| fn%oawﬁﬁw\ép&é@ﬁ@ﬂefévalbﬁhﬁtﬁéé@wﬂé}hﬂaam@w%ﬂw%ﬂ Sfeférably

PRENw ? 37. lbshqiidl he-ehriphasingddiatdhese eavations ishqarethe effects of microstructural
factors on the breakdown of passivity by pitting or crevice corrosion. Tungsten may be added

individualBPor in conjunction with
PREN

The PITTING RESISTANCE EQUIVALENT (PREy) is calculated using the formulae:
PREy =% Cr+ (3.3 x % Mo) + (16 x % N).

The 316LM4N Stainless steel has been specifically formulated to have the following

15 composition: 7

(i} Chromium content 2 16.00 wt % Cr and £ 18.00 wt % Cr, but preferably 2 17.25 wt
"% Cr,

(i) Molybdenum content = 2,00 wt % Mo and < 4.00 wt % Mo, but preferably 2 3.0
wt % Mo,

20 {ii}) Nitrogen content £ 0.70 wt % N, but preferably 2 040wt % Nand € 0.70 wt % N
and more preferably 2 0.40 wt % N and £ 0.60 wt % N and even more preferably 2
045wt % Nand <055 wt% N

With a high ievel of Nitrogen, the 316LM4N stainiess stee] achieves a PREy 2 30, but

25 preferably DREN 35. This ensures that the alloy also has a good resistance to general
corrosion and focalised corrosion (Pitting Corrasion and Crevice Corrosion} in a wide range

of process environments, The 316LM4N stainiess steel also has improved resistance to
stress  corrosion éracking in Chloride containing environments when compared to

- tonventional Austenitic Stainless Steeis such as UNS $31603 and UNS $31653. It should be

30  emphasised that these equations ignore the effects of microstructural factors on the

breakdown of passivity by pitting or crevice corrosion.



25 Copper, Vanadium, Titanium and/or Niobium and/or Niobium plus Tantalum in all the various
combinations of these elements, to further improve the overall corrosion performance of the alloy.

Tungsten is axtiegiehssrstly and therefore is being purposely limited to opjipaisgtheaegemics of the
alloy, while at the same time optimising the ductility, toughness and corrosion performance of the alloy.

WO 2012/161661PCT/SG2012/000183 42 Carbon (C), For certain applications, other variants of the
316LM4N Stainless steel are desirable, which have been specifically formulated to be manufactured
comprising higher levels of Carbon. 5 Specifically, the Carbon content of the 316LM4N stainless steel
may be 0.040 itosCraise copesiievr el kitebasRiees 688 WA oBttnised-20 DBONRLYE Sagad 5 0.08

wt % C, but preferablys<i04R Wi & +TDRSE SpeRifiGVatiaRisgf the REGMAN Stalnlgssstes! may be
regarded as the 316HM4N or 316M4N versions respectively. 10Titanium (Ti) /Niobium (Nb) /Niobium

(NDb) plus TantaUIRe{ez) SPuiPRATSR RFEaR%IN BpplikutiBiéegier H4BiRsE & Pl fartsositht

316HM4N or 3paM#HY statalesssiretaradasirablacuhichhave heemsreciicat fosmudated o be
manufactured containinga’hpiggfr levels of Carbon. Specifically, the amount of Carbon may be ?. 0.040

wt % C and <0"1G Wok HRFEPAB S 0 08 FAVEY6 0B rs% D3Rt 8E & RlPwRS O Wid% C, but
15preferably < §i04ding. FhEmii)cEneserinolutie taee Titareitisnistatkilised versionsaatichamuaierred to
as 316HIVI4ANT] or 316MANTI to contrast with the, genegic 316L M4AN stainless steel versijons. The
Titanium contera'llt(g:nsgc"rctﬁf'i/rlca)fI—(havc‘ii3 ig%co\?tgt}rﬁag %t? gnf%li‘gvav?r?ég%%ﬁu e JI]T X >e<] Fn'ﬁj 518w b% |i“r"nax or Ti
5 x C min, 0.70RK06ME thabrépedirivlgeirnordoit2 Gtonag e Fitanisamstébiliseth ohairiy atiresnof the

alloy. (i) Ther%%ﬁr@;!%@'J?EJ}EQPLLE%é@%&lié%s%%ﬁﬁ.'\‘!ﬁb‘maﬂaﬁ%ﬁéﬂéf’éﬂ%"B-ev%%i%z\%ﬁt‘l’}g%%egéhe

Niobium content is controlled according to the following formulae: Nb 8 x C min, max or

Nb 10 x Clfhin S4Pelife o RN essEeaoadition order to have Niobium stabilised derivatives of the
alloy. 25(iii) In addition, other variants of the alloy may also be manufactured to contain Niobium plus
Tantalum stabilised, 316HM4NNbTa or 316M4NNbTa versions where the Niobium plus Tantalum
content is cont’Gfett SOAANRFRINE St et IRRAIRES ORIy Fe as thaygmaagderand may, 2150 WA%ND + Ta

max, 0.10 wt Y%era dinaK atfoldxsTof behsrCaiaman@0ieh Wi%dNin +CEAaumamBnhBum Yifadnad/ WO
2012/161661PCT/SG2012/000183 , N
‘ Magnesium In percentage by weight and the compositions of these elements are the same
15 - as those of 304LMA4N. In other words, the passages relating to these elements for 304LM4N

are also appiicable here.

The 316LM4N stainless steel according to the second embadiment possesses minimum yield
strength of 55 ksi or 380 MPa for the wrought version. More preferably, minimum yieid
20 strength of 62 ksi or 430 MPa may be achieved for the wrought version. The cast version
possesses minimum vield strength of 41 ksi‘ or 280 MPa. More preferably, minimum vyield
strength of 48 ksi or 330 MPa may be achieved for the cast version. Based on the preferred
values, a comparison of the wrought mechanical strength properties of the 31i6LM4N
stainltess steel, with those of UNS $31603, suggest that the minimum vield strength of the
25 31ELMA4AN stainless steel might be 2.5 times higher than that specified for UNS $31603.
- Similarly, a comparison of the wrought mechanical strength properties of the novel and
innovative 316LM4N stainless steel, with those of UNS $31653, may suggest that the
minimum vyield strength of the 316LM4N stainless steel is 2.1 times higher than that
specified for UNS S316353.
30
The 316LMA4N stainless steel according to -the second embodiment possesses a minimufn :

tensile strength of 102 ksi or 700 MPa for the wrought version. More preferably, a minimum -



.43 Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the Alloy
may be given a stabilisation heat treatment at a temperature lower than the initial solution heat
treatment terpekaiYIR1ddfanium and/or Niobium and/or Niobium plus Tantgum :ay s added
individually or in conjunction with Copper, Tungsten and Vanadium 5 in all the various combinations of
these elements to optimise the alloy for certain applicgjions where higher Carbon contents are
desirable. These alloying elements may be utilised individually or in all the various combinations of the
elements to tailor the Stainless steel for specific applications and to further improve the overall

corrosion perfoiffisiiscerargHeAlldy. 'soorHEQWMRighenhe eedevrstsishiottheverBhMeN Stalhkess steel

along with the pthereraranptsand embagimants discussed beesinase genasallysuppliggdgihe solution
annealed condition. However, the weldments of Fabricated components, modules and fabrications are

generally suppllet PP R&as s vErIet ConBrishopfotitifR iR remtasedin dhe rasirion Bpsed
Qualifications kawedeerpraquriiics di-ascrRidasaaviid dbe: rrspretie standridsangkspegifications.

For specific applications the wrought versjons may also be supplied in the cold worked condition. It
should be %ppr%{(:éfgwte%\]tﬁtgfnfﬁ%s éﬁ%Ct“Bﬁ}ﬁ!éo\%‘él‘r?%ﬁ}é%lsegﬁ]eeoﬁt JYRRSH OB TGN YL B fiscussed
in relation to 3G4kMdioate=ais6L Hpplicainlesta @6k M4N (anditheiensbotdieneinis discipesiiddrelow) to

appreciate ho imum_chemical composition is obtained for the 316LM4N stainless, steel (and
e rest of the ODSa PR ) T SdeER B s IR AR SECLRAAR AtEi e e b Uets. there
is also proposett 6128 staetesaskegbviappropriafe N i SRAGES toaaSBEFIETM AN andthis fensiie a third

embodiment o s Ve ESWESIMANL DR FHALSINAN GG Sep AUsienls Ao stee

has a high level of Nitrogen and a 30specified Pitting Resistance Equivalent of PREN 40, but
preferably®RENIS?253555Pn dnetrh o IRESi svAPIRN E fiRddeie ag Besih i Bip P RERe S eggt aktded

according to thﬁrf@&mﬁ@ﬁdfﬁm%i%egrsﬂé@-g’ré%ﬁ‘(ﬂ%}'&ﬂ\ﬁt% Hob)of WO 22 cr Duplex Stainiess

2012/161661PCUSG2012/000183 44
Steel, then it might be demonstrated that the minimum tensile strength of the 316LM4N

stainless steel might ba in the region of 1.2 times higher than that specified for $31803 and
similar to that specified for 25 Cr Super Duplex Stainless Stesl. Therefore, the minimum
15 mechanical strength properties of the 316LM4N stainless steel have been significantly
improved compared to conventional Austenitic Stainfess Steels such as UNS $31603 and
UNS 531653 and the tensile strength properties are better than that specified for 22_Cr

Duplex Stainless Steel and similar to those specified for 25 Cr Super Duplex Stainiess Steel,

20 This means that applications using the wrought 316LM4N staintess steel may be frequently
designed with reduced wall thicknesses, thus, leading to significant weight savings when
specifying 316LM4N stainless steel compared to conventional austenitic stainles_s steels such
as UNS.531603 and 531653 because the minimum allowabie design stresses are significantly
higher. in fact, the minimum allowable design stresses for the wrought 316LM4N Stainless

25  steel may be higher than for 22 Cr Duplex Stainless Steels and similar to 25 Cr Super Duplex

Stainiess Steels.

For certain applications, other variants of the 316LM4N stainless stée[ have been purposely
formulated to be manufactured containing specific levels of other alloying elements such as
30  Copper, Tungsten andl Vanadium. It has been determined that the optimum chemical
composition range of the other variants of the 316LIM4N stainless steel is selective and the

- compositions of Copper and Vanadium are the same as those of 304LIVI4N. in other words,



The 317L57M4N Stainless steel has been formulated to possess a unique combination of high
mechanical strength properties with excellent ductility and toughness, along with good weldability and
good resistangg @ gapesal and localised corrosion. The chemical 5 compogitigaahibgesiL57M4N
stainless steel is selective and characterised by an alloy of chemical elements in percentage by weight
as follows, 0.030 wt % C max, 2.00 wt % Mn max, 0.030 wt % P max, 0.010 wt % S max, 0.75 wt % Si
max, 18.00 wt % Cr -20.00 wt % Cr, 11.00 wt % Ni - 15.00 wt % Ni, 5.00 wt % Mo -7.00 wt % Mo, 0.40
wt % N -0.70 wt % N. 10The 317L57M4N stainless steel also comprises principally Fe as the ‘
remainder and PS8 CofRaHNH AR a1 RASTR ST SRV SN R8s S FeR TR 0RIRMCs6 - max,
0.10 wt % Ce max,/24950 wt % Al max, 0.01 wt % Ca max and/or 0.01 wt % Mg max and other
impurities which are normally present in residual levels. 15The chemical composition of the
317L57MA4N stainless steel is optimised at the melting stage to primarily ensure an austenitic
microstructure feibe das@ material after solution heat treatment typically performed in the range 1100

deg C-1250d followed by water que ing.. The microstructure of th ﬁase aterial in the
solution heat tri%%& S |8?1,93T§%¥1\?V| Egéqg-‘\gv&gféae”&%vﬁsefae ?nﬁgtgﬁé%\jr@ tega\ﬁa gt é%]%rg%g %fp V%/Qldments,

is controlled bywGs0ftamdsirigpthet baldnoe retw eerimrisienit@éTormiing . élerhbsits hdideteate ferning

clements to prpUN BRI B lon BasiGe e dsadeshe R TLATMANStalega see!

exhibits a unique combination © strength and ductility at ambient temperatures, w
time achieves éxgeHaat toughness at ambient temperatures and cryogenic temperatures. In view of

the fact that the chemigal anglysis efthe; 3liELaM4N stainigss 25 steel is adjusted to achieve a PREN
40, but preferably PREN ?_ 45, this ensures that the material also has a good resistance to general

corrosion ¥hd 16U EEI SSIBRTIDRITTHrRISTBR aheHAfyiaidenTFifsh) #f LIRBSPAREEBT process

environments. heddiéksd Nddistailesmstephadseihas improved resistance to stress corrosion
cracking in Chloride cgntaining environments when compared to conventional Austenitic Stainless

Steels such as 30UNY 53PS AHTORS 830984 WA S01LY 181661 PC SSRGS AE It has

been determined thatke; optimum chemical composition range of the 317L57M4N stainless steel is

carefully selected to rise the following.c ical elements in.perce by weight as follows
based on the third erﬁ@ﬁc’rjﬁﬁéﬁ?f‘ %‘85%‘6%“36)9‘?@3’ Eﬁ?\tﬁgﬁa %%ﬁtgﬁgéﬁﬁ tr%;@%%_ug?ﬁ%f%hg%?n%éés steel is

5. 0.030 vi6% C maximidb@referably, the amount of Carbon should be a. 0.020 wt % C and 5. 0.030

wt 94 C and more prefgyghi. ,0.825,1.6 G, JOMANANGSR, (M), T SLTLMSTMAN sigiess steel o

the third embodiment may come in two variations: low Manganese or high Manganese.
and more preferably > 0.40 wt % N and £ 0.60 wt % N and evan more preferably z

0.45 wt % N and £ .35 wt % N; and
{iv) Tungsten content < 2.00 wt % W, but preferably > 0.50 wt % W and < 1.00 wt %
20 W and more preferabiy 2 0.75 wt % W.
The Tungsten containing variant of the 316LM4N Stainiess steel has a high specified leval of
Nitrogen and a PREyw 2 32, but preferably PREyw 2 37. It should be emphasised that these
equations ignore the effects of microstructursl factors on the breakdown of passivity by
;ﬁtting or crevice corrosion. Tungsien may be added ‘individualiy or in conjunction with
25 Copper, Vanadium, Titanium and/or Niobium and/or Niobium plus Tantatum in all the
various combinations of these elements, to further improve the overall corrosion
performance of the alloy. Tungsten is extremely costly and therefore is being purposely
limited to optimise the economics of the alloy, whiie at the same time optimising the
;luctitity, toughness .and corrosion performance of the alloy.
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For the low Manganese alloys, the Manganese content of the 317L57M4N stainless steel is 5 152.0 wt
% Mn. Preferably, the range is a 1.0 wt % Mn and .5 2.0 wt % Mn and more preferably 1.20 wt % Mn
and 5 1.50 Wi o:Mnp Wdtkh such compositions, this achieves an optimum Migigsb:iatieceid 5.0, and
preferably a 1.42 and 5 5.0. More preferably, the ratio is a 1.42 and .5 3.75. 20For the high
Manganese alloys, the Manganese content of the 317}357M4N is 5. 4.0 wt % Mn. Preferably, the
Manganese content is a 2.0 wt % Mn and 5 4.0 wt % Mn, and more preferably, the upper limitis 5 3.0
wt % Mn. Even more preferably, the upper limitis 5 2.50 wt % Mn. With such selective ranges, this
achieves a Mn to N ratio of 5 10.0, and preferably a 2.85 and 5 10.0. More preferably, the Mn to N
ratio for high Manganese alloys is a 2.85 25and 57.50 and even more preferably a 2.85 and 5 6.25.
Phosphorus (P) The Phosphorus content of the 317L57M4N 'stainlﬁss ste?l is con_tr(gfe%o(xﬁe 50.030
wt % P. PreferdBIgc e 3PPl STRMNCHIRS) HEL BPOIE vt ¥ Ant Hote hre iiabRi56'D % P.
30Even more pretesablysiberaldy foasliat015 et M i aatedetyiyibzg migherpesteralflgas:60010 wt %
P. WO 2012/161661PCT/S(2012/000183 lphur.(5)_The Sulphur cont f the 317L57M4N
Ciainless steel GF P B SaTENE I, oL DTN S TS SHerusy - Te & hiiEnas S
0.005 wt % S aid mbré préferabkfe 0003 WA *aifdeeved. PRBretpieferably 0.08 vivtioe Sus Oxygen

(0) The Oxygep.contant of dhe FL7-EAMAN stainless aier! is sRRURResES AR lQuasRosaible

regarded as the 216HMA4N or 316M4N versions respectively.

10 Titanium [T /Niobium {Nb) /Niobium (Nb} plus Tantalum {Ta)

Furthermore, for certain applications, other stabilised variants of the 316HMA4N or 316M4N
stainless steel are desirable, which have been specifically formulated to be manufactured
containing higher levels of Carbon. Specifically, the amount of Carbon may be 2 0.040 wt %
Cand < 0.10 wt % C, but preferably £ 0.050 wt % Cor> 0.030 wt % Cand < 0.08 wt % C, but

15 preferably < _0.040 wi% C. | |
(i) These include the Titanium stabilised versions which are referred to as
316HMANTI or 316M4NTI to contrast with the generic 316LM4N stainless steel
‘versions. The Titanium content is controlled according to the foliowing formulae:

Ti 4x .C min, 0.70wt % Timaxor Ti 5 xCmin, 0.70 wt % Ti max respectively, in order

20 to have Titanium stabilised derivatives of the alloy. ' .

(i} There are also the Niobium stabilised, 316HM4NNb or 316M4NNb wversians
where the Niobium content is controlled according to the foliowing formulae:

Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max respectively, in
order to have Niobhium stabilised derivatives of the alloy.

25 {iii) in addition, other variants of the alloy may also be manufactured to contain
Niobium plus Tantalum stabilised, 316HM4NNbTa or 316MANNDbTa versions where
the Niobium plus Tantalum content is controlled according to the following
formuiae:

Nb+Ta B xCmin, L.Owt % Nb+ Ta max, 0.10 wt% Ta max, or Nb + Ta 10 x C min,

30 1.0 wt % Nb + Ta max, 0.10 wi % Ta max.



and in the third embodiment, the 317L57M4N also has S 0.070 wt % 0. Preferably, the 317L57M4N
alloy has 5 0.050 wt % 0 and more preferably 5 0.030 wt % 0. Even more 10preferably, the alloy has

50.010 wt % Q. angieMgikdyrther more preferably S 0.005 wt % O. Silicon (Si}-7Jhe RiligaRsontent of
the 317L57MA4N stainless steel is 5 0.75 wt % Si. Preferably, the alloy has .? 0.25 wt % Si and 50.75

wt % Si. More preferably, the range is 0.40 wt % Si ang 5. 0.60 15wt % Si. However, for specific higher
temperature applications where improved oxidation resistance is required, the Silicon content may be
0.75wt % Siand 5 2.00 wt % Si. Chromium (Crl ~ The Chromium content of the 317L57M4N
stainless steel €380 H#AHE Afebypotenlireav: iebinrefdraiRntaheslalyjiises E9igvosof teCr.

Nickel (Ni)  ThexdVicks} serdest af daeizhdbe AMAN-stainlessstaghisct:00 WL NiANG S i1RH0 wt %
Ni. Preferably, the upper limit of Ni of the alloy is 5 14.00 wt % Ni and more preferably 5 13.00 25wt %

Ni for the lower Rt P57 et HRETE N SPARGHEH GicREPPAHB PAN 6y s NREICREP e tNigb bmhalus

317L57M4N staintessnstas) BrayfaydahRinbmNbad Bid vah WM 1Rkelasabhy thgdpper limit of
the Niis 5 16.50 wt,%_Ni and more preferably 515.50 wt % Ni for the higher Nickel range alloys. WO

2012/161681PETISGID 151851 8 P RIS b RE R IMEI e F e SRATARR U cBFR¥ntass TR
317L57M4N stainiibssistesliadteyhigh?r B00owtbhtivtasand BegiRdiwiteddalbubpeiaraily mappR0 wt %

Mo. In other woggf.{he oA AR BRI Sl cr 00 W Y M0 NitEog e (NT ¢ i
steel for specific appiications and to further improve the overall corrosion performance of
the alloy.

10
The wrought and cast versions of the 316LM4N Stainiess stee! afong with the other variants
~and embodiments discussed herein are generally supplied in the solution annealed
condition. However, the weldments of Fabricated components, modules and fabrications
are generally supplied in the as -welded condition, providing that suitable Weld Procedure
15 Qualifications have been pregualified in accordance with the respective standards and
specifications. For specific applications the wrought versiéns may aiso be supplied in the

coid worked condition.

it should be appreciated that the effect of the various elements and their compositions as
20 discussed in reiation to 304LM4N are aiso applicable to 316LM4N {and the embodiments
discussed below) to appreciate how the optimum chemical composition is obtained for the

316LM4N stainiess steel (and the rest of the embodiments).

In addition to 304LM4N and 316LM4N austenitic stainless steels, there is also proposed a
25 further variation appropriately referred to as 317L57M4N and this forms a third

embodiment of this invention.

[317L57MAN]

The 317L57M4N High strength austenitic stainless steel has a high level of Nitrogen and a
30  specified Pitting Resistance Equivaient of PREy 2 40, but preferably PREy = 45. The Pitting

Resistance Equivaient as designated by PREy is calculated according to the formulae:

PREN = % Cr + (3.3 %% Mo) + {16 x % N).



The Nitrogen content of the 317L57M4N stainless steel is 5 0.70 wt % N, but preferably 10 0.40 wt %
N and 5. 0.70 wt % N. More preferably, the 317L57M4N has 0.40 wt % N and 5. 0.60 wt % N, and

even more pre&ezr%bl¥606415 wt % N and 5. 0.55 wt % N. PREN The PITTIW%&L?{%&%%?
EQUIVALENT is ca cil&ita using the formulae: 15PREN = % Cr + (3.3 x %Mo) + X % N). The
317L57MA4AN stainless steel has been specifically forrgkcj:lated to have the following composition: (i)
Chromium content ? 18.00 wt % Cr and s 20.00 wt % Cr, but preferably ? 19.00 wt % Cr; 2000

Molybdenum content 5.00 wt % Mo and 5 7.00 wt % Mo, but preferably a 6.00 wt % Mo (iii) Nitrogen
content 5 0.70 wt % N, but preferably .? 0.40 wt % N and 5 0.70 wt % N and more preferably 0.40 wt

% Nand S. O%ﬁ“ﬁﬁ@%ﬁ%@&%ﬁe@%&& rﬁl?r@et%ly %‘frrg)ufg%wtt%’gws?e@g §Ulg)1£l§ \égn%im!t%ﬁ With a high

level of Nitrogen, t stainless steel achieves a PREN of ? 40, and preferably PREN ? 45.
This ensures thightmeditoitHat engibod Tegideancd exeptiner duedirp sshieniesakied vofrdsioh (Pitting

Corrosion and Grayjge,COHeSIRYIN &WidRIaNDe Al HIPCESS GRUFMEstS<iEhe 31 LaeMAN stainless

steel also has improved resistance to stress 30corrosion cracking in Chloride containing environments

when comparetPfPethvRRlichRBAUSEMAN Seinreseietbis st addrerads s Bra' Uy $81753. It

should be emphrsicadMR0 12 AHIERINRGT/ REZ12/ANRLE3 itk that theseagualivws igneare the
effects of microstructural factors on the breakdown of passivity by pitt Srevice corrosion The

ing or
chemical compBEHBHBFHhE 1788 ANARVE iR fagY &t %H&%Bﬁ?ﬂ%@eﬁsﬁﬂt}%°ﬁ1%’|fi.%8-%°§%’§é’°e‘3{o ensure
that the ratio of th |Gy eguivatentdividesidnwie [N} egoivalEnicaceordirig to Seheefer, is in the
range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in order to primarily obtain an austenitic
microstructure in the base material after solution heat treatment typically performed in the range 1100
deg C - 1250 ditg E17oiavied fiyintestestae atrohiog piitre prictpsiivEaaetbé thedase aratertaldliche

solution heat trf_eo%rtglq QQQq%gWBmounts of other slements such as 0.010 wt % B max, 0.10 wt % Ce max,
0.050 wt % Al max, 0.01 wt % Ca max and/or 0.01 wt % Mg max and other impurities which

are normally present in residual levels.

15 The chemical composition of the 317L57M4N stainiess steel is optimised at the melting
stage to primarily ensure an austenitic microstructure in the base material after solution
“heat treatment typically pefformed in the range 1100 deg C— 1250 deg C foliowed by water
guenching. The microstructure of the base material in the solution heat treated condition,
siong with as-weided weld metal and heat affected zone of weldments, is controlled by
20 optimising the balance between austenite forming elements and ferrite forming elements to
primarily ensure that the alloy is austenitic. As a result, the 317L57M4N stainless steel
exhibits 2 unique ﬁombination of high strength and ductility at ambient temperatures, while |
at the same time achieves excellent toughness at ambient temperatures and cryogenic
temperatures. In view of the fact that the chemical analysis of the 317L57M4N stainiess
25 steel is adjusted to achieve a PREy 2 40, but preferably PREy 2 45, this ensures that the
material also has a good resistance to general corrosion and localised corrosion {Pitting
Lorrosion and Crevice Corrosion) in a wide range of process environments. The 317L57M4N
stainless steel also has improved resistance to stress corresion cracking in Chloride
tontaining environments when compared to conventional Austenitic Stainless Steels such as

30 UNSS31703 and UNS 531753,



10 along with as-welded weld metal and heat affected zone of weldments, is controlled by optimising
the balance between austenite forming elements and Ferrite forming elements to primarily ensure that
the alloy is aysteqilic, Jbg alloy can therefore be manufactured and SUPP”%@}%H&%@B{}@ §gnetic
condition. 15The 317157MA4N stainless steel also has principally Fe as the remainder and may also
contain very small amounts of other elements such as;oron, Cerium, Aluminium, Calcium and/or
Magnesium in percentage by weight, and the compositions of these elements are the same as those
of 3041M4N. In other words, the passages relating to these elements for 304LM4N are also applicable
here. 20 The 317h&MeNdstainiass! steeltbe optiding: tchtng diiird repobitidinTend epoiSsessEd simamum yield
strength of 55 ke ALABQMPA oL g yrouelt y eS8 More REeTeraBly, MU visld stiength of 62
ksi or 430 MPa may be achieved for the wrought version. The cast version possesses minimum yield
strength of 41 RSIGNERE MMPgigvicref peterbassd eninhmtind28nfietdrstnéngth of 48 ksi or 330 MPa may
be achieved for the cast version. Based on the preferred values, a comparison of the wrought
mechanical strength properties of the novel and innovative 317L57M4N stainless steel, with those of
UNS 531783, ﬁé@g@that the minimum yield strength of the 317L57M4N stainless steel might be 2.1
times higher thas thatsenesdieshforlUNS SBLTN4SIRALsaseMRatseosaf feyreughtimeshanical
strength 30 properties of the 317L57M4N stainless steel, with those of UNS 531753, suggests that the
minimum yield 'SFERMY 5F?haé‘r§’f7f_3f7Eﬁ&'ﬂ?'&fgﬁﬂ&g%?e%%‘ﬁd‘ﬁt%é IS thIES Wighedr IRdraRat
specified for UNSIG3dly52.0¥¥@2012/161661PCT/SG2012/000183 49 The 317L57M4N stainless steel
according to the third embodiment possesses a minimum tensile strength of 102 ksi or 700 MPa for
the wrought version. More preferably, a minimum tensile strength of 109 ksi or 750 MPa may be
achieved #0r th#anganest(verlsion. The cast 5 version possesses a minimum tensile strength of 95 ksi
or 650 MPa. MaieraiaeabhindINIIRiSle SiieniboldQ2dsbot 00 MER Mo b aghioved for
the cast version. Based on the preferred values a comparison of the Wrought mecﬁamc_zafstrength
properties of tH4288F1BT MANgsidrTIezesteel, with those of UNS 531703, suggests that the minimum
tensile strength of the 317L57M4N Stainless steel might be more than 1.45 times higher than that 10
specified for UNS 531703. Similarly, a comparison of the wrought mechanical strength properties of
the novel and iFIGVaR 3785 2R AP BT 4 808 ViR BRO SRR BINIS B4 siinaggietsitisat the

minimum fensileositengih. pfdhes3l7 L7 StainlerssinekRigh PRtbIAHmeshighseibagshat
specified for UNS_$31753. Indeed, if the Wrougpt mechanical strength properties of the 317L57M4N

Stainless steel® a2 &g AP it tToLe b Mld'B? e 9 Bagik L SaiesEi s rdBE Mhen it
may be demonstratatbibat $tte mihireters tansile strengthoofwbe: 31tk BEMANstainle sst steghisdn the
region of 1.2 ti higher than that specified for 531803 and similar to that specified for 25 Cr Super
Duplex Stainless Steel. Therefore, the minimum mechanical strength properties of the 317L57M4N
stainless steel have been significantly improved compared to conventional Austenitic Stainless Steels

such 20 35 UNS S4103,d NS 534755 apdh e enslie sysrath arapsilies ate beter (han tha

specified for 22 Cr Duplex Stainless Steel and similar to those speci uper Duplex
Stainless SteefrafRi3e s Mritzappiatoirstusing e wiréudin 317 L57NMAN Stalvifessdtestmay be

25 frequently desigingd, withassieadwall dhickneresibusoleating iisignifcant weiotsayings when

specifying 317L57M4N stainless steel compared to conventional austenitic stainless steels such as

UNS S31703 affd*841 745 hatchisletHee mmgriuih ofeipBle daig\srEases afdsugdinceiatapiigher. In

fact, the minimupgsliowable degign shasses fordanvroNghtis 1ALEAMAN stainleststeshargdigher

than for 22 Cr Dgplex Stainless Steels and ,
25  and'<7.50 and even more preferably 2 2.85 and £ 6,25,

Phosphorus (P)
The Phosphorus content. of the 317L57M4N stainless steel is controlied to be < 0.030 wt %

P. Preferably, the 317L57M4N alloy has < 0.025 wt % P and more preferably < 0.020 wt % P.
30  Even more preferably, the alloy has £ 0.015 wt % P and even further more preferably <

0.010 wt % P.



30similar to 25 Cr Super Duplex Stainless Steels. WO 2012/161661PCT/SG2012/000183 50 For
certain applications, other variants of the 317L57M4N stainless steel have been purposely formulated
to be manufagtsechaeniaining specific levels of other alloying elements segirasLoppersd ungsten
and Vanadium. It has been determined that the optimum chemical composition range of the other
variants of the 317L57M4N stainless 5 steel is seleciye and the compositions of Copper and
Vanadium are the same as those of 304LM4N. In other words, the passages relating to these
elements for 3041M4N are also applicable here for 317L57M4N Tungsten (W) 10The Tungsten
content of the 842R¥4RA4AN stainless steel is 5 2.00 wt % W, but preferably ? 0.50 wt % W and 5 1.00
wt % W and moie prefeieddit2a0eT thwt Y89 MEor 33iAldh M Stainlessistesbdaniantsdomaining

Tungsten, the PITTING RESISTANC E%_? VALENT is calculat sing the formulae: P w =% Cr
+[3.3x (Mo + %ﬂoﬂfﬁé 9% ‘?%rafg’ﬁ' Fﬁg uﬁgg%l?nﬁc%&ﬁtgiﬁ%gyv%tr?égn#% %%Oﬁ%%ﬂﬁgll\fﬁr%less steel
has been specificaldy fodrendatedréopdratilyes o otvwigicomposition: (i) Chromium content ? 18.00 wt
% Cr and 2 20.00 wt % Cr, but preferably ? 19.00 wt % Cr; (i) Molybdenum content ? 5.00 wt
% Mo and 57.00 wt % Mo, but preferably ? 6.00 20wt % Mo, (Hi) Nitrogen content 5 0.70 wt % N, but

preferably .? 02a&0 ¢@)N and 50.70 wt % N and more preferably ? 0.40 wt % N and 5. 0.60 wt % N

and even morerﬁé%fgr%wméﬁt% %N AR ARRAWEIANAINE controliel¥d THAIRIGNLCABIGAES 2.00 wt
%W, but preferably ? 0.50 wt % W and S 1.00 wt % 25W and more preferably ? 0.75 wt % W. The

Tungsten contaifing VErdicotTReET?Ds ZipRE BEIMEN R BPR LAY W SBRiffag fatRly. the

317L57M4N alioy has £ 0.050 wt % O and more preferably £ 0.030 wt % O. Even more
10 preferably, the alioy has < 0.010 wt % O and even further more preferabiy < 0.005 wt % O.

Silicon {51)

The Silicon content of the 317L57M4N stainless steel is < 0.75 wt % Si. Preferably, the alloy

has > 0.25 wt % Siand £ 0.75 wt % Si. More preferably, the range is 2 0.40 wt % Si and £ 0.60
15  wt % Si. However, for specific higher temperature applica{ions where improved oxidation

resistance is reguired, the Silicon content may be 2 0.75 wt % Sl and £ 2.00 wt % Si.

Chromium (Cr)
The Chromium content of the 317L57M4N stainiess steel js = 18.00 wt % Cr and < 20.00 wt

20 % Cr. Preferabiy, the alloy has 2 19.00 wt % Cr.

Nickel {Ni} _
'The Nickel content of the 317L57M4N stainless steel is 2 11.00 wt % Nj and £ 15.00 wt % Ni.

freferably, the upper limit of Ni of the alloy is £ 14.00 wt % Ni and more preferably g 13.00

25wt % Nifor the lower Nickel range alloys.

for higher Nickel range alloys, the Nickel content of the 317L57M4N stainless steel may
have 2 13.50 wt % Ni and £ 17.50 wt % Ni. Preferably, the upper limit of the Niis < 16.50 wt
% Ni and more preferably £ 15.50 wt % Ni for the higher Nicke! range alloys.

30



of Nitrogen and a PRENw ? 42, but preferably PRENw? 47. It should be emphasised that these
equations ignore the effects of microstructural factors on the breakdown of passivity by 30 pitting or
crevice corrogigioelyiggien may be added individually or in conjunction Will-&0pRAMeagdium,
Titanium and/or Niobium and/or Niobium plus Tantalum in all the various combinations of these
elements, to further improve the overall corrosion WQ,2012/161661PCT/SG2012/000183 51
performance of the alloy. Tungsten is extremely costly and therefore is being purposely limited to
optimise the economics of the alloy, while at the same time optimising the ductility, toughness and
corrosion performance of the alloy. 5Carbon (C) For certain applications, other variants of the
317L57MA4N stajglessateehars desirable, which have been specifically formulated to be manufactured
comprising higher levels of Carbon. Specifically, the Carbon content of the 317L57M4N stainless steel
may be 2. 0.048 %M EIAULEATNT 95 el brehetNT? 518505 N R URYCS Gr SRP0E0% Y90 ahd 5 0.08
wt % 10C, but preferablynmcl 4Gwidakly These specilie variatis afdhe, 3héLadhidnstainlass steel
are the 317H57M4N or 31757M4N versions respectively. Titanium (Ti) /Niobium (Nb) /Niobium (Nb)
plus Tantafum ﬁaé(jmﬁm gr?r%’?&f’fg}%ertain applications, other stabilised variants of the 317H57M4N
or-15 31757MA4N stainless steel are desirable, which have been specifically formulated to be |
manufactured comprising higher levels of Carbon. Specifically, the Carbon may be ? 0.040 wt % C and
<0.10 wt % C, but preferably .5 0.050 wt % C or >0.030 wt % C and 5 0.08 wt % C, but preferably
<0.040 wt % CNiypgeinéle include the Titanium stabilised versions which are referred to as
20317HS7MAN.oRALZ57 MANTI 19 apniastwiihine. ganerie. 31715 AN steel Ve [3ignse L Titanium

content is controlled according to the following formulae: Ti 4 x C min, 0.70 wt % Timax or TI5 x C

min, 0.70 ¥t %Crithehes dspecti el i GrileMer harréertinitin StAbITSAN denvatife baieaaflsy. (i)
There are also i Niebiunhgtakiliseste 36N 4DNO QB LM ANNR g rsions -

PREy

The PITTING RESISTANCE EQUiVALENT is caleulated using the formulae:
15 PREy =% Cr + (3.3 x- %Mo} + {16 x % N}.
The 317L57M4N stainless steel has been specifically formulated to have the following
composition: 7
(i} Chromium content z 18.00 wt % Cr and < 20.00 wt % Cr, but preferably > 15.00 wt
% Cr; ’
20 {ii) Molybdenum content 2 5.00 wt % Mo and < 7.00 wt % Mo, but preferably = 6.00
wt % Mo
{iii} Nitrogen content £ 0.70 wt % N, but preferably 2 040 wt % Nand < 0.70 wt % N
and more preferably 2 0.40 wt % N and € 0.60 wt % N and even more prefera.hiy =
045wt % N and £ 0.55 wt % N, |
25
With a high level of Nitrogen, the 317L57M4N stainiess steel achieves a PREy of 2 40, and
preferably PREy 2 45. This ensures that the alloy has & good resistance to general corrosion
and localised corrosion {Pitting Corrosion and Crevice Corrosion) in & wide range of process
environments. The 317L57M4N stainless steel alsb has improved resistance to siress
306 corrosion cracking"m- Chloride containing environments when,cor.np.ared to conventional

austenitic stainless steels such as UNS 531703 and UNS 531753, It should be emphasised



. 25where the Niobium content is controlled according to the following formulae: Nib 8 x C min, 1.0 wt
% Nb max or Nb 10 x C min, 1.0 wt % Nb max respectively, in order to have Niobium stabilised

derivatives ofthe,aHaY4s4di) In addition, other variants of the alloy may alspdyes@ansiagiysed to
contain Niobium plus Tantalum stabilised, 317H57M4NNbTa or 31757M4NNbTa versions 30where the

Niobium plus Tantalum content is controlled accordinggto the following formulae: WO
2012/161661PCT/SG2012/000183 52 Nb +Ta 8 x C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max, or
Nb + Ta 10 x C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max. Titanium stabilised, Niobium stabilised
and Niobium pilist TtatalgAyatiantisegroahatEestine BigiRsy vaayabdagioenca dhephrsatitnyresit
treatment at a {eRRRLAIIEHNWEF than ihe-taiigh solution heat treatment temperature. Titanium and/or
Niobium and/or Niobium plus Tantalum may be added individually or in conjunction with Copper,
Tungsten and Vanadium in all the various combinations of these elements to optimise the alloy for
certain applicatipnsihei bighess@arbentsenientsymandsesikable sttBeseoptieyirg elementsimay be 10

utilised individually or in all the various compbinatjons of the ele ts to tajlor the stainless steel for
Spociic anblicATR ST ISR B TR OV S B DB NG DB 59 e e
wrought and castsviessterisiofriiie: 3amdes7 M\ stainlass isie teftomigwith4h erotkher ES vatiaietsare
generally suppigdin ine,same manneras g earligr sposiments: Futlher Jhgre,ishapased a
further variatioR apprgpria eR/ referred 10 as S17L35M4N high strength austenitic stainless steel, which
is a fourth emboehtment ¢frivelineerfioned iretBe 7Te8SNVIMROstgin e ssiSfde ol ttidfijomad thewataie
chemical compaitigns.aslAlniMAN A0staiYgssStaakmihhg Qserrion.of theMolyhdepym

content. Thus, instead of repeating the various chemical compositions, only the difference is
describedi0  along with as-welded weld metal and heat affected zone of weldments, is controfied by

optimising the balance between austenite forming elements and Ferrite forming elements
to primarily ensure that the alloy is austenitic. The alloy can therefore be manufactured and

supplied in the Non-Magnetic condition,

15 The 317L57MA4N stainless steel also has principally Fe as .the remainder and may also
contain very small amounts of other elements such as Boron, Cerium, Aluminium, Calcium
and/or Magnesium in percentage by weight, and the compositions of these elements zre
the same as those of 304LM4N. In other words, the passages relating to these elements for
304LMAN are also applicable here,

20
The 317L57M4N stainiess steel according to the third embodiment possesses minimum
yield strength of 35 ksi or 380 MPa for the w'rought version. More preferabiy, minimurﬁ
yield strength of 62 ksi or 430 MPa may be achieved for the wfought version. The cast
version possesses minimum yield strength of 41 ksi or 280 MPa. More preferably, minimum

25  vield strength of 48 ksi or 330 MPa may be achieved for the cast version. Based on the
preferred values, a comparison of the wrought mechanical strength properties of the novel
and innovative 317L57M4N stainless steel, with those of UNS S317D3, suggests that the
minimum vield strength of the 317L57M4N steinless steel might be 2.1 times higher than
that specified for UNS 531703. Si.mflarly, a comparison of the wrought mechanical strength

30  properties of the 317L57M4N stainless steel, With those of UNS 531753, suggests that the
minimum vield strength of the 317L57M4N siainless steel might be 1.79 fimes ‘higher than
that specified for UNS S31753. '



[317L35M4N] As mentioned above, the 317L35M4N has exactly the same wt % Carbon, Manganese,
25Phosphorus, Sulphur, Oxygen, Silicon, Chromium, Nickel and Nitrogen content as the third

embodiment, 34 3L p/ Al stainless steel, except the Molybdenum contenty -6, 3l ilap@¥14N
stainless steel, the Molybdenum level is between 5.00 wt % and 7.00 wt % Mo. In contrast, the

317L35M4N stainless steel's Molybdenum content is hetween 3.00 wt % and 5.00% Mo. In other
words, the 317L35M4N may be regarded as a lower Molybdenum 30version of the 317L57M4N
stainless steel. WO 2012/161661PCT/SG2012/000183 53 It should be appreciated that the passages
relating to 317L57M4N are also applicable here, except the Molybdenum content. Molybdenum (Mo)

5The Molybderyu $ontenia thenatd s3RMAN IRBleSHSER! MAYLBE mens- WL % Ma,aRed, 7,5-00 wt
% Mo, but preferably ?. 4.00 wt % Mo. In other words, the Molybdenum content of the 317L35M4N

has a maximurfe8#iE ARE . RAG2 BREIN AFfRe foTthTNes e RYRS RN MR ERefprakbE NmifdF 4ie

317L35M4N is ealgilated 4sing iheisasesormmian 8538 haksvMM 4 thuthegamseaidherdiffergnt
Molybdenum content, the PREN is ? 35, but Preferabl PREN ?. 40. This ensures that the material

also has a good e BREE S g AUPIT LB EER aHaBlatted Brbdeh Wrtini e EE ¥nd Crevice
Corrosion) in amiidesangesoé presgssoenViran aremis MPaendi Be 36ive4bl staitlessssteelialsaias
improved resistange 15 to stress corrosion cracking in Chlpride containing environments ywhen

on ‘ﬁve efa év de mparison kI‘I‘Eﬁe wre R[ %ﬁgﬁ?%%%%f@ﬁ?§éfg It

compared to conventional Austenttic Stamiess Steels SUcH As
should be empR&&iséd4Nattiese ggelatidmstipmends theseidzas ofugiesostnatcthratfactons cmshe

preakdown of RaRFMIVPYR'UGAAIEVIGH RSO, ATERS AR ERL SATRAIHAN &' Al ALELISMAN

Stainless steel is optimised at the melting stage to ensure that the ratio of the [Cr[ equivalent divided
by the [Nifequithfiefiedattobdhgid’SendeTerdy.is isameaaogecs Oheovaiedshl 0B chanigrlestrralsiy >0.45

and <0.95, in opgseiarigranly ARiainan AHsienic INCEoRIMCtI. IBthabase materal aftefygolution
heat treatment typically performed in the range 1100 deg C - 1250 deg C followed by water 25

quenching. ThéthicrostiRRatifdhst the BIREBYRARITAR RirBIE e AUt S Hear el atse Riesl mifdhg with

as-welded welgsmetaltans hgatoffested:zenaniiveldments s cantalled: hy wrlipisingdheibalance
between austenite foEmirLI%g elements and ferrite forming elements to prim?ﬁr}jﬁ/gensure that the alloy is

austenitic. As & TSB! P YT 35NRRE Sralaos Seleaeihite"s CRTRGEESHIBIFsE R g Rith Strength

and ductility at aumlnestderpcratiteswhile then it may be demonstrated that the minimum tensile
strength of the 317L57M4N stainiess steel is in the region of 1.2 times higher than that

specified for 531803 and similar to that specified for 25 Cr Super Duplex Staintess Steel.

Therefore, the minimum mechanical strength properties of the 317L57M4N stainiess steel

have been significantly improved compared to conventional Austenitic Stainless Steels such

20 as UNS 531703 and UNS 531753 and the tensiie strength properties are better than that

specified for 22 Cr Duplex Stainiess Steel and similar to those specified for 25 Cr Super

Duplex Stainiess Steel,

This means that applications using the wrought 317L57M4N stainless steel may be
25 frequently designed_with reduced wall thicknesses, thus, ieading to significant weight
savings when specifying 317L57M4N stainiess steel compared to conventional austenitic
stainless steels such as UNS S31703 and 531753 because the minimum allowable design
stresses are significantly higher. In fact, the m_inimum aliowabie design stresses for the
wrought 317L57M4N stainiess steel are higher than for 22 Cr Duplex Stainiess Steels and

30 similar to 25 Cr Super Duplex Stainiess Steels.



.30 at the same time guarantees excellent toughness at ambient temperatures and cryogenic
temperatures. The alloy can therefore be manufactured and supplied in the Non-Magnetic condition.
WO 2012/16{§6317/252£012/000183 54 Like the 317L57M4N embodimeni ih&3d:4l3pMAN stainless
steel also contains principally Fe as the remainder and may also contain very small amounts of other
elements such as Boron, Cerium, Aluminium, Calciungand/or Magnesium in percentage by weight, -
and the 5compositions of these elements are the same as those of 317L57M4N and thus, those of
304LM4N. The 317L35MA4N stainless steel of the fourth embodiment has minimum yield strength and
a minimum ten&fe SrERytAPEHFABErabRINSF SiRfitaEtoohow Stk NEPLS7MeN Steriidsyatean 10

Likewise, the shigpgthprepaliasLithe wrendii and £ashvarsansoelithe 3k 3o MAN: a8.iso

comparable to those of the 317L57M4N. Thus, the specific strength values are not repeated here and
reference is mATE R the EariRsr PSRy AL EFS1 737 MRIKR o h fGristi bIARETHBE iE #hebRanical

strength propegigsrhaiwaenidl tosipibdN anshiaosetat canveniionil afstentic SainesststaelsUNS
531703, and between 317L35M4N and those of 15 UNS 531753, suggests stronger yield and tensile
ey M R TR b

strengths GF thé ‘Fneabsnsl ll,le S SRS ROSEYEORYor PP S7RNRG2 ﬁnlla?ﬁ/tgec%a 0R°6fthe tensile
properties of 33P438M4 N aema o nstrdteh theypsapesheltemthanttiwmat secehed for R2 16D wpdeadsStainless
Steel and similgé tﬁ’cgﬁ%sr?ef?‘eo%?igifﬂﬁ an Cr Super Duplex Stainless Steel, just like the 317L57MA4N.
20This means t Bt applications using the wrought 317L35M4N stainless steel may be frequently
designed with reduced wall thicknesses, thus, leading to significant weight savings when specifying
317L35M4N st%@;ﬁg?l compared to conventional austenitic stainless steels such as UNS 531703
and 531753 because the minimum allowable design stresses are significantly higher. In fact, the

minimum HlowH5d ‘Hssigh ARsYE 15e thid SSMBL girirdas? sssviak SRANE & Widur e Rigksrthan for
22 Cr Duplex Siainless: Steels and@iniay, toy 25 CrokrRuex-Stainlgss.Sigels: EoficoRan

applications, other variants of the 317L35M4N stainless steel have been purposely formulated to be

manufactured é@fﬂ}flﬁinﬁ%bé’@ﬁ%”@v‘é‘fgtﬁm%eﬁ“ﬁﬁagﬁﬁgthe PITTING RESISTANCE EQUIVALENT is

catculated using the formulae;
PREww = % Cr + [3.3%x % (Mo + W)] + {16 x % N).
15 This Tungsten containing vafi'ant of the 317L57M4N stainless steel has been specifically
formulated to have the following composition:
{i} Chromium content 2 18.00 wi % Cr and < 20.00 wt % Cr, but preferably > 19.00 wt
% Cr;
{ii} Molybdenum content = 5.00 wt % Mo and £ 7.00 wt % Mo, but preferably = 6.00
20 wt%Mo, |
{iiiy Nitrogen content £ 0.70 wt % N, but preferably 2 0.40wt % N and £ 0.70 wt % N
and more preferably 2 0.40 wt % N and < 0.60 wt % N and even more preferably =
0.45 Wt % Nand £ 0.55 wt % N;and
(iv) Tungsten content s 2.00 wt % W, but preferably 2 0.50 wt % W and < 1.00 wt %
25 W and more preferably 2 0.75 wi % W.

The Tungsten containing variant of the 317L57M4N Stainless steel has a high specified level
of Nitrogen and a PREyw 2 42, but preferably PREyw = 47. It should be emphasised that these
equa‘cions ignore the effects of microstructural factors on the breakdown of‘passiv'ity by
30 pitting or crevice corrosion. Tungsten may be added individually or in conjunction with
Lopper, Vanadium, Titanium and/or Niobium and/or ‘Niobium plus Tantalum in all the

various combinations of these elements, to further improve “the overall corrosion



30 elements such as Copper, Tungsten and Vanadium. It has been determined that the optimum J
chemical composition range of the other variants of the 317L35M4N stainless steel is selective and the
compositionspf SoppeiANd Vanadium are the same as those of WO ,peaa012/000183
20121161661PCT/5G2012/000183 55 317L57M4N and those of 304LM4N. In other words, the
passages relating to these elements for 304LM4N are;also applicable here for 317L35M4N. Tungsten
(W) 5The Tungsten content of the 317L35M4N stainless steel is similar to those of 317L57M4N and
the PITTING RESISTANCE EQUIVALENT, PRENw, of 317L35M4N calculated using the same
formulae as magiHeaEBcVether BPYLHFEMM il BxiramélprefetabiydReENere Ss baPsduesnesthe
different MolybgRumcoptentsi shouldhe-arnarent thal thgrnassage relatingie teiHze.and effects of
Tungsten for 317L57M4N is also applicable for 317L35M4N. 10 Further, the 317L35M4N may have
higher levels off€4i6roerbRRss ILLBeFuEiaNTarE SAH35URMN which correspond respectively to
317H57M4N and 31757M4N discussed earlier and the ,Carbon wt % ranges discussed earlier are also
applicable for 317H35M4N and 31735M4N. 15 Titanium (Ti)! Niobium (Nb) / Niobium (Nb) plus
Tantalum (‘cl“a) : ore, for certain applications, other stabilised variants of the 317H35M4N or
31735MA4N staifdessrsieehppticdasiigbieanvichinavel heers spacifiaally-fonmulated todaaanufactured

containing higher levels of Carbon.. cifically, the amount of Carbon may be 20?. 0.040 wt % C and
010 wioh & e S e e e e P e b Ry
<0.040 wt % (?.Car(ﬁ’)Jmeifm@I!yd@ﬂwéaﬂﬁtmmmesmrtbe@ MWWMiomaretegﬁmgemmzasﬁ4o '
S17HISNANTI O LR AT R aRtach Uihe S6REHG%/C BpMibto TS, TUBRIM Gent 1s

controlled according to the following formulae: 25Ti 4 X C min, 0.70 wt % Ti max or Ti min, 0.70
wt % Ti mék re@p’é&iﬂféﬁﬁr?ﬁ%rﬂgp‘w wt % C, These specific variants of the 317L57M4N stainless steel

are the 317H57M4N or 31757M4N versions respectively.

Titanium (T /Nigbium ‘iNb) /Niobium {Nb) plus Tantaium {Ta)

Furthermore,‘ for certain applications, other stabilised wvariants of the 317H57M4N or
15 31757M4N stainless steel are desirable, which have been spacifically formulated to be
manufactured comprising higher levels of Carbon. Specifically, the Carbon may be 2 0.040
_ wt % Cand < 0.10 wt % C, but preferabiy £ 0.050 wt % € or > 0.030 wt % C and < 0.08 wt %
C, but preferably < 0.040 wt % C.
(i) These include the Titanium stabilised versions which are referred to as
20 317H57M4NTI or 31757MANT] to_contras’c with the generic 317L574N steel versions.
The Titanium content is controlled according to the following formulae:
T.i 4 xCmin, 0.70wt % TimaxorTi 5 X C min, 0.70 wt % Ti max respectively, in order
to have Titanium stabilised derivatives of the alloy.
{ii} There are ziso the Niobium stabilised, 317H57MANND or 31757MANND versions
25 where the Niobium content is controlled according to the_ following formulae:
Nb 8 x C.min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max respectivaly, in
order to have Niobium stabilised derivatives of the atloy.
{iii) In addition, other variants of the alloy may .aisn be manufactured to contain
Niobium plus Tantalum stabilised, 317HS7M4NNbTa or 31757M4NNbTa versions
30 where tﬁe Niobium plus Tantalum content is controlled according to the following

formulae:



.to have Titanium stabilised derivatives of the alloy. (ii) There are also 'Niobium stabilised,
317H35M4NNDb or 31735M4NND, versions where the Niobium content is controlled according to the

following formpdag My @ef C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 w&¥#xNR maspigspectively, in
30order to have Niobium stabilised derivatives of the alloy. (iii) In addition, other variants of the alloy

may also be manufactured to contain Niobium plus-Tantalum stabilised, 317H35M4NNbTa or
31735M4NNbTa versions™ WO 2012/161661PCT/SG2012/000183 56 where the Niobium plus
Tantalum content is controlled according to the following formulae: Nb +Ta 8 x C min, 1.0 wt % Nb +

Ta max, 0.10 wt % TARER, & GEin Tl %6 il @ 1Rt @4 st % Ta T ONEO VIR 0A0Palrimie. 5

Titanium stabilised, Nighiy® stabitisechand Mgk plys Tantalum stabilised variants of the alloy may
be given a stabilisation heat treatment at a temperature lower than the initial solution heat treatment

temperature. Titanium and/or Niobium and/or Niobium plus Tantalum may be added individually or in

conjunction with-&ioppetabiuggstaptans Yanadiwsnd Qibbiaththrvariesssombinationsetiheaq elements
to optimise_the zﬁlloy for gertain a;!)glig}q.tions here hi%{rﬁer Carbon contents are desirable. These
5 0 ay, oe {a

ISt VA0S0 57 i S RE Y &l SUE BRSNS o L BRINEAS to tailor

alloying elerneﬁtsymné)ybe Ghfised i
the stainless steélitior Spetificcappiicatieonssundto ftictwrmproie theveralhgosrosiosiyertoiemnance of

the alloy. 15 The wrought gc tvg5§i ns,of the 317L 35M4N Stainless. steel along with the other
variants are genenrally supglilgec? c|]€:|c%t é sg'r%%amaoﬁﬁr}etrzoanéuﬁwce’%ﬁar ffﬁ%ﬁ%ﬁi‘?ﬁrﬁ% g AN Hﬁ%é‘rﬂhere is
proposed a furthedabitioneysprombitediprefofrétkte ai8EALB5M 4himi20tis déseriptiorraihich is a

fith embodimegi AEEn RO Righh 2ol e 51 akdnMaN high SHenath austeniig sigintess

steel has a high level of Nitrogen and a specified Pitting Resistance Equivalent of PREN
preferably PREAASS irdlidirlvprBRE s apte EeRITEBH RS debRyriarerby PRIEN S saloldwted
according to thedarpuaecific applications and to further improve the overall corrosion performance of

the alloy.

The wrought and cast versions of the 317L57M4N stainless steel along with the other

15 variants are generally supplied in the same manner as the earlier embodimenis.

Further, there is proposed @ further variation appropriately referred to as 317L35M4N high
strength austenitic stainiess steel, which is a fourth embodiment of the invention. The
317135M4N stainless steel virtually has the same chemical compositions as 317L57M4N
20 stainless steel with the exception of the Molybdenum content. Thus, instead of repeating

the various chemical compaositions, only the difference is described.

[317L35M4N]

As mentioned above, the 317L35M4N has exactly the same wt % Carbon, Mangénese, ‘
25  Phosphorus, Sutphur, Oxygen, Silicon, Chromium, Nickel and Nitrogen content as the third

embodiment, 317L57M4N stainless steel, except the Melybdenum‘ content. In the

317L57M4N stainiess steel, the Molybdenum level is between 5.00 wt % and 7.00 wt % Mo.

in contrast, the 317L35M4N stainless steel’s Molybdenufn content is between 3.00 wt %

and 5.00% Me. In other words, the 33.7%.3'5M4N'may be regarded as a lower Molybdenum
30 version of the 317L57M4N stainless stesl.



PREN =% Cr + (3.3 X % Mo) + (16 x % N). The 312L35M4N Stainless steel has been formulated to
possess a unique combination of high mechanical strength properties with excellent ductility and
toughness, algngyyith.g99d weldability and good resistance to general and,|ogalisga gesgesion. The
chemical 30composition of the 312L35M4N stainless steel is selective and characterised by an alloy of
chemical analysis in percentage by weight as follows;9.030 wt % C max, 2.00 wt % Mn max WO
2012/161661PCT/SG2012/000183 57 0.030 wt % P max, 0.010 wt % S max, 0.75 wt % Si max, 20.00
wt % Cr - 22.00 wt % Cr, 15.00 wt % Ni -19.00 wt % Ni, 3.00 wt % Mo - 5.00 wt % Mo, 0.40 wt % N
-0.70 wt % N. Ther349 bsRMasistahibaktsede satsesdehtinasptipaily Feraslsharelnziftoksrand may
also 5 contain yerysmathaoraeRisokaibgr elements such as 0.010 wt % B max, 0.10 wt % Ce max,
0.050 wt % Al max, 0.01 wt % Ca max and/or 0.01 wt % Mg max and other impurities which are
normally present in residual levels. The chemical composition of the 312L35M4N stainless steel is
optimised at the;pngltieg - vaipge to primarily ensure an austenitic microstructure in the base material
after solution heat treatment typically performed in the range 1100 deg C - 1250 deg C followed by
water queriching S THEWRAERYGE ERAHE' 5f fhe BHES T AR rER SteRI R PR&E BRated Mshifich, along
with as-weldedsweldtwetad, and hreai-afie ctedaanesofiweldstantaocis saniry e bynapiinoising de
balance between teni rming element d ferrite forming elements to 15 primarily ensure that
the alloy is aus%é%?#c?["%%@ '§esaﬁlf, aé‘@fﬂ%%ﬁkﬁi%ﬁ?éss steel exhibits a unique combination of
high strength and ductility at ambient temperatures, while at the same time guarantees excellent
toughness at am@Lent temperatures and cryogenic temperatures. In view of the fact that the chemical
composition of the 312L35M4N stainless steel is adjusted to achieve a PREN ?. 37, but preferably
PREN .? 32, thi§%RE0HS fratrNG FRb¥ARE ISt hilke 24068 Vedisianveulateensing terrexitn and
localised corrosian (Rig GOFRAIAN ARG LLRYICE G IARIRIIINRIVIAE (AU Rrose sREENVEONMenNts.

The 312L35M4N stainless steel also has improved resistance to stress corrosion cracking in Chloride

containing envieritHERTEGRRIN B pfed it convestbRaRUBRATHRE Diailie SESHdIS SR AP UNS

531703 and UNs&3llahrbsidn Hndascbnen eeteemineddhat he aptianaarchesisaberrpesitierange of
the 312L35M4N stainless steel is carefully selected to comprise the following chemical elements in

percentage by WG BLFEHRDE IS Bn et aMBLEiRLpRs steel also hasimproved resistance

15 io stress corrosion cracking in Chloride containing environments when compared to

conventional Austenitic Stainless Steels such as UNS S317032 and UNS §31753. it should be
emphasised that these equations ignore the effects of microstructural factors on the

breakdown of passivity by pitting or crevice corrosion.

20 The chemical composition of the 317L35M4N Stainless steel is optimised at the melting
stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni] equivalent, according
10 Schoefer® is in the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in.order to
primarily obtain an austenitic microstructure in the base material éfter solution heat
treatment typica!ty performed in the range 1100 deg C — 1250 deg C followed by water

25 - guenching. The microstructure of the base material in the solution heat treated condition,
slong with as-welded weld metal and heat affected zone of weldments, is controlled by
optimising the balance between austenite forming elements and ferrite forming elements to
primarily ensure that the alloy is austenitic. As a result, the 317L35M4N stainless steel
exhibits a unigue combination of high strength and ductility at ambient fempetratures, while

30 gt the same time guarantees excellent toughness at ambient temperatures and cryogenic
temperatures. The alloy can therefore be manufactured and supplied in the Non-Magnetic

condition.



- WO 2012/161661PCT/SG2012/000183 58 Carbon (C) The Carbon content of the 312L35M4N
stainless steel is 5 0.030 wt % C maximum. Preferably, the amount of Carbon should be 0.020 wt % C
and 5 0.030 wi’mGandsinore preferably 5 0.025 wt % C. 5 Manganese (Mek/ddw343533M4N
stainless steel of the fifth embodiment may come in two variations: low Manganese or high
Manganese. 10For the low Manganese alloys, the Mamganese content of the 312L35M4N stainless
steelis 5 2.0 wt % Mn. Preferably, the range is 1.0 wt % Mn and 52.0 wt % Mn and more preferably ?.
1.20 wt % Mn and 5 1.50 wt % Mn. With such compositions, this achieves an optimum Mn to N ratio of
55,0, and preferably 1.42 and 5 5.0. More preferably, the ratio is ?. 1.42 and 5 3.75. For the high
Manganese allgiystibe MaTganesebotitenitptiba 1312533 M 4NiiteE4: i MimtRnefenabibyslithe

Manganese contents 2,036 Mnand 5,4, QW34 Wn, and ore preferably, (e LpRerimitis 5. 10 wt
% Mn. Even more pre erabﬁy, e upperyliml iS5 D BIWE U Mi With stich Seléctive ranges This

achieves a MnBwdy. régiouof, ALOI0emdarefenadly/ 20 1242:851amd b kOcenivierévpredfierabiy dtie Mn to N

ratio for high Mapdanese allaysds 28r.a0d-p/ 0 and.even more pisferably 2,85.A0d é%s%%f
Phosphorus (P) The Phosphorus content of the 312L.35M4N stainless steel is controlled to be 5 0.030

wt % 25 P. PrefétdiBiN-the 317L57M4N alloy has 5 0.025 wt % P and more preferably 5 0.020 wt % P.
Even more preferably, the alloy has 5 0.015 wt % P and even further more preferably 5 0.010 wt % P.

Sulphur (5) 30The Sulphur content of the 312L35M4N stainless steel of the fifth embodiment includes
50.010 wt % 57 NKE8IPsT FERNANTHS E . BOBM6™S R G DS EEY R T03 wt % S,

and even morenpeierabiisie00dg Wt Htmarable or similar to those of the 317L57MA4N stainiess steel.
10 Likewise, the strength properties of the wrought and cast versions of the 317L35M4N are

also comparable to those of the 317L57M4N. Thus, the specific strength vaiues are not

repeated here and reference is made to the earlier passages of 317L57M4N. A comparison

of the wrought mechanical strength properties between 317L35M4N and those of

tonventional ausltenitic stainless steel UNS 531703, and between 317L35M4N and those of

15 UNS S31753, suggests stronger yield and tensile strengths of the magnitude similar to those

found for 317L57M4N, Similarly a 'comparison of the tensiie properties of 317L35M4N

demonstrates they are better than that specified for 22 Cr Duplex Stainiess Steel and similar

1o those specified for 25 Cr Super Duplex Stainless Steel, just like the 317L57M4N.

20 This means that applications using the wrought 3170L35M4N stainless sieel may be
frequently designed with reduced wall thicknesses, thus, leading to significant weight
savings when specifying 317L35M4N stainless steel compared to conven‘cional austenitic
stainless steels such as UNS 531703 and 531753 because the minimum allowable design
stresses are significantly higher. in fact, the minimum allowable design stresses for the

25  wrought 317L35M4N stainless steel are higher than for 22 Cr Duplex Stainless Steeis and

similar to 25 Cr Super Dupiex Stainless Steels.

for certain applications, other variants of the 317L35M4N stainiess steel have been

,purpose.iy formulated to be manufactured containing specific levels of other alloving
30 elements such as Copper, Tungsten and Vanadium. It has been determined that the

optimum chemical composition range of the other variants of the 317L35M4N stainless

steel is selective and the compositions of Copper and Vanadium are the same as those of



WO 2012/161661PCT/SG2012/000183 59 Oxygen (0) The Oxygen content of the 312L35M4N
stainless steel is controlled to be as low as possible and in the fifth embodiment, the 312L35M4N has
5. 0.070 wt %@ Rreferably, the 5312L35M4N has 5 0.050 wt % 0 and mokgp¥eferabhasd-030 wt %
0. Even more preferably, the alloy has 5 0.010 wt % 0 and even further more preferably 5. 0.005 wt %
0. Silicon (Si) The Silicon content of the 312L35M4N gfainless steel is 5. 0.75 wt % Si. Preferably, the
alloy has 0.25 wt % Si and 5. 0.75 wt % Si. More preferably, the range is 0.40 wt %Si and 5 0.60 wt %
Si. However, for specific higher temperature applications where improved oxidation resistance is
required, the sﬁ?&gﬁ?é\é‘iweﬁf%agb% 7SR dhPBID WL oS PERFERNIGMTTCE) ta SR
Chromium contestefiher3bdLidaM4N staiplpss:sieakis 13r22:493n4 Cr and 5 22.00 wt % Cr.
Preferably, the alloy has 21.00 wt %Cr. Nickel (Ni)  The Nickel content of the 312L35M4N stainless
steel is 15.00 wt % Ni and 5 19.00 wt % Ni. 20Preferably, the upper limit of Ni of the alloy is 5 18.00 wt
% Ni and moreTargfgsatoly)S 17.00 wt % Ni. Molybdenum (Mo)  The Molybdenum content of the
312L35M4y St‘?’ nleTSS Ss%\%glcalrlzo n%:so 'tglo %/ 7%%%%”5?&1%1 %SSSSétoect)eiv\!;[ g/iomi a?’tg l‘clﬁgsree fo%rg%l’ S';?M{rﬂgl)o wt %
Mo. In othér Worcfs,[fﬂé oly%éenum Of thid

and the PITTING RESISTANCE EQUIVALENT, PREyyw, of 317L35M4N calculated using the same

formulae as mentioned above for 317L57M4N is 2 37, anrd preferably PREyw 2 42, due to the
different Molybdenum content. It should be apparent that the passage relating to the use

and effects of Tungsten for 317L57M4N is also applicable for 317L35M4N.

10
Further, the 317L35M4N may have higher levels of Carbon referred to as 317H35M4§'\I and
31735M4N which correspond respectively to 317H57M4N and 31757M4N discussed eartier
and the Carbon wt % ,ra.nges discussed earlier are also applicable for 317H35M4N and
31735M4N.

15

Titanium {Ti} / Niobium {Nh} / Niohium {(NB) plus Tantalum (Ta}

Furthermore, for certain applications, other stabilised variants of the 317H35M4N or
31735M4N stainless steel are desirable, which have been specifically formulated to be
manufactured containing higher levels of Carbon. Specifically, the amount of Carbon may be
20 20040 wt % Cand < Q.10 wt % C, but preferably < 0.050 wt % Cor > 0.030 wt % Cand <
0.08 wt % C, but preferably < 0.040 wt % C.
(i) These include the Titanium stabilised versions which are referred to as
317H35M4NTI or 31735M4NTI to contrast with the generic 317L35M4N. The
Titanium content is controlled according to the foliowing fcrmu‘iae: |
25 Ti 4 x € min, 0.70 wt % Ti max or Ti 5 x € min, 0.70 wt % Ti max respectively, in order
to have Titanium stabilised derivatives of the alioy. _
{ii) There are also Niobium stabilised, 317H35M4NNb or 31735M4NNb, versions
where the Niobium content is controlled according to the following formulae:
Nb 8 x C'min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max respectively, in
30 ordger to have Nicbium stabilised derivatives of the alioy.
(ili} In addition, dther variants of the alioy may also be manufactured to contain

Niobium ~pius-Tantalum stabilised, 317H35MA4ANNbTa or 31735M4NNbBTE versions ™



embodiment has a maximum of 5.00 wt % Mo. Nitrogen (Ni  The Nitrogen content of the 312L35M4N
stainless steel is 5 0.70 wt % N, but preferably 300.40 wt % N and 5 0.70 wt % N. More preferably, the
312L35M4N Kas4Qaye N and 5_ 0.60 wt % N, and even more preferaplé/T%é%m&{a}%and 50.55
wt % WO 2012/161661PCT/SG2012/000183 60 PREN The PITTING RESISTANCE EQUIVALENT is
calculated using the formulae: PREN = % Cr + (3.3 X %Mo) + (16 x % N).  The 312L35M4N
stainless steel has been specifically formulated to have the following Scomposition: (i) Chromium
content 20.00 wt % Cr and 5 22.00 wt % Cr, but preferably ?.. 21.00 wt % Cr; (ii) Molybdenum content
L. 3.00 wt % Mo and ®BEC kgt Mo Rren ilitspFaféaisyconieod byEostite oG die 6o éhedotioains 0.70 wt
% N, but preferably 2040yt % N and 5 0.70 wt % N and more preferably .? 0.40 wt % N and 5 0.60
wt % N and even more preferably ? 0,45 wt % N and 5 0.55 wt % N, With a high level of Nitrogen, the

312L.35M4N stainlesEtER &crietiss LPBENG' 8 7anC1Y preferabyPrRER 272420 TRigBnsures

that the alloy has a gaeduiesistante te.genesalcrrosign and localised corrosion (Pitting Corrosion and
Crevice Carrosion) in a wide range of process environments. The 312L35M4N stainless steel also has

improved rEsistance to stress corrosion cracking in Chloride containing environments when compared
to conventionaliaarsteniticksisit) essmaieeisabiichdas NSRBI 03 BndaluMS SR istaatishouldHee
emphasised 20Mat 68 A0S IS Ne-SITeSte ol Inigrosituctural fagtors, ap,the, reakdown of
solution heat treatment temperature. Titanium and/or Niobium and/or Niobium plus
Tantalum may be added individually or in conjunction with Copper, Tungsten and Vanadiurﬁ
10 in all the various combinations of these elements to optimise the alloy for certain
applications where higher Carbon contents are desirable. These alioying elements may be
utilised individually or in all the various combinations of the elements to tailor the stainless
steel for specific applications and to further improve the oversll ¢orrosion performance of
the alloy.
15 _
The wrought and cast versions of the 317L35M4N Stainless steel along with the other

variants are generally supplied in the same manner as the earlier embodiments.

Further, there is proposed a further variation appropriately referred to as 312L35M4N in

20 this descrigtion, which s a fifth embodiment of the invention.

[312L35M4N]

The 312L35M4N high strength austenitic stainiess steel has a high fevel of Nitrogen and a

specified Pitting Resistance Equivalent of PREy 2 37, but preferably PREy 2 42. The Pitting
25 Resistance Equivalent as designated by PREy is calculated according to the formulae:

PREy = % Cr + {3.3 x % Mo} + (16 x % N).

The 312L35M4N Stainiess steel has been formuiated to possess a unigue combination of

high mechanical strength properties with excellent ductility and toughness, along with good

weldability and good resistan-ce to general and {ocalised corrosion. The chemical
30 composition of the 312L35M4N stainless stee! is selective and characterised by an alloy of

chemical analysis in percentage by weight as follows, 0.030 wt % C max, 2.00 wt % Mn max



passivity by pitting or crevice corrosion The chemical composition of the 312L35M4N stainless steel is
optimised at the melting stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni]
equivalent, a&gg%ﬁg&?&o Schoefer6, is in the range > 0.40 and < 1.05, %Bg%%%?%%f 9.45 and <
0.95, in order to primarily obtain an austenitic microstructure in the base material after solution heat
treatment typically performed in the range 1100 deg G+ 1250 deg C followed by water quenching. The
microstructure of the base material in the solution heat treated condition, along with as-welded weld
metal and heat affected zone of weldments, is controlled by 30 optimising the balance between
austenite formiAg¥lerh&rftsrand Pt Torminyg GlermaftSitopriate@lyve Mstire 2080 tie%alloyLisDustenitic.
The alloy can theegfore,agmandfaciused.and sunrphsdin.he Nor-iagreticAqpditign: WO
2012/161661PCT/SG2012/000183 61 The 312L35M4N stainless steel also has principally Fe as the
remainder and may also contain very small amounts of other elements such as Boron, Cerium,

Aluminium, CalgidrsandioiaMagnesivionln pescentage binwsiaht-anddhe compasitinasal these
elements are 5the same as those of 304LM4N. In other words, the passages relating to these

elements f6r 3GATTIANCR SBIEGABPNEH IR Rl TRa 3 1o TSP WA R IR 82 8d0aE &Y B/GRS the fifth

embodiment passsEsae 3 miayonyieltdsstrengihat Ay ksiion380Radendhenar ohalticersisian More

preferably minimu%yr%ellg 10 strte,ngth, f ? kﬁi or 430 MPa may be achieved for the wrought version.
The cast versioaﬁepossea]sgé'éersrﬁ?i!ﬁﬁﬂu?ﬁ’y'i’(g deg?rtse‘ngth of 41 ksi or 280 MPa. More preferably, minimum

yield strength of 48 ksi or 330 MPa may be achieved for the cast version. Based on the preferred

values, a comparis the i rength properties, of the.novel and innoyative
S12L35MAN s e e Sl AR e N SR ARG of
the 312L3BM4Iskaaaiielaxtmatdis| andghet be Rustatindiegrhifgbrerugiarn thathspesii et foridl S SS1TH8:

Similarly, a COm@&erﬁé&P@gVJQH%H&%&!@Ri&?J ﬁ}ﬁg@%&ﬁ%@l%rﬂ%s%lag@ﬂo%b%w@}@{@in'ess

steel, with those of UNS 531753, .suggests that the minimum yield strength of the 312L35M4N
stainless steel ARjHNEE 170 TiHEE MEHET oh T thatespatsfiad Tohe Mkt s tpedisenditedmparison

of the wrought maghaRical sieanath.<29 Reeperties oftbg3ll M AN Siaipless, Stealwilh.these of
UNS 531254, E%c};.gests that the minimum yield strength of the 312L35M4N. stainless steel might be

1.38 times highBFTRASNEHAT SPaRHE TPINS B0 5 MipRete R s RSN RiG RS EU G BIE MRS Hling to

the fifth embodpmestipossessena thinknsyms 3ostensile atrangtigf the23ksi a0 iRadkar #aeiwrought
version. More preferably, a minimum tensile sirength of 109 ksi.or 750 MPa may be achieved for the
e e38 St e

ROE RaSIVErSTOR PEESES SHSHERERGHHSE BERET B EBOWIFA. More

wrought version. Thé cast version possess SRt
preferably a mistinherseteasitessgrengtteef 402 kst 0o IO dviRa anslyidoe aehieredréorathe castanarsion.

Based on the piefgired Valygsid S MRLRfLP b eavraug i Mechamcal seng L pAPSiGS of the

steel is adjusted to achieve a PREy 2 37, but preferably PREy 2 42, this ensures that the

20 material also has a good resistance to general corrosion and localised corrosion {Pitting
Corrasion and Crevice Corrosion) in a wide range of process environments. The 312L35M4N
stainless steel also has improved resistance to stress corrosion cracking in Chioride
containing environments when compared to conventional Austenitic Stainless Steels such as
UNS 531703 and UNS S31753,

25
it has been determined that the optimum chemical composition range of the 312L35M4N
stainless steel is carefully selected to compriée the following chemical elements in

percentage by weight as follows based on the fifth embodiment,

30



30 312L35M4N stainless steel, with those of UNS 531703, suggests that the minimum tensile strength
of the 312L35MA4N stainless steel might be more than 1.45 times higher than that specified 'for -UNS
531701 Similgeyanqeeaararison of 'the wrought mechanical strength WO pc1/5G2012/000183
2012/161661PCT/S02012/000183 62 properties of the 312L35M4N stainless steel, with those of UNS
5317583, suggests that the minimum tensile strength afgthe 312L35M4N stainless steel might be 1.36
times higher than that specified for UNS 531753. Likewise, a comparison of the wrought mechanical
strength properties of the 312L35M4N stainless steel, with those of UNS 531254, suggests that the 5
minimum tensi@&?@ﬁ@lh of the 312L35M4N stainless steel might be 1.14 times higher than that

specified for UN® S34zad chnderdsfifine yrorghumecharicalstiength poaperiies of thexdddh35M4N
stainless steel, are compared with those of the 22 Cr Duplex Stainless Steel, then it ma

be
demonstrated RS nRARRHERY LRt B $12403Mak iR A8LYEetiS ﬁ?é’@‘?@gion of
1.2 times higheréhaadihatspecified for 531803 and similar 10 to that specified for 25 Cr Super Duplex
Stainless %éeel. Therefore, the minimum mechanical strength properties of the 312L35M4N stainless
steel have been significantly improved compared to conventional austenitic stainless steels such as
UNS S31703, dMai8rIigfdrand UNS S31254 and the tensile strength properties are better than that

specified for 22,6r Dupley Sainers Sias) Bd,sIMIRTIONASE AARSfiad o1 28,GT, SURer DyRlex

Stainless Steel, 15 This means that applications using the wrought 312L35M4N stainless steel may be
frequently desiljiiegansas redisbedanganesfcknesses, thus, leading to significant weight savings when
specifying 312L35M4N stainless steel compared to conventional austenitic stainless steels such as

UNS 531703, 531753 and 531254 because the minimum allowable_20 design stresses are
significanfl§y higReF" T apRERRTRIENT HIfVRRIE R R SHedldbs ?&F‘tﬁé"@@%&f@m‘%ﬁié{eﬁb’mN

stainless steel awMighenthamdtapidAderrkhgpleXx Saintesmdieals 20adysiar daddaded SrbiReibiyuplex
Stainless Steels. Fgr certain applications, other variants of the 312L.35M4N stainless steel have been

25 purposely féritHd¥ed 8HE" S hafarida ShEksS MRS PR IR ARG &R MBnts such
as Copper, Tungstestiand\amadiupnefirhisg bean deterbinswhatdiaes biptitheratzhemical eedmposition
range of the ot@%variants of the 312L35M4N stainless steel is selective and the compositions of
Copper and Vanadium are the same as those of 304LM4N. In other words, passages relating to these
elements 8r 304LM4N are also 30applicable for 312L35M4N. WO 1011/161661PCT/SG2011/000183

63 Tungsten (W) The, . §§9£9@£§%9M@%§&&%%§M%Mé¥@m lg3s;sieeh (e %00 WhiteMhbut
preferably ? 0.50 wt % W and'5. 1.00 wt % W, and more preferably ..? 0.75 wt % W. For 312L35M4N
Preferably, the Manganese content is 2 2.0 wt % Mn and £ 4.0 wt % Mn and more

preferably, the upper limit is £ 3.0 wt % Mn. Even more preferably, the upper fimit is £ 2.50
wt % Mn. With such selective ranges this achieves a Mn to N ratio of £ 10.0, and preferably

20 2 2.85 and £ 10.0. More preferably, the Min fo N ratio for high Manganease alloys is 2 2.85
and £ 7.50 and even more preferably = 2.85 and £ 6.25.

Phosphorus (P)
The Phosphorus content of the 3121.35M4N stainless steel is controlied 1o be € 0.030 wt %

25 P. Preferably, the 317L57M4N alloy has £ 0.025 wt % P and more preferably £ 0.020 wi % P.
Even more preferably, the alloy has £ 0.015 wt % P and even further more preferably <

0.010wt % P.

Suiphur [S)
30 The Sulphur content of the 312L35M4N stainless steél of the fifth embodiment includes <

0.010 wt % 5. Preferably, the 312L35M4N. has $ 0.005 wt % S and more preferably £ 0.003
wt % $, and aven more preferably £ 0.001L wt % 5.



5stainless steel variants containing Tungsten, the PITTING RESISTANCE EQUIVALENT is calculated
using the formulae: PRENw = % Cr + [3.3 X % (Mo + W)] +(16 x % N). This Tungsten containing

variant of thegd2k 3pM4h stainless steel has been specifically formulated {g-baysdhe,igliewing
composition: 10(i) Chromium content ? 20.00 wt % Cr and 522.00 wt % Cr, but preferably ? 21.00. wt

% Cr; (ii) Molybdenum content ? 3.00 wt % Mo and 5:5.00 wt % Mo, but preferably ?. 4.00 wt % Mo;
(ii) Nitrogen content S 0.70 wt % N, but preferably ?.. 0.40 wt % N and 5 0.70 wt % N 15and more
preferably..? 0.40 wt % N and 5 0.60 wt % N and even more preferably ?.. 0.45 wt % N and 50.55 wt
% N; and (iv) Tungsten content 5. 2.00 wt % W, but preferably .? 0.50 wt % W and 5 1.00 wt W and
more preferablyh2Bed2xt % W. 20The Tungsten containing variant of the 312L35M4N stainless steel
has a high specified level of Nitrogen and a PRENw .? 39, but preferably PRENw? 44. It should be
emphasised tha ThBSE BHIRTBRHTgRE e e SHRL U PATCTSShE CRNEPHAR oK OPr R BegkEiBlRN of

passivity by pitting o5 erevicRhCRHFBSIMe Ty Nsten esbm asded indixidualky as.irpcosipngtianwith
Copper, Vanaditim itanium and/or Niobium and/or Ni]g)bigrwé)lus Tantalum in all the 25 various
gvera

combinatioRs of tRESA Aleniame: ROt ARHRYE Be READYLR BeHSIAER ST Yoy
Tungsten is extrienaéby besHp.anelwherofend évdeiingheupaeglyefitnitddt0. 0wt gecthe economics of the
alloy, while at the same time optimising the ductility, toughness and corrosion performance of the alloy.
30Carbon For certain applications, other variants of the 312L35M4N stainless steel are desirable,
which have bediiegie@ically formulated to be manufactured comprising higher levels of WO

2012/161661PQHZ§@%Q];%4QQ%%M 312L35M4N stainless steel is £ 0.75 wt % Si. Preferably, the alioy

10 has 2 0.25 wt % Siand £ 0.75 wt % Si. More preferably, the range is 2 0.40 wt % Si and € 0.60
wt % Si. However, for specific higher temperature applications where improved oxidation

resistance is required, the Silicon content may be = 0.75 wt % Si and < 2.00 wt % Si.

Chromium {Cr)
15  The Chromium content of the 312L35M4N stainless steel is 2 20.00 wt % Cr and < 22.00 wt

% Cr. Preferably, the alloy has 2 21.00 wt % Cr.

Nickel (Ni}
The Nickel content of the 312L35M4N stainless steel is = 15.00 wt % Ni and < 19.00 wt % Ni,

20 Preferably, the upper limit of Ni of the alioy is £ 18.00 wt % Ni and more preferably £ 17.00
wt % Ni.

Molybdenum (Mo)

The Molyhdenum content of the 312L35M4N staintess stee! alloy is 2 3.00 wt % Mo and <
25 5.00 wt % Mo, but preferably =2 4.00 wt % Mo. in other words, the Molybdenum of this

embodiment has a maximum of 5.00 wt % Mo.

Nitrogen (N) .

The Nitrogen content of the 312L35M4N stainiess steel is £ 0.70 wt % N, but preferably 2
30 040 wt% Nand £0.70 wt % N. More preférab!y, the 312L35M4N has 2 0.40 wt % N and €

0.60 wt % N, and even more preferably > 0.45 wt % N and < 0.55 wt % N.



64 Carbon. Specifically, the Carbon content of the 312L35M4N stainless steel may be ?. 0.040 \nit %
C and <0.10 wt % C, but preferably 5 0.050 wt % C dr > 0.030 wt % C and 5.0.08 wt % C, but

preferably < 940 wi&sde- These specific variants of the 312L35M4N staptgsscsiaelaigsthe
312H35M4N or 31235M4N versions respectively. 5 Titanium (Ti.) /Niobium (Nb) / Niobium (Nb) plus

Tantalum (Ta) Furthermore, for certain applications, gther stabilised variants of the 312H35M4N or
31235M4N stainless steel are desirable, which have been specifically formulated to be manufactured
comprising higher levels of Carbon. Specifically, the Carbon may be 0.040 10wt % C and < 0.10 wt %
C, but preferaBi¥&s. 0.050 wt % C or > 0.030 wt % C and 5 0.08 wt % C, but preferably <0.040 wt % C,

(i) These inclugretherTita kN3 HRbHIsQDIVAISINS dhighraderpieebimass312H35MANTI or
31235M4NTi to contrast with the %enerlc 312L35M4N steel versions. The Titanium content is

controlled according t6'the foltbwirig IsPMEA&* A5 Fi ™% x C min, 0.70 wt % Ti max or Ti 5 x C min, 0.70
wt % Ti max respeslivayyvishosdenishsaeeel Titarbasn siedvitisety dervatives of thevaltoy. fdtipdinere are
also the Niobium stablllsed 312H35M4NNDb or 31235M4NNb versions where the Niobium content is
controlled accordn’?g {o the following formulae: Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0
wt % Nb max respectivetypim @0ordesto PR NidhitmarstslBil§8dvtl érirativesrefetiag i 8y.0Gil N
addition, other varlan,/tscgf the Alloy may also be manufactured to contain Niobium plus Tantalum
stabilised, 312H35M4NNbTa or 31235M4NNbTa versions where the Niobium plus Tantalum content is
controlled according @8 e/ YBHeMAg AoERT Rad 09 BRI B Moaag ok o it oMo Yy INmeterkiag;08.10 wt %
Ta max, or Nb + Ta 1 % fiénin, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max. Titanium stabilised,

Niobium stabilised and Niobium plus Tantalum stabilised variants of the
10 {iii} Nitrogen content £ 0.70 wt % N, but preferably 2 040 wt % N and s .70 wt % N

and more preferably = 0.40 wt % N and < 0.60 wt % N and even more preferably 2

045wt % Nand 2055wt %N

With a high level of Nitrogen, the 312L3SM4N stainless steel achieves a PREy of 2 37, and

15‘ preferably PREx 2 42. This ensures that the alioy has a good resistance to general corrosion
and localised corrosion {Pitting Corrosion and Crevice Corrasion) in a wide range of process
envirohments. The 312L35M4N stainless steel also has improved resistance to stress

+ gorrosion cracking in Chioride containing environments when comparﬁd to conventional
austenitic stainless steels such as UNS S31703 and UNS $31753. it should be emphasised

20 that these equations ignore the effeéts of microstructural factors on the breakdown of

passivity by pitting or crevice corrosion

The chemical composition of the 312L35M4N stainiess steel is optimised at the melting
stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni] equivalent, according
25 1o Schoefer®, is in the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in order to
primarily obtain an austenitic microstructure in the base .materi'al- after solution heat
treatment typically performed in the range 1100 deg C - 1250 deg C foliowed by water
guenching. The microstructure of the base rﬁaterial in the solution heat treated condition,
along with as-welded weld metal and heat affected zone of weidments, is controlled by
30 optimising the balance between austenite forming elements and Ferrite forming elements
- to-primarily ensure that the alloy is austenitic. The alloy can therefore be manufactured and

supplied in the Non-Magnetic condition. -



alloy may be given a stabilisation heat treatment at a temperature lower than the initial 30 solution
heat treatment temperature. Titanium and/or Niobium and/or Niobium plus Tantalum may be added

individually ogif £aRikRgtion with Copper, Tungsten and Vanadium in all thg.yarioys,¢appinations of
these elements to optimise the alloy for certain' WO 20121161661PCT/SG2012/000183 65

applications where higher Carban contents are desirahle. These alloying elements may be utilised
individually or in all the various combinations of the elements to tailor the stainless steel for specific
applications and to further improve the overall corrosion performance of the Alloy. 5 The wrought and
cast versions of the 312L35M4N stainless steel along with the other variants are generally supplied in

the same manfgt a3 s FRNCLamPAmanA. WIngIn iRl BotRpeed AdEheLYaIRlP Do

appropriately referred to as 312L57M4N high 10 strength austenitic stainless steel, which is a sixth
embodiment offf&iRVERtieMal Re BaPs S7AIZN gemtessydtralBormis Sadusamuctiiprcdlatdmposition

as 312L35MAN, sliainIRastaehvitbthe sxeerfionatihe Malybdanum contepty Libg,instead.of

repeating the various chemical compositions, only the difference is described. 15[312L57M4N] As
mentioned abo\¥, FHReFESPSAMA RPADMBL e MM tHeveathe Ut o7 B aRD HHETNE Yy Hirss &l emesdpitrus,

Sulphur, OxygensSilios-GREcsppieaLNIgkel and Nitrogen content as the fifth embodiment,
312L35M4N stainless steel, except the Molybdenum content. In the 312L35M4N, the Molybdenum
content is between 3.00 wt % and 5.00 wt %..In contrast, the 20 312L57MA4N stainless steel's
Molybdenum comentisiretNeentiO0ws Mandins Q0 wve YttHratheinoetdsstbe SR lmvdvdNemay be

regarded as a higher, Molybdenu rsion of the 312L35M4N stajnless steel. It should b
apprecated o TE B B B O A R S e ey SRTR YRS
Molybdentin cemntesit: Molgbdenufd{ MGy malhkee Mdligyde fomheontemgtofvite 31 308 vkl Mestainless

steel may be 500wt 36 Mo a0f (194 WF%%% Q'itl&f%freﬁﬁl?'XnQaQQAW&_%pMﬁ%LW\@HgEF%%dﬁéIEPe

Molybdenum content of 30 the 312L57M as a maximum of 7.00 wt %
2012/161661P&ErsSton48000r 36 BIPa may be achieved for the cast version. Based on the preferred

vaiues, a comparison of the wrought mechanical strength properties of the novel and
innovative 312L35M4N stainless steel, with those of UNS 531703, suggests that the

15 minimum vield strength of the 312L35M4N stainless steel might be 2.1 times higher than
that specified for UNS 531703, Similarly, a comparison of the wrought mechanical strength
properties of the 312135M4N stainless steel, with those of UNS $31753, suggests that the
minimum vield strength of the 312L35M4N stainless steel might be 1.79 times higher than
that specified for UNS 531753. Likewise, a' comparison of the wrought mechanical strength |

20 properties of the 312L35M4N stainless steel, with those of UNS S31254, suggests that the
minimurﬁ vield strength of the 312L35M4N stainless steel might be 1.38 times higher than

that specified for UNS 5_31254..

The 312L35M4N stainless steel according to the fifth embodiment possesses a minimum

25 tensile strength of 102 ksi or 700 MPa for the wrougi;lt version. More preferably, a minimum
tensile strength of 109 ksi or 756 MPz may be achieved for the wrought version. The cast
version possesses a minimum tensile strength of 95 ksi or 650 MPa. Maore preferably a
minimurn tensile strength of 102 ksi or 700 MPa may be achieved for the cast version. Based

- pnthe braferred values, a comparison of the wrought mechanical strength properties of the

30 312L35MA4N staintess steel, with those of UNS 531703, suggests that the minimum tensile
strength of the 312L35M4N stainless steel might be more than 1.45 times higher than that

specified -for-UNS S317C3. Similarly, a comparison of the wrought mechanical strength -



PREN The PITTING RESISTANCE EQUIVALENT for the 312L57MA4N is calculated using the same
formulae as 312L35M4N but because of the Molybdenum content, the PREN is 43, but preferably
PREN 48. Thigrensuigessthat the material also has a good resistance to gepeigdgarosiaikand localised
corrosion (Pitting Corrosion and Crevice Corrosion) in a wide range of process environments. The
312L57M4N stainless steel also has improved resistagce to stress corrosion cracking in Chloride
containing environments when compared to conventional Austenitic Stainless Steels such as UNS
S31703 and UNS 531753. It should be emphasised that these equations ignore the effects of
microstructuralTSeEHE oA tHhe TOHRMAN R Biepassriny iy HIRiAPLYUPeiAt S otHEERsSH T1HE Bifemical

composition of ghgrddALeHINAN stginless steel i pRtinisakat dae maling:tageite ensHee dhat the ratio
of the [Cr] equivalent divided l?@/ the g\lglb] equivalent, according ta Schoeferc, is in the range >0.40 and

< 1.05, but prefdPhBRPIH AR L2798 Fn a0 S BRAEAR DB RGN YL SPERRE Al SFSRB e ture in
the base matenabedtessel thionlress Meatimentty pteallwpertossest nhesnaigeskddotsdegGnel 250 deg

C followed by water uenct}in . The micro f the base materjal in solution heat treated
contiton, Sond M HLCH el A TR e LA AUAR ST SonOF R R e e by

optimising the hzdasmeibatiediNaGdia@hiteifdeetng tbiewrengstandcfemite! forenitly mimyeeietsofaZOprimarily

ensure that thealioy i3 APIRILG The alloy. cap ingreior ‘%r%%e”%?%aﬁ%%@'ﬂ& Stpplieddn the
Non-Magnetic condition. Like the 312L35M4N embodiment, the 312L57MA4N stainless steel also

contains princifegly ey the AemamtiareanthataipalstnisHaitensly srrtdntduihe st 88 Hlements

such as 25 BorghinfeQriB; \HERD HdBR ¢ mnand(en Magnesisn b perceraged weighizand the
compositions of these elements are the same as those of 312L35M4N and thus, those of 304LM4N.

The 312L5¥M4R ‘Esitneclacié) oF the axiP ey sHiniest Hag mharaoRs s dritieHB P 8HE <3

minimum tensilgreh@APh earnRasalle: orsimirmie thesesofdae Jkb IRMANsiaiRless sipavddkewise,
the strength properties, of the Wrought and cast versions of the 312L57M4N are also comfarable to

those of the 31A1BENRANS THUE RS Y FREiRB UeSRENRV AlGEIS- ' AU w1703, UNS 531755 and
2012/161661PCH{SEG201 2008188 67isepentat bens-anrd tetchenee isamade tpdbidegaiierpassages of

312L.35M4N. A cao rison Qf the wrought mechanical strength properties between 3121 57M4Nand
ihose of conve LB K e e R T e SRR NS BN 585 those o
UNS 5317253/UNS 531254, suggests stronger yield and tensile strengths of the magnitude 5 similar to

those found for‘fﬁ%2%§§M4Jﬁatsg’p‘ﬂﬁ{4¥inﬁsc‘a%%aﬁjﬁé)”w%&gﬁﬁ%ﬁ%ﬂ%ﬂ@@e{&%e‘gﬁ alalSIMAR.

demonstrates that they are better than that specified for 2Z2Cr Duplex Stainless Steel and similar to
those specifiedfeueBtE rastigacDuble xeSusRilews!iSthisknRisetikétie BIPPBSMAgnificant weight

savings when specifying 312L35M4N stainless steel compared to conventional austenitic
staintess steels such as UNS $31703, 531753 and 531254 because the minimum allowable
20 design stresses are significantly 'highe'r. in fact, the minimum aliowéble desigh stresses for
the wrought 312L35M4N stainless steel are higher than for 22 Cr Duplex Stainless Steels and

simifar to 25 Cr Super Duplex Stainless Steels.

For certain applications, other variants of the 312L35M4N stainless steel have been
25 purposely formulated to be manufactured comtaining specific levels of other alloying

elements such as Copper, Tungsten and Vanadium. it has been determined that the

optimum chemical composition range of %he other variants of the 312L35M4N stainless

steel is selective and the compositions of Copper and Vanadium are the same as those of

3041 M4AN. In other 'words, passages reiatihg o t'hese.,eiements for 304LM4N are also
30 zpplicable for 312L35M4N. |



10This means that applications using the wrought 312L57M4N stainless steel may be frequently
designed with reduced wall thicknesses, thus, leading to significant weight savings when specifying
312L57MA4N glainiessestge! compared to conventional austenitic stainless gieglgsichhanddNS 531703,
531753 and S31254 because the minimum allowable design stresses are significantly higher. In fact,
the minimum allowable design stresses for 15the wrogght 312L57M4N stainless steel are higher than
for 22 Cr Duplex Stainless Steels and similar to 25 Cr Super Duplex Stainless Steels. For certain
applications, other variants of the 312L57M4N stainless steel have been purposely formulated to be
manufactured dangaiendi¥¥Specific levels of other alloying 20 elements such as Copper, Tungsten and
Vanadium. It has been determined that the optimum chemical composition range of the other variants

of the 312L57MA4N stainless steel is selective and the compositions of Copper and Vanadium are the
same as those GRIIEISIEA aRcPiHbE e BH-3DMEM ARINIAsH et WordJaME padsaybareitatily 2o these

elements for 3QHIMAN;aRe #l80 applicadle et domdiberddl: 29 Fungsten (W Thestungsten
content of the 312L57M4N stainless steel is similar to those of the 312L.35M4N and the PITTING

RESISTANCE ESUAVATEN T BRENRN BB s 7RIAY DR uRE Bshig T eNGmPtMALIAE 45
mentioned abowecfost3d 2kisoMd MisREENW ?, 45, and preferably 30 PRENw 50, due to the different

Molybdenum content_ It shoy be are relating to the use and effects of
Tungsten for 312L35KA%NM5 écli%o ’<‘:z§“b‘r|RA f\}é‘ QLL@% ﬁ?lﬂﬁ WO 2012/161661PCT/SG2012/000183

68 Further, theTZMSZELumewm@h@hmflémmatﬁmw@anmstm dm3bastSsidd ity
31257M4N Wh%lpnﬁ%{ggpgggéqﬁgg& B/\Si'Xg o%%t@i§N4N and 31235M4N discussed earlier and the

Carbon wt % ranges discussed earlier are a so applicable for 312H57M4N and
10 (i) Chromium content 2 20.00 wt % Crand £ 22.00 wt % Cr, but preferably > 21.00 wt

% Cr;

(i) Molybdenum content 2 3.00 wt % Mo and < 5.00 wt % Mo, but preferably = 4.00

wi % Mo; A

(ili) Nitrogen content £ 0.70 wt % N, but preferably 2 040wt % N and £ 0.70 wt % N
15 and more preferably = 0.40 wt % N and < 0.60 wt % N and even more preferably >

0.45wt % N and £ 0.55 wt % N; and

{iv) Tungsten content £ 2.00 wt % W, but preferably = 0.50 wt % W and < 1.00 wt %

W and more preferably 2 0.75 wt % W.

20  The Tungsten containing variant of the 312L35M4N stainless steel has a high specified level
of Nitrogen and a PREww 2 38, but preferably PREnw 2 44. it should be emphasised that thase
equations ignore the effects of microstructural factors on the breakdown of passivity by
pitting or crevice corrosion. Tungsten may be addad individually or in conjunction with
Copper, Vanadium, Titanium and/or Niobium and/or Niobium plus Tantalum in all the

25 various cpmbinations of these elements, to further improve the overall corrosion
performance of the alloy, Tungsten is extremely costly and therefore is being purposely
imited to optimise the economics of the alioy, while at thé same fime optimising the

ductility, toughness and corrosion performance of the alloy.

30  Larbon
For certain applications, other variants of the 312L35M4N stainiess steel are desi%’abie,.

which ‘have been specifically formuiated to be manufac‘t‘u‘réd"'cb'm‘prising higher levels of



5 31257M4N. Titanium (Ti) / Niobium (Nb) / Niobium (Nb) plus Tantalum (Ta) Furthermore, for certain
~applications, other stabilised variants of the 312H57M4N or 31257M4N stainless steel are desirable,
which have been specifically formulated to be 10 manufactured comprising higher levels of Carbon.
Specifically, @ B&86itthay be 0.040 wt % C and <0.10 wt % C, but prefEfSBRE=ELH8O%4t % C or
>0.030 wt % C and 5 0.08 wt % C, but preferably < 0.040 wt % C. (i) These include the Titanium
stabilised versions which are referred to as 312H57M4NTi or 31257M4NTI to contrast with the generic
3121.57MA4N stainless 15steel versions. The Titanium content is controlled according to the following
formulae: Ti 4 mm, 0.70 wyt 0/ Ti.max or Ti %.T ax res pectl el rder to
have Tltanlum&;%blllséb(f ¢ felcr?vgftlvesto 5 Fihe At %eng(ﬁ ftﬁ%g’rleg fiaZrQ tN stt?‘leﬁ um s%éellsye%lad%
312H57MANNBG6 8328 ZI0ABNMITa/E st ns=Rwite reOtid Midh Ciny e@rﬁ%ﬁv@cﬁﬁn@mé@%@@&ding to the
ot owing tormiic B A1, C 6 1. YN0 BN A0 5 G BTN Ik SpeCtiel. 1
order to have Niobium stabilised derivatives of the aIon iii) In addition, other variants of the alloy may
also be manuftiadiéd IBNHh iR RIStV pIEIS TFaptardHYaabilised, 312H57M4NNbTa or
31257M4NNbTa versions 25where the Niobium plus Tantalum content is controlled according to the
following formulae: Nb +Ta 8 x C m|n 1. O vvt % Nb +Ta max 0.10 wt % Ta max, or Nb + Ta10x C
min, 1.0 wt % NSRRI D $ pte i8ed, Niobium stabilised and Niobium

plus Tanta|umﬁﬁ@ﬁ@dﬁ@ﬂevaﬂﬁ&@t@fnt%pﬂl@ﬁdﬂﬁyd@ﬁegl‘dﬁlﬂnﬁ!s&ﬂabéltﬁaﬁ@%m@% tseatymnLAt@

temperature lower than the initial solution heat treatmeﬂt tern-perature: Tltﬂnlgm and/or Nl%blum
and/or "Nlcabl?’&ﬁ? N stainless steel are desirable, which have been specifica ormulated to be

manufactured comprising higher ievels of Carbon. Specifically, the Carbon may be = 0.040

10 wt% Cand<0.10 wt % C, but preferably < 0.050 wt % Cor> 0.030 wt % Cand <0.08 wt %
C, but preferably < 0.040 wt % C,

(i} These inciude the Titanium stabilised versions which are referred to as
31ZH35MANT] or 31235MANTI to contrast with the generic 312L35M4N steel
versions. The Titanium content is controlied according to the foliowing formuiae:

15 Tid x Cmin, 0.70 wt % Ti max or Ti 5 x C min, 0.70 wt % Ti max respectively, in order
to have Titanium stabilised derivatives of the alioy. | ‘
(ii) There are also the Nichium stabilised, 312H35M4NND or 31235M4NND versions
where the Nidb_ium content is controlied according to the foliowing formulae:
Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max respectively, in

20 _order to have Niobium stabilised derivatives_ of the Alloy.
{iii} tn addition, other variants of the Alioy may also be manufactured fo contain
Niobium plus Tantalum stabilised, 312H3SM4NNb_Ta or 21235M4ANNBTa versions
where the Niobium plus Téntalum content is controlled according to the following
formulae:

25 Nb +Tz2 8 x Cmin, L0 wt % Nb + Ta max, 0.10 wt % Ta max, or Nb + Ta 18 x Cmin, 1.0

wt % Nb + Ta max, 0.10 wt % Ta max.

Trtanium st_abiiised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the
alloy may be given a stabilisation heat treatment at a temperature lower than the initial
30 solution heat treastment -temp'erature. Titanium and/or Niobium and/or Niobium plus
Tantalum may be added individually or in conjunction with Copper, Tungsten and Vanadium

in all the various combinations of these elements to optimise the alloy for' certaifi”



WO 2012/161661PCT/SG2012/000183 69 Tantalum may be added individually or in conjunction with
Copper, Tungsten and Vanadium in all the various combinations of these elements to optimise the
alloy for certajp-ppRlGatIQRs where higher Carbon contents are desirable. Thesg.aipyipg glements
may be utilised individually or in all the various combinations of the elements to tailor the stainless
Ssteel for specific applications and to further improve the overall corrosion performance of the alloy.
The wrought and cast versions of the 312L57M4N stainless steel along with the other variants are
generally supplied in the same manner as the earlier embodiments. 10 Further, there is proposed a
further variatiorreisesiofiatehprcfighet Gor ben3ZOLBBNRIA dasitiblelcdmiptidayinhidertsrdssoveiith

embodiment of i IeBiRR 33 B EMANIHETOCAARLATMAN g strenath aupieniicsiaiiess steel

has a high level of Nitrogen and a specified Pitting Resistance Equivalent of PREN 39, but preferably
PREN .? 44. THREPifehgPRES sterlicaeqbira dht HE i dgpranedthy PRENRAIeRIREEaraEdsrdhg to the
formulae: PREMz Aetr + (3.3 X % Mo) + (16 x % N). The 320L35M4N stainless steel has been
formulated to possess a unique combination of 20 high mechanical strength properties with excellent
ductility and toughness, along with good weldability and good resistance to general and localised .
corrosion. The ahemieal gormposiionvatidie 32ah3HVAEMamlasshsieetissalestivaantcharacterised

by an alloy of chemical analysis in percentage by weight as follows, ,0.03(} % C max, 2.00 wt % Mn
max, 0,030 wt 05 1 g SO D EE WY 4 A 785 08 SRS 2P0 VR A0 w 06 Cr. 17.00
25 wt % Ni - 21.00 wt % Ni, 3.00 wt % IA - 5.00 wt % Mo, 0.40 wt % N - 0.70 wt % N. The 320L35M4N

stainless steel i InCi the. i ontain, V. all amounts
ot ather sl e R 0 IR AR, o
max and/df0.03#Askh Mesteaicasidivaershenduritied hielsixth embodiment of the invention. The

312L57M4N stzinless virtually has the same chemical composition as 312L35M4N stainless
steel with the exception of the Molybdenum content. Thus, instead of repeating the various

chemical compositions, only the difference is described.

15 [312L.57M4N]
As mentioned above, the 312L57M4N has. exactly the same wi % Carbon, Manganese,
Phosphorus, Suiphur, Oxygen, Silicon, Chromium, Nickel and Nitrogen content as the fifth
embodiment, 312135M4N stainless steel, except the Molybdenum content. In the
312L35M4N, the Moivbdenum content is between 3.00 wt % and 5.00 wt %. In contrast, the

20 312L57Mi4N stainless steel’s Molybdenum content is between 5.00 wt % and 7.00 wt %. In
sther words, the 312L57M4N may be regarded as g higher Molybdenum versien of the
312L35M4N stainless steel.

It shouid be abprecia‘ced that the passages relating to 312L.35M4N are also applicable here,

25  except the Molybdenum content.

Violybdenum (Mo}

The Molybdenum content of the 312L57M4N stainiess steel may be 2 5.00 wi % Mo and g
7.00 wt % Mo, but preferably 2 6.00 wt % Mo. In other words, the Molybdenum content of
30 the 312L57M4N has a maximum of 7.00 wt % Mo.



.30are normally present in residual levels. WO 2012/161661PCT/SG2012/000183 70 The chemical
composition of the 320L35M4N stainless steel is optimised at the melting stage to primarily ensure an
austenitic migrgsiFugidigsin the base rnaterial after solution heat treatmentdypicaty: pesiqgsned in the
range 1100 deg C - 1250 deg C followed by water quenching. The microstructure of the base material
in the solution heat treated condition, 5 along with asgyelded weld metal and heat affected zone of
weldments, is controlled by optimising the balance between austenite forming elements and ferrite
forming elements to primarily ensure that the alloy is austenitic. As a result, the 320L35M4N stainless
steel exhibits afﬁﬁﬁ'que combination of high strength and ductility at ambient temperatures, while at the

same time guaraptegsiRECRESBTARUghgssAtamienhiempesalesana-cReganiaglhtespRratures.

In view of the fact that the chemical comFgé)sition of the 320L.35M4N stainless steel is aogusted to

achieve a PRERIPY3S, Hui brerdfidlP BREN e £, 1 Me e AP T aRs it soha% £Good

resistance to genesalkdpprEjamanthipeaiised twartrasionatPitiing s¢ aeos v aunek i taviceo@oenepaion) in a

wide range_of process enviqonmegts. The 3 th35l\é4N stainle scsteel %Iso has improvgd resistance to
5, "corrosign and %Sﬁillse Corroston (FItlin orrosion an FEHCE orrusron&? 3 wige I’BH%E
stress corrosion cracking in Chloride” 15containing environments when compared to conventional -

Austenitic Stairyfew@ﬁe@s\f#@cmwum SmLﬁawaNdﬁaliNSssstﬂwso hHS_Ha@lbmem deteamiaed that the
optimum chemical. coppasition [ange OTnthEh?@%‘ﬁ%WNn%&%'”Aﬁ%oﬁ'&ﬁ%‘ud? carefully sglected to

comprise the following chemical elements in 20percentage by weight as follows, based on the seventh

embodiment, CAAYBRHEDY! ATHentEHaeBntas oM 2NSBENARN 208ibkizSTiéet it sSheddtavt % C

maximum. Preferahiyisthe Amowat OLGaRen Sl B -2HRQ20MH4 Sstand, R0 A30WLH Gand more
25preferably 5 0.025 wt % C. Manganese (Mn) The 320L35M4N stainless steel of the seventh

embodiméft mEFEEREIAT RISV QY BHENER VRYITG&RESED high Manganese. 30 WO
2012/161661PCT/SG2012/000183 71 ?_ 1.20 wt % Mn and 5 1.50 wt % Mn. With such compositions,
this achieves ap onfimum M0 to 2110015 ., 800 RCIEIARY A% 238 383 Mog Rigfraby. the
stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni] equivalent, according
to.Schoefer®, is in the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in order to
15 primarily 6btain an austenitic microstructure in the base material after solution heat
treatment typically performed in the range 1100 deg € - 1250 deg C foliowed by water
guenching. The microstructure of the base material in the solution heat treated condition,
along with as-welded weld metal and heat affected zone of weldments, is controlled by
optimising the balance between austenite forming elements and ferrite forming elements to

20  primarily ensure that the alloy is austenitic. The alloy can therefore be manufactured and

supplied in the Non-Maghe‘tic condition.

like the 312£35M4N embodiment, the 312L57M4N stainless steel also contains principally
Fe s the remainder and may also contain very small amounts of other elements such as
25 Boron, Cerium, Aluminium, Calcium and/or Magnesium in percentage by weight, and the
cbmpositions of these elements are the same as those of 312L35M4AN and thus, those of

304LM4N,

The 312L57M4N stainiess steel of the sixth embodiment has minimum vield strength and a
30 minimum tensile strength comparable or similar to those of the 3121L.35M4N stainless steel.
likewise, the strength properties of the wrought and cast versions of the 312L57M4N are

- also  comparable to those of the 312L35MA4N. Thus, the specific strength vaiues ‘are riot



5For the high Manganese alloys, the Manganese content of the 320L35M4N is 54.0 wt % Mn.
Preferably, the Manganese content is ? 2.0 wt % Mn and s 4.0 wt % Mn and more preferably, the

upper limit isR3. 9yt 4 M- Even more preferably, the upper limit is S 2.5Q Wi, MaoWith such
selective ranges, this achieves a Mn to N ratio of s 10.0, and preferably ? 2.85 and S. 10.0. More

preferably, the Mn to N ratio for high Manganese allo¥§ is.? 2.85 10and S. 7.50 and even more
preferably ? 2.85 and 56.25. Phosphorus (PI The Phosphorus content of the 320L35M4N stainless
steel is controlled to be s 0.030 wt % P. Preferably, the 320L35M4N alloy has 50.025 wt % P and more
preferably 5 0.02@3ed/4 & e EBE veismrore prefiy ablyhaleer btioyabmgess 0fG1ELAAME P Ardreraisdarther

more preferably SAOLANLAG MR Glogie SHAL SORIED LR A0LISMAN stainjess st

of the seventh embodiment includes 205 0.0lgtwt % S. Preferably, the 320L35M4N has 5 0.005 wt %
5 and more prefRETETYH D BEBaNEioFBinkgTe Boen o Pitterah ikeb0ee0 B 1IN EWIOYf The

Oxygen contenif 41g 220LR3EMN:tainless steghis FORIFCIRE {0:0R 38 dAWRSH RS RIS Ar@nd in the
seventh embodiment, the 320L35M4N has 5 0.070 wt % 0. Preferably, the 320L35M4N has 5 0.050 wt

% D and more PR & D fB8trviRod BLEMH o pera csnpatiie by R A& 1S 01ePHE9% ¥ and

even further moteiprafarabby oo 0Q8 % Ve piicwr{SQhSPTHIE pHicR eonteot ofthe S2HiaBM4N
stainless steel g% SIO'7 wt OIA) Sti. Preferablgf_tt%)ef all% kéass ? O'c2)5 t O/So Si EandSS 0|.75 wtl% Si. More
preferably, the Tangé'is 2940 v?/tté%%i HEE'ED 18 2> Lr Super Duplex Stainiess Steel, just like the

312L35M4N.

10 This means that applications using the wrought 312L57M4N stainiess steel may be
frequently designed with reduced wall thicknesses, thus, leading to significant weight
savings when specifying 312L57M4N stainless steel compared to conventional austenitic
stainiess steels such as UNS 531703, 531753 and $31254 because the minimum allowable
design stresses are significantly higher. in fact, the minimum allowable design stresses for

1‘5 the wrought 312L57M4N stainiess steel are higher than for 22 Cr Dupiex Stainless Steels and

similar to 25 Cr Super Dupiex Stainless Steels.

For certain applications, other variants of the 312L57M4N stainiess steel have been
purposely formulated to be manufactured containing specific levels of other alioying
20  elements such as Copper, Tungsten and Vanadium. it has been determined that the
optimum chemical composition range of the other variants of the 312L57M4N stainiess
steel is selective and the compositions of Copper and Vanadium are the same as those of
312L35MA4N and those of 304LM4N. In other words, the passages relating to these elements
for 304LM4N are also applicable here for 312157M4N.
25
Tungsten {W}
The Tungsten content of the 312L57M4N stainless steel is similar to those of the
'312L35M4N and the PITTING RESISTANCE EQUHVALENT, PREnw, of 312L57M4N calculated
using the same formulae as mentioned above for 312L35M4N is PREyw 2 45, and preferably
3¢ PREwyw 2 50, due to the different Molybdenum content. it should be apparent that the
passage relating to the use and effects of Tungsten for 312L35M4N is also appiiéable for
312L57MAN.



WO 2012/161661PCT/SG2012/000183 72 wt % Si. However, for specific higher temperature
applications where improved oxidation resistance is required, the Silicon content may be ? 0.75 wt %
Siand 5 2.0Qy4 24 s fgkyomium (Cr) 5The Chromium content of the 320L3pN4 Sipisigss steel is ?
22.00 wt % Cr and 5 24.00 wt % Cr. Preferably, the alloy-has ? 23.00 wt % Cr. Nickel (Ni) The Nickel
content of the 320L35M4N stainless steel is ? 17.00 w % Niand 5 21,00 wt % Ni. 10Preferably, the
upper limit of Ni of the alloy is 5. 20.00 wt % Ni and more preferably 5. 19.00 wt % Ni. Molybdenum
(Mo).  The Molybdenum content of the 320L35M4N stainless steel alloy is ? 3.00 wt % Mo and 5
155.00 wt % Mo, but preferably ? 4.00 wt % Mo. Nitrogen (NI The Nitrogen content of the- '
320L.35M4N staiplgss steahis &TAWA MeRhRiIeraRlY & @ ABNt YNNG 50570 Rkl More
preferably, the 320L35M4N has ? 0.40 wt % N and 200.60 wt % N, and even more preferably ? 0.45
wt % N and 5 GEZ 6N NMBRIRISFPRNP FFRRGEY RIES SRR eNd IRARE VAN S tarsarhfad tlsing the

formulae: PREBhF %0eCt=thbd- X 90Mapds ([diec¥s¥%d\darlier are also applicable for 312H57M4N and
5 31257M4N,

Titanium (TH / Niobium (b} / Nicbium (Nb) plus Tantalum (Ta)

Furthermore, for certain applications, other stabilised variants of the 312H57M4N or
31257M4N stainless steel are desirable, which have been specifically formulated to be
10 manufactured comprising higher levels of Carbon. Specifically, the Carbon may be 2 0.040
wt % C and < 0.10 wt % C, but preferably < 0.050 wt % C or > 0.030 wt % C and < 0.08 wt %
C, but preferably < 0.040 wt % C.
(i} These include the Titanium'. stabilised versions which are referred to as
312HE7MANTI or 31257M4NT! to contrast with the generic 312L57M4N stainiess
15 steel versions. The Titanium content is controlled according to the following
formulae: ' '
Ti 4xCmin, 070wt % TimaxorTi 3x Cmin, 0.70 wt % Ti max respectively, in order
to have Titanium stabilised derivatives of the alioy. -
{ii) There are also the Niobium stabilised, 312H57M4NNDb or 31257M4NNb versions
20 where the Niobium content is controlled according to the following formulae: |
Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.2 wi % Nb max respectively, in
order to have Niobiﬁm stabilised derivatives of the zlloy. '
{iii} In addition, other variants of the alloy may also be manufactured to contain
Niobium pius Tantalum stabilised, 312H57M4NNbTa or 31257M4NNDbTa versions
25 where the Niobium pius Tantzlum content is controlled according to the feliowing
formulae:
Nb+Ta BxCmin, 1.OwWt% Nb +Ta max, .10 wt % Ta max, or Nb+ Ta 10x C min,

1.0 wt % Nb + Ta max, 0.10 wt % Ta max.

30 Titanium stabiiised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the
alloy may be given a stabilisation heat treatment at a temperature lower than the initial

solution heat treatrment tepiperature. Titanium and/or Niobium and/or “Nigbit# “plis



25The 320L35MA4N stainless steel has been specifically formulated to have the following composition:
(i) Chromium content ? 22.00 wt % Cr and 5. 24.00 wt % Cr, but preferably ? 23.00 wt % Cr; :
(i) Molybdenum content ? 3.00 wt % Mo and 5. 5.00 wt % Mo, but preferably .? 4.00 30wt % Mo, WO
2012/16166 MEFBMRAGE2/000183 73 (iii) Nitrogen content 5. 0.70 vvt % RCBH3AIEMBEF 0.40 wt % N
and 5 0.70 wt % N and more preferably 0.40 wt % N and 5. 0.60 wt % N and even more preferably ?.
0.45 wt % N and 5 0.55 wt % N. 5With a high level oéNitrogen, the 320L35M4N stainless steel
achieves a PREN of .?. 39, and preferably PREN? 44. This ensures that the alloy has a good
resistance to general corrosion,ang.localised corrosian (Pittin rrosion and Crevice Corrosion) in a
Wide range of DHSELLL QL o aoR S A P S L oo M Tibitance o
stress corrosiom elathéngainoGhlorideicaiveds nifigtierseirelemenits wheptioomptied:oycdmventisinal 10

Austenitic Staifllss, RICels ek Bf.) E‘a?b%??%%%&@%% Naipsbtd SI%ELteSJLBVinbe?eﬁmRQ%%?%% that

these equations ignore the effects of microstructure' factors on the breakdown of passivity by pitting or
crevice corrosioiisFAdndhvisividalocdmiosieispriof seBROR RSN et ismssistedki oiitimisiat st the

melting stage te.ensnisdbat e FatinRf e [CHLRAMvAlsRL dividesl by ithe INILAguivalRRh-aggording to
Schoefers, is in the range > 0.40 and < 1.05, but preferably >0.45 and < 0.95, in order to primarily

obtain an aust&fifite¥icrostructure in the base material after solution heat treatment typically
performed in the range 1100 deg C - 1250 deg C followed by water quenching. The microstructure of
the base materjal in the solutjon heat treated condition, 20 along with as-welded weld metal and heat

affected zone kaew‘@faﬁg@ht@?qscéétnf’r?fﬁ&ﬁ'&oﬁfotﬂﬁn%i?fﬁaw%aiM@%éf\%ﬁée%%ﬁs‘f"é%it??oﬂﬁﬁg |

elements and ferttesformmne elbnenisddiptnas e ensure thahéha dboynsadisientic. The alloy can
therefore %e manufactured and supplied in the Non-Magnetic condition. 25The 320L35M4N stainless
steel also has principally Fe as the remainder and may also contain very small amounts of other
elements suchrashBorderCieuopoddrainicher Caleiion apeitmrvtatyrvesimeditoperd2otaga4y iweight,

and the composiions i 1ese RICNEAISALE 106 SAME: A5 QSR hAQHLMAN. In other words, the

passages relating to these elements for 304LM4N are also applicable here. 30 WO
20121161661PCT/SG2012/000183

[320L35M4N]

15  The 320L35M4N high strength austenitic stainless steel has a high level of N'itrogen and a
specified Pitting Resistance Equivalent of PREy 2 35, but preferably PREy = 44. The Pitting
Resistance Equivalent as designated by PREy is calculated according to the formulae:

PREy = % Cr + (3.3 x % Mo) + (16 x % N).
The 320L35M4N stainless steal has been formulated to possess a unigue combination of

20 high mechanical strength properties with excellent ductility and toughness, along with good
weldability and good resistance to general and localised corrosion. The chemical
composition of the 320L35M4N stainless steel is selective and characterised by an alloy of
chemical analysis in percentage by weight as follows, 0,030 wt % C max, 2.00 wt % Mn max,
0.030 wt % P max, 0.010 wt % S max, 0.75 wt % 5 max, 22.00 wt % Cr - 24.00 wt % Cr, 17.0D

25 wi% Ni-21.00 wt % Ni, 3.00 wt % Mo - 5.00 wt % vio, 0.40 wt % N - 0.7C wt % N.

The 320L35M4N stainiess steel also contains principally Fe as the remainder and may also
contain very small amounts of other elements such as 0.010 wt % B max, 0.10 wt % Ce max,
0.050 wt % Al max, 0.01 wt % Ca max and/or 0.01 wt % Mg max and other impurities which '

30 are normally present in residual levels.



74 yield strength of 62 ksi or 430 MPa may be achieved for the wrought version. The cast version
‘possesses minimum yield strength of 41 ksi or 280 MPa. More preferably, minimum yield strength of
48 ksi or 330 MPa may be achieved for the cast version. Based on the preferred values, a comparison
of the wrougRY@ridehagtiedl strength properties of the 5 320L35M4N stainlB€3/Stewii Apiti8hose of UNS
S31703, suggests that the minimum yield strength of the 320L35M4N stainless steel might be 2.1
times higher than that specified for UNS 531703. Simrdarly, a comparison of the wrought mechanical
strength properties of the 320L35MA4N stainless steel, with those of UNS 531753, suggests that the
minimum yield_strength of the 3201 35M4N staip| eel might be 1.79 times higher than that
Specifed for UNE BEE BRI LS b SO s TR g SFO Bt of
the 320L35M4ikstainlessistibeknaite thosesehlUN 5i92068¢tsuggests that thetenixliaftem sdieldostrength of
the 320L35M4 inless steel might be 1.45 times higher than ecified f 532053. 5The
0L NN S e e e
strength of 1024&ichirB0DMPEfotteurolitin hessioatavrire prefaiahty teatitieatah werglienstrength of

109 ksi or 450 Mpa Ray-06, 868Ie YRRt AEOMARtYRISIN, RS E IR MAEIAN PASRESHES Byminimum
tensile strength of 95 ksi or 650 MPa. More preferably, a minimum tensile strength of 102 ksi or 700

MPa may be atHigveeertiethriaesstobrepsi Biesda founds alemsrafetvd derain &y mineshsparieoi? of the

wrought mechgpieatistienath prarediassf itheu32Al3o AN slainless steebswith thasg-ef LIS 531703,
suggests that the minimum tensile strength of the 320L35M4N stainless steel might be more than 1.45

times higher tHAARAE SPEURSAPEINGHEE S8 B SR APY P4 EE M ALALBI B AP R UG Wi¥Bhanical
strength propestigsohihe 330 1:35NMALstainlkss steghnaithathoseiaft UM &3LFe3stiIggestsmihat the 25
minimum tensile strength of the 3201 35M4N stainless steel might be 1.36 igher than that
Specitied 1 UREETATES. [IHEH Be S Fomia 28 o8 et A R s Er A Bertes of
the 320L35M4estairdgssistotd, avithvwho KRB RIRG BB20%E8;rsbiggifsis 2hval thée mmnimartheénside strength
of the 320L35 ' ight. 17 ti [ ifi . .532053.
Indeed, if the v'?}%%E;%f%ggfr%gn%i%a!l}%ier%é%ﬁn%reogﬂergt?é?gr ({g‘ %ﬁg%%ﬁ%%ﬁ@gﬁ%%ﬂt Et%riﬁgééél\ﬁa%ﬁgare
compared withCeissiop P Y icr PupRst Shiridds Srge ctherrssneayitseaeronse 328tEHdH the
minimum tensile,sikengih of the 320L3MAN; StaipigasSieekis: thereairn Rk limes-igher than
that specified for 531803 and similar WO 2012/161661PCT/SG2012/000183 75 to that specified for
25 Cr Supér DERe SEARESSBesE] VSR IRST tH &S IYRTIHR HRYTAHE i St et SRS of the
novel and innoygtive: 329L3bMdEN Btainless steel have been significantly improved compared to
conventional austenitic stainless steels such as UNS 531703, UNS 531753 and UNS 532053 and the
tensile strength properties are better than 5that specified for 22 Cr Duplex Stainless Steel and similar
to those specifietddobsn detSupesDiptakSiptittess Sieeical bisnmnaans thagapplicaipmiis seidy the
wrought 320L35M4N stainless steel may be frequently designed wijth reduced wall thicknesses, thus,
eatiing 0 STEARwEht <o et o BSOS e R RS To
conventioltal apstenftigestaintess stdelswadhisad UNB589708 25817BBand 532053 because the
minimum allowable design stresses are significantly higher. In fact, the minimum allowable design
stresses for the wrought 320L35M4N stainless steel are higher than for 22 Cr Duplex Stainless Steels
and similar to Z&r@mndtiper Duplex Stainless Steels. 15 For certain applications, other variants of the

320L35M4N stajnless.steebhave Been-psypestidowmilatediedemapytactyred containing.specific

levels of other alloying elements such as Copper, Tungsten and Vanadium. It has been determined
that the optimui#erdichr CHRPBSRIGITRMGE S R G0t atits BTdTelsB8 g5 naRtaMI&ss 20
steel is selective.pnghine eompasitions of Copper and Vanadium are the same as those of 3041M4N.
In other words, passages relating to these elements for 304LM4N are also applicable for 320L35M4N.
Tungsten (W)

Manganese (Mn)

The 320L35M4N stainless steel of the seventh embodiment may come in two variations: low
Manganese or high Man.ganese.

30
For the low Manganese zlloys, the Manganese content of the 320L35M4N stai.ni'ess steelis <

120wt % Mn. Preferably, the range is 2 1.0 wt % Mn and < 2.0 wt % Mn and more preferably



25The Tungsten content of the 320L35M4N stainless steel is 5 2.00 wt % W, but preferably 0.50 wt %
W and 5 1.00 Wt % W, and more preferably ?, 0.75 wt W. For 320L35M4N stainless steel variants '
containing Tupgsien g, LI TTING RESISTANCE EQUIVALENT is calculalggq,/gé 29%{ mulae
PRENw = % Cr + [3.3 X % (Mo + W)] + (16 x % N). 30This Tungsten containing varlant 0

320L35M4N stainless steel has been specifically formylated to have the following comp05|t|on. WO
2012/161661PCT/SG2012/000183 76 (i) Chromium content ? 22.00 wt % Cr and 5 24.00 wt % Cr, but
preferably ? 23.00 wt % Cr; (ii) Molybdenum content ? 3.00 wt % Mo and 5 5.00 wt % Mo, but
preferably ? 4.G0120 % BA®IrS(ie) NitbOgetrvicintaf ity s@:7 Qowip¥sitbrisLtprefbiaebz? Opd6wb ¥rN and 5

0.70wt% N a rah) LWL %o 60, WL % a referably .? 0.45
W9 N and 5. Dob IR hal ) Ferkar e & oo R S o o6 w

and 5 1.00 wt %% and more preferably ? 0.75 wt % W. 10 TheTungsten containing varlant of the
320L35M4N stainless steel has a high specified level of Nitrogen and a PRENw ? 41, but preferably
PRENw?. 46. It should be emphasised that these equations ignore the effects of microstructural

factors on the 5REARBBIEM VrTEI88RAR) DY Rl 0E IR ACREBRFSS . SPARTEN inay Bevhtddn

individually or iprerRRjURCHAR WiRgHade oppesnl anadivmyvc T#aniin and/aroNipbitmmang@r-Niebium plus
Tantalum in all the various combinations of these elements, to further improve the overall corrosion

performance oftAE ER0y U WRRSeiMY 5)&%91‘%/‘&:%{1;%‘?&?1’&8?‘6%?E%éﬁ?g“ﬁﬁ?bg@glf frAitdd to
optimise the eom%nmﬁsvmftmecalka;ewule:ﬂgdhe!ﬁﬁmmdummp;ﬁlmlslrﬂg‘tkﬁdumbltynmugmmtﬁ and

corrosion perfor ce aI C lications other ariants_of the
320L35M4N stag gss S% are es arg era[%?y, 1(he)l\f %)Rl m\? g’anese alioys s 2 gg

10  and £ 7.50 and even more preferabiy z 2.85 and £6.25.

Phosphorus (P}
The Phosphorus content of the 320L35M4N stainless steel is controlled to be < 0.030 wt %

P. Preferably, the 320L35M4N alloy has < 0.025 wt % P and more preferably < 0.020 wt % P.
15 Even more preferably, the alloy has < 0.015 wt % P and even further more preferably <

000wt %P,

Suiphur {8) '

The Sulphur content of the 320L35M4N stainless steel of the seventh embodiment inciudes
20 < 0.010 wt % 5. Preferably, the 320L35M4N has £ 0.003 wt % S and more preferably < 0.003
wt % S, and even more preferably € 0.001 wt % S.

Oxygen {0O)

The Oxygen content of the 320L35M4N stainléss steel is controlied to be as low as possible

25  and in the seventh embodiment, the 320L35M4N has £ 0.070 wt % O. Preferably, the
320L35M4N has £ 0.050 wt % O and more preferably < 0.030 wt % O. Even more preferably,
the alloy has € 0.010 wt % O and even further more preferably £ 0.005 wt % O

Siticon (Si) ‘
30 The Silicon content of the 320L35M4N stainless steel is < 0.75 wt % Si. Preferably, the alioy

has 2 0.25 wt % Si and £ 0.75 wt % Si. More preferably, the range is 2 0,40 wt % Si and £ 0.60



which have been specifically formulated to be manufactured comprising higher levels of Carbon.
‘Specifically, the Carbon content of the 320L35M4N stainless steel may be ?_ 0.040 25 wt % C and <
0.10 wt % C, but preferably 5 0.050 wt % C or > 0.030 wt % C and 5 0.08 wt % C, but preferably <
0.040 wt % C¥pPres¥Ispetific variants of the 320L35M4N stainless steel ameCthe@ROH48&NAN or
32035M4N versions respectively. Titanium (Ti) / Niobium (Nb) / Niobium (Nb) plus Tantalum (Ta)
30Furthermore, for certain applications, other stabiliseel variants of the 320H35M4N or 32035M4N
stainless steel are desirable, which have been specifically formulated to be manufactured comprising

higher levels of % Specifically, the amount of Carbon m %NO , _— _
2012/161661P&%% 'gé‘ivg%éﬁrof%rsy‘%%ﬁéqéﬁﬁfb Wt 55 ¢ %rﬁdaﬁgp.(i N er e I Rraves 9% 650 wt
% C or > 0.030r¢9ts9%nC: it Bt 03 vet e butpreferabhz0.G:040%E ¥hdCs 2DOMigséiinclude the
Titanium stabilised versions which are referred to as 320H35M4NTi or 32035 M4NTi to contrast with
the generic 320L35MA4N versions. The Titanium content is controlled according to the following
formulae: Ti 4 =@IMIBTGED wt % Ti max or Ti 5 x C min, 0.70 wt % Ti max respectively, in order to
have Titaniim stakilisediderivatisofihealexmdit) Thassarealss Hroliphine stabiliseg w:
320H35M4NNb or 32035M4NNDb versions where the Niobium content is controlled according to the
following formutae™ TEKR5e8"Y% B5AlPYI e RE3CRIB 6 or Nb 10 x C mm, 1.0 wt % Nb max respectively,
in order to have Niobium stabilised derivatives of the alloy. (iii) In addition, other variants of the alloy
may also be m wg?géyred to contain Niobium plus Tantalum stabilised, 320H35M4NNbTa or
32035M4NNb ns where the Niobium plus Tantalum content is controlled according to the
following 15forfngldigki borTenBof GerHPOIBIMAN ZhaNeds Taahiax, 10.00 wit®NTandnax].00 Wbonta 10 x C
min, 1.0 % NP BT MAROTA 1. THAUELRPNPS R NIRPIEL SaRliSE 296 fYiobium
plus Tantalum stabilised variants of the

wt % Ni.

Molybdenum (Mo)

The Molybdenum content of the 320L35M4N stainless steel alloy is > 3.00 wt % Mo and <
15 5.00 wt % Mo, but preferably 2 4.00 wt % Mo.

Nitrogen (N) _
The Nitrogen content of the 320L35M4N stainless steel is < 0.70 wt % N, but preferably 2

0.40 wt % N and £ 0.70 wt % N. More preferably, the 320L35M4N has 2 0.40 wt % N and <
20 0.60wt% N, and even more preferably = 0.45 wt % N and £ 0.55 wt % N.

PREy
The PITTING RESISTANCE EQUIVALENT is calculated using the formulae:
PREN =% Cr + (3.3 x %Mo) + (16 x % NJ.
25 The 320L35M4N stainless steel has been specifically formulated to have the following
composition:
{i} Chromium content 2 22.00 wt % Cr and < 24.00 wt % Cr, but preferably 2 23.00 wt
% Cr; '
{il) Molybdenum content 2 3.00 wt % Mo and < 5.00 wt % Mo, but preferably‘z 4.00
30 wt % Mo,



20 alloy may be given a stabilisation heat treatment at a temperature lower than the initial solution
heat treatment temperature. Titanium and/or Niobium and/or Niobium plus Tantalum may be added
individually or in conjunction with Copper, Tungsten and Vanadium in all the various combinations of
these eleme¥t&8ltirisk the alloy for certain applications where higher CEESE2EIANES are
desirable. These alloying elements may be 25 utilised individually or in all the various combinations. of
the elements to tailor the stainless steel for specific applications and to further improve the overall
corrosion performance of the alloy. W020 2/161661PCT/SG2012/000183 78 Further, there is

proposed a further variation appropriately rre s 320L57M4N high s ren tenitic stainless
steel, which is an eig tt’ﬁgg;r{r]ﬁ%%%ﬁrcnogﬁl n(t)tf Thaégﬁrﬁ%%i%?hgult é%%@ﬁ@%q’% a%nﬁe%%&%%i%vﬁuﬁ’ah@ has the
same chemical compagitivnras 8261aBENMAMGith%he Bxte ptiEehvof thie Mdlybeemone paritesiilyEhus,

instead of repeating the vatigus ghemical cpmpositions, only the difference is described.
[320L57M4N] As mentioned above, the 320L57M4N has exactly the same wt % Carbon, Manganese,

Phosphorus, Sulphur, Oxygen, Silicon, Chromium, Nickel and Nitrogen content as the 10 seventh

embodimest, 3gRl35MANSMaiBlage ster! «exaepltpMahdenun Gonienidn the 3501 35M4N, the
Molybdenum content is between 3.00 wt % and 5.00 wt % Mo. In contrast, the 320L57M4N stainless

steel's MolybdefEhH TN &G & Hetlhben oo itk andor. bt weIs Mesitirotase drawal SRESEILS7MAN

may be regardeddasaiRigher MalybernsTyeEsion sidle.320c3RMAN) sainless sigel odprishould be
appreciated that the passages relating to 320L35M4N are also, applicable here, except the
Molybdenum cRf& ."l\ﬁBWba%%L?r%otﬁ%’(l)\ﬂ‘;%s%eﬁﬁo%ﬂeﬂEﬁn%ﬁn’f@ﬂf‘%’i&%é&é‘?ﬁﬂ?] NN SEinless

steel may be 5@@ryetdyd dvkaidimgi7 Ahlatdd Mosanitprefarabiyeisou2wtdmpded notarauatss) the

Molybdenum cqntent of the 320L.57M4N has ' 0 %_Mo. PREN 25The PITTING

RESISTALICE %é%’i‘(?/&é%ﬁie%??ﬁ% é‘é‘é’@?ﬁ?}l\gﬁg%&“étzéﬁ%%o I'vjet s‘,‘g‘r’ﬁ"eEfS?n?m%’lEaﬂéa

320L35M4N butbetigysecafttient giytyd ethaaftottarit it RREN 4 #i5idstoprefieraldykB&EN60. This

ensures that thgaggm?@,l Iﬂﬁgg}@%%\g&cglrrgﬁiﬁance to general corrosion and localised corrosion
e CE L0

(Pitting Corrosion an evice Corrosion) in a wide range of process environments. The 320L57M4N
stainless steel also has improved resistance to 30stress corrosion cracking in Chloride containing

environments Wh@'&!ﬁﬂmﬁﬁ@ﬁ)&sition of the 320L35M4N stainless steel is optimised at the melting
15 tage to ensure that the ratio of the {Cr} equivalent divided by the [Ni] equivalent, according

10 Schoefer®, is in the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in order to

primarily obtain an austenitic microstructure in the base material after solution heat

treatment typicaily performed in the range 1100 deg C — 1250 deg C followed by water

quencﬁ&ng. The microstructure of the base material in the solution hesat treated condition,

20 along with as-welded weld metal and heat affected zone of weldments, is controlled by
optimising the balance between austenite forming elements and ferrite forming elements to

primarily ensure that the alloy is austenitic. The alloy can therefore be manufactured and

supplied in the Non-Magnetic condition.

25  The 320L35MA4N stainless steel also has principally Fe as the remainder and may also
contain very small amounts of other elements such as Boron, Cerium, Aluminium, Calcium
and/or Magnesium in percentage by weight, and the compositions of these elements are
the same as those of 304LM4N, In other words, the passages relating to these elemehts for
304LM4N are also applicable here,

30 |
The 320L35M4N stainless steel according to the seventh embodiment possesses minimum

- yield strength of 55 ksi or 380 MPa for the wrought version. More preferably, minimum



conventional Austenitic Stainless Steels such as UNS 531703 and UNS $31753. It should be WO
2012/161661PCT/SG2012/000183 79 emphasised that these equations ignore the effects of
microstructurel factors on the breakdown of passivity by pitting or crevice corrosion The chemical
composition dYEhWB2BILETMAN stainless steel is optimised at the melting Btagatp/edsie that the
ratio of the [Cr] equivalent divided by the [Ni] equivalent, according to Schoefers, is in the range > 0.40
and < 1.05, but preferably > 0.45 and < 0.95, in order#n primarily obtain an austenitic microstructure in
the base material after solution heat treatment typically performed in the range 1100 deg C - 1250 deg

C followed by water quenching..The mi trcture of the base material in tt?] solution heat treated
condition, 10 31’(??1895\?\7& gé%s-(\)/?/e%jgs \{/)v'éfs: m%gt%] gﬂ'nad %8aatg§1 é?zge‘[n'i%)gﬁe‘%rfo \?\Fé%r\??erﬁ?g;ngggocﬁﬁtolled by
optimising the betsinc@detrseemiaisteniiel dotmeingeté dicsianeDRerrteiforirieelbimeritéstorprimarily
ensure that the, alloy.is aystenitic, The alloy,can therefore be manufactured. and sypplied in the
Non-Magnetic gonditior@lSLike thse 320L35M4N%mbo£ﬁ%enﬁre%é%6%§ ¥ ﬂﬁréttfjle.i@arlslee%sonsrt%ggl also
contains principatiered agtirs rénsamersisamd indy alsouebhtenervenigad raafirghopmmeedfstivéribéements

such as Bayon ;6@AYfRafuminiung Calgitmand/or Magnesis NRercemas by weialy gpgithe
compositions of these elements are the same as those of 320L35M4N and thus, those of 304LM4N.

20 The 320L57AMANE G328t 88 MIN R g A eshBistinba e ha @ hikiEhemNpre B R tFeerfiRddan a

minimum tensilgrstrengti. compaablesapsibiabiaboge i thr 320l3bMAN: staisssateeknkikewise,
the strength properties of the wrought and cast versions of the 320L57M4N are also comparable to

those of the 3201 35MAR! FROESHEEhe Uit LCrEhginVaidas are Hseess [Epbated e Sh¥ ¥&rerence is
made to the eastrengrassaiges20f ZROLBEMAIBLS Aredmpsitiser..of theswratight e chanjealsitength

properties, pet 57MA4N and those. of conventional austenitic stainless steel UNS 531703, and
between éé)OL\ggﬁ} and Q‘,‘gg’g BrUREESL? S%ﬁél r&%% ?@lfé‘g’fgi 'S %ﬁg@éﬁﬁgﬁséﬁ llf?)t&énsile
strer)gths of thélﬁ@mﬁj@tsﬁwﬁ@ﬁt@@ﬂh(@s’@ funael fOBB0IFBNAA ShegBaviiHy; ahemjri'marﬁsmmielﬂthe
tensile propertiee:Ak:a:3r0baf MANdsmanstaes e aus hetrdap bt spegllisthinras,r Duplex

t
Stainless Steel and similar to those specified for 25 Cr Super Duplex Stainless Steel, just |i
320L35M4N. WA 284PA61661PCT/SG2012/000183 80 This means that applications using the -
wrought 320L57MA4N stainless steel may be frequently designed with reduced wall thicknesses, thus,
leading tolgigni“;i}?eagztally?;eg%}-tl\i Stainless steel according to the seventh embodiment pos & mini
. possesses a minimum
tensile strength of 102 ksi or 700 MPa for the wrought version. More preferably, a minimum
tensile strength of 109 ksi or 750 MPa may be achieved for the wrought version. The cast
version possesses a minimum tensile strength of 95 ksi or 650 MPa. More preferably, a
minimum tensile strength of 102 ksi or 700 MPa may be achjeved for the cast version. Based_
20  on the preferred values, 2 comparison of the wrought mechanical strength properties of the
320L35M4N stainiess .sfeel, with those of UNS 531703, suggests that the minimum tensiie
strength of the 320L35M4N stainiess steel might be more than 1.45 times higher than that
speciﬁéd for UNS S31703. Similarly, a comparison of the wrought mechanical strength
properties of the 3200353M4N stainless steel, with those of UNS 531753, suggests that the
25 minimum tensile strength of the 320L35M4N stainless steel might be 1.36 times higher than
that specified for UNS 531753, Likewise, a comparison of the Wrought mechanical strength
properties of the 320L35M4N stainless steel, with those of UNS S32053, suggests that the
minimum tensile strength of the 320L35M4N stainless steel might be 1.17 times higher than
that specified for UNS $32053. Indeed, if the wrought mechanical strength properties of the
30 320L35M4N stainiess steel, are compared with those of the 22 Cr Duplex Stainiess Steel,
then it may be demonstrated that the minimum tensile strength of the 320L35M4N

stainless steelis in the region of 1.2 times higher than that specified for S31803 and similar



savings when specifying 320L57M4N stainless steel compared to conventional austenitic 5 stainless
steels such as UNS 531703, 531753 and 532053 because the minimum allowable design stresses are
significantly higher. In fact, the minimum allowable design stresses for the wrought 320L57M4N
stainless steeVV&&lkigiérsthan for 22 Cr Duplex Stainless Steels and similap€a/262€8r28upes Duplex
Stainless Steels. 10For certain applications, other variants of the 320L57M4N stainless steel have.
been purposely formulated to be manufactured contairsng specific levels of other alloying elements
such as Copper, Tungsten and Vanadium. It has been determined that the optimum chemical

composition range of the variants of the 3201 57M4N staipless. stee] is selective and the
compositions of Coppepre g%%a%’\/‘gn%d%rgn% %erreBtH%?%%rﬁénfést’g%agg @?EI%‘CQQ%E B AR R e
304LM4N. In offiengibrammirdiesast dyeoetitiang tothesiveleroesisfior SOHIMA N aeHalso mypplicable

nere for 320LSTUALTUPGSER O Hie BNGSISERIGD Gl A20LSHMAN tginis sisgls similr

to those of the 20 320L35M4N and the PITTING RESI w0
320L57M4N caletidfedisipt thé satriéNDATRABR aus! Hentosiédstisnsd o 82tik85MANts PRENW .?

47, and preferahby BREM B228eedagdls diffansialyhdenym coment Jishe fbpesapnget hat the
passage relating to the use and effects of Tungsten for 320L35M4N is also applicable tor 5%8[5L57M4N.

25 Further, the 3PS mES have higher levels of Carbon referred to as 320H57M4N or
32057M4N which correspond respectively to 320H35M4N and 32035M4N discussed earlier and the

Carbon wt % rapges discussed earlier are also applicable for 320H57M4N and 32057M4N. WO
2012/161661P /%Bii???éoi g hTaki E% MRt BT MRS IRy BRIs TN REUM (Ta)

Furthermore, fdreceetain dppéicationis) othieratabiisetivarisets of iheiQRMISHVI4NiaF32007MEN
stainless steel are desirable, which specifically formulated to be manufactured comprising
higher levels of Carbon. %p%e"éf%gﬂg%\ﬁe?%%}éngﬁﬁﬁ’ﬁ 36 %‘gzﬁ? BEAER £ £RAVEBLPHINEYETE it
preferably 0.050R{Rte6 Seslss0:D30 WHSST H3d 6308581% S32053 because the minimum aliowable

design stresses are significantly higher. In fact, the minimum allowable design stresses for
the wrought 320L.35M4N stainless steel are highér thah for 22 Cr Duplex Stainiess Steels and
similar to 25 Cr Super Duplex Stainless Steels. ‘
15 |

For certain applications, other variants of the 320L35M4N stainless steel have béen
purposely formulated to be manufactured containing specific levels of other alloying
elements such as Coppe-r, Tungsten and Vanadium. It has been determined that the
optimum chemical composition range of the other variants of the 320L35M4N stainiess

20 steelis selective and the compositions of Copper and Vanadium are the same as those of
304LM4N. In other words, passages relating to these elements for 304LM4N are also
applicable for 320L35M4N.

Tungsten (W)

25 The T‘ur_ags‘cen content of the 320L35M4N stainless steel is £ 2.00 wt % W, but preferably >
050 wt % W and < 1.00 wt % W, and more .preferabiy 2 0.75 wt % W. For 320L35M4N
stainless steel variants containing Tungsten, the PITTING RESISTANCE EQUIVALENT is
caleuiated using the formulze:

PREnw = % Cr + [3.3 x % (Mo + W)] + {16 x % N).
30  This Tungsten containing variant of the 320L35M4N stainiess steel has been specificaliy

formuiated to have the following composition:



C, but preferably <0.040 wt % C. (i) These include the Titanium stabilised versions which are referred
to as 320H57M4NTi or 32057M4NTi to contrast with the generic 320L57M4N. The Titanium content is
controlled according to the following formulae: 10Ti 4 x C min, 0.70 wt % Ti max or Ti 5 x C min, 0.70
wt % Ti max PESPEERAIEPLin order to have Titanium stabilised derivatives STtRE@HEF @MY here are
also the Niobium stabilised, 320H571VI4NNb or 32057M4NNDb versions where the Niobium content is
controlled according to the following formulae: Nb 8 x?€ min, 1.0 wt % Nb max or Nb 10 x C min, 1.0
wt % Nb max respectively, in 150rder to have Niobium stabilised derivatives of the alloy. (iii) In

addition, other varian; - als( g tyr qptain Nighi lus um
stabilised, 320H57M ﬁiﬁﬁ@}%@ I\/I_4EI\%I?\IJ§)§?£\Q €§§%§g§ vﬁgﬁﬁhgﬁi%ﬁugr% %Est,ﬁ ér%;ga%}m content is

controlled according e following formulae: 20Nb +Ta 8 x C min, 1.0 wt % Nb + Ta max, 0.10 wt %

Tamax, or Nb + Ta 18 %feipBifbndf Whid:NDyod dimaxPah8 & 46 Lasmax. ditanium.siahilised,

Niobium stabilised and Iﬂ\liobium plus Tantalum stabilised variants of the alioy may be given a
stabilisation heat treatfn@hf%t a temperature lower than the initial 25 solution heat treatment

temperature. TitaniumiigreierdiebiuentardronNighivpuphisidantaiun maybe added adivsually or in
conjunction with Copg%, TunngEtr:f\ nd Vanadium in all the various combinations of these elements to

% [ﬁl%g 101 Weve FiGhHIPCPESEShILARY Y6 HB A RIE rHELE alloying

optimise the alloy for Cerfaii a
elements may be utilséshindivitarally Fsnadk thhemarious combinations of the elements to tailor the

stainless 30steel for FH:ific Q’plic tions to f r improve the rall corrosion performance of
the Alloy. WO 2012/?6@6”@%§CT7%% Iz?ggd“i%ﬁ] (épz%ﬁlﬁé’ %%l%}%tza%%géts@&é’r%ﬁ%%ﬁ%@’
320L57M4N stainles¥Vstee ngompy siétaithi@ Bifiewi/éribints are generally supplied in the same manner as

the earliergmbodiments.  Further, there is proposed a further variation appropriately referred to as

326L35M4N in 5this description, which is a ninth embodiment of the invention.
The Tungsten containing variant of the 320L35M4N stainless steel has a high specified level

of Nitrogen and a PREyw 2 41, but preferably PREyw 2 46. It should be emphasised that these
equations ignore the effects of microstructural factors on the breakdown of passivity by
pitting or cravice corrosion. Tungsten may be added individually or in conjunction with
15 (Copper, Vanadium, Titanium and/or Niobium énd/or Niobium plus Tantalum in all the
various combinations of these elements, to further improve the overall corrosion
performance of the alloy. Tungsten is extre_meiy costly and therefore is being purposely
fimited to optimise the economics of the alioy, while at the same time optimising the
ductility, toughness and corrosion performance of the alloy, '
. 20
Carbon (C)
For certain applications, other variants of the 320L35M4N stainless steel are desirable,
which have been specifically formulated to be manufactured comprising higher levels of
Carbon. Specifically, the Carbon content of the 320L35M4N stainiess steel may be > 0.040
25 wt% Cand <0.10 wt % C, but preferably < 0.050 wt % C or > 0.030 wt % C and € 0.08 wt %
¢, but preferably < 0.040 wt % C. These specific variants of the 320L35M4N stainless steel
are the 320H35M4N or 32035M4N versions respectively.

Titanium (Ti) / Niobium (Nb) / Niobium (Nb) plus Tantalum (Ta)

30 Furthermore, for certain applications, other stabilised variants of the 320H35M4N or
32035M4N stainless steel are desirable, which have been specificaliy formulated to be

- manufactured comprising higher levels of Carbon. Specifically, the amount of Carborn may



[326L35M4N1 The 326L35M4N high strength austenitic stainless steel has a high level of Nitrogen
and a specified Pitting Resistance Equivalent of PREN 42, but preferably PREN ?. 47. The Pitting
10Resistance Equivalent as designated by PREN is calculated according to the formulae: PREN = %
Cr + (3.3 x %WAgP1{2&5%1% N). The 326L35M4N stainless steel has beenfloFiGREDUHPossess a
unique combination of high mechanical strength properties with excellent ductility-and toughness,
along with good weldability and good resistance to gerieral and localised corrosion. The chemical 15
composition of the 326L35M4N stainless steel is selective and characterised by an alloy of chemical

et 0,010 w01 B S B e e D e Lo T S ook 92500 w o6
Ni; 3.00 wt % 685700 Wibts iMefe i@ it B40NVEG6 70 wt % N. 20The 326L35M4N stainless steel also

contains principally Fg ag,lhe remajndgy.and Mgy also.Goniain.uery spallamounisfgihgr glements
such as 0.010 wt % B max, 0.10 wt % Ce max, 0.050 wt % Al max, 0.01 wt % Ca max and/or 0.01 wt

% Mg max and other32RparRIES WISICR2RS MAMRalY praisestit Withetsiel san rsived3 0L THANCYrepiTical

compositien of the 326L3rMAM.stainlrss &ipebinoptiviard At thermslingrelaag,to primarily ensure an
Austenitic microstructure in the base material after solution heat treatment typically performed in the

range 1100 deg C - 1250 &g dfotiet st qud Adihdg- Phst it B8t (RIS BT & BERSS material
in the solution heat tieaigd cansliiipRL-ANOG WAt aswelded weld metal and heat affected zone of
weldments, is control| ing the balance between austenite forming elements and Ferrite

~ forming elements to Sﬁ%&%égéggggkwa%‘ﬁ%ugﬂé?'Pgi&%éﬁﬁé?%é%%hﬁ?@ﬁ%@ﬂ&%gﬁﬂw%tainless

steel exhibits a uniqueheembaTeitibofchigbnsisengtioantadiictiiiy @tithmbirniigfperaieres, while WO

2012/161661PCT/SGZ0]12/000183 83 gt the same {i uarantees excellent toughness at ambient
temperatures and cryoéj)atg:ﬁ(ic(9 '{gtﬁi?)lsé?a\%’ar}ébml N View é’?‘:ﬁ%qfa%n fﬁaﬁ@gﬁcﬁehr%ig’zﬁxcrgﬁﬁﬁ%té\fﬁ%h%f the
326L35M4N stainlessrdesad iszaelNistedhtotakliredea erikREN oF th2 athart preferably PREN ? 47, this

ensures fhat the maigfiaAiai0as 3 AepdaenilanchdoasnRia) coK e alARd RralseduRsion

(Pitting 5 Corrosion and Crevice Corrosion) in a wide range of process environments. T
326L35M4N stainlesyiskiename: Nasirhiotabliteasis RaRtE 4 tNEEcorra 28RN AARKIRY Visraipnsride

containing environmepis- WHRMGEAMPALSE 1 ARMYRNHRRH AL SRRl RIRESIICHS RULAE UNS
531703 and UNS 531753, |

formulae: ,
Nb+Ta 8 x Cmin, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max, or Nb < Ta 10 % C min,
1.0 wt % Nb + Ta max, 0.10 wt % Ta max. '

Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised vaﬁants of the
20 alloy may be given z stabilisation heat treatment at a temperzture lower than the initial
solution heat treatment temperature. Titanium and/or Niobium and/or Niobium plus
Tantalum may be added individually or in conjunction with Copper, Tungsten and Vanadium
in ali the various combinations of these elements to optimise the a!Edy for certain
applications where higher Carbon contents are desirable. These aE%oying. elements may be
25 utilised individually or in all the various combinations of the elements to tailor the stainless
sieel for speciﬁc applications and to further improve the ovarall corrosion performance of

the alioy.

The wrought and cast versions of the 320L35M4N stainless steel along with the other

30 variants are generdlly supplied in the same manner as the earlier embodiments.



101t has been determined that the optimum chemical composition range of the 326L35M4N stainless
steel is carefully selected to comprise the following chemical elements in percentage by weight as
follows, based on the ninth embodiment, Carbon (C) 15The Carbon content of the 326L35M4N
stainless steeWid B2 g80Lwt % C maximum. Preferably, the amount of CaParsshaalobis® 0.020 wt
% C and 5 0.030 wt % C and more preferably 50.025 wt % C. Manganese (Mn) 20The 326L35M4N
stainless steel of the ninth embodiment may come in two variations: low Manganese or high
Manganese. For the low Manganese alloys, the Manganese content of the 326L35M4N Stainless steel

is52.0wt% f ly, the range is 2 1.0 wt % Mn and 5 2.0 wi % Mn and maore 25 preferably ?
20wt 96 M A B S e AR R e e erad B PR AR T ratio of
5 5.07 and preférensih 20s4RitindtBiB0s Moee plréferably, digbttatoiediMghant tha. Hyekoshighe

Manganese allys, dhpMaARESE-CONENALIG L INNIS 8.4, 0000 Mo, AL Brgletabl. e

Manganese content is ? 2.0 wt % Mn and 5 4.0 wt % Mn and more prefera e upper limitis 5 3.0
wt % Mn. Everfifdregniiresitie Meidpermironiss2Thosiing eaa ofvipestivhibelettive rhagés) this

achieves asMn denddationofoa i} Q. cndthrafaraliy MO 2012/161661PCT/SG2012/000183 84 ? 2.85
and 5 10.0. More preferably, the Mn to N ratio for high Manganese alloys is ?_2.85and 5 7.50 and

even more preferably ?. 2.85 and 5_ 6.25 for the higher Manganese range Alloys.
[320L57M4N] ‘

As mentioned above, the 320L57M4N has exactly the same wt % Carbon, Manganese,
Phosphorus, Sulphur, Oxygen, Silicon, Chromium, Nickel and Nitrogen content as the
10 seventh embodiment, 320L35M4N stainless steel, except the Molybdenum content. in the
320L35M4N, the Molybdenum content.is between 3.00 wt % and 5.00 wt % Mo. In contrast,
the 320L57M4N stainless steel's Molybdenum content is between 5.00 wt % and 7.00 wt %
Mo. In other words, the 320L57M4N may be regarded as a2 higher Molybdenum version of
the 320L35M4N stainiess steel.
15
It should be appreciated that the passages relating to 320L35M4N are also appiicabierhere,

excépt the Molybdenum content,

Molvbdenum {Mo}

20 The Molybdenum content of the 320L57M4N stainless steel may be 2 S.OG wt % Mo and <
7.00 wt % Mo, but preferably > 6.00 wt % Mo. In other words, the Molybdenum content of
the 320L57M4N has a maximum of 7.00 wt % Mo.

PREN
25  The PITTING RESISTANCE EQUIVALENT for the 320L57M4N is calculated using the same
formulae as 320L35M4N but because of the Molybdenum content, the PREy is 2 45, but
preferably PREy 2 50. This ensures that the material also has a good resistance to general
corrosion and localised corrosion (Pitting Corrosion and Cr_evéce Cofrosion) ina Wide range
of process environments. The 320L57M4N stainless steel also has improved resistance to
30  stress corrosion cracking in Chloride contzining environments when compared to

conventional Austenitic Stainless Steels such as UNS $31703 and UNS $31753, It should he



5Phosphorus (P) The Phosphorus content of the 326L35M4N stainless steel is controlled to be 5
0.030 wt % P. Preferably, the 326L35M4N alloy has 5 0.025 wt % P and more preferably .5 0.020 wt
% P. Even more preferably, the alloy has 5 0.015 wt % P and even further more preferably 5 0.010 wt
% P. 10 Sulph® 3B/ et Sulphur content of the 326L.35M4N stainless ste@dfthe it Bhbodiment
includes 5. 0.010 wt % S. Preferably, the 326L35M4N has 5 0.005 wt % S and more preferably 5
0.003 wt % 5, and even more preferably 5 0.001 wt %3$5. 15 Oxygen (0) The Oxygen content of the
326L35M4N stainless steel is controlled to be as low as possible and in the ninth. embodiment, the
326L.35M4N has 5,0.07 % 0. Preferably, the 3261 35M4N has 5 0.050 wt 0 .and more preferably 5.
0030 wt % 0. VB RS T, OO 10 o e (AT ol S B R H s retd reoraty
5 0.005 wt % Obrsilidow (8N aEhiei Silieonttateameotere8326:85M4N stainless steel is 5 0.75 wt % Si.
Preferably, the alloy has ? 0.25 wt % Si and 5 0.75 wt % Si. More preferably, the range is ? 0.40 wt %
Si and 50.60 25wt % Si. However, for specific higher temperature applicatiens where improved
oxidation resisfarce iTYed LirEtRaHECSI IR chec 8REMIVHAY Ba G575t/ 105 SPEmBBR Whet ve'Sne

Chromium{Cr:age thhe &y amium Fanientlf the-3dRkRaMahtistainiassieglisRd 00w Cr and

526.00 wt 30% Cr. Preferably, the alloy has ? 25.00 wt % Cr.
to Schoefer’, is in the rangé > 0.40 and < 1.05, but preferably > 8.45 and < 0.95, in order to

primarily obtain an austenitic microstructure in the base material after solution heat
treatment typically performed in the range 1100 deg € — 1250 deg C followed by water
gquenching. The microstructure of the base material in the solution heat treated condition,
10 along with as-welded weld metal and heat affected zone of weldments, is controlled by
optimising the balance between austenite forming elements and Ferrite forming elements
to primarily ensure that the alloy is austenitic. The alloy can therefore be manufactured and

- supplied in the Non-Magnetic condition.

15 Llike the 320t35M4N embodiment, the 220L57M4N stainless steel also contains princﬁpaHy
Fe as the remainder and may also contain very small amounts of other elements such as
Béron, Cerium, Aluminium, Calcium and/or Magnesium in percentage b.y weight and the
compoéitions of these elements are the safne as those of 320%.351VI.4N‘ and thus, those of
304L.M4N,

20

- The 320L57M4N stainless steel of the eighth embodi:ﬁent has minimum vyield strength and a
minimum fensile strength comparable or similar to tﬁose of the 320L35M4N stainless steel,
Likewise, the strength properties of tﬁe wrought and cast versions of the 320L57M4N are
also comparéble to those of the 320L35M4N. Thus, the specific strength values are not

25  repeated here and reference is made to the earlier passages of 320L35M4N. A comparison
of the wrought mechanical strength properties between 320l57MAN and those of
conventional austenitic stainless steel UNS 531703, and between 320L57M4N and those of

" UNS $31753/UNS 532053, suggests stronger yieid and tensile strengths of the magnitude
similar to those found for 320L35M4N. Similarly, 2 comparison of the tensile properties of

30 320L57M4N demonstrates they are bettef than that specified for 22 Cr Duplex Stainless
Steel and similar to those specified for 25 Cr Super Duplex Stainiess Steel, just like the

320L35MA4N,



WO 2012/161661PCT/562012/000183 35 Nickel (Ni) The Nickel content of the 326L35M4N stainless
steel is ? 19.00 wt % Ni and 5. 23.00 wt % Ni. Preferably, the upper limit of Ni of the alloy is 5. 22.00
wt % Ni and rl) f ra Iy 5 21.00 wt % Ni. Molybdenum (Mo) The Mol %(}%Q# @31"& nt of the
326L35M4N s aln ess steel alloy is ? 3.00 wt % Mo and 5 5.00 wt % Mo, but preterably ? 4.00 wt %
Mo. 10Nitrogen (N) The Nitrogen content of the 326L35M4N Stainless steel is 5 0.70 wt % N, but
preferably ? 0.40 wt % N and 5 0.70 wt % N. More prg?erably, the 326L35M4N has ? 0.40 wt % N and
50.60 wt % N and even more preferably ? 0.45 wt % N and 50.55 wt % N. 15PREN The PITTING
RESISTANCE EQUIVALENT is calculated using the formulae: PREN = % Cr + (3.3x % Mo) + (16 X %

N). The 326L35M4N stalnl Ss ste Ihas been specifically for have the f IIOW|n mposmon:
20i) Chromlumqf:vcl)nten? ‘30\5\3/? E§g2 Ow?gﬁfh ng%&?lgpre eraaltffy L§555%%1 ‘% r; i)

Molybdenum cémternt® $@@m@/wmo mddc‘éa OBVt Bic ks sérut thrafeeablye? 4. GRnifi G iVigeight i)

Nitrogen content, .70t % Ml BERCANNZ.0AQWLYN AR50 10 W N Srradmare

preferably ? O. /0 N an Wt % N and even more preferably 5wt % N and 5 0.55 wt %
N. With a High gialess Nitrbsganh #re 3861333034 N K873 ees %?cé%%éh%%%tamEmwﬁtw&eferably

PREN ? 47. Thig gosuresloating Ay Bas 21006 IeSISIRD G/ ARARNATALEOE QI stresses for

the wrought 320L57M4N stainless steel are higher than for 22 Cr Duplex Stainless Steels and

-similar to 25 Cr Super Duplex Stainless Steels.

10 For certain appEic_ations, other variants: of the 3200L57M4N stainless steel have been
purposely formulated t0 be manufactured containing specific levels of other alloying
elements such as Copper, Tungsten and Vanadium. it has been determined that the
optimum chemical composition range of the other variants of the 320L57M4N stainless
steel is selective and the compositions of Copper and Vanadium are the same as those of

15 320L35M4N and those of 304LM4N. tn other words, the passages relating to these elements
for 304LM4N are also applicable here for 3201L.57M4N

Tungsten (W),

The Tungsten content of the 320L57M4N stainless steél is similar to those of the

20 320L35M4N and the PITTING RES!STANCE EQUIVALENT, PREnw, of 320L57M4N calculated
usihg the same formulae as menticned above for 320L35M4N is PREyw 2 47, and preferably
PREnw 2 52, due to the different Molybdenlum content. it should be apparent that the
pa'ssage refating to the use and effects of Tungsten for 320L35M4N is ziso applicable for
320L57M4N. | |

25 .
Further, the 320L57M4N may have higher‘ levels of Carbon referred to as 320H57M4N or
32057M4N which correspond respectively to 320H35M4N and 32035M4N discussed earlier
and the Carbon wt % ranges discussed earlier are also applicable for 320H57MAN and
32057M4N.

30



30 and localised corrosion (Pitting Corrosion and Crevice Corrosion) in a wide range of process
environments. The 326L35M4N stainless steel also has improved resistance to stress corrosion
cracking in Chlaride containing environments when compared to conventional WO
2012/161661PCTI5EH515/000183 86 austenitic stainless steels such as UNS 551105 87d UNS
531753. It should be emphasised that these equations ignore the effects of microstructural factors on
the breakdown of passivity by pitting or crevice corrodibn 5The chemical composition of the
326L35M4N stainless steel is optimised at the melting stage to ensure that the ratio of the [Cr]
equivalent dividegHnihe [N eauiyalent, raesriding 191 achoefars, isin the range >0.40 and < 1.05, but
preferably >0.45 and < 0.95, in order to primarily obtain an_austenitic microstructure in the base
material after soflMSHTRES PEaTFREITt S BerBtRed RPiRE tarfie tidy diy 208 ted’c
followed by wateoiDveesehilgs Tieelnierartivtiewiithevbas e anatgraifis tihef sotutivadheabreated
condition, along,uith as;uelded weld metal andihoat affected zane of weldments, s gontrolied by
optimising the balance between austentte orming elements an err‘iteq‘%rmlng eletents to primarily
ensure that thevdllo mdustéhitic “Theatloyetanbihsre i viienianufaditPed #nd=upp et iwttbe
Non-Magnetic ‘EPQLWEPé?e:Ja@lJ bg 3#ALBRM4AN stainless steel also has principally Fe as the remainder
and may also contain very small amounts of other elements such as Boron, Cerium, Aluminium,
Calcium and/or Magri@silltsth pelietnttife Byanemhstamisatevesnopeswons of thegeresemenss are the
same as those of 304 iEnether WassavilierPRssagrs: telaling {Rtheseglemenisia2G3Q4LMAN

are also applicable here. The 326L35M4N stainless steel according to the ninth embodiment

possesses minimum Vi@R“SERIRTIF 5HKEG6F 380 ipstrdRefeRvang R Tetern. More preferably,

minimum jdeld strengthuaf GRiksh o0 430:MRaamayThe achieved fok therwvangdpswrsion.if Baigast 25
version possesses minimum}/ield streg%:{% f 41 ksi or 280 MPa. More preferably, minimum vyield

strength of 48 ksi or 330 NP AL 5 YoV {ReCLHS Yiion. Based on the preferred values, a
comparison of the wroiigh¢mmechanicalestiiengih praierite s fithavBRAMNB5MANEBtanRES/staehs with
those of UNS S31703, sugge hat the minimum vield strength of the. 326L. 35M4N Stainless steel
might be 2.1 fmes NIRRT ey UK T08 SR Rl B dAon of the
wrought mechanical $tvefhygthrpropérties’oithen 3261 86 MUNCstaiim|éskvatée Nwithxtiepe il &N 8: 531753,
suggests {hat the minjmum,yisld ﬁF&BMQ&LH&%@MQMw%@&'@?S steel might be 1.79 times higher

than that specified for WO 2012/161661PCT/SG2012/000183 87
{iti} In addition, other variants of the alloy may also be manufactured to contain

Niohium plus Tantalum stabilised, 320H57M4NNDBTa or 32057MA4NNGTa versions
where the Niobium plus Tantalum content is controlled according to-the following
formulae: '
20 Nb+Ta 8 X Cmin, 2.0 wt % Nb +Ta max, 0.10 wt % Ta max, or Nb+Ta 10x € min,
 1.0wt%Nb+Ta max, 0.10 wt % Ta max. _ |

Titanix}m stabilised, Niobium stabilised and Niobium:pius Tantalum stabilised variants of the .

zlloy may be given a stabilisation heat treatment at 2 temperature lower than the initial
25 solution heal treatment temperature, Titanium and/or Nipbium and/or Niobium plus

Tantalum may be added individually or in conjunction with Copper, Tungsten and Vanadium

in all the various combinations of these elements to optimise the alloy for certain

applications where higher Carbon contents are desirable. These alloying elements may be

utilised individuélw or in all the various combinations of the etements to tailor the stainless
30 steél for specific applications and to further improve the overall corrosion performance of

the Alioy.



UNS 531753. Likewise, a comparison of the wrought mechanical strength properties of the
326L35M4N stainless steel, with those of UNS 532615, suggests that the minimum yield strength of
the 326L35M4N stainlgss,steel might be 1.95 times higher than that specified Qi N me32615. 5 The
326L35M4N stainless steel according to the ninth embodiment possesses a minimum tensile strength
of 102 ksi or 700-MPa for the wrought version. More %referably a minimum tensile strength of 109 ksi
or 750 MPa may be achieved for the wrought version. “The cast version possesses a minimum tensile
strength of 95 ksi or 650 MPa. More preferably a 10 minimum tensile strength of 102 ksi or 700 MPa
may be achieve:fortietcasid/essiorerBasedf ahd B2 prefortadsiahies, seebripagisoth ahthethmought
mechanical strear}gitrg]I Joar'(,)&peertgersalpfSBhei%%§Laq5M4ry stairplerss ?\;I]%ela r\ﬁ\!/itpemgés& oénl%NS 531703,
suggests that the minimum tenshie t?engtrh of the 3251 3BMAN Stainfess steefnmlgsht be more than 1.45
times higher than that specified for UNS 531703. Similarly, a comparison of the wrought mechanical
strength 15 progefies REH0G: 326baM N, BfRinlass iRl R NOSE ALINS S IoeloSHaRER(S that the
minimum tensile strength of the 326L35M4N stainless steel might be 1.36 times higher than that .
specified f&r UNS $ZE763010. i[kikise 2 aieBnspaiessnest #iéhriBiRitmechanical strength properties of
the 326L35M4N stainless steel, with those of UNS S32615, suggests that the minimum tensile
strength of the 326L35M4N Stainless steel might be 1.36 times higher than 20 that specified for UNS
532615. Indeeéa;%?‘t?\WPHught mechanical strength properties of the 326L35M4N stainless steel, are

compared withtiosesoftha R 2igh Duwplex StanlerssGiarkstees: ikipaynhe demaeoniratedihatithe
minimum tensile strength of the 326L35M4N. stain steel is in the region. of 1.2 times higher than
it speciion (A d P TR AL B R 28 G LU U AP S o e S g
Thereforeithe rekfiraws Spechiani cakb2SgstreddgthAktpe ties iafetha 32603 SdA4bifstainiess steel have

been significantly impraved, ompa d,%gwc n f@tigo E}l austenitic stainless steels such as UNS 531703,
UNS 531753 and U &“32%01%%5?% te?ls)sTl\é st’ée)r:g h properties are better than that specified for 22

Cr Duplex Staiﬁﬂ@s@i@t@_@ﬂéﬁ@@imﬁw tieehbse tﬁ?@cfﬁ@ﬂ‘f@tﬁﬁst@lﬂfs@&iérﬂmﬁ@éﬁ Staibkaso Srdel.
30This means (hat ADPRICANORS JASING - WERUAH é?c@kéﬁ'\é’ﬁé}hﬁﬁﬂ@%@ﬁ@s{%@%@%ﬁﬁ&b@“y

designed with reduced wall thicknesses, thus, leading to significant weight savings -when specifying
326L35M4N styfifieslisteartoftpardesiteshvEtiBHE alusshilrealgey corrosion. The chemical

2012/161661P(HS6GRRAZPIA B BB aIAINesISeale AR IBS NRDFE A3 m3L 1R3ANIRIA615

because the minimum allowable design stresses are significantly higher. In fact, the minimum
allowable desigReSHeRa8a'YsF the Bt @Q%E‘%M&I(Pi?&iﬁI@ngs%%’f’&g’?ﬁg%gp o b7 55°cr Duplex
Stainless Steels@odvsimiands 8910 mbuenkiyplex BiadniessSteetswd % ar cestesnnapplicatans, other

varians of the 3261, 35MAN stalnless ieel gy been puRpsely formulated o be anufactured |
containing specific [evels ot other alloying elements such as ‘Copper, Tungsten and Vanadium. It has

been determined that the optimum chemical composition range of the other variants of the

326'-35'\"#\' St‘ﬂj]”'s‘?g%gsv?&ﬁeét%% gslse&té\é?a?s%dcm?ag%rgRQ&EQU%eOf ?%R?%%R%Q(%ﬂ@%‘é‘fa%e the
same as those of 364LMA4N. In Other words, passages relating to these elements for 304LMAN are
also applicablecfot320er35MaNITamgstE At iRy e/ e BTN TUshgsteAlomént ofah & 3081t 36M4NeStainless

steel is 5 _2'00 WES/@_W@PHWE%T%@PW& Ca max and/or 0.01 wt % Mg max and other impurities which

are normally present in residus! levels.

25 The chemica} composition of the 326L35M4N stainless steel is optimised at the melting
stage to primarily ensure an Austenitic microstructure in the base material after solution
heat treatment typically performed in the range 1100 deg C — 1250 deg C followed by water

" gquenching. The microstructure of the base material in the solution heat treated condition,
along with as-welded weld metal and heat affected zone of weldments, is controlled by

30  optimising the balance between austenite forming eiements and Ferrite forming elements
to primarily ensure that the alioy is austenitic. As a result, the 326L35M4N stainless steel

- exhibits 2 unigue combination of high strength and ductiiity at ambient temperatures, while



0.50 wt % W and 5 1.00 wt % W, and more preferably ? 0.75 wt % W. For 326L35M4N stainless steel
variants containing Tungsten, the PITTING RESISTANCE EQUIVALENT is calculated using the
formulae: PRENw = % Cr + [3.3 X % (Mo + W)] + (16 x N). 20This Tungsten containin(% variant of the

326L35M4N Y3iAIEY4°LEEEI has been specifically formulated to have the followi %2%10%16)5§3|'ti0n: (1)
Chromium content ? 24.00 wt % Cr and 526.00 wt % Cr, but preferably ? 25.00 wt % Cr; (i)

Molybdenum content ? 3.00 wt % Mo and 5 5.00 wt %Mo, but preferably ?. 4.00 25wt % Mo; (iii)
Nitrogen content 5 0.70 wt % N, but preferably ?. 0.40 wt % N and 5 0.70 wt % N and more preferably

?. 0.40 wt % Na@mgkS R0 "0ubk AReeRn-MAIEIRERDLY 2-ibthNE U DHADEED s fiSRyetdN; and
(iv) Tungsten content 5 2.00 wt % W, but preferably 0.50 wt % W and 5 1.00 wt % 30Wand more

preferably ?. 0% BREG{ ¥4 RE: s T 91 BEEEERRT RAEDE1ZRIDBIB LB e OGN GiEFng

variant of the 326435 WyiNistniblessisiee! s a highspeaifieddiovalf Nitrogen andrasRRREMey ? 44, but
preferably PRENw? 49. It should be emphasised that these equations igCnEoredthe eff,ectzpof_
microstructural A&t adﬁotshgsbarégﬁa‘d\%fﬁs‘c@f]ﬁea§gi\3ﬁ9%§]/l ;ﬁ?{irr? o éngigeaé%rrocscigﬁ.s'% g‘s ¢ may be
added indiwiduadly widn aahjuadtonowitkidn) Goppete Mapadiyncditamivimranshior NieBRLAIBSMdror
Niobium plus Tantalum in !l ine various sompinatiens of these slements, ta fisther imprgys,the overal
corrosion performance of the aﬂoy.s'l'ungsten IS extremely cosﬁy and therefore Is Being purposely
limited to optinwseatmng comorniveref tHemtiopparnidattherirne furteoiibisingstrdadisctililyas
toughness and gareasinn pesfornanceof the alloy. 10 Carbon (C) For certain applications, other
variants of the 326L35M4N stainless steel are desirable, which have been specifically formulated to be
manufactured comprising higher levels of Carbon. Specifically, the Carbon content of the 320L35M4N

stainless geel imay Beer? SfMPides WaPere 8RGhT-10hi%a Colpbariserahly oStk Rgnor >0.030
wt % C and .5 0.08 wt % C, but preferably < 0.040 wt % C. These specific variants of the

3261351V 14N REi5ResSteRb&F afy $Hid 3 3618881 ARI 5P 3R S5 HREN ULPeiBR sRespErigtarents in

percentage by weight as follows, based on the ninth embodiment,

Carbo'h ()

15 The Carbon content of the 326L35M4N stainiess steel is € 0D.030 wt % C maximum.
Preferably, the amount of Carbon should be = 0.020 wt % C and < ¢.030 wt % C end more
preferably € 0.025 wt % C.

Mznganese (Mn)

ﬁD The 326L35M4N stainless steel of the ninth embodiment may come in two variations: low

Manganese or high Manganese.

for the low Manganese alloys, the Manganese content of the 326L35M4N Stainless steel is
5 2.0 wt % Mn. Preferably, the range is > 1.0 wt % Mn and £ 2.0 wi % Mn and more

25 preferably 2 1.20 wt % Mn and £ 1.50 wt % Mn. With such compositions, this achieves an
optimum Mn to N ratio of £ 5.0, and preferably 2 1.42 and £ 5.0. More preferably, the ratio
is 2 1.42 and 5 3.75. |

_For high Manganese alioys, the Manganese content of the 326L35M4N is 5 4.0 wt % Mn.
30 Preferably, the Manganese content is 2 2.0 wt % Mn and £ 4.0 wt % Mn and more
preferably, the upper fimit is £ 3.0 wt % Mn. Even more preferably, the upper fimit is £ 2.50 |

wt % Mn. With such selective ranges, this achieves a Mn to'N ratio of £ 10.0, and preferably =~



Titanium (Ti) / Niobium (Nb) / Niobium (Nb) plus Tantalum (Ta) 20Furthermore, for certain
applications, other stabilised variants of the 326H35M4N or 32635M4N stainless steel are desirable,
which have n ifically formulated to be manufactured comprising hj ‘lgl f. Carbon.
Specifically,%ﬁg %Z\%E@éﬁcr%ay be ? 0.040 wt % C and < 0.10 wt % C, but pr%)ﬁe}% |§%ﬁo®dégo wt % C or >
0.030 wt % C and 5 0.08 wt % C, but preferably <O.Mé1{) wt % C. 25(i) These include the Titanium
stabilised versions which are referred to as 326H35M4NTi or 32635M4NTi to contrast with the generic
326L35M4N versions. The Titanium content is controlled according to the following formulae: Ti 4 x C
min, 0.70 wt % TRishands TOH MR mpre20iwtbe Vimialreasfseistivesy, e ogdesseoaiaveisThambam
stabilised derivativ the,allay. 30(ii) re gl  Niobi ilised, or
32635M4NNb ?/{édrs$ c? r'lgséw g%%ﬁﬁh%%b%ﬁ%%ﬁg n?’égc%)nngtr'é Iﬁ%%ﬁzﬁ?ﬁ fgjgt(t?(é}thiﬁeg %?I%\%%\%%g% mulae:
WO 2012/161862RCT/SG2012/000183 90 Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt %
Nb max respectively, in order to have Niobium stabilised derivatives of the alloy. (iii) In addition, other
variants of the Alloy may also be manufactured to contain Niobium plus Tantalum stabilised,
326H35M4NNBIERIesEdBEMANNDTa versions Swhere the Niobium plus Tantalum content is
controlled accatgingdeHaefolomadng Jormai e biaan aBnet sdal §.eomtdtelltnbd & ormEe, ©0: 20 wt % Ta
max, or Nb + Ta 10 x C min, 1.0 wt % Nb + Ta max, 0.10 wt %Ta max. 10Titaniu bilj , Niobium
Stabiised and BRI AAEAGH IRRERH S S fane mors orereebly 48 SHBRSER:

Even more preferably, the alloy has £ 0.015 wt % P and even further more preferably <
0.010 wt % P,
10

Sulphur (S) _
The Sulphur content of the 326L.35M4N stainless steel of the ninth embodiment includes <
0.010 wt % S. Preferably, the 326L35M4N has < 0.005 wt % S and more preferably < 0.003
wt % S, and even more preferably < 0.001 wt % S.

15

| Oxveen (D)

' The Oxygen content of the 326L35M4N stainless steel is controlled to be as low as possibie
and in the ninth embodiment, the 326L35M4N has < 0.070 wt % O. Preferably, the
325L3SM4N has < 0.050 wt % O and more preferably £ 0.030 wt % O. Even more preferably,

20 the alioy has £ 0.010 wt % C and even further more preferably < 0.005 wt % O.

The Silicon content of the 326L35M4N stainless steel is £ 0.75 wt % Si. Preferab!y, the alloy
has = 0.25 wt % Si and < 0.75 wt % Si. More preferably, the range is 2 0.40 wt % Siand £ 0.60
25wt % Si. However, for specific higher temperature applic'a'ti“c)hs where improved oxidation

resistance is required, the Silicon content may be = 0.75 wt % Si and < 2.00 wt % Si.

Chromium (Cr} |
The Chromium content of the 326L35M4N Stainless steel is 2 24.00 wt % Cr and < 26.00 wt

30 % Cr. Preferably, the alioy has 2 25.00 wt % Cr.



alloy may be given a stabilisation heat treatment at a temperature lower than the initial solution heat
treatment temperature. Titanium and/or Niobium and/or Niobium plus Tantalum may be added
individually qt.in junction with Copper, Tungsten and Vanadium in all tfl,& rl inations of
these eleme%y\]é51 tzégc%télrlﬁ%e the Alloy for certain 15 applications where hig e¥%§§rti)%ﬁ8é2%tents are
desirable. These alloying elements may be utilised individually or in all the various combinations of the
elements to tailor the stainless steel for specific appliggtions and to further improve the overall
corrosion performance of the alloy. 20The wrought and cast versions of the 326L35M4N Stainless
steel along withiirel gther variants are generally supplied in the same manner as the earlier '
embodiments. Eurther, there is o) further variation a riate ferred to as 3261 57M4N
righ strength ALK SR et At AL IER: SRR o B th AT AR O
326L57MA4N stanieflessigtaed vistraliynhas Mefsamaichemizalocom politon as@326085MKN 2teiiless steel
with the excep'{'id(%l;% i.the Molybdenum content. Thus, instead of repeating the various chemical
compositions, only the difference is described. [3261.57M4N] 30As mentioned above, the 326L57M4N
has exactly the same wt % Carbon, Manganese, Phosphorus, Sulphur, Oxygen, Silicon, Chromium,
Nickel and Nitrggea &aignkas the ninth embodiment, 326L35M4N stainless steel, except the
Molybdenum content. In the WO 2012/161661PCT/SG2012/000183 91 326L35M4N, the Molybdenum
content is betwderiVPEbrRA w5 £RBtSNDONHI A ME S PY AtpiREstHEeDB oY VRSt ihie d4ostBels |
Molybdenum coptent s\asiwaaitaihwt %oanc %bwt % Mo. In other words, the 326L57M4N may be
regarded as a higher Molybdenum version of the 326L35M4N stainless steel. S It should be
appreciated that the passages relating to 326L35M4N are also applicable here, except the
Molybdeniim cpnitesdn Molybdenum (Mo) 10 The Molybdenum content of the 326L57M4N stainless
steel may be 5,00 wt % Mo and 5 7.00 wt % t preferably 6.0 % and 5 7.00 wt % Mo,
i more prefd Ty R TICOE KT A SE e MBI i e B AR MAN has
a maximum of 400t Mo, < 0.70 wt % N. More preferably, the 326L35M4N has > 0.40 wt % N and <

0.60 wt % N and even more preferably 2 0.45 wt % N and £ 0.55 wt % N.

15 PREy |
The PITTING RESISTANCE EQUIVALENT is calculated using the formulae:
PREy =% Cr+ {3.3x % Mo) + (16 x % NJ.
The 326L35M4N stainiess steel has been specifically formulated to have the following
composition: - o -
20 i) Chromium content 2 24.00 wt % Cr and £ 26.00 wt % Cr, but preferably 2 25.00 wt
% Cr;
i} Molybdenum content 2 3.00 wt % Mo and £ 5.00 wt % Mo, but preferably > 4.00
wt % Mo; | |
iil} Nitrogen content £ 0.70 wt % N, but preferably 2040 wt % Nand £ 0.70 wt % N
25 and more preferably 2 0.40 wt % N and < 0.60 wt % N and even more preferably 2
045wt % Nand £ 0.55 wt % N.

With a high level of Nitrogen, the 326L35M4N ‘stainEess steel achieves & PREy = 42, but
preferably PREy 2 47. This ensures that the alloy has a good resistance to general corrosion
30 and E.ocalised corrosion {Pitting Corrosion and Crevice Corrosibn) in a wide range of process
environments. The 326L35M4N stainless steel also has improved resistance to stress

eorrosion cracking in Chloride containing environments when compared to conventional



.15PREN The PITTING RESISTANCE EQUIVALENT for the 326L57MA4N is calculated using the same
formulae as 326L35M4N but because of the Molybdenum content, the PREN is .? 48.5, but preferably
PREN 53.5. {isARnakies that the material also has a good resistance to geRetahepiiasien and
localised corrosion (Pitting Corrosion and Crevice Corrosion) in a wide range 20 of process
environments. The 326L57M4N stainless steel also hgs improved resistance to stress corrosion
cracking in Chloride containing environments' when compared to conventional Austenitic Stainless
Steels such as UNS 531703 and UNS 531753. It should be emphasised that these equations ignore
the effects of MHSEBIFGHFIRIEFAGISRS G Ah &S RIRRVIRR ol BT DittimpBidcheiewkesitedion 25
The chemical cRgaRAsition, Hfibe 3282 VA NrstainigsaisieglisoRlimisse ahtheamelingosiags to
ensure that the ratio of the [Cr] equivalent divided by the [Ni] equivalent, according to Schoefer6, is in
the range > 0.495aNEYLARIBINB T PrRERBCS' 845 and < 0.95, in order to primarily obtain an austenitic
microstructure in the base material after solution heat 30 treatment typically performed in the range
1100 deg C - 1250 d%%C followed b W@tﬁr %uenchir%%. The micrqstljructure of the ba]ge m%t,erial in the
solution heat tre%téls 'ﬁ%hﬁSH‘P&FngXv& A §s neritd Weitr Eta I Sl ReRP TSl S3h&'6F ieldments,
is controlled bytagQRakRf 2 61664 LC TSGR IDONNGE02d0 M ising diidkalance heineetingustenite

forming elements. and feerite. forming el ts to primayily ensure that the allpy is austenitic, The alloy
can therefore gg%n%a%elf?éétﬁr'g% gnaggﬁggﬁgg in fﬁg_{h%ng-ﬁggﬁg{ﬁ: Igo>n%ilﬂn%an?c§gi?{sg%h'g §£§[§%M4N
embodiment, terG2BY SN astai nistitceicedststimeaiing @ﬁnbﬁgallm#eriaé tfiereniaiivdehemd may
also contain vepysmalt ARRUMNS,efothel %em@%%gélibo@%@fg@ﬂ, 8614y AlSMIRILHT, Calclim and/or

Magnesium in percentage by weight and the compasitions of these elements are the same as those of
326L35MIN, aftteiRtigstHbe e S kme theThrsesrgissiaMa ke i Reekirsripm aeiiiion,

embodiment hag,g MiRIMEYMriR sHiaNgE:RRFARINIRYR:tERsIe streRgh-pempaiahlee sipilar to
those of 326L35M4N stainless steel. Likewise, the strength properties of the wrought and cast

versions of the®83BI SRR ERICH 05 WEATAHSIB EdAHBISE Yrm S 28 S8iare itk BReaFdtific

strength values@ta motekbure pratesk ity andiseietenchds lbpdententherearbempiassagefofand

326L35M4N. A comggarisp}n { Ftﬁr'l\g wroLijcgg(]}t gjechanical strength properties between 326L57M4N and
itic

those of conveﬁi’i’&t{ gu%% f’girﬁ%ss snte’gf)[‘JNS 531703, and between 326L57M4N and those of

UNS S31753/UNS 532615, suggests stronger yield and tensile strengths of the magnitude similar to
those found for, 3261 S5MAN, Sigylaty. A someafison ol b ensie sienain,20.properles of.

326L57M4N demonstrates that they are better than that specified for uplex Stainless Steel and
similar to thosegpeiifiety for2i5 OpSuper BuplaeSeiiicse Sebdrins Cikath&18a6188MZMIUThis means

that applications, ysing:fae.uianahs 326k 2/MAN.siainless sieelomay:ReA5drequenty desioned with

reduced wall thicknesses, thus, leading to significant weight savings when specifying 326L57M4N
Stainless steelBBATTHr a8 e RN HIHHEA - At SHBRITKOSHAIATERAE18%IS SR AL NS SBIT0SS 851753 and
532615 beggaussihesniimunaloviahiagesign stresses are significantly higher. In fact, the minimum
allowable design stresses for the wrought 326L57M4N stainless steel are higher than for 22 Cr Duplex
Stainless Steels and 30similar to 25 Cr Super Duplex Stainless Steels.

The 3261L35M4N stainless steel according to the ninth embodiment possasses minimum

yield strength of 55 ksi or 380 MPa for the wrought version. More preferably, minimum
yield strength of 62 ksi or 430 MPa may be achieved for the wrought version. The cast
25 version possesses minimum vyield strength of 41 ksi or 280 MPa. Moré preferably, minimum
yield strength of 48 ksi or 330 MPg may be achieved for the cast version. Based on the
preferred vaiues, a comparison of the wrought mechanical strength properties of the
326L3A5M4N stainiess steel, with those of UNS $31703, suggests that the minimum vield
Etrength of the 326L35M4N Staintess steel might be 2.1 times higher than that specified for
30 UNS 531703. Similarly, a comparison of the wrought mechanical strength properties of the
326L35M4N stainless steel, witﬁ those of UNS 531753, suggests that the minimum vyield
strength of the 326L35M4N stainiess steel might be 1.79 times higher than that specified for



WO 2012/161661PCT/SG2012/000183 93 For certain applications, other variants of the 326L57M4N
stainless steel, have been purposely formulated to be manufactured containing specific levels of other
alloying elements such as Copper, Tungsten and Vanadium. It has been deter éned that the optimum
chemical corr%%szﬂlgﬁﬁrlgﬁlge of the other variants of the 326L57M4N stainlésa 5 &8¢l i stlective and
the compositions of Copper and Vanadium are the same as those of 326L35M4N and those of
304LM4N. In other words, the passages relating to thB&e elements for 304LM4N are also applicable
here for 326L57M4N Tungsten (W) 10The Tungsten content of the 326L57M4N stainless steel is

similar to thosenfstber 320 LxkeM4d\ ApshipeRIA bz BioathT AMGERIEQIHMBHEINIpARE i Of
326L57M4N calculated usingﬁéhe same formulae as mentioned above for 326L.35M4N is PRENw 50.5,
and preferably PRERM B BIUES ©5fHe WietarenbiyNaedah woesst it BRbila BE Lppar&iithat the
passage relatingréagihetise aml effectssofifidngstenmiphBa6 L35 Mk isiglsotisapplicakiaffed for
326L57M4N. FHﬁpg&igEg 326L57M4N may have higher levels of Carbon referred to as 326H57M4N or
32657M4N which correspond respectively to 326H35M4N and 32635M4N discussed earlier and the
Carbon wt®6 ranges discussed earlier are also applicable for 326H57M4N and 2032657M4N. Titanium

(Ti) / Niobium (NR) HiobiymnNa) plus Jé’é?%l%‘r‘d(?ﬁlio '%Hétlnﬁm‘QR’?nlJ%‘é%'étﬁ&é%lCﬂ%%&Wer

stabilised variants .of the 326H57M4N or 32657M4N stainless steel are desirable, which have been
specifically forrRidiReaEe oSHalkt fRCIoeM tolrpiisiMgavigherrsigaldist CefitierbBFarifitaly the

amount of CarbeRmeayded- 9t Sowkebde RROVIE: hoWh &% &iddel RERHRRRS 20 QeRivA. %nE QE>0.030
wt % C and 0.08 wt % C, but preferably <0.040 wt % C. i) These include the Titanium stabilised

versions which“4ra GeRATEIRS sEDBRIST MAIRIE BFesgl59 | & &AtMBe witA e gisriic @
326L57M4N Theslitaaiimn cosient 48 nonkiplierhacaesding te thpdodowingdesnulagon. Based

on the preferred'va!ues, a comparison of the wrought mechanical strength properties of the
326135M4N staintess steel, with those of UNS 531703, suggests that the minimum tensile
strength of the 326L35M4N stainless steel might be more than 1.45 times higher than that
specifisd for UNS §31703. 'Simiiariy, a comparison of the wrought mechanical strength
15 properties of the 326L35M4N Staintess steel, with those of UNS $31753, suggests that the
minimum tensije strength' of the 326L35M4N stainless steel might be 1.36 times higher than
" that specified for UNS 531753. Likewise, a comparison of the wrought mechanical strength
properties of the 326L35M4N stainless steel, with those of UNS 532615, suggests that the
minimum tensile strength of the 326L35M4N Stainless steel might be 1.36 times higher than
20 that specified for UNS 532615, Indeed, if the wrought mechanical strength properties of the
326L.35M4N stainless steel, are compared with thbse of the 22 Cr Duplex Stainless Stesl,
then it may be demonstrated that the minimum tensile strength of the 326135M4N
stainiess'steel-is in the region of 1.2 times higher than that specified for S31803 and similar
to that specified for 25 Cr Super Duplex Stainless Stesl. Therefore, the minimum mechanical

25 strength properties of the 326L35M4N stainless steel have been significantly improved
compared 1o conventional austenitic stainless steels such as UNS $31703, UNS 31753 and
UNS 532615 and the tensile sirength properties are better than that specified for 22 Cr

Duplex Stainless Steel and similar to those specified for 25 Cr Super Duplex Staintess Steel,

30 This means that applications using the wrought. 326[35M4N stainless steel may be
frequently designed with reduced wall thicknesses, thus, leading to significant weight

savings -when specifying - 326L35M4N “stainless steel compared to conventional austenitic



.Ti4x C min, 0.70 wt % Ti max or Ti 5 x C min, 0.70 wt % Ti max respectively, in order to have
Titanium stabilised derivatives of the alloy. WO 2012/161661PCT/SG2012/000183 94 (ii) There are
also the Niokgystahilised, 326H57M4NND or 32657M4NNb versions whegepthg:NioRipigscontent is
controlled according to the following formulae: Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0
wt % Nb max respectively, in order to have Niobium sfabilised derivatives of the alloy. 5(iii) In addition,
other variants of the alloy may also be manufactured to contain Niobium plus Tantalum stabilised,
326H57M4NNDbTa or 32657M4NNDbTa versions where the Niobium plus Tantalum content is controlled
according to th&FdlRsviectopHlilae UND SSEA08. x BHA 20 DR GAe NI R UFe Hat o marna lvFllenax, or

Nb + Ta 10 x Cymigh LQ4%NghiFaRienidhd0 iwtde Tadas milaniis siabilises, Miohium stabilised
and Niobium plus Tantalum stabilised variants of the Alloy may be glven a stabilisation heat treatment

at a temperatufBasFREIH 7t bt e BlGaoTTasb aterFishien Srrnden pe fatbraterksainlass atd/d f Miobium

and/or Niobiumiplis 152 antalpen tnaibaaddeddadividually or in conjunction with Copper, Tungsten
and Vanadium in all the various combinations of these elements to optimise the alloy for certain

application% where higher Carbon contents are desirable. These alloying elements may be utilised
individually or iroallcthaivasiouzcambinaiiongabite eletnerisacgiaily theistanlessl steet foespecific

applications and to furth$r %'%\ée ttg\ overall fcorros'on erformance_ of %Qtpse ‘%Ilgyﬁe'phs wrought and

cast versions of the. SﬁVGL{g Stainless stee %f orﬁg Wi %{ﬁien%tﬁ%?c\'}cgrlanfs, are generawrgﬁlpplied in

the same manmarasthewhrlisr €mnbodimesstsP 5Rdinhkerdinerelis o pesedietéintined vididatibn

appropriately refgred 10,a5.351 L3aMAN IR s descrptiaR. MUGEHS 3P flevepiaamRodiment of the
invention. [351L35M4N1 The 351L35M4N stainless steel has a high level of Nitrogen and a specified

Pitting Refstantes!3DELRM eertdchP RENSATBRE péfenreds P mREREILADTFHEPSAY R EBSEaPice

Equivalent as 3paiman. 1n other words, passages relating to these elements for 304LM4N are also
applicable for 326L35M4N,

'{ungsteh (W)

15 The Tungsten content of the 326L35M4N stainless steel is £ 2,00 wt % W, but preferably >
0.50 wt % W and < 1.00 wt % W, and more preferably 2 0.75 wt % W. For 326L35M4N
stainless steel variants containing Tungsten, the PITTING RESISTANCE EQUIVALENT is
calculated using the formulae: _

PREqw = % Cr + [3.3 x % (Mo + W)] + (16 x % N).

20 This Tungsten containing variant of the 326L35M4N stainiess siee! has been specifically
formutated to have the following composition:
| (i) Chromium content 2 24.00 wt % Cr and £ 26.00 wt % Cr, but preferably 2 25.00 wt

% Cr;
(i} Molybdenum content = 3.00 wi % Mo and £ 5.00 wt % Mo, but preferably 2 4.00

25 wt % Mo,

{iif) Nitrogen content £ 0.70 wt % N, but preferably 2 0.40 wt % Nand < 0.70 wt % N
and more preferably = 0.40 wt % N and < 0.60 wt % N and even more preferably 2
045wt % Nand £ 0.55 wi % N; and .

{iv) '{ungéten content £ 2.00 wt % W, but preferably 2 0.50 wt % W and £ 1.00 wt %

30 Wand more preferably 2 0.75 wt % W,



designated by PREN is calculated according to the formulae: PREN =% Cr + (3.3 x % Mo) + (16 x %
N). W02012/161661PCT/SG2012/000183 95 The 351L35M4N stainless steel has been formulated to
possess a unique combination of high mechanical strength properties Wit% %l g ility and
toughness, é%qﬁéﬂ\’ﬁﬂ?ﬂ‘géd.weldability and good resistance to general an %zg é@ ﬁ3:!]:)§rltrécl‘f'sion. The
chemical composition of the 351L.35M4N stainless steel is selective and characterised by an alloy of 5
chemical analysis in percentage by weight as follows?%.030 wt % C max, 2.00 wt % Mn max, 0.030 wt
% P max, 0.010 wt % S max, 0.75 wt % Si max, 26.00 wt % Cr -28.00 wt % Cr, 21.00 wt % Ni -25.00
wt % Ni, 3.00 Wit 4 Vs e QO 0 Mari S Bt o D - M@ It Nss T Bk L3t estadalessisteel also

contains principally Fe as the remainder and may also 10 contain very small amounts of other

elements suchChAY By esen andon Bhmax 24; PBRH@J@@B‘HSE?V@?@O'ﬁﬁ"%‘ﬁf’ﬁ%@?%‘i%’%’t Yhax and/or

0.01 wt % Mg maxtrind Rihes mpurities whishraseneirmptbepresentis wesiddallevelsastieychemical
composition of the 351L35M4N stainless steel is 0

g \ ' timised at the melting 15 stage to primatily ensure
an Austenitic RIEB&R ERA T B8 WAEAL) 'Et%élb goﬁf?ﬁ%% ng tr’eazl!:‘tgrrc{ér'f'f t§/c|§l|’ l‘g\f)tlp%%r%{rhmed in
the range 410Q sleg:C vah28QrdegiEnfotowet dyNicterqusdachingotive micr dstmidturerofththbase
material in the solution heat treated condition, along with as-weld d met h cted zone
of weldments, {&"Controte 'Baifigrfﬁirﬁfsiﬁhge Stﬁeeé%?aeﬁ%é ggtvﬁ%ﬁ%uﬁ%&% fﬁ?n%‘é%g%m&ﬂé%%d Ferrite
forming elemenesf@Ortanpriniafity alogulentritthie AtfosnishAgstnitied Akeeetersult, MRIBSBBIPDSNIAN
stainless steel exhibits a ynigue gambination ofshigh signahiand dvetilityatiambismhisrperatures,
while at the same time guarantees excellent toughness at ambient temperatures and cryogenic
temperatures. #yajiln sfughnsacetRaptinsiemapifednan®psideriRg 3511L.35M4N stainless steel is
adjusted t@ achieve a PREN 44, but preferably PREN 49, this ensures that the 25 material also has a
good resistance to general corrosion and localised corrosion (Pitting Corrosion and Crevice Corrosion)
in a wide rang&-%?—%?—é@éss environments. The 351L35M4N stainless steel also has improved
resistance to Si@SSeaRosiRN-eraakIingHer Ghlpiee domainpsgRemArDaIsRES Wwhenatonpartdelo
conventional Austenitic Stainless Steels 1Lsuch as It\IS 83170§ ange Ic% gsr}JQShiwg levels of
2012/161661PEIFS A1 A0TEES G0 WAL IEEH BetermMmet that the optmum hemical composition
range of the 3xhkRHIVIsHN citad e SseSledlois carehillyfseleslo B iV privesthadelowiryg eHebiital
elements ip percentage b ’i\%gg ollows, base 8l g Jor! C) The
Carbon C(%'F']ten’fv(%(%/“ t%ae9 %%{Egg @téﬁ%lgge}srtae%& %%%%Oﬁ%%ﬁ%%ﬂg%rﬁﬁ%@%tﬁ amount
of Carbon shoulcbben020 weHTvarid 6. he’cwcTl Cagatintird prefeddipSstiossitar C.

are the 326H35M4N or 32635M4N versions respectiveiy.

Titanium (T1) / Niobium INb) / Niobium {Nb) plus Tantalum (Ta)

26 Furthermore, for certain zpplications, other stabilised variants of the 326H35M4N or
32635M4N stainless steel arle desirable, which have been specifically formulated to be
manufactured comprising higher levels of Carbon, Specifically, the Carbon may be 2 0.0é()
wt % C and < 0.10 wt % C, but preferably < 0.050 wt % C or > 0.030 wt % Cand 5 0.0Bwt %
¢, but preferabiy < 0.040 wt % C.

25 {i) These include the Titanium stabilised versions which are referred to as

326H35M4NTI or 32635M4NTI to contrast with the generic 326L35M4N versions.
The Titanium content is controlled according to the foliowing formuiae:

Ti 4 x Cmin, 0.70 wt % Ti max or }‘i 5 x C min, 0.70 wt % Ti max respectively, in order
to have Titanium stabilised derivatives of the alioy. _

30 {ii) There are also the Niobium stabilised, 326H35M4NNb or 32635M4NNb versions

where the Niobiurm content is controlied according to the following formulae:



,10Manganese (Mn) The 351L35M4N stainless steel of the eleventh embodiment may come in two
variations: low Manganese or high Manganese. For low Manganese alloys, the Manganese content of

the 351L.35M4N Stainless steel is 5_ 2.0 15 wt % Mn. Preferably, the rangg g 2chfl mhipsn and 5 2.0
wt % Mn and more preferably ? 1.20 wt % Mn and 5. 1.50 wt % Mn. With such compositions, this

achieves an optimum Mn to N ratio of .5 5.0, and 'prefé%{ably ? 1.42 and 5 5.0. More preferably, the
ratio is ? 1.42 and _5 3.75. 20For the high Manganese alloys, the Manganese content of the '
351L35M4N is 5 4.0 wt % Mn. Preferably, the Manganese content is ? 2.0 wt % Mn and 5 4.0 wt % Mn
and more preferably, Mhe® uppeirirhid is33Nb wiadohMnb Earf morel ireferablly mbe nappsatiiehitiis .5 2.50

wt % Mn. With such i;‘;%%ﬁigﬁJ&ﬂ&‘éém@&?ﬁﬁl@éf%@%MOEEOOM@Q%?T 5 10.0, and preferably ? 2.85
and 5 10.0. More preterably, the Mn to N ratio for high Manganese alloys is ?_ 2.85 25and 5 7.50 and

even more preferablyfiif? P 89ckfirf s B2 PrEpIRbrthe (HIOVTHEPHES RIS arRE PIREVSHLL35MAN

stainless steel is conjipllgghio,Re 5 HQRANG:IiReE SRR ST AN RAS B 8225 Wt %
P and more preferably 50.020 wt % P. 30Even more preferably, the alloy has 5 0.015 wt % P and

even furthér more préfBeEbIPSHBITWRIG B X905t 6T BeleGesser B dp 183 iosiehur (5)
The Sulphur content gfi#h@2351L35M4N stainless steel of the eleventh embodiment includes 5 0.010

wt % S. Preferably, the 351L.35M4N has 5 0.005 vTvt 5 andorqgre g/;eTferably 5!95}0013 V\ito%cs’ and even
more preferably 5. 0.081 #t 84 § "G gaep + 7@ max 010w Ta maxyor Nb + Ta 10X Cmin,

1.0 wt % Nb +Ta max, 0.10 wt % Ta max.

10 Titanium stabilised, Niobium stabilised and Niobium pius Tantalum stabilised variants of the
alloy ma& be given a stabilisation heat treatment at a temperature lower than the initial
solution heat treatment temperature. Titanium and/or Niobium and/or Niobium plus
Tantalum may be added individually or in conjunction with Copper, Tungsten and Vanadium
in all the various combinations of these elements to optimise. the Alioy for certain

15  applications where higher Carbon contents are desirable. These alioying elements may be
utiﬁsed individualiy or in all the various combinations of the elements to tailor the stainless
steel for specific applications and to further improve the overall corrosion performance of

the alloy.

20 The wrought and cast versions of the 326L35M4N Stainiess steel along with the other

- variants are generally supplied in the same manner a5 the earlier embodiments.

| Further, there is proposed a further variation appropriately referred to as 326L57M4N high

strength gustenitic stainless steel, which is a tenth embodiment of the invention. The

25  326L57M4N stainless steel virtually has the same chemical composition as 326L35M4N
stainless steel with the exception of the Molybdenum content. Thus, instead of repeating

the various chemical compositions, only the difference is described.

1326L57M4N]
30 As mentioned above, the 326L57M4N has exactly the same wt % Carbon, Manganese,
Phosphorus, Sulphur,-Oxygen, Silicon, Chromium, Nicke! and Nitrogen cdntent as the ninth

embodiment, 326L35M4N - stainless steel, except  the- Molybdenum content. In the



The Oxygen content of the 351L35M4N stainless steel is controlled to be as low as possible and in the
eleventh embodiment, the 351L35M4N has 5 0.070 wt % 0. Preferably, the 351L35M4N has 5 0.050
wt % 0 and more preferably 5 0.030 wt % 0. Even more preferably, 10the ? Owt% 0
and even fur?ﬂ%ﬁ?ﬁ%{?é %ferably 5 0.005 wt % 0. Silicon (Si) The Slllcon content ofn%% 51L35M4N
stainless steel is 5 0.75 wt % Si. Preferably, the alloy has ? 0.25 wt %Si and .5 0.75 wt % Si. More
preferably, the range is ? 0.40 wt % Si and 5 0.60 15t % Si. However, for specific higher temperature
applications where improved oxidation resistance is required, the Silicon content may be ? 0.75 wt %
Si and 5 2.00 wi&eSladaheanisyk§dnum cohfenGhbetiiesn sooteniehthe.@odt 354N &batrdetss steel is
? 26.00 wt % Cr and 5 28.00 wt 20% Cr. Prefer the allo s ? 27.00 wt % Cr. Nic The
Nickel content 8?%%&%%&‘%@%&“@? fP%x’ﬁnifoé'ﬁe iE/ab ERA 509806 & dO} ﬁl? referably,
the upper limit man@ftHae\aﬂm,s ishe_3 281 00K Yo\ lanck gaated predarighty 61@062biltedsidhi.of
Molybdenum (M M um.co tent of the 351L35M4N stainless steel is .? 3.00 wt % Mo and
pre era

55.00 wt % MO, b 3'9 isi)f)tw Mo. WO 2012/161661PCT/SG2012/000183 98 Nltrogen (N)
5 ‘

tt should be appreciated that the passages relating to 326L35M4N are also applicable here,

except the Molybdenum content.

Molvbdenum (Mo)

10 The Molybdenum content of the 326L57M4N stainiess steel may be 2 5.00 wt % Mo and £
7.00 wt % Mo, but preferably 2 6.00 wt % Mo and s 7.00 wt % Mo, énd more preferably 2
6.50 wt % Mo. In other words, the Molybdenum content of the 326L57M4N has a maximum
of 7.00 wt % Mo.

15 PREx
The PITTING RESISTANCE EQUIVALENT for the 326L57M4N is calculated using the same
formulae as 326L35M4N but because of the Molybdenum content, the PREy is = 48.5, but
preferably PREy 2 53.5. This ensures that the material also has a good resistance to general
corrosion and localised corrosion (Pitting Corrosion and Crevice Corrosion) in & wide range
20 of process environmenis. The 326L57M4N stainiess steel also has improved resistance to
stress corrosion cracking in Chloride containing environments when compared to
conventional Austenitic Stainfess Steels such as UNS $31703 and UNS $31753. It should be
emphasised that these equations ignore the effects of microstructural factors on the
breakdown of passivity by pitting or crevice corrosion
25 |
The chemical composition of the 326L57M4N stainless steel is optimised at the melting
stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni] equivalent, according
o Sch.oefera, is in the range > 0.40 and < 1,05, but preferably > 0.45 and < 0.95, in order to
.primérily obtain an austenitic microstructure in the base material after solution heat
30 treatment typically performed in the range 1100 deg C — 1250 deg € fol[oWed by water
quenching. The microstructure of the base material in the solution heat treated condition,

- dlong with .as-welded weld metal and heat affected zone of weidments, is controlied by



The Nitrogen content of the 351L35M4N stainless steel is 5 0.70 wt % N, but preferably .? 0.40 wt % N
and 5 0.70 wt % N. More preferably, the 351L35M4N has ? 0.40 wt % N and 5 0.60 wt % N and even
more prefergbly,2.Q.43mt % N and 50.55 wt % N. S PREN The PITTING RE&§hAdodiss
EQUIVALENT is calculated using the formulae: PREN =% Cr + (3.3 x Mo0) + (16 x % N).  The
351L35M4N stainless steel has been specifically forrpulated to have the following 10composition: (i)
Chromium content ? 26.00 wt % Cr and 5 28.00 wt % Cr, but preferably ? 27.00 wt % Cr; (H)
Molybdenum content ? 3.00 wt % Mo and 5. 5.00 wt % Mo, but preferably _? 4.00 wt % Mo, 15(iii)
Nitrogen contemt$niisiE wiedtaNnisutgovetar abiyedi® 40 wingeRrands30 7@ vitetio (himsd nrotatpreferably .2

0.40 wt % N apd8.0,69 wt %N and eyenmore araferablyR,0 4R kb deand-SHES % MaWith a
high level of Nﬁréngic‘éirr]‘f tnéué%i%%nl\‘/MNg)s?éinless steel achig\\/%s a PREN ? 44, but 26 preferably PREN

?. 49. This ensuredathin threNneddpgieiisecnadiangood resistance to general corrosion and localised
corrosion (Pitting Corrosion and Crevice Corrosion) in a wide range of process environments. The
351L.35M4N stainless steel also has improved resistance to stress corrosion cracking in Chloride

containingPenvifhife AR WRMA GmpatEr i CBRTRRIAIA SIS SrlARR e RIBIPLTER Y UNS

531703 and UNS; 53] aandtrizhoulh beap e phasisedihahtiesefauatioomigraedhs efiecis of
microstructural factors on the breakdown of passivity by pitting ar crevice corfosion '}[the %h%nical
composition o S FIEENMANEMIReS8'E ﬂgdZB%;Mé%&%ﬁgfhg RERiPERGR Y5 ERSARE that the ratio
of the [Cr] equisalentidirisied thysthediNeneqany atenta mecor dhiogp 30 tadbehigéferéndstinighdnoange > 0.40
and < 1.05, bu&p er[@bly > 0.45 and < 0.95, in order to primarily obtain an Austenitic microstructure in

f
the base materla{La fqer'solution heat treatment typically performed in the range 1100 deg C - 1250 deg

C followetbby water- WO 2012/161661PCT/SG2012/000183
The 326L57MA4N stainless steel of the tenth embodiment has a minimum vyield strength and
a minimum tensile strength comparable or similar to those of 326L35M4N staintess steel.
Likewise, the strength properties of the wrought and cast versions of the 326L57M4N are
also comparahle to those of the 326L35M4N. Thus, the specific strength values are not
15  repeated here and reference is made to the earlier passages of 326L35M4N. A comparison
of the wrought mechanical strength properties between 326L57M4N and those of
tonventional au'stenitié stainleds steel UNS 531703, and between 326L57M4N and those of
UNS S31753/UNS 532615, suggests stronger yield and tensile strengths of the magnitude
similar to those found for 326L35M4N. Similarly, a comparison of the tensile strength
20  properties of 326L57M4N demonstrates that they are better than that specified for 22Cr
Duplex Stainless Steel and simifar to those specified for 25 Cr Super Dupiex Stainless Steel,

just fike the 326135M4N.

This means that applications using the wrought 326L57MA4N stainless steel may be
25 frequently designed with reduced wall thicknesses, thus, leading to significant weight
savings when specifying 326L57M4N Stainiess steel compared to conventional austenitic
stainiess steeis such as UNS S31703, 531753 and 532615 because the minimum allowable
design stresses are significantly higher. in fact, the minimum allowable design stresseé for
the wrought 326L57M4N stainiess steel are higher than for 22 Cr Duplex Stainless Steels and

30 similar to 25 Cr Super Duplex Stainless Steels,



99 quenching. The microstructure of the base material in the solution heat treated condition, along with
as-welded weld metal and heat affected zone of weldments, is controlled by optimising the balance
between austepi ming elements and Ferrite forming elements to primayj the alloy is
austenitic. Tégga%l%olégigﬁa t%erefore be manufactured and 5supplied in the @rﬁfﬁﬁ%&%ﬁ%ﬁc}:&gggndition. The
351L35M4N stainless steel also has principally Fe as the remainder and may also contain very small
amounts of other elements such as Boron, Cerium, Aldminium, Calcium and/or Magnesium in
percentage by weight, and the compositions of these elements are the same as those of 304LM4N. In
other words, thepassagespglaingso shesealements for30HMIVMNarealsesapplidableherenThe
351L35M4N stainless stgel a?cording to the elléventlgremk%o,dimentg SSeSses initrrpum ield strength
of 55 ksi or 388WRSETOr B VAETIG R Vs STBHRASHY S5t RIS ErifiRtiIIn iia HreRdi SF85Esi or 430
MPa may be aelhieved farctheswtopight Vergionn Tarel Céastadirsiont pesskasesiensmmmenh Yietdttrength of
41 ksi or 260 MEg, hors preferably, mipimum vield sirengih of 45 ksl,ot, 3304 mey.be achieved for
the cast versioR” BASed on the pre grredova ues, a comparison ot t e wrought mechanical strength
properties ®f the8bit IsBBMUN e sorspoettigrittpiHopeof WN Ba53di70R s Uy gsamethatihes minimum
yield strength qbihesg 33l kIRMAD stailese sieahdpihibe s bdimes:higher handhal spegifed for

UNS 531703. Similarly, a comparison of the wrought mechanical strength properties of the
351L35M4N st@inte4sMdara ale arsdeablelrRrs 983783 78t ests that the minimum yield strength of
the 351L35M4N stainless steel might be 1.79 times higher than that specified for UNS S31753.
Likewise, a comparison of the wrought mechanical strength properties of the 351L35M4N-25stainless
steel; with thoselestERI&835115, suggests that the minimum yield strength of the 351L35M4N
stainless steel Thight.hgsdkbadras highae thaa.fratspesifisdt0sidd SSIbHED. (hhehd3%1 035N
stainless steel according to the eleventh ' S ini tensile strength of 102 ksi
or 700 MPa for‘j’ﬁ%amﬂt,lgﬁ?{lgr‘seifh I\W(();reg %%%g%$@g§§ ?ngﬁfmptjﬂni“‘f’ér?rgi?’e%trggr?é&t% tc)%li% %gsi or 750
MPa may be actireveickferthe iwnoullhat sersionichhe castadrsior?§8ssebEds ARfinim U tersile

strength of 95 ksi or 650 MPa e preferably,.a minimum,tensjle strength.q i.or 700 MPa may
be achieved foﬁ%gr%%%tp%% E’g%'?l%uﬁ 1%%‘?1 eé%%%%’ f%ﬁé%)n%eé%s%ﬁmé%%ég g?r)lpt e Ereferred
values, a comphsisdireobakressrotiginanteckizmicsd stre rejffichropieftingstsitier 3B2L3BNMUN istaiftless steel,
with thoselgf UM&;?;HJ%%%M&@I*‘M the minimum tensile strength of the 351L.35M4N stainless
steel might be more than 1.45 times higher than that specified for UNS 531703. Similarly, a
comparison of the wrought 5 mechanical strength properties of the 351L35M4N stainless steel, with

those of UNS 531733 tALGgesianiaal ths mininpR-teRsie strengtn obthe323 35eld alainless steel
might be 1.36 times higher than that specified for UNS 531753. Likewise, a comparison of the wrought

mechanical strafAMR LIRS BF PR Y5 19s88RHMRY S0aTARE LS WAL AR SROME T FENE B35 1Y,
suggests that theingrimuBbicasile sifgagtnobibel 3RHaSMA M staiptassaidel Boanighidre 428 times
higher than that séoecified for UNS 535115. Indeed, if the wrought mechanical strength properties of
the 351L3?§M4I§F e4ESs steel; are compared with those of the 22 Cr Duplex Stainless Steel, then it
may be demonstrated that the minimum tensile strength of the 351L35MA4N stainless steel is in the
region of 1.2 ti e.hi an that specified for 80 d similar to that specified for 25 Cr Super
Duplex StainlemEtalhfe 10 E’B ' Egu ? ‘ strehgth properties of the 351L35M4N
Stainless steel fvsierhees siegnifictanlyeiminaied, cothgrastabiiisabrvdpmionsd Sestaftic HiiNless steels
such as UNS 531703, \INS; 331753 and UNS 5351 4,20, e tansile, strenath:proneries aracbetter

than that specified for 22 Cr Duplex Stainless Steel and similar to those specified for 25 Cr Super
Duplex StéinlegeStEstuzEg comprising higher levels of Carbon. Specifically, the amount of Carbon may

be 2 0.040 wt % C and < 0.10 wt % C, but preferably £ 0.050 wt % C or>0.030wt % Cand £
0.08 wt % C, but preferably < 0.040 wt % C.
{iy These include the Titanium stabilised versions which are referred to as
326H57MANTI or 32657M4NTI to con'trast with the generic 326L57M4N. The
30 Titanium content is controlled according to the foliowing fofmuiae:
Ti4 x Cmin, 0.70 wt % Ti max or Ti 5 x C min, 0.70 wt % Ti max respectively, in order

~to have Titanium stabilised derivatives of the alioy.



This means that applications using the wrought 351L35M4N stainless steel may be frequently
designed with reduced wall thicknesses, thus, leading to significant weight savings when specifying

351L35M47\{,§é§ﬂ£§%§&el compared to conventional austenitic stainless;gtegls;sHebh@s3iINS 531703,
531753 and ecause the minimum allowable 25 design stresses are significantly higher. In

fact, the minimum allowable design stresses for the gvrought 351L35MA4N stainless steel are higher
than for 22 Cr Duplex Stainless Steels and similar to 55 Cr Super Duplex Stainless Steels. For certain
applications, other variants of the 351L35M4N stainless steel have been 30 purposely formulated to be
manufactured contajnjnyspecificiievalsNbotinesabidisity 3EHIFMS i hraB2 SEPFNT ¥AGEERN and

Vanadium. It has beep determined that the optimum chemical cOmROsitiaR; pfthe other variants
of the 351L35M4N s\?zgﬁ egsse' --‘PE\%% eé‘h‘gi%‘é'i@%cpr%%zogz/ooows 101 steel is selective and the
compositions of CopyieB aridnvianhbivtiaks thexsurie 48 xHosbnet S04t ik MerSaIBEIYEYs Thassages

relating to these elements for 20dMAN U6 RISPRANIGARIS 0e30dL-35M4N. STungsten (W) The
Tungsten content of the 351L.35M4N stainless steel is 5 2.00 wt % W, but preferably ? 0.50 wt % W

and 5. 1.09 wt % W,{Eihtrraddisiprefeies yeoizn s ivie, WOVFBR S 5150 IVART CRGHIess Cis8T Witiants

containing Tungsteniig, Bl TN G RESH A S EQENYALENETS erlcutstedusiny.the dsmulae:
10PRENw = % Cr + [3.3 x (Mo + W)) + (16 X % N). This Tungsten”c%ntainin v?ri%nt Pf“to%
351L35M4N stainleséSfednRASERA Sl At ALY B RV RETENOR g Conaposiion: (i)
Chromium content ?g£6:,Q@avt % Cr and 5 28.00 wt % Cr, but preferably ? 27.00 wt % Cr; 15(ii)

Molybdenum content ? 3.00 wt % Mq nd% 00.wt % Maq, .hut /eTtera ly ?,ﬁbopfgtf@mmi) Nitrogen
content 5 0.70 wt % N, B Breferabiy SW g\/\Eft"}b}oaNmaf"r’i‘d Jg)'y‘fﬁ‘\}/t % N and more preferably’? 0.40 wt
% N and £0.60 wt %.blvarel reveniamoee, prisferaits[Ja@45 wt N and 5 0.55 wt % N; and 20(iv) Tungsten
content 5 2.00 wt % W, but preferably ? 0.50 wt % W and 5 1.00 wt % W and more preferably ? 0.75

wt W. The Tungsten containing variant of the 351L35M4N stainless steel has a high specified level
Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the

Alloy may be given a stabilisation heat freatment at a temperature lower than the initial
-solution heat treatment temperature. Titanium and/or Niobium and/or Niobium plus
15' Tantalum may be added individually or in conjunction with Copper, Tungsten and Vanadium
in all the various combinations of these elements tc optimise the alloy for certain
applications where higher Carbon contents are desirable. These alioying elements may be
utilised individually or in ail the various combinations of the elements 1o tailor the stainless
steel for specific applications and to further improve the overall corrosion performance of

20 thealloy.

The wrought and cast versions of the 326L57M4N stainiess steel along with the other

variants, are generally supplied in the same manner as the earlier embodiments.

25  Further, there is proposed a further variation appropristefy referred to as 351L35M4N in

this description, which is an eleventh embodiment of the invention.

[351L35M4N]

The 351L35M4N s‘caihtess steel has a high level of Nitrogen and a specified Pitting Resistance
30 Equivalent of PREy 2 44, but preferably PREy 2 48. The Pitting Resistance_;‘:Equivalent as

designated by PREy is calculated according to the formulae:

- PREy =% Cr+ (3.3 x % Mo) + {16 x% N).



of Nitrogen and a PRENw ? 46, but preferably PRENw ? 51. It should be emphasised that these 25
equations ignore the effects of microstructural factors on the breakdown of passivity by pitting or

crevice corrasign. ngngﬁs{}len may be added individually or in conjunction WHET%M%O}@??dium,

Titanium and/or Niobiurm and/or Niobium plus Tantalum in all the various combinations of these

elements, to further improve the overall corrosion pergormance of the alloy. Tungsten is extremely

costly and therefore is being purposely 30limited to opﬁmise the economics of the alloy, while at the

same time optimising the ductility, toughness and corrosion performance of the alloy. WO

2012/161661PCiE/ ST LEEI2AD0 6 BB:402 <Ehhbo h &) féronterdir apsicationsicethermbinarits of the
mecnant stren Yy ah

351L35M4N stainless steel are desirable, which ﬁave een,s ificall formulat%%t e factured
comprising higﬁ@r Ieve%s 0 arboﬁ%. §|5%%? |(':F'étsll‘§>',it & ﬁ?&ﬁu(?fﬁrgtent%ﬁ%geh%%sﬂ rI‘\%ZPI\II s?%ss steel
may be 0.040 Svelt 3418y ard BB wiels@ndsutpreferedsly $10.05Gveds @rosion. 0B wWsreand 5

0.08 wt % C, by preferably 10940 4 4G FHESC R RIE MRHAS LIRS 351-A5N4N Slgjnjess steel
are the 351H35M4N or 35135M4N versions respectively. Titanium (Ti) / Niobium (Nb) / Niobium (Nb)

plus Tantafum e RURIREFRIPEL FEPEBRRRY HSIENE AP WP aWifis e dngir PRI AN IBPH3I5MAN

or 35135M4N giadeassiaabarediesiiahle mahich Have; keen.speeificaky dprmeitaiod pdse1 00
manufactured comprjsin%)higher levels of Carbon. Specifically, the amount of Carbon may be .?. 0.040

wt % C and <0WJ4N 08 TOBYE Bridhet QBN S OMBTPRP 54 1058405 ¥6 & 7318 & dos wt % C, but

preferably <0.040 wt C. 15(i) These include the Titanium stabilised versions which are referred to as
351H35M4NTior 3 1?35 ANT] to icontraslt with the eneric.3§|1I335M4hN. The.Tétaniu contFnt is
controlled accoﬁ&?n’?’g% S A S S IRRLERS: P L ePRTA PO S o T RSP TR S BRI 0.70 w
% Ti max respeciibtyeity erddratoduaveoT danriusiestabiiset deditativesd thex 0109 W20iJerhere are

also Niobium sighlisec, SELHSSMINND ef 361 SEMANIVR VRS URSHS DR RRLRSaIER!
controlled according to the %%Wlngvflormu ae: .
are normally present in residuz] levels,

The chemical composition of the 351L35M4N stainless steel is optimised at the melting
15  stage to pfimari!y ensure an Austenitic microstructure in the base matez:iai after solution
heat treatment typically performed in the range 1100 deg C - 125C deg C followed by water
guenching. The microstructure of the hase material in the solution heat treated condition,
along with as-weided weld metal and heat affected zone of weldments, is controlied by
optimising the balance between Austenite forming elements and Ferrite forming elements
20 to primarily ensure that the Alloy is Austenitic. As a result, the 351L35M4N stainless steel
exhibits a unique combination of high strength and ductility at ambient temperatures, while
zt the same time guarantees excellent toughness at ambient temperatures and cryogenic
temperatures. In view of the fact that the c'hemic.ai analysis of the 351135M4N stainless
steel is adjusted to achieve a PREy 2 44, but preferably PREy 2 49, this ensures that the
25  material also has a good resistance to general corrosion and localised corrosion (Pitting
Corrosion and Crevice Corrosion} in a wide range of process environments. The 351L35M4N
stainless steel also has improved resistance to stress corrasion cracking in Chioride
containing environments when compared to convernitional Austenitic Stainiess Steels such as
UNS 531703 and UNS $31753.
30 |



~Nb 8 x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max respectively, in order to have
Niobium stabilised derivatives of the alloy. (iii) In addition, other variants of the Alloy may also be

manufactureg to 8&'}@%35 Niobium plus Tantalum stabilised, 351H35M4NNREa A5 sRIgPMANNDbTa
versions where the Niobium plus Tantalum content is controlled according to the following formulae:

Nb +Ta 8 x C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max, or Nb + Ta 10 x C min, 1.0 wt % Nb + Ta
max, 0.10 wt %Ta max. 30 WO 2012/161661PCDSC3 012/000183 103 solution heat treatment
temperature. Titanium and/or Niobium and/or Niobium plus Tantalum may be added individually or in
conjunction witl IGeppet, dEtmngsten duat Manatinomitteivhe vanoos ttonmbrgatidiseoitheSedments to

optimise the alloy |?E((g_r cesz{é%jr_]i gptgp%ﬁl@nsseygggﬁet Qig&%p(ﬁgéb%c%@m@ are desirahle..fhege alloying

elements may be Gtilised individually or in all the various combinations of the elements to tailor the
stainless steel percspaeificvapyiticasidnicarsdtestdrendhermisrener iasddrEeorrosion performance of the
alloy. The wrought and cast versions of the 351L35M4N stainless steel along with the other
10variants are generally supplied in the same manner as the earlier embodiments. Further, there is
proposed & furtie?ardBhtion appropriately referred to as 351L57M4N high strength austenitic stainless

steel, which is g,welfithgrebadimentebthe imsniansdir 354k87MANotainlessteehyiitiaty has the
same chemical composition as 351L35M4N with 15the exception of tk&e{l\éce}lggdeq}jg c(?ntent. Thus,
instead of repedBFRIAHYE P RINSHH AHREP RO ANBES RS CORR, & ditflieRce s dEseribad. [351137M4N]
As mentioned gkayvepthe 858L.7¥4N has exactly the same wt % Carbon, Manganese, 20
Phosphorus, Sulphur, Oxygen, Silicon, Chromium, Nickel and Nitrogen content as the eleventh
embodiment, 351L35M4N stainless steel, except the Molybdenum content. In the 351L35M4N, the
Molybdenmom cententisdidtwieen 3.00 wt % and 5.00 wt % Mo. In contrast, the 351L57M4N stainless

seefs Molyodegury comlepl S JENESILG 30 48 Y100 ARKAM ) BIRE RIS IARARILSTHAN

may be regarded as a ybdenum version o
low Manganese or high Mangangse.

For iow Manganese alloys, the Manganese content of the 351L35M4N stainiess steel s £ 2.0
15 wt % Mn. Preferably, the range is 2 1.0 wt % Mn and < 2.0 wt % Mn and more preferably 2
. 1.20 wt % Mn and 5'1.50 wt % Mn. With such compositions, this achieves an optimum Mn
10 N ratio of € 5.0, and preferably > 1.42 and < 5.0. More preferably, the ratio is 2 1.42 and <
3.75.

20  Forthe high Manganese alloys, the Manganese content of the 351L35M4N is < 4.0 wt % Mn.
oreferably, the Manganese content is 2 2.0 wt % Mn and £ 4.0 wt % Mn and more
nreferably, the upper limit is £ 3.0 wt % Mn. Even more preferably, the upper limit is £ 2.50
wt % Mﬁ. With such selective ranges, this achieves 2 Mn to N ratio of < 10.0, and preferably
> 2.85 and < 10.0. More preferably, the Mn to N ratic for high Manganese alioys is 2 2.85

25  and < 7.50 and even more preferably = 2.85 and £ 6.25.

Phosghorus (P ' _
The Phosphorus content of the 351L35M4N stainless steel is controlied to he < 0.030 wt %

p. Preferably, the 351L35M4N alioy has < 0.025 wt % P and more preferably <0.020 wt % P.
30  Even more preferably, the alloy has < 0.015 wt % P and even further more preferably <

0.010 wt % P.



25the 351L35M4N stainless steel. It should be appreciated that the passages relating to 351L35M4N
are also applicable here, except the Molybdenum content. 30Molybdenum (Ma) The Molybdenum
content of thg;3p 3,2 {M4N stainless steel may be ?.. 5.00 wt % Mo and 5 .00, %0, M0., but preferably
5.50 wt % Mo and 5 6.50f% Me" and more preferably WO 2012/161661PCT/SG2012/000183 104
6.00 wt % Mo. In other words, the Molybdenum content of the 351L57M4N has a maximum of 7.00 wt
% Mo. PREN 5The PITTING RESISTANCE EQUIVAEENT for the 351L57MA4N is calculated using the
same formulae as 351L35M4N but because of the Molybdenum content, the PREN is 50.5, but
preferably PREMBRSSThis ensures that the material also has a good resistance to general corrosion
and localised cgrrqsion (Pitting CorrosiQn evice Corrosign) in a wide range. of proces
avironments. TS SBT AU S e B e e e T AR R i
cracking in Chlefidécehtamifrgfernihorinesi it ¥adiNdomp 8réth tatCo A vadtioral phefstebitic Bt@hless
Steels such aSvH%%,%ﬁ&wé%%ﬂ%%é%é%:d&f&?%.be emphasised that these equations ignore
the effects of microstructure | factors on the breakdown of passivity by pitting or crevice corrosion
15The chetnical composition of the 351L.57M4N stainless steel is optimised at the melting stage to
ensure that theggtioqbthe [Cr] equivalent divided by the [Ni] equivalent, according to Schoefer6, is in
the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in order to primarily obtain an austenitic
microstructure THRMEY688EHER PRSP %%41%” Ritiers SERTS SRS HePrormigY i#F #RsYE1Sge 1100
deg C - 1250 dag Gnfellowien eaips AR aehizgl Ihaanicrast uctuewaf the basgemalgriakin the
solution heat tregf%]c%m]itiog allé)n with as&welded el gtal and heat affected zone of weldments,
is controlled by SPTTILINGERE BARhEE BERIEM e SEEHY il T L s SRR REE 53RN ng
elements 1o prithasilpyensure.ahaith® altoy seusiehiicndieg adfers sigrx thesefore: ke manufactured and
supplied in the Non-Magnetic condition. 25 Like the 351L35M4N embodiment, the 351L57M4N
stainless steel also comprise principally Fe as the remainder and may also contain very small amounts
of other elemegicaubhil as Boron, Cerium, Aluminium, Calcium and/or Magnesium in percentage by
weight and the Garpo3itianRAf {r6ee SIEMATIN UG EA0L a8 5GP HARMHN RO s, those

of 30304LM4N.
: has 2 0.25 wt % Si and £ 0.75 wt % Si. More preferably, the range is 2 0.40 wt % Si and £ 0.60

15 wt % Si. However, for specific higher temperature applications where improved oxidation

resistance is required, the Silicon content may be 2 0.75 wt % Si and £ 2.00 wt % Si.

Chromjum (Cr}-
The Chromium content of the 351L35MA4N stainless steel is 2 26.00 wt % Cr and < 28.00 wt

20 %Cr. Prefera'bly, the alloy has 2 27.00 wt % Cr.

Nickel [Ni)
" The Nicke! content of the 351L35M4N stainless steel is > 21.00 wt % Ni and < 25.00 wt % Ni.

Preferably, the upper iimit of Ni of the alloy is £ 24.00 wt % Ni and more preferably £ 23.00

25 wt % Ni.

Molvbdenum (Mo}

The Molybdenum content of the 351L35M4N stainiess steel is = 3.00 wt % Mo and < 5.00 wt
% Mo, but preferably = 4.00 wt % Mo.

30



WO 2012/1616611TT/SG2012/000183 105 The 351L57M4N stainless steel of the twelfth embodiment
has a minimum yield strength and a minimum tensile strength comparable or similar to those of

351L35M4Nv§,@iﬂ} scstegl- Likewise, the strength properties of the wrought.-gad fashygksions of the
351L57M4N are also comparable to those of the 351L35M4N. Thus, the specific strength values are

not repeated here and reference is made to the earlier passages of 351L35M4N. A comparison of the
wrought mechanical strength properties between 351157M4N and those of conventional austenitic
stainless steel UNS 531703, and between 351L57M4N and those of UNS 531753/UNS 535115,
suggests strongiepyeidand tensile strengths of the magnitude similar to those found for 351L35M4N.

Similarly, a co ison of the tensile, pr | 0.351157M4N onstrat etter than
that specified frgge g‘gﬁéorgf)rhf)?g;&e {t]aoll:n?‘é%sg)%?e%ﬁ;r% Ss?ﬁﬁfasﬁ fgetMc')Ssé ggg]cvi\#eé ?é?%gb%f%eﬁgrbuplex
Stainless Steef, §astlikeNaa35 785 AN, THesennesings that e phtabeiiiusing Owidadghe 851 L57M4N

stainless steel gy, pe; 15 reausniiydesianssivath sedneed walkibiskpessgs, thus, leading to

significant weight savings when specifying 351L57M4N stainless steel compared to conventional
austenitic tainless steels such as UNS S31703, 531753 and 535115 because the minimum allowable
design stresseggafe significantly higher. In fact, the minimum allowable design stresses for the wrought

351L57M4N stainless steel are hi(gher than for 22 Cr Duplex Stainless Steels and 20similar to 25 Cr
Super Duplex StafiiBdd GRET ANGF EQHAALENPIR StioHatSHHEPS TR BPfe 351L57M4N stainless
steel, have been purprsebrfamiaedtuide maruwtagiured containing specific levels of other aIoning

elements such as er, Tungsten and V. na?)ium. It h en determined that the 25 optimum
chemical compg‘lgit(lgzjgrlﬂr@agr1&’%}‘(‘9“%?%rﬁré%osfhsetfe ?}arlz’g’n ol t%eﬁi%%fﬂm% %‘i‘n 832'&%’ eté ?s%é?é”c’ﬂ%e and the
compositians abGpppeesrand Vanadium are the same as those of 351L35M4N and those of 304LM4N.

In other words, the p es lati o t en tf_r. 0 i_ ; e for
ImILBIMAN. 30Tung T R T O e o

those of the 351L35NMMI and the PITTING RESISTANCE EQUIVALENT, PREictw, of 351L57M4N

calculated WO 201 ié@\;@l dREHPGRAR12A0003 83 408145100 NIBSRMeRITBINaR-AS sgRtipped above
for 351L35M4N is PRENw52.5, and preferably PRENw 57.5, due to the different Molybdenum content.

It should be apparentthatMRe passage relating to the use and effects of Tungsten for 351L35M4N is
also appligable for 35{il-R#MEM. content < 0.70 wt % N, but preferably 2 0.40 wt % N and < 0.70 wt % N

* and more preferably = 0.40 wt % N and £ 0.60 wt % N and even more preferably 2
0.45 wt % N and < 0.55 wt % N.

With a high level of Nitrogen, the 351L35M4N stainless steel achieves a PREy 2 44, but
20 preferably PREy 2 49, This ensures that the material also has a good resistance to general
corrosion and localised corrosion (Pitting Corrosion and Crevice Corrosion) in a wide range
of process environments. The 351L35M4N stainless steel also has improved resistance 1o
stress corrosion cracking in Chioride contzining environments when compared to
conventional Austenitic Stainless Steels such as UNS 531703 and UNS 531753, It should be
25  emphasised that these eguations ignore the effects of microstructural factors on the

breakdown of passivity by pitting or crevice corrosion

The chemical composition of the 351L35M4N stainless steel is optimised at the melting
stage to ensure that the ratio of the [Cr] equivaient divided by the {Ni] equivalent, according

36 to Schoefer® is in the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in order to
* primarily obtain an Austenitic microstructure in the base material after solution heat

treatment typically performed in the range-1100 deg C — 1250 deg C followed by water-



5 Further, the 351L57M4N may have higher levels of Carbon referred to as 351H57M4N or 35157M4N
which correspond respectively to 351H35M4N and 35135M4N discussed earlier and the Carbon wt %

ranges disc (?e\? rlier are also applicable for 351H57M4N and 35157M i BH (Ti)/
Niobium (Ng)é‘? |8%%?§66{1b) plus Tantalum (Ta) Furthermore, for certain ggprrlc%%ﬁgﬁs, other stabilised

variants of the 351H57M4N or 35157M4N stainless steel are desirable, which have been specifically
formulated to be manufactured comprising higher levéfs of Carbon. Specifically, the amount of Carbon
may 15be .? 0.040 wt % C and <0.10 wt % C, but preferably 5 0.050 wt % C or >0.030 wt % C and 5_
0.08 wt % C, bytgiedeinhiye<sRiddrnd SoGf (el haseraaitdatheeTataniomhsetahiésest versions, which
are referred to as 351H57M4NTi or 35157MA4NTi to contrast with the geperic 351L57M4N. The
Titanium conteﬁf’ R ‘38%0"%’8%‘.%@5“ %’%Lgnf%ﬁg\,aﬁhag ?Str?ﬁu ae: %%eﬁ[f]j X T min, : %f%c%vw?do}o) ¥Ti max or
Ti 5x C min, 0.8ptiwtidbelitmaxirespeatvely, dnsonder fortmnecTtaritma stdiiiite daleinatiearutthe alloy.

(1) There are als0, g MPbIUM. sablset SRR M AN AR NALING Netmign. WhRceae
Niobium conterit 18 controlied accor ing to'the ohowmg formulae: Nb 8 x C min, 1.0 wt % Nb max or
Nb 10 x C #nin,s4®heti 9 e NMnedasgtietioefjtign 250rder to have Niobium stabilised derivatives of the
alloy. (i) In addition, other variants of the alloy may also be manufactured to contain Niobium plus
Tantalum stabilised, 351H57M4NNbTa or 35157M4NNbTa versions where the Niobium plus Tantalum
content is contréifed 3N g totises otRRvEPIGIhRERS BENIT & Ra % EERAMIE0ARE BANIFEOTa max,

0.10 wt % Ta maxs= M Erkal L SurtibNeth Wk ehl fudhaingesod, LB minYoaldindit, édium

2012/161661PCT/SG20121000183 o
and/or Magnasium in percentage by weight, and the compositions of these elements are

10  the same as those of 304LM4N. in other words, the passages relating to these elements for

304LM4N are also applicable here,

The 351L35M4N stainless steel according to the eleventh embodiment possesses minimum
yield strength of 55 ksi or 380 MPa for the wrought version. More preferably minimum yieid
15 strength of 62 ksi or 430 MPa may be achieved for the wrought version. The cast version
possesses minimum vield strength of 41 ksi or 280 MPa. More preferably, minimum vield
strength of 48 ksi or 330 MPa may be achieved for the cast version. Based on the preferred
values, a comparison of the wrought mechanical strength properties of the 351L35M4N
stainiess steel, with those of UNS $31703, suggests that the minimum yield strength of the
20 351L35M4N stainiess steel might be 2.1 times higher than that specified for UNS 531703,
Simillarty,' a comparison of the wrought mechanical strength properties of the 351L35M4N
stainless sfeel, with those of UNS §31753, suggests that the minimum yield strength of the
351L35M4N stainless steel might be 1.79 times higher than that specified for UNS 531753,
Likewise, a comparison of the wrought mechanical strength properties of the 351L35M4N
25  stainless steel, with those of UNS $35115, suggests that the minimum vield strength of the
351L35M4N stainless steel might be 1.56 times higher than that specified for UNS 535115, '

The 351L35M4N stainiess steel according to the eleventh embodiment possesses a
minimum tensiie strength of 102 ksi or 700 MPa for the wrought version. More preferably,

30 2 minimum tensile strength of 109 ksi or 750 MPa may be achieved for the wrought version.
~ The cast version possesses a minimum tensile strength of 85 ksi or 650 MPa. More

~preferably, aminimum tensile strength of 102 kst or 700 MiPa may be achieved for the cast



107 Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the Alloy
may be given a stabilisation heat treatment at a temperature lower than the initial solution heat
treatment teRypRiaisNg:ckitanium and/or Niobium and/or Niobium plus Tantalymdnayhesgded
individually or in conjunction with Copper, Tungsten and Vanadium 5 in all the various combinations of
these elements to optimise the alloy for certain appliggfjons where higher Carbon contents are
desirable. These alloying elements may be utilised individually or in all the various combinations of the
elements to tailor the stainless' steel for specific applications and to further improve the overall
corrosion perfoffrgitdafetherntisy PrEGETRE Voterfg At @TtPeastrvetdisnyrarshe S BTN DEtihless

steel, along with{he-aibek vatiasis; aiagensirly suppliad inthe same ;manberag.he eplier.
embodiments. Further, there is r}r1ogosed a further variation appropriately referred to as
?

353L.35M4N idMHE dase e etRE it 3B thitbeit RN SRR 8 Re R/EHaR 1455 EsMaN]
The 353L35M4ANtisdaintess wieekhasiadigh lenel of Nisogeniang, a.spaaifiieddiitingResiciagae
Equivalent of PREN ?. 46, but preferably PRENS51, The Pitting Resistance Equivalent a

Sodoeimaiod B PR < A At 1 fd Tar IR T e e RS B oA} (16 x o6
N). The 353L3581258 stagatesstsieehhatnbesn formialatedstd pOSecis Bivuedombistationigfthigh

mechanical strength properties with excellent ductili t ess, a with good weldability and
oo resiatancb 1o e S e B e R S s
stainless steel igrgedbtiineckandcehsiracstriscabdyiemadliby 8b tHeMIPaIStralssistrepavteitwge ¢y weight

as follows, 0.03(wé P ¢ Max, 20004t ¥ M Mg 030 ywe%;ﬁ O RIWIR SN Rt % Si
ma; 28.00 wt % Cr -30.00 wt 9% Cr, 23.00 wt % Ni -27.00 wt % Ni, 3.00 wt % Mo -5.00 wt % Mo, 0.40

wt % N -01P0 wiBhNpe @8 201971184655 PTG spacfied B S NDET S50 WA AIf 28 "OWE Wt % Ca
max and/or 0.04 4 4 MG reaxRRELEEAeL s IRKEIIES vdNN akeinetmally, RreseRidi desiduahlauels.

of the 22 Cr Duplex Stainless Steel, then it may be demonstrated that the minimum tensile
strength of the 351L35M4N stainiess steel is in the region of 1.2 times higher than that
specified for 531803 and similar to that .speciﬁed for 25 Cr Super D'upiex Stainless Steel.

15  Therefore, the minimum mechanical strength properties of the 351L35M4N Stainless steel
have been significantly improved compared to conventional austenitic stainless steels such
a5 UNS 531703, UNS 531753 and UNS 535115 and the tensile strength properties are better
than that speciﬁéd for 22 Cr Duplex Stainless Steel and simifar to those specified for 25 Cr
Super Duplex Stainless Steel.

20 _ |
This means that applications using the wrought 351L35M4N stainless steel may be
frequently designed with reduced wall thicknesses, thus, leading to significant weight
savings when specifying 351L35M4N stainless steel compared to conventional austenitic
stainkess steels such as UNS $31703, $31753 and $35115 because the minimum aliowable

25 design stresses are significantly higher, In fact, the minimum allowable de_sign stresses for
the wfought 351L35M4N stainless steel are higher than for 22 Cr Duplex Stainless Steels and

simiiar to 25 Cr Super Duplex Stainless Steeis,

for certain app!ications,-other varianis of the 351135M4N stainless steel have been
30 purposely formulated to be manufactured containing specific levels of other allbying
elements such as Copper, Tungsten and Vanadium. It has been determined that the

optimum chemical composition-range of the other variants of the 351L35M4N stainless” ™ 7"



The chemical composition of the 353L35M4N stainless steel is optimised at the melting 5 stage to
primarily ensure an Austenitic microstructure in the base material after solution heat treatment typically
performed in the range 1100 deg C - 1250 deg C followed by water quenchj ' tructure of
the base mateial W?ﬁéﬁ%lution heat treated condition, along with as-wel etgig v%(el—%?r%?gﬁgggnd heat
affected zone of weldments, is controlled by optimising the balance between Austenite forming
elements and Ferrite forming elements 10 to primaril;j/ énsure that the Alloy is Austenitic. As a result,
the 353L35M4N stainless steel exhibits a unique combination of high strength and ductility at ambient
temperatures, widlaaddbersameitiimecganieasHexngliRatioughnesswaiantiesie mpeeatuses and
cryogenic temperatures. In view of the fact that thf? chemical analysis of the 3531 35M4N sggﬁinless

steel is adjustet 16 AcNie Ve HMSRERI %e Bt BFa ST SOREPRERFS BT RIS e §u3f%£§t 2 RS 15 haterial
also has a goosbptisistiaricess gEnedsl corrosion and localised corrosion (Pitting Corrosion and Crevice
Corrosion) in a wide range of process environments. The 353L35M4N stainless steel also has
improved resistance to stress corrosion cracking in Chloride containing environments when compared
to conventionalwgstemiiiel Stainless Steels such as UNS 531703 and UNS 531753. 20 It has been

determined thathe Qotimup chemieal COHMPRRIIANIanaS: ke 39333 4NS BiINIRsSiaR) IS

carefully selected to comprise the following chemical elements in percentage by weight as follows,

based on the tRibafitf SthBodimeAl P5&Bafhcr{aorhereartsn TOnentof e BE3135/MMEN ainless

steel is 5. 0.030. % Cmaximvines Pratesiably . the-amoumobFaronrshopidde c010R0:Nt % C and 5
0.030 wt % C and more preferably 5. 0.025 wt % C. 30Manganese (Mn) The 353L35M4N stainless

steel of the thirfBERESHBBAIMRI R4S come in two variations: low Manganese or high Manganese.

WO 2012/561661PCR#E(20421000183:100 Fovithelew danganese alloys, the Manganese content of
the 353‘L35M4!\}gstainless steel is 2.0 wt % M?. refegagl)(’*é{qe ran%e ist? %L}Q W{)% Mn a[ild % 2.0 wt %
Mn and more prifet4BfS" £IBUR % XAHEha s e strweoh Wi SRR SUERC SRpoeTiors Thid dchieves
an optimum Mrobta:fdtedtio iodve 510 fdindipeeterabbjt@1d.42 and 5 5.0. More preferably, the ratio is ?
142 and 5 3.75. For {he fighManganese,alioys, the Mapganess,conioni oL IR ABRLISMNis 54.0 wt

"l
% Mn. Preferably, the Manganese content Is wt % Mn and 5 4.0 ‘wt % Mn and more 10

preferably, the upper%it is 5 3.0 wt % Mn. Even more preferably, the upper limit is 5 2.50 wt % Mn.

With such,gelectve rangs, s ARISHER MBS0 S g AdEclerabrer PO and 5 100

More preferably, the Mn to N ratio of high Manganese alloys is ? 2.85 and 57.50 and even more
preferably ? 2.85 and"s 6.5%, ' .

{ili} Nitrogen content < 0.70 wt % N, but preferably 20.40 wt % N and £ 0.70 wt % N
and more preferably 2 0.40 wt % N and < 0.60 wt % N and even more breferably 2
0.45 wt % N and € 0.55 wt % N; and ‘

20 {iv) Tungsten conient £ 2.00 wt % W, but preferably 2 0.50 wt % W and £ 1.00 wt %
W and more preferably 2 0.75 wt % W. |

The Tungsten containing variant of the 351L35M4N stainless steel has a high specified level
of Nitrogen and 2 PREyw 2 46, but preferabiy PREww 2 51. it should be emphasised that these
25  eguations ignore the effects of microstructural factors on the breakdown of passivity by
pitting or crevice corrosion. Tungsten may be added individually or in conjunction with
Copper, Vanadium, Titanium and/or Niobium and/or Niobium plus Tantalum in all the
various combinations of these elements, to further improve the overall corrosion
serformance of tfre' alloy. Tungsten is extremely costly and therefore is being purposely
30 Jjimited to optimise the economics of the alloy, while at the same time optimising the

ductility, toughness and corrosion performance of the alloy.



“15Phosphorus (P) The Phosphorus content of the 353L35M4N stainless steel is controlled to be 5
0.030 wt % P. Preferably, the 353L35M4N alloy has 5 0.025 wt % P and more preferably 5 0.020 wt P.
Even more ezr(ﬂt)}yﬁlggg alloy has 5 0.015 wt % P and even further morg,pefesabli R Q4010 wt % P.
20 Sulphur (5) The Sulphur content of the 353L35M4N stainless steel of the thirteenth embodiment
includes 50.010 wt % S. Preferably, the 353L35M4N has 5 0.005 wt % S and more preferably 5 0.003
wt % 5, and even more preferably 5 0.001 wt % S. vil xygen (0) The Oxygen content of the
353L35M4N stainless steel is controlled to be as low as possible and in the thirteenth embodiment, the
353L35M4N hastoh @70 wt 0. Preferably, the 353L35M4N has 50.050 wt % 0 and more preferably 5

0.030 wt % 0. Even more preferably, 30the alloy has 5 O % Q % e referably
50,005 wt 560 VT SO AR P30S oBh 65 110 S (e e A e
353L35M4N stefifleds aidekis §:<0175 lyt96rSilammeforalynahefeitoie haomroioee e SRt 870.75 wt %
Si. More prefeggbly, (6 Jaaf 5704041 2 S-220 5. ORI Sk eyet, s paeslisgaigher
temperature applications where improved oxidation 5Sresistance is required, the Silicon content may be
2 0.75 wt % Sivarte Geedyo0ntoytSh €, but preferably < 0.050 wt % Cor > 0.030 wt % C and £ 0.08 wt %

C, but preferably < 0.040 wt % C. These specific variants of the 351L35M4N stzinless steel
are the 351H35M4N or 35135M4N versions respéctively. |

Titanium {Ti} / Niobium {Nb) / Nicbium {Nb} plus Tantalum {Ta)

10  Furthermore, for certain applications, other stabilised variants of the 351H35M4N or
35135M4N stainless steel are desirable, which have been speciﬂéai!y formulated to be
manufactured comprising higher levels of Carbon. Specifically, the amount of Carbon may
be >0.040 wt % C and < 0.10 wt % C, but preferably $0.050 wt % Cor > 0.030 wt % Cand <
0.08 wt % C, but preferably < 0.040 wt % C. | |

15 . {i} These include the Titanium stabilised versions which are referred to as

- 351H35MA4NTI or 35135M4NTi to contrast with the g.eneric: 351L35M4N.
The Titanium content is controlied according to the following formulase:
Ti4xCmin, 0.70 wt % TimaxorTi5x C min, 0.70 wt % Ti max respectively, in order
to have Titanium stabilised derivatives of the alloy. .
20 (i) There are also Niobium stabilised, 351H25M4NNb or 35135M4NNb versions
where the Niobium content is controlied aceording to the following formulae:
Nb & x C min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max respectively, in
order to have Niobium stabilised derivatives of the alloy. _
{iii) In addition, other variants of the Alioy may also be manufacturéd to contain

25 Niobium plus Tantajum stabilised, 351H35M4NNDTa or 35135M4NNbTa versions

where the Niobium plus Tantalum content is controlled according to the following
formulae: |
Nb +Ta 8 x Cmin, 1.0 wt % Nb + Ta max, 0.10 wt % Ta mex, of Nb +Ta 10 x Cmin,
1.0 wt % Nb +Ta max, 0.10 wt % Ta max.

30 o
Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the

alloy may be given a'stabilisation heat treatment at a temperature lower than-the initial



Chromium (Cr) The Chromium content of the 353L35M4N stainless steel is ? 28.00 wt % Cr and 5
30.00 wt % Cr. Preferably, the alloy has ? 29.00 wt % Cr. 10 Nickel (Ng The Nickel content of the
353L35M4N stainless steel is ? 23.00 wt % Ni and 5 27.00 wt % Ni. Prefe limit of Ni of
the alloy is 5‘&%%96%?%1\“ and more preferably 5 25.00 wt%Ni. 15 Molybﬁ%ﬁgﬁqﬁgﬁmﬁ'ﬂ’e
Molybdenum content of the 353L35M4N stainless steel is ? 3.00 wt % Mo and 5.00 wt % Mo, but
preferably ? 4.00 wt % Mo. 20Nitrogen (N) The Nitr&&%n content of the 353L35M4N stainless steel is
5. 010 wt % N, but preferably ? 0.40 wt % N and 5 0.70 wt % N. More preferably, the 353L35M4N has
? 0.40 wt % N amgtibrO 160 wMir84tM e dreviesrimate pretetablyrid bd HlivbikonNaattboimbiwh b

25PREN The PITTING RESISTANCE EQUJVALENT is calculated. using the formulge; PREN .% Cr +
(2.3 o) THSSI 57 PR R e RS PR o e vl oo )

. ainless’steel has
Chromium content!i?t38.08 wiYe&niainatib r80d Ot 80cmbutspreforiihs@ 2808wyt for certain

applications where higher Carbon contents are desirable. These ailoying elements may be
5 utilised individually or in all the various combinations of the elements to tailor the stainless
steel for specific applications and to further improve the overall corrosion performance of

the alloy.

The wrought and cast versions of the 351L35M4N stainless steel along with the other

10  variants are generally supplied in the same manner as the eariier embodiments.

Further, there is proposed a further variation appropriately referred to as 351L57M4N high
strength austenitic stainless steel, which is a twelfth embodiment of the invention. The
351L57M4N stainless steel virtually has the same chemical composition as 351135M4N with
15 the exception of the Molybdenum content. Thus, instead of repeating the various chemical

compaositions, only the difference is described.

[351L57MAN] _

As mentioned above, the 351L57M4N has exactly the same wt % Carbon, Manganese,
20  Phosphorus, Sulbhur, Oxygen, Silicon, Chremium, Nickel and Nitrogen content as the

e[éventh embodiment, 351L35M4N stainless steel, except the Molybdenum content. in the

351L35M4N, the Moiybderium content is between 3.00 wt % and 5.00 wt % Me. In contrast,

the 351L57M4N stainless steal’s Motyb'denum content is between 5.00 wt % and 7.00 wt %

Mo, in other words, the 351L.57M4N may be regarded as a higher Molybdenum version of
25  the 351L35M4N stainless steel,

lt should be appreciated that the passages relating to 351L35M4N are also applicable here,

except the Molybdenum content.

30  Molybdenum (Mo}

The Molybdenum content of the 351L57M4N stainless steel may be 2 5.00 wt % Mo and =
7.00 wt % Mo, but preferably = 5.50 wt % Mo and < 6.50Wt'% Mo and more preferably z



30% Cr; (ii) Molybdenum content ? 3.00 wt % Mo and 5 5.00 wt % Mo, but preferably ?. 4.00 wt % Mo;
WO 2012/161661PCT/SG2012/000 3 111 (iii) Nitrogen content 5 0.70 wt % N, but preferably ? 0.40 wt
% N and 5 0%84@{{20//? N and more preferably ? 0.40 wt % N and 5 0.60 wtgghand SiRmsanore
preferably .?°0. § and 5 0.55 wt % N. With a high level of Nitrogen, the 353L35M4N stainless
steel achieves a PREN ? 46, but preferably PREN ? 5]. This ensures that the material also has a
good resistance to general corrosion and localised corrosion (Pitting Corrosion and Crevice Corrosion)
in a wide range of process environments. The 353L35M4N stainless steel also has improved
resistance to stess/cariosionotiackingintiGiorigelcantainmegne nirerdhtiFgvdhdrrcompearadnto 10
conventional Aggg&ii&i}g;ﬁr&nless Steels such as UNS 531703 and UNS 531753. It should be
emphasised that'these équations ignore the effects of microstructural factors on the breakdown of
passivity by pitting or crevice corrosion. The chemical composition of the 353L35M4N stainless steel is
optimised at thﬁ;EneIting 15 stage to ensure that the ratio of the [Cr] equivalent divided by the [Ni]
equivalent, acco’r‘&ing to Schoefer6, is in the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95,
in order to%rinTaily SH i RES HANShERUHYELENT fefureriRTHE DMLY Maifdpister R f6PmBat

treatment typicglly, pssforned 481k rRGRhLQ0HAe8:Gurolldal-dagbnteloweadrrg watesgsianehing. The
microstructure of the base material in the solution heat treated condition, 20 along with as-wc?lded weld

metal and heaP&HecRlY Finé ob welbiety i PSR Bi7 bt IRR R ERY LS REE L &REER austenite
forming elemenpgsranshiertteiorming elerpentatiapomatiyhensicesthat the alloy Is austenitigeThe alloy

can therefore be manufactured and s Bn in th n-Magnetic_condition. 25Th 4N
stainless steel I185°HEE SHWE?BQFynE‘e%gg E(? Lrge]]riﬁﬂéﬁlﬁN g?‘%%ﬁ r%gf/ gré%n%aosn'tnémD\\/lgfiy%%éé%:ﬁgﬁwk\gunts of
other elementsssech asBgton cGekiogn iAldhimiden cOrksimg agrdioriagiiesinen irrporeestatie by

weight and the composIiPRs:ol ieSe, RIRIDGILS ALE AN, SRS iy 1ase ORI MAN thallaesanords,

the passages rréqa\flng ese elements for 304LM4N are also applicable here. 30 WO
2012/161661PSTSG261 2/600183 EnRatimnimene il seféeigthobf BR/REBFY30 AP May B achieved

for the wrought version,, The.cast 6/ 5iampassesRexorpimyM yield strength of 41 ksi or 280 MPa.
More preferably, minimum yield strength of 48 ksi or 330 MPa may be achieved for the cast version.

Based on the preferred values, a comparison of the wrought mechanical strength properties of the

353L35M4N staipless siael. it eacophhiNS S8AV0R, Sueaestsadbai tbpuminimummyieldegirgngth of
the 353L35M4N stainless steel might be 2.1 times higher than tha%f‘?‘%jifﬁid for UNS 531703.
Ies

Similarly, a corfi3BFiEORS e W BB GHHTE LRI Sreialsghisidpe the4eE1e 3R BAR Lebinless

steel, with thosg, QERINSSR4H 5% slnggesiathaidthe inbtrefialtstromgthnof <102 358 [cB5:vI4N
stainless steel mii%g}i&ec]ﬁ%g%tgneasuptg?te:g tnr'}%poggl&ztc%ﬁgcmet%gogase material after solution heat
treatment typically performed in the range 1100 deg C — 1250 deg C foliowed by water
20 guenching. The microstructure of the base material in the soiution heat treated condition,
along with as-welded. weld metal and heat affected zone of weldments, is controlied by
optimising the balance between Austenite forming eiements and Ferrite forming elements
to primarily ensure that fhe alloy is austenitic. The alloy can therefore be manufactured and
supplied in the Non-Magnetic condition.
25
like the 351L35M4N embodiment, the 351L57M4N stainless steel also comprise principally
fe as the remainder and may also contain very small amounts of other elements such as
Boron, Cerium, Aluminium, Calcium and/or Magnesium in percentage by weight and the

compositions of these elements are the same as those of 351L35M4N, and thus, those of

30 304LM4N.



10 UNS 531753. Likewise, a comparison of the wrought mechanical strength properties of the
353L35M4N stainless steel, with those of UNS S35315, suggests that the minimum yield strength of
the 353L35M¢N stqinless steel might be 1.59 times higher than that specif%ﬁg&%ﬂ%@ 315. 15The
353L35M4N stainless steel according to the thirteenth embodiment has a minimum tensile strength of
102 ksi .or700 MPa for the wrought version. More pre%&rably, a minimum tensile strength of 109 ksi or
750 MPa may be achieved for the wrought version. The cast version possesses a minimum tensile
strength of 95 ksi or 650 MPa. More preferably, a minimum tensile strength of 102 ksi or 700 MPa may
be achieved forftire36a63 Ad4sicniBas etle20 wItithavpréfe madobilums, lmcempairison véithetnamgtig ht
mechanical strengt rties. of. 35M4N stainless steel, with tho N 1703
cuggests that tham e Bl SN R 1 a5
times higher thatehaikspissifibd foruNS BPETOS. Girhlargughtendpasisersofthe’ Wredgbiiéthanical
strength properfigs, b theaasbrol 4l Stainiess steglwiithinase,of LR Lind, siaassisnat the 25

minimum tensile strength of the'353L35M4N stainless steel might be 1.36 times higher than that
specified for UNG 89758 e FRAVRESER . hifrHfsttor B8 ifirBirgPaahetRealiRdY direAgamprsipetties of

the 353L35M4NsStainlgss.sire hudthribaserddNSppandidss Jeapests thatthaminimuniensie
strength of the 353L35M4N stainless steel might be 1.15 times higher than that specified for UNS
$5315. indeed, PN RBE GHE LR SRIRIES S FSTUHNO o e e d5E DRSS 3RS Patbihfse SGteel, are

compared with thasssefibriRE QsRuEplexBtainiessStaskidheid temay becdemobstiaieshpatthe
minimum tensile stre tg\Of the 353L inless steer is inthe region of 1.2 times higher. than
that specified fé‘r”%}éi%% gaedfgfﬁﬁg?f%%%@%%% TRl REs Yo Ts ST t%’?ﬁ%?%ﬁé’éiﬁed for
25 Cr Supsr DUSIE: Bk egs Gteetie begfore bitesmimm thmat rescfifimidat sizehgth e peatidssof the
353L35MAN stanlgss stephiipve heen sianificantly imprayed compared fg.conyentional austenitic
stainless steels such as L'JI\iS S31703, %!NS 531753 and LLJ%Ieé S@S%lS%InCF %ﬁgﬁeéarr}fs% esgsi'frﬂgr%ﬁm
properties are FeieIAMAN that specified for 22 Cr 5Duplex Stainless Steel and similar to those
specified for 25 Cr Super Duplex Stainless Steel. This means that applications using the wrought
3531.35M4N stainless steel may be frequently formulated with reduced wall thicknesses, thus, leading

to significant wéht 8ERRJE W IR iSBHEITS NG S P 8oMIanetatRld SSNM0b | Loiparstrth EsveAtional
austenitic &0 staiessgieetrsshas WUNGE3 108 (Rahisd ant a3 9akmpecAusaithe minpkmM

allowable design stresses are significantly higher. In fact, the minimum allowable design stresses for

the wrought 353 S8MANES ARSI E dat A RN RSP e FE72 5 RPBIGHIAR SRV aLiealtg similar
to 25 Cr Super £uipilex Stainless Stenls. ShFR, cruzin appieatitnseother variamis0fthes3kBl:35M4N

stainless steel Qgg{enb%%gs%gpé)giel f%rnt ulﬁt%% ;[O b% Egatﬂgf%ctun[l%d caqlgtvgigig% esyecific SIeé/e!srof other
alloying elements Sl ae oppe?, LFung errand anadium, [PRAd b Een aetermined Thatths optimum

chemical compusitroruehigélos el s tieinieasismets okthiehdbBi:B5M4AR Gtainesssstieddsastarding to claim
1,is selecﬂye'asr%}qim%cgg&pgggggr%pq&g%%%@ﬁg Sanadium are 20the same as those of 304LM4N.

In other words, passages relating to these elements for 304LM4N are also applicable for 353L35M4N.

for certain applications, other variants of the 351L57M4N stainless steel, have been
'purposeiy formuiated to be manufactured containing specific levels of‘ other alloying
elements such as Copper, Tungsien and Vanadium. It has been determined that the

25 optimum chemical composition range of the other variants of the 351L57M4N stainless
steel is selective and the compaositions of Copper and Vanadium are the same as those of
351L35M4N and those of 304LMAN. in other words, the passages relating to these elements
for 304LMAN are also applicable here for 351L57M4N.

30 Tungsten (W)

The Tungsten content of the 351L57M4N stainless steel is similar to those of the
351L35M4N arid the PITTING RESISTANCE EQUIVALENT, PREww, of 351L57M4N caléulated



Tungsten (W) The Tungsten content of the 353L35M4N stainless steel is 5. 2.00 wt % W, but
preferably ? 25 0.50 wt % W and 5. 1.00 wt % W, and more preferably .? 0.75 wt % W. For

353L35M4Nv§@£laﬁﬁ%%%qel variants containing Tungsten, the PITTING RESIxANGESRUIVALENT
is calculated using the formulae: PRENw = % Cr + [3.3 X % (Mo + W)] + (16 X % N). This Tungsten

containing variant of the 353L35M4N stainless steelllags been specifically 30formulated to have the
following composition: (i) Chromium content ? 28.00 wt % Cr and 5 30.00 wt % Cr, but preferably ?
29.00 wt % Cr; WO 2012/161661PCT/SG2012/000183 114 (ii) Molybdenum content ? 3.00 wt % Mo
and 5. 5.00 wttmp/lehduspeeferalulye? 2 00anmti®saiaibove i) RefaGett ot EREB0Z Gk %8, but

preferably ? 040wt 3 Meand.5.0. 201 %6 M AReAGFERIEIRIARI, 2k %hdbiand 3Hewt % N
and even morgrﬁfr%rfaebr[gxt?ll?/%“goégg (N(%%;oﬁ {Eﬁdg 50.55 wt ‘@o N; andt (iv) Tungsten contg(r%ts 5.00 wt %

W, but preferathit 218 5o ssass Wwiating 301100 Waew &ffdomort preserebiip TSN W. atte

Tungsten con%Bjﬂ%yﬂggggg5mﬁ3135M4N stainless steel has a high specified level 10 of Nitrogen
and a PRENw ? 48, but preferably PRENw? 53. It should be emphasised that these equations ignore
the effectsof microstructural factors on the breakdown of passivity by pitting.or crevice corrosion.

Tungsten may:hgadded ndivdyally @symsaniadioswiibCGoppat rifanaditiras Biarsmuandfor
Niobium and/or Niobium plus Tantalum in all the various combinati%r}%g%n&ﬁe elementgEir prfurther
improve the oVt MAN ISR ST SRRIMETRES BERE Y P IROSEER &5 Batamely %ugg?ﬁ/ and therefore
is being purposglythanitechta eptimismibe dcaneniestibthealiby, avhilebletiier St éNoptinising the
ductility, toughne %and corrosion performance of the alloy. Carbon (C) 20For certain applications,
other variants Bsf]t%e%135M4N stainless steel are desirable, which have been specifically formulated
to be manaofactured comprising higher levels of Carbon. Specifically, the Carbon content of the

353L35M4N : tgen;? % 0 A %) %iébq)agrp Ny &T%Rflﬁf b_Iy 5 Q.OSO wt % C or > 0.030 wt
% C and 5 0.0%‘é‘ﬁﬁéﬁ@ﬁﬁo ) yEaZ 0.040 Wi &o sC 'hese specific variants of the 353L35M4N
stainless steel gt IS3SEHEBMANEBPIBBETBMEN YefsiBlsrbspERIeR]. the 351H>7MAN or
35157M4N stainless steel are desirable, which have been specifically formulated tc be
manufactured comprising higher levels of Carbon. Specifically, the amount of Carbon rﬁay
15 bhe 2 0.040 wt % € and < 0.10 wt % C, but preferably £ 0.050 wt % Cor > 0.030 wt % Cand
0.08 wt % C, but preferably < 0.040 wt % C. ' '
(i) These include the Titanium stabilised ver;ions which are referred to as
351H57M4NTI or 35157M4NTI to contrast with the generic 351L57M4N.
The Titanium content is controlied according to the following formulae:
20 Ti 4 x C min, 0.70 wt % Ti max or Ti 5.x C min, 0.70 wt % Ti max respectively, in order
to have Titanium stabilised derivatives of the alioy,
(i) There are also the Niobium stabilised, 351H57M4NNb or 35157M4NNb versions
where the Niobium content is controlied according to the following formulae:
Nb 8 x € min, 1.0 wt % Nb max or Nb 10 x C min, 1.0 wt % Nb max respectively, in
25 order te have Nichium stabilised derivatives of the Va!ioy.
tifi) In addition, other variants of the alloy may aiso be manufactured to contain
Niobium plus Tantalum stabilised, 351H57M4NNbTa or 35157M4ANNDTa versions
where the Niobium plus Tantalum content is controlled according to the following
formulas:
30 Nb +Tz & x Cmin, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max, or Nb + Ta 10 x C min,
1.0 wt % Nb + Tz max, 0.10 wt % Ta max,



Titanium (Ti) / Niobium (Nb) I Niobium (Nb) plus Tantalum (Ta) Furthermore, for certain applications,
other stabilised variants of the 353H35M4N or 35335M4N stainless steel are desirable, which have

been specific?J d to be 30 manufactured comprising higher lev g%gg 6§ cifically,
the amount o azfg%gor?r}]wrr?é?/ be ? 0.040 wt % C and < 0.10 wt % C, but pre%?ﬂi% ) @ v%ote% Cor>
0,030 wt % C and 5 0.08 wt %C, but preferably <0.040 wt % C. WO
2012/161661PCT/SG2012/000183 115 (i) These inctde the Titanium stabilised versions which are
referred to as 353H35M4NTi or 35335M4NTi to contrast with the generic 353L35M4N. The Titanium
content is contratied:aceabdisg ot fo beuihg darnmd e drh 414G amtiag O, 70 Mitsed Famaa of the5 x C

mm, 0.70 wt % Ti max respectively, in order 5to have Titapium stabilised derivatives of the alloy. (ii)
There are atso R IR el < BEr AN B D53 kTR Vo B (A Rt
content is contsoll@@mdwﬁhg_at@m t@ﬂmwimguf@rmmem_mlbrﬂiéoc_ qdiﬂhi,umoam% Niotriaoe ortdb 10 x C
min, 1.0 wt % 'ﬁ‘é’n{g%r%%%‘étg’aedé{d INRIAELHO Y e NI ORI ala%?t&?&p%ﬂ%ux%wﬁ%n%fmélm - 10(iii)

In addition, other variants of the Alloy may also be manufactured to contain Niobium plus Tantalum
stabilised, 353HM38MANNGTRYr SERBBMERNGT Hhesesripgsitrele thetiNisbitia Piry TRAtaRIITContent is

controlled accoygiRg{RAb& IO WIREIAIUAR ntents arNRedRR X fed@ NickiReihMNR Hi@gnax, 0.10

wt % Ta max, or Nb + Ta 10 x C min, 151.0 wt % Nb + Ta max, 0.10 wt %Ta max. Titanium stabilised,
Niobium stabili$&éfethtrRtstirln 35172 AhrARTtAVSIEMTRBETPAFRSHTE Ot BT BIRdY MESF BReGAdHeSS

stabilisation heatdrestrenirt=p iemparatuedonantiam the initialselutioprhgrintiratsenhtesperature.
Titanium and/or Ndizbium and/or Niobium plus 20 Tantalum may be added individually or in conjunction

with Copper, TGS and Vanadium in all the various combinations of these elements to optimise the
alloy for certain applications where higher Carbon contents are desirable. These alloying elements

may be utlised,ndiidyall or jn.al {he.varioys camblagtians af the.clementto Giler fie siaipless
steel for specific applications and to further Improve the overa Fcorrosmn'per%%mance of% fhe alloy.
The wrought amerieast vergrmnesallf taerB53 35NN staaneysstbelcatbergewithdiirewther variants are

generally supplied in the same manner as the earlier embodiments.

Further, there is proposed a further variation appropriately referred to as 353L35M4N in

15 this description, which is a thirteenth embodiment of the invention.

[353L35M4AN]

The 353L35M4N stainiess steel has a high level of Nitrogen and a specified Pitting Resistance

Equivalent of PREy 2 46, but preferably PREy 2 51. The Pit;cing,Resistance Equivalent as
20  designated by PREy is calculated according to the formulae: - ‘

PREy =% Cr +{3.3 x % Mo} + (16 x % N}.

The 353L35MA4N stainless steel has been formulated to possess a unique combination of

high mechanical strength properties with excellent ductility and toughness, along with good

weidability and good resistance to general and localised corrosion. The chemical
25  composition of the 253L35M4N stainless steel is selective and characterised by an alloy of .

chemical ahaiyéis in percentage by weight as follows, 0,030 wt % C max, 2.00 wt % Mn max,

0,030 wt % P max, 0.010 wt % S max, 0.75 wt % Si max, 28.00 wt % Cr - 30.00 wt % Cr, 23.00

wt % Ni- 27.00 wt % Ni, 3.00 wt % Mo - 53.00 wt % Mo, 040wt % N-0.70 wi % N.

30  The 353L35M4N stainless steel aiso contains principaliy Fe as the remainder and may also

contain very small amounts of other elements such as 0.010 wt % B max, 0.10 wt % Ce max,



‘30Further, there is proposed a further variation appropriately referred to as 353L57M4N high strength
austenitic stainless steel, which is a fourteenth embodiment of the invention. The 353L57M4N

stainless ste%(é%bﬁgg %s the same chemical composition as 353L35M4N With-\WMe01s3
2012/161661 2012/000183 116 the exception of the Molybdenum content. Thus, instead of

repeating the various chemical compositions, only th? ifference is described. [353157M4N] 5As
mentioned above, the 353L57M4N has exactly the same wt % Carbon, Manganese, Phosphorus,
Sulphur, Oxygen, Silicon, Chromium, Nickel and Nitrogen content as the thirteenth embodiment,
353L35M4N stabiess steehmexcapt thdésNMolybedendfor Sobitevityl Mihea358H 3hdd Myingiksolpiztienum

content is between 3. O wt % apd 5, 09 V\1t % Mo In contrast, the 353L57M4N stairiless steel's
resen Ua

Molybdenum content is B@tween'grsa /e and 107.00 wt % Mo. In other words, the 353L57M4N may
be regarded as a higher Molybdenum version of the 353L35M4N stainless steel. It should be

appreciated th%éh&mﬁﬁﬁg&ﬁ;{@%ﬂ%ﬂﬁé%ﬁ@%%@% AR apnlicatlB:hRted 6XARRLIRRng
Molybdenum content. 15 Molybdenum (Mo) The Molybdenum content of the 353L57M4N stainless

steel may be . 71800 NRIBNIL &ATHS 2DOURIN GV B Prefeia iy IS0 RtIBRIG RS 6!98Pt % Mo,
and more preferahhy<zAdi0 idhMarlorahienw s doeobdadenuscanient @i lag Bipakiar M4AN has

a maximum 20 of 7.00 wt % Mo.
guenching. The microstructure of the base material in the solution heat treated condition,

along with as-welded weld metal and heat affected zone of weldments, is controlled by
optimising the balance between Austenite forming elements and Ferrite forming elements

10 to primarily ensure that the Alloy is Austenitic. As a result, the 353L35M4N stainless steel
exhibits & unigue combination of high strength and ductility at ambient temperatures, while
-at the same time guarantees excellent toughness at ambient temperatures and cryogenic
temperatures. In view of the fact that the chemical analysis of the 353L35M4N stainless
steel is adjusted to achieve 3 PREy 2 46, but preferably PREy 2 51, this ensures that the

15 material also has a good resistance to general corrosion and localised corrosion {Pitting
Corrosion and Crevice Corrosion) in a wide range of process environments. The 353L35M4N
stainless stee! also has improved resistance 1o stress corrosion cracking in Chioride
containing environments when compared to conventional Austenitic Stainiess Steels such as
UNS §31703 and UNS 531753, ' 7

20
i has been determined that the optimum chemical compaosition range of the 353L35M4N
stainless steel is carefully selected to comprise the foliowing chemita! elements in

parcentage by weight as follows, based on the thirteenth embodiment,

25 Carbon (C)
The Carbon content of the 353L35M4N ‘stainiess steel is £ 0.030 wt % € maximum.

Preferably, the amount of Carbon should be 2 0.020 wt % C and < 0.020 wt % C and more
preferably £ 0.025 wt % C.

30 Manganese {Mn}

The 353135M4N stainless steel of the thirteenth embodiment may come i two variations:

low Manganese or high Manganese.



PREN The PITTING RESISTANCE EQUIVALENT for the 353L57M4N is calculated using the same
formulae as 353L35M4N but because of the Molybdenum content, the PRE N is 52.5, but 25
preferably PREN ?. 57.5, This ensures that the material also has a good resj eral
corrosion and EREEACrrosion (Pitting Corrosion and Crevice Corrosior%é?%%éggg%e of process
environments. The 353L57MA4N stainless steel also has improved resistance to stress corrosion
cracking in Chloride containing environments when compared to conventional Austenitic Stainless
Steels such as UNS 531703 and UNS 531753. It should be 30emphasised that these equations ignore
the effects of microstructural factors on the breakdown of passivity by pitting or crevice corfosion WO
2012/161661PCT/SG2012/000183 117 The chemical compasition at.th IMAN stainless steel is
optimised at tHE WTAg MO Ere ALare hal PP PAEe P Lo e arant A fatess e
equivalent, acGoaing tdrSehdefery, thamaes rand® wG4Bmank< 1.091 Buviprifdmbty p@fastind < 0.95,
in order to primayi [ tic. mi [ [ ' ; I t5
treatment typi?a %%%f?r&@gqﬁﬁigpﬁ@% %%ngggtgwg] al)Zm 8 %aeggﬁ%@%%&ve&gg% @%ﬁ%ﬁﬁ@hing. The
microstruciure tefitietibases pratestthpiplerebycidiibrRe atSthe etk eHriarabi, WIS Mtk Advdéd weld
metal and heat gifected zone of weldments, is controlled by optimising the balance between austenite
forming elements and ferrite forming elements to primarily ensure that the alloy is austenitic. The alloy
can therefore be manufactured and 10supplied in the Non-Magnetic condition. Like the 353L35M4N,
the 353L57M4N sipiHesavipel RisOneps s esALtERathn e asF the Is3UsBRtEr iaRd. 0ayalsa.contain

very small amounts fotI‘He?r elements such as Boron, Ceriym, Aluminium. Calgjum and/or Magnesium
in percentage BVW@%HT )ni\/i r% ﬂ:l wi AL}\W and/ ore

o HROSIRE0EMSHY oF thedd Wlerhdhls A2 the saihead'thsle &
353L35M#4N anpebtbiasiythbse i3 04N T he 3530k SviNostaintésststetieof ther fouitteenttso
embodiment ha inimum vield strength and a minimum_tensile, stren par. Iefo imilar to
those of 353L3"§\%4ﬁn'2 igﬁ% ﬁé%l% té\éﬁgrﬁTlgg%fsﬁ-és ?ﬁ}gegterse?}g@tp %ﬁgr&?&wg‘;’%’% Wr%ﬁa%te%ﬁwqcast
versions of the23531 HTEMAR Gl etisoretamphrabieMo thbgetisf thbiRoSe 85I 2 e s 2FeBSpadific

strength value§ ake Dot repeated BF&%@% teference.is saade to the earlier passages of 353L35M4N. A

comparison of the wrought mechanical strength properties between 353L57M4N and those of
conventional austenitic stainless steel UNS 331703, and between 353L57M4N and 25 those of UNS

531753/UNS 3gdp3ia.auagests stronger yield and tensile strengths of the magnitude similar to those
found for 353L35M4N. Similarly, a comparison of the tensile properties of 353L57M4N demonstrates

they are better THaPATEPLYE GREGTOPDD THBIG3ME S tiailess sEreldh SRl 4P &P R dE L péied for 25
Cr Super Duplexratainliess:Gieekijimiliketiae RRILBOMAN 380 and more preferably < 0.020 wt % P.

Even more preferably, the alloy has £ 0.015 wt % P and even further more preferably <

0.010 wt % P.

20
Sutphur {S)
The Sulphur content of the 353L35M4N stainless steel of the thirteenth embodiment
includes £ 0.010 wt % S. Preferably, the 353L35M4N has < 0:005 wt % S and more preferably
£0.003 wt % S, and even more preferably < 0.001 wt % S. |

25

Oxyg' en (O)

The Oxygen.content of the 353L35M4N stainless steel is cbntroi[ed to be as low as possible

and in the thirteenth erhbodiment, the 353L35M4N has 2 0.070 wt % O. Preferably, the

353L35MAN has < 0.050 wt % O and more preferably < 0,030 wt % O. Even more preferably,
30 the alloy has £ 0.010 wt % O and even further more preferably < 0.005 wt % C.



WO 2012/161661PCT/SG2012/000183 118 savings when specifying 353L57M4N stainless steel
compared to conventional austenitic stainless steels such as UNS 531703, 531753 and 535315
because the minimum allowable design stresses are significantly higher. {i-ipgg if1g/shpigium
allowable desigi stresses for the wrought 353L57M4N stainless steel are higher than for 22 Cr Duplex
Stainless Steels and 5similar to 25 Cr Super Duplexl%tainless Steels. For certain applications, other
variants of the 353L57M4N stainless steel, have beén purposely formulated to be manufactured
containing specific levels of other alloying elements such as Copper, Tungsten and Vanadium. It has
been determingddhdithe 10 optimum chemical composition range of the other variants of the
353L57M4N stainless steel is selecti t ompositions of er ' e same
as those of 355%?3%? AN %ﬁ&%i%%%%%%ﬁ@ ogtﬁéer eveg)srsdq“é, t e%aé?ggé\é%g%i#lﬂgﬂ té;lgtﬁhoese
elements for 3@4EMABIvars alsohpPicakl s e fddor BEBEEMNLN rABEiny SV STHE FYsten
content of the 353L57M4 inl 1S simi ' t ERING
RES|STANc|§"’|"£%ﬁ\}%"ﬁ’\g@f’,i bt ﬁ%‘vﬁ?cgﬂ%' 5%%%%%%7?5% ;;tI&ng (ﬁg ﬁﬁéﬁ@rﬂ% r?nﬂlﬁg gs
mentioned abewstorces3essivaN s ﬁﬁEWS%!B?HMG?ﬁ@f@?&M‘I}%FSI?EgIW:‘?W%{: Yue to the different
Molybdenum content. It should be apparent 20that the passage relating to the use and effects of
Tungsten for 353L35M4N is also applicable for 353L57M4N. Further, the 353L57M4N may have
higher levels dieeamih Egterred to as 353H57M4N or 35357M4N which correspond respectively to
353H35M4N and 3533 aissussed estlnlbaseithe Casbion Lo angesrdisdussedoearlier are
also applicablea for 353H57M4N a}Pd 353)57M4N. ;I'itéa\nium (Ti) / Niobium (Nb) / Niobium (Nb) plus. -
Tantalum (Ta)”* FHHERROE PR QEABTT ADRHEAHENS, other stabilised variants of the 353H57M4N or
3035357MAN stainless steel are desirable, which have been specifically (formulated to be
manufactured ﬁ;%@;PE\ia ing higher levels of Carbon. Specifically, the Carbon may be 0.040 .

The Nickel content of the 353L35M4N stainless steel is 2 23.00 wt % Ni and £ 27.00 wt % Ni.
preferably, the upper limit of Ni of the alloy is < 26.00 wt % Ni and more preferably < 25.00
wi % Ni.

15
Molvbdenum (Mo}

The Molybdenum content of the 353L35M4N stainless steel is 2 3.00 wt % Mo and < 5.00 wt

% Ma, but prefefably > 4.00 wt % Mao.

20 Nitrogen (N}
The Nitrogen content of the 353L35M4N stainless steel is £ 0.70 wt % N, but preferably >

0.40 wt % N and < 0.70 wt % N. More preferably, the 353L35M4N has > 0.40 wt % N and <
0.60 wt % N and even more preferably 2 0.45 wt % N and £ 0.55 wt % N.

25 PREy
The PITTING RESISTANCE EQUIVALENT is calculated using the formuiae:
PREN = % Cr + (3.3 x %Mo) + {16 x % N).
The 353L35M4N stainless steel has been specificaliyi formulated to have
(i) Chromium content 2 28.00 wt % Cr and < 30.00 wt % Cr, but preferably 2 29.00 wt
30 % Cr; o _
(i) Molybdenum contenit 2 3.00 wt % Mo and < 5.00 wt % Mo, but preferably 2 4.00
- wi% Mo;



WO 2012/161661PCT/SG2012/000183 119 wt % C and <0.10 wt % C, but preferably 0.050 wt % C or
>0.030 wt % C and 5 0.08 wt % C, but preferably < 0.040 wt % C. (i) These include the Titanium
stabilised versions which are referred to as 353H57M4NTi or 35357M4NT£,£;)I_}%(2£%@§&Q}9%§ the generic
353L57M4N & EHEAm content is controlled according to the following formulae: Ti 4 x C min,
0.70 wt % Timax or Ti 5 x C min, 0.70 wt % Ti max respectively, in order to have Titanium stabilised
derivatives of the alloy. (ii) There are also the Niobiurh' stabilised, 353H57M4NNb or 35357M4NNb
versions where the Niobium content is controlled according to the following formulae: 10Nb S x C min,

1.0 wt % Nb max or Nip &rsderainidn®d. 26 WM resRestively onoraes 1o srave dNiobiurmistabilised
derivatives of the alloy. (iii) in addition, other variants of the alloy may also be manufactu ?d>to contain
Niobium plus Tantal A%t i85 354 AN T4 o §§3ﬁ§7\f\'{4/f\lm)é 4 VErsIBAS WheTe e Niobium
plus Tantalum contemt4s wortroded awseraingno the following formulae: Nb +Ta 8 x C min, 1.0 wt %
Nb + Ta max, 0.10 wt % Ta max, or Nb + Ta 10 x C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max.
Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the 20 Alloy
may be givien astabilisghioevbiectt Noagernthat 35 363t terniowatehbec tiryénit ol Riol gtibh heht

treatment temperaturg, Biranium apalar Nigbiym andigr Niably plus Taniakin may headkded

individually or in conjunction wit 'Copper_, Tungsten and Vanadium in all the various combinations of
these elementsatasininise itsalisgh jofoptaHERtap SIRCERIBITS AR EFRVIIG REFTEsit BN edHEsH R 8fe

desirable. These allQying alsmanismaybe 23 swiilisacindiidualivies inalibevariauacariinations of
the elements to tailor the stainless steel for sg;:cific apgljcations and to further improve the overall

corrosion perfoffsancEBRHNS afidy Nk oM GIOA G W IBE NS GBI 18 3150 FABEREEribRd

embodiments sheuie:ALbAcRRIEURE As:tiniat vahng otiess ey Hel fovnssated.in seditioreto the
ones described herein. For example, the aforementiog??g?ﬁ?mbodljments or series,of austenmc stainless

steels for all th&WBFERT §FEs 015165 BB o BhRs! icrostrucriral tackors O

Sl VARRTS may be produce with tailored
chemical compgsiigins fait pspetificyappheatiensi@nersucmexample is the use of a higher
Manganese content of > 2.00 wt % Mn and 5. 4.00 wt % Mn, in order to reduce the level of the Nickel
content by a pro rata amount according to the equations proposed by Schoefer.6 This would reduce
the overall costro# ttremltey seimositilickd] iBeeXBATMNAN osay SFhetesbie ehemiseRed tctistertingy be

purposelyllgmitggég t%pemqu%etﬁg?tﬁgpﬁ%%iﬁ%g[éh%cﬂ”%@nt divided by the [Nil equivalent, according

to Schoefer®, is in the range > 0.40 and < 1.05, but preferably > 0.45 and < 0.95, in order to
primarily obtain an Austenitic microstructure in the base material after solution heat
treatment typically pérformed in the range 1100 deg C — 1250 deg C followed by water
ql;xenchiﬂg. The microstructure of the base material in the solution heat treated condition,
20 along with as;weided weld metal and heat affected zone of weldments, is controlled by
optimising the balance between austenite farming elements and ferrite forming elements to
primarily ensure that the ailoy is austenitic. The alloy cén therefore he manufactured and

supplied in the Non-Magnetic condition.

25  The 353L35M4N stainless steel alsp has principally Fe as the remainder and may aiso
contain very small amounts of other elements such as Boron, Cerium, Atuminium, Calcium
and/or Magnesium in percentage by weight, and the compaositions of these elements are
the same as those of 3.04LM4N. In other words, the passages relating to these elements for
304LM4N are aiso applicable here.

30 |
The 353L35M4N stainless steel according' to the thirteenth embodiment possesses

minimum vield strength of 55 ksi or 380 MPa for the wfought version. More preferably



10 The described embodiments may also be controlled to satisfy other criteria to the ones already
defined herein. For example in addition to the Manganese to Nitrogen ratios, the embodiments are
also controllegdo,hamg;specific Manganese to Carbon + Nitrogen ratios. 1b@fstig 114d¢hs " types of
the low Manganese range Alloys this achieves an optimum Mn to C+N ratio of 5 4.76, and preferably
.7 137 and 5 4.76. More preferably, the Mn to C+N ratip is ?.. 1.37 and 5 3.57. For the "LM4N," types
of the high Manganese range Alloys this achieves an optimum Mn to C+N ratio of 5 9.52, and
preferably ?_2.74 and 5 9.52. More preferably, the Mn to C+N ratio for these "LM4N," types of high
Manganese allyRimsryierstEeret pIE2 26 ardpevdrs mayd pastiesehyfeh e s e &bl Xe e 1§92 2.74 to
5 5.95. The cuggnt gmbodiments inclide Me ol awingithe 394LMAN 8310 M AL B 1T RPMAN,
317L57M4N, 312L35M4N, 312L57M4N, 320L35M4N, 320L57M4N, 326L35M4N and 326L57M4N,
351L35M4N, 35MBANURID S5eB A <S5 359 MERTRFHES BETHST SRTANREIF VA ERRs RRFRER Tay
comprise up to:Q:03ErMit=%0\af carbeBrRaNIEHIBT, B8 Falulhie rdividhicalpesh thedewddanganese
range Alloys this achieves an optimum Mn to C+N ratio of 54,55, and preferably ?°1.25 an,dlt?4.55.
More prefetably> the MR TAIRS is WY 2805h 815 8 % 13 FOP s 58RI R (e DI T HYH
Manganese raggengtoysibissaciimaes sasirogtintash Mghtb €3N daito okb0the,; tnd preféeabty ? 2.50
and 5 9.10. Mor, erably, the Mn to C+N ratio for these "HMA4N." types,of high. Manganese
oye s 2 2 00 S G by A et T BT Ably BB iR e o R ARG e
current embodiFh#itsvias|gaabe fotewivith thes8CfHINE B BB HMeRsB1 THAE T ANDISLPHBENIAN, WO
20121161661%95@%%8@%9&%44@&%@@§M%ﬂgf§%@'ﬂ%"4ﬁ4§s ’%gﬁéﬂwmt Hed AN,
3261-135M4N, 326H57M4N, 351H35M4N, 351H57M4N, 353H35M4N and 353H57M4N types of Alloy
and their VRriart¥S/FRIcH midkendsh priseTPoRTD) G4 ChR/MoR hC BIBW lif {6t BRIV 0B S H DR, and

5For the "M4Ngstypegaf helRu MangangseRaGe ONoY3 18IS achigyes @R:QREMUARM tRdetN ratio
of 5 4.64, and preferably .? 1.28 and 5 4.64. More preferably, the Mn to C+N ratio is .? 1.28 and 5

3.48. For the "Nizethyhare 3P RhaSHIGH RiinlaTee RiBRPARGTSIRES SlghrvaasiasaRstIFFIm to c+N
ratio of 5 9.28, gwclspseierably 2.56 and 5 9.28. More preferably, the Mn to C+N ratio for these "M4N,"
types of high Manganese alloys is 2.56 and 5 6.96 10 and even more preferably the Mn to C+N ratio is
2.56 to 5 5.80. The current embodiments include the following: the 304M4N, 316M4N 31757M4N,
31735M4hG 31236844045 BLROEMAMs 3203 GIbANIR2QETHA 4N 182G B SV 8266 TbA4NMBEHBEMAN,

35157M4N, 35335M4N a M4 f Alloy and their variaMs whi ay com iﬁe from
ore than 0,038 M8 ST Claba s & CORT aa e by e e e R GBRAT g
strength austeniisiiarstrswge phl@idnitior StEriissratdle aablendiddohe it yaipianN' TandasaN"

types of Alloy, g5 well asthe.othenvatiants discussedehereln, may.he shesifiesband Lilised, as range of

Products and Product Packages for complete systems. 201t should be evident that chemical
composition ramyEgyHderaelstrsHe o 9 &Aite’80 EFronTvRe aitrEd froB deruRiseadisacand

Nitrogen eff) fasRepific-alay aamposition tuprsand lhelkMarroks maysalsn e Apelicabiede.the
elements in other alloy composition types and their variants. . _
353L35M4N stainless steal, with those of UNS 531703, suggests that the minimum tensile
strength of the 353L35M4N stainiess steel might be more than 1.45 times higher than that
specified for UNS- 531703, Similarly, a comparison of the wrought mechanical strength
properties of the 353L35M4N stainliess steel, with those of UNS $31753, suggests that the
25  minimum tensile strength of the 353L35M4N stainiess steel might be 1.36 times higher than
 that specified for UNS 531753, Likewise, a comparison of thé wrought mechahic_al strength
properiies of the 353L.35M4N Stainiess steel, with those of UNS S35315, suggests that the
mintmum tensile strength of the 353L35MA4N stainless steel might bé 1.15 times higher than
that specified for UNS S35315. indeed, if the wrought mechanical strength properties df the
30 353L35MA4N stainless steel, are compared with those of the 22 Cr Duplex Stainless Steel,
then it may be demonstrated that the minimum ten.si[e strength of the 353(35M4N

stzinless stegl’is in the region of 1.2 times higher than that specified for $31803 and similar



25Products, Markets, Industry Sectors and Applications The proposed series of NGENIUSTM high
strength austenitic and super austenitic stainless steels may be specified to international standards-

and specifications and d for a range of products utilised for both offsho 3applicatidns _
in view of th:‘?r]%%) 2mell(t:l)ﬁgnical 30 strength properties, excellent ductility a%%§g§%§2;r?§§i%t ambient

and cryogenic temperatures, along with good weldability and good resistance to general and localised
corrosion. WO 2012/161661PCT/SG20121000183 122 Products Products include but are not limited
to Primary and Secondary Products such as Ingots, Continuous Cast Slabs, Rolled Skelps, Blooms,
Billet, Bar, FiattB&ziSiapfsd Rods \OHsapbr\Wglthngtsvines\Meldingcconsy rhalbieikisten&Siheeikabtrip and
Coiled Strip, -Forgings, Static Castjngs, Die Castings, Centrifugal Castings, Powder Metallurgical
Protucts, ot ROSET BRRCE et LR e TTA A 58 L ot et T B PE o
Country Tubulao@Geods i€ asings: Gehadensdtiasd HMeatskecthany ers TS 1Vl dbds IS Piped Welded
Pipe and Tube roducts, Induction Bends, Butt Weld iftings, iy

Fastonors, 10 BOTRaS Corath e G R RS e et B e e B
Drawn andsColduRled Sudniepisecaimnd 2 Rlatipse, seorfipd &Hafy Bt Rirnis GekiceAirebtors,
Forged Fittings, Pumps, Valves, Separators, Vessels and Ancillary Products. The Primary and
Secondary Products above are also relevant to Metallurgically Clad Products (e.g.
Thermo-MechatigalRPBEnHE, Mol RERMBoRtEH, X SKETy BotdeM e Stawets SR Clad
15Products, Meghasieq!botnesdAramucts Rickly dra isilyebine d R0 duists O Bhikitand Wegducts.. As
it can be appreciated from the number of alternative alloy compositions discussed above, the -
proposed N'GERHDE TN Htigheshilrfytir Kastetictane Subet ANTRIRT SERMELS SRGYS Y gy be
specified and usgeizsvasatsunaskals Al indysty7se ciadssis 21 ite sangaofmapplicatitasaldignificant

weight savings f'%d fabrication tlme_ﬁaw gr?]r:ﬁq‘%}( l?e ggfhl&ved \when ut|||I(|35|n l ethaese Alk(l;gs which in turn

: . o design stresses. dare st cant { e minim a es| S sses 1or
leads to significant costaavings I the overafl contriiCtion costs, SEMarkats. Induetyy Sectors and

Applications  the wrought 353L35M4N stainless steel are higher than for 22 Cr Duplex Stainless Steels and

similar to 25 Cr Super Duplex Stainiess Steets.

15  For certain applications, other variants of the 353L35MA4N stainiess steel have been
purposely formulated to be manufactured containing specific levels of other alloying
elerments such as Copper, Tungsten and Vanadium. It has been determined that the
optimum chemical cbmposition range of the other variants of the 353135M4N stainless
steel according to claim 1, is selective and the compositions of Copper and Vanadium are

20 the same as those of 304LM4N. in other words, passages relating to these elements for

304LM4N are alsc applicable for 353L35M4N.

Tungsten (W) 7
The Tungsten coritent of the 353L35M4N stainless steel is £ 2.00 wt % W, but preferably 2

25 050 wt % W and £ 1.00 wt % W, and more preferably > 0.75 wt % W. For 353L35M4N
steinless steel variants containing Tungsten, the PITTING RESISTANCE EQUIVALENT is
calculated using the formulae:

| PREww = % Cr+ [3.3 x % (Mo + W)} + {16 x % N).
This Tungsien coniaining variant of the 353L35M4N sta_inless sfee! has been specifically

30 formuiated to have the foflowing composition: .

{i) Chrcmium content 2 28.00 wt % Cr and < 30.00-wt % Cr, but preferably 2 29.00 wt
% Cr;



‘Upstream and Downstream QOil and Gas Industries (Onshore and Offshore Including Shallow Water,
Deep Water and Ultra Deep Water Technology) 30Finished Product Applications may include but are
not limited to?&lef?gqy/q}ﬁ\im: Onshore and Offshore Pipelines including Integield Ripelinpssand
Flowlines, Intield Pipelines and Flowlines, Buckle Arrestors, High Pressure and High Temperature
(HPHT) Pipelines for WO 2012/161661PCT/SG201 /%00183 123 multiphase fluids such as Oil, Gas
and Condensates containing Chlorides, CO2 and H2S, and other constituents, Seawater injection and
Formation Water Injection Pipelines, Subsea Production System Equipment, Manifolds, Jumpers,
Tie-ins, Spools, PiggifitMogpdsrTobidare i@ GG wind Basirhs SSeet Gdimat) RigferabiRisePPipes,
Structural Splash Zo L}éi%r, Pipes, 5River and Waterway Crossings, Valves, Pumps, Separators,
Vessels, Filtration SyStems, Forgings, Fasteners and all associated Ancillary Products and
Equipment. Piping PAtikadeosystenianist iy Brdceysrsgiamply aRdUNINRY 33 Sbalater
Cooling systems and frifexvates-sistems Whishcanbsutiisgd in all iypreat Ongho ety fishore 10
applications. The Offshore applications include but are not limited to Fixed Platforms, Floating
Platforms, SPA's and®4aIr¢ &¥RUsSPriwteMiatfstms, Utilities Platforms, Wellhead Platforms, Riser
Platforms, Compressian RiafaimsntRSSDRSQISWSRA atkidbl Infias ik ctunes b ioations,
Fabricated Modules and all associgted Ancillar Poro\g’ucts and Equipment. 15 Tubing Package
Systems: such as, U%?ﬁ‘gé@,r%%rﬁ?fé?\ 4 df Bxthangers, Desalination, Desulphidation and all
associated Ancillary Products and Equipment. LNG Industries 20Finished Product Applications may
include but are_not limited to the following:. Pipeli 1d Ripj Inf re,
Fabrications, ngffriclérfgsg 6¢ J?é%',ﬂ ‘é\r/'ggt, Q;le%sjgeelg? umﬁ?ﬁﬁ}gﬁﬁg@qﬁ%ﬁ%ﬁ%ﬁ%ﬁ%@sﬂeners
and all associabédlifnedterytRriRficts 45 duE qoiprrdrit SR tBiesPabdicatormbrotrdibre thisating
Liauefied Natucal,Gis, (L) wesapls, FP RIS Ar aRsorectmsfieNAIRb GRS (G Blagts, Ships
and Vessels as well as 25Terminals for the processm%, storaé:)e and transportation of Liquefied Natural
Gas (LNG) at cHf8pe it teaviprorafipegn. Tungsten may be adde

Copper, Vanadium, Titanium and/or Niobium and/or Niobium plus Tantalum in afi the

individually or in conjunction with

various combinations of these elements, to further improve the overall corrosion
15 performance of the alloy. Tungsten is extremely costly and therefore is being purposely
fimited to optimise the economics of the alloy, while at the same time optimising the

ductility, toughness and corrosion performance of the alioy.

Carbon {C}

20 For certain appiicatioﬁs, other variants of the 353135M4N stainless steel are desirabie,
which have been specifically formulated to be manufactured comprising higher levels of
Carboh. Specifically, the Carbon content of the 353L35M4N may be 2 0.040 wt % C and <
0.10 wt % €, but. preferably £ 0.050 wt % C or > 0.030 wt % C and £ 0.08 wt % C, but
preferably < 0.040 wt % C. These specific variants of the 353L35M4N stainless steef are the

25  353H35M4N or 35235M4N versions respectively. |

Titanium (T1 / Niohium {Nb) / Niobium {Nb) plus Tantaium {Ta}

Furtherfnore, for certain applications, other stabilised variants of the 353H35M4N or
35335M4N stainless steel are desirable, which have been specifically formulated to bhe

30 manufactured comprising higher levels of Carbon Specifically, the amount of Carbon may be
2.0.040 wt % C and < 0.10 wt % C, but preferably £ 0.050 wt % Cor > 0.030 wt % Cand <
.08 wt % C, but preferably < 0.040 wt % C.



Chemical Process, Petrochemical, GTL and Refining industries Finished Product Applications may

include but are not limited to the following: 30 Pipelines and Piping Package Systems, Infrastructure,

Fabrications, Fabricated modules, Valves, Pumps, Vessels, Filtration Systgg)g%g]%rg%&]?grfasteners
a emica

and all asso%?ezgl,&ﬁgﬁ?g%y Products and Equipment, including Rail and Ro ankers used

for the processing WO 2012/161661PCT/SG2012/000183 124 and transportation of corrosive
aggressive fluids from the Chemical Process, PetrocfEical, Gas to Liquids and Refining Industries as
well as acids, alkalis and other corrosive fluids including chemicals typically found in Vacuum Towers,

Atmospheric Towers @ngdydro digaters. FiAONBaNalPeRistiioniRdysties Efaishedd,raduct
Applications may include but are not limited tg the foIIow'r;gG%PtFelines_ and Pi%%fackage Systems,

|
Infrastructure, Fabrictibhs, fabricated mydiieso yaivest & Sl Pintation Systems,
Forgings, Fasteners and aikassociated:Ancilanidddorodig scahd tpipmpéntrusad for waste products

and wet toxic gases from the C ical Process Refining, Industries, Pollution Control e.g. Vapour
Recovery systoms, o TN RCBS ar Ttk e DL b o by Ca e s
15Finished Product Appheaiitvasumayeinitked e divearesydthiertles. to the following: Pipelines and Piping

Package Systems, InAREL EBIICRINIA RAVIRAId HRSRAN(Y S5 BMAR(RSSEIS

Filtration Systems, Forgings, Fasteners and all associated Ancillary Products and Equipment used for
the manufacture andwWrewcssifipBitrore Aot Steett 2R ARE ditg Wihefaloyroristed e=nished Product

Applications may inchigle biet Are natlimiash ihe falloving: Rinclisas:and PiningRaskeeg, Systems,

Infrastructure, Fabrications, Fabricated Modules, Valves, PumEEs, Vessels, Filtration Systems,
Forgings, Fasteners SFt$'P haepNighiemsemisss Brstavesfid e 4lment used for the Mining and
Minerals extraction apg) fiar {h@:Rbirageporiatinh of aresheyCatipsive BlIFaaRsWel a5 BHan
dewatering. " Niobium plus Tantalum stabilised, 353H35M4NNbTa or 35335M4NNbTa versions
where the Nicbium plus Tantalum content is controlled according to the following
formulae: ‘
Nb +Ta 8x Cmin, 1.0 wt % Nb +Ta max, 0.10 wt % Ta max, or Nb + Ta 10 x.C min,

15 1.0wt% Nb+Ta max, 0.10 wt % T& max.

Titanium stabilised, Niobium stabilised and Niobium plus Tantalum stabilised variants of the
alloy may be given a stabilisation heat treatment at 2 temperature lower than the initial
solution heat treatment temperature. Titanium and/or Niobium and/or Niobium plus
20 Tantalum may be added individually or in canjunction with Copper, Tungsten and Vanadium
in all the various combinations of these elements to optimise the alloy for certain
apﬁiicatéons where higher Carbon contents are desirabie. These alloying elements may be
utilised individually or in all the various combinations of the elements to tailor the stainless
steel for specific appiications and to further improve the overall corrosion performance of

25  the alloy.

The wrought and cast versions of the 353L135M4N stainless steel along with the other

variants are generally supplied in the same manner as the earlier embodiments. .

30 Further, there is proposed a further variation appropriately referred to as 353L57M4N high
strength austenitic stainless steel, which is a fourteenth embodiment of the invention. The

353L57M4N stainless steel virtually has the same chemical composition as 353L35M4N with



Power Industries Finished Product Applications may include but are not limited to the following:
Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricated modules, 30Valves,

Pumps, Ves&%zquﬂlﬁr tiop Systems, Forgings, Fasteners and all associatgg-Agelasnddigsiucts and
Equipment used for the generation of Power and for the transportation of WO

2012/161661PCT/SG2012/000183 125 corrosive media associated with power generation i.e. fossil
fuel, gas fired, nuclear fuel, geothermal power, hydrd-electric power and all other forms of power
generation. Pulp and Paper Industries 5Finished Product Applications may include but are not limited
to the followingiRipelifnes anchPipisgpPackagentystams, inftastrutCtepestirgbhieationss Fabricated
modules, Valves, Purg]gs, Veisstﬁls .ﬁiltratciglr; dé/s:glebrgg, Forgings, Fasteners and all associated Ancillary
Products and GRS LREY e B e Baper Industries and for the transportation of
aggressive fluids in pulp bleach plants. 10 Desalination Industries Finished Product Applications may

include but argg%?igym to the following: Pipelines and Piping Package Systems, Infrastructure,
Fabrications, Fabricated modules, 15 Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners

and all associdetemisinaty F2aydushs 3R3LER G TEst YsetViith e DEsHlimAti RUFRES 3138 for the
transportation gf seawatersangd pringsddnediinsesalination piapts: Marinerdiavatanehbetenee
Industries 20Finished Product Applications may include but are not limited to the foIIowinq:
thirteenth embodiment, 353L35M4N stainless steel, except the Molybdenum content. In
the 353L35M4N, the Molybdenum content is between 3.00 wt % and 5.00 wt % Mo. In '
contrast, the 353L57M4N stainless steel’s Molybdenum content is between 5.00 wt % and
10 7.00 wt % Mo. in other words, the 353L57M4N may be regarded as a higher Molybdenum

version of the 353L35M4N stainiess steel,

It shouid be appreciated that the passages relating to 353L35M4N are also applicable here,
except the Molybdenum content.

15 |
Molvbdenum (Mo)

The Molybdenum content of the 353L57M4N stainless steel may be > 5.00 wt % Mo and <
7.00 wt % Mo, but preferably = 5.50 wt % Mo and < 6.50 wt % Mo, and more preferably 2
6.00 wt % Mo. In other words, the Molybdenum content of the 353L57M4N has & maximum

20 of 7.00 wt % Mo.

PREy _
The PITTING RESISTANCE EQUIVALENT for the 353L57M4N is calculated using the same
formulae as 353L35M4N but because of the Molybdenum content, the PREy is 2 52.5, but
25  preferably PREy 2 57.5. This ensures that the material also has a good resistance to general
corrosion and localised corrosion {Pitting Corrosion and Crevice Corrosion) in a wide range
of process environments. The 353L57M4N stainiess steel also has improved resistance o
stress corrosion cracking in Chicride containing environments when compared to
conventional Austenitic Stainless Steels such as UNS S31703 and UNS S31753. it shouid be
30 emphasised that these equations ignore the effects of microstructural factors on the

breakdown of passivity by pitting or crevice corrosion



Pipelines and Piping Package Systems, Fabrications, Fabricated modules, Valves, Pumps, Vessels,
Filtration Systems, Forgings, Fasteners and all associated Ancillary Products and Equipment used for

the Marine Ngypland Defence Industries and for the transportation of aggigssie,megiagnd utilities

piping systems for chemical tankers, ship building and 25submarines. Water and Waste Water
Industries Finished Product Applications may include_ but are not limited to the following: Pipelines and
Piping Package Systems, infrastructure, Fabrications, Fabricated modules, 30Valves, Pumps,
Vessels, Filtration Systems, Forgings, Fasteners and all associated Ancillary Products and Equipment
used in the Walkee ahehWWalsteriyat@iomdéistree3saisitdirg sy SWED is optimised at the melting

2012/161661PCT. 2/0 3126 Pj for water wells,. utility distribution networks. sewage
networks and FEon oL AedPiR i T heiuarae e ) D St o
Product Applictrideisefety, indfuidie tuasarcOt dinditeti 4b, the folitswbly >Rige aPiirg2ininasgerctare,

Fabrications, Forgings apd.Fasieasrsand allassasiaid Angllary.Praducts and Fguipmentyiilised for

Structural Integrity and Decorative applications in the Architectural, Civil and Mechanical Engineering

and the ConstriietisPemdiystrRiy. rofbBahiiotBraanag Habsitrs Fidkifeter fofRlMEEpRc Atfeis may

include but arequgkdimitedie MedollowingoPinelings A RipineRaskage Rustedsednisaatiiature,
Fabrications, Fabricated modules, Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners

and all associalSIANEN A Er8at HE'dmeeEh anhisat aEEEHH BB BmARS 1/ 6RRHEYsE N ell as the
related Consursgiribingats tigaiibameeeLticanBicdohemigahdrigaliia andidediaat wdwsHies

primarily ensure that the alloy is austenitic. The alloy can therefore be manufactured and

10 supplied in the Non-Magnetic condifion.

Like the 353L35M4N, the 353L57M4N stainless steel also comprises principally Fe as the
remainder and may also contain very small amounts of other elements such as Boron,
Cerium, Aluminium, Calcium and/or Magnesium in percentage by weight and the
15 compositions of these elements are the same as those of 353L35M4N anciﬁ thus, those of

304LIMA4N.

The 353L57M4N stainless steel of the fourteenth embodiment has a minimum vield
strength and a minimum tensile strength comparable or similar to those of 353L35M4N

20 stainiess steel. Likewise, the strength properties of the wrought and cast versions of the
353L57M4N are also comparable to those of the 353L35M4N. Thus, the speciﬂé strength
values are not repeated here and reference is made to the eariier passages of 353L35M4N.
A comparison of the wrought mechanical strength properties between 353L57M4N and
those of conventional austenitic stainless steel UNS $31703, and hetween 353L57M4N and

25 those of UNS §31753/UNS $35315, suggests stronger vield and tensile strengths of the
magnitude similar to those found for 353L35M4N. Similarly, a comparison of the tensile
properties of 353L57M4N demonstrates they are better than that specified for 22 Cr Duplex
Staintess Steel and similar to those specified for 25 Cr Super Duplex Stainjess Steel, just like
the 353L35M4N, ‘

30
This means that applications using the wrought 353L57M4N stainless steel may be

frequently designed with reduced ‘wall thicknesses, thus, leading to significant weight



'Finished Product Applications may include but are not limited to the following: Pipelines and Piping
Package Systems, Infrastructure, Fabrications, Fabricated modules, 20 Valves, Pumps, Vessels,

Filtration Symﬁlﬁﬁgggps, Fasteners and all associated Ancillary Produgts.apd, Eguipent used in
the Pharmaceuticals, Bio-chemicals, Health and Medical Industries as well as related Consumer

Products. Automotive Industries 25Finished Product Qplicationsmay include but are not limited to the
following: Pipelines and Piping Package Systems, Intlrastructure, Fabrications, Fabricated modules,
Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners, Components and all associated
Ancillary Produetsiane fsguspmdying SEd s/ teNAsitamtotive: il desties dnalugimg thienalaausfactire of

vehicles for Road and Rall.applications esell as auageand: 3qtndeasund Mass rangf Systems.

WO 2012/161661PCT 0001 pecialist Research and Development Industries Finished
Product Appliceisissinesyanatacéstificanrdyriveirnite dae, the folliwing abayeiiredasisd Fijghsgs Peickage
Systems, InfragiiigiyieHFaRticatiansfRrcaler.PoMES AR S RUBIRFMesRRIS Slliatipg

Systems, Forgings, Fasteners and all associated Ancillary 5Products and Equipment used in the
Specialist ResESHH shtf BetdepheitFaiistFeXethis invention relates austenitic stainless steels,
comprising a high level of Nitrogen and a minimum specified Pitting Resistance Equivalent for each

designated type of Alloy. The Pitting Resistance Equivalent as designated by PREN is calculated
according to thePfoffNiHe ARIBRERE =BAE I 'S 206 Moy 311 6% R5Nisa/sieet MBBERRI= 06 cr +
[3.3 X % (Mo +pdAote(il GotrPraibtpdwite e appticabler s disciisse dspbofie | doste adhodesigriateas type of

Alloy. The low Carbop range of alloys far the different embhodi ts or types of Austenijtic 15 stainless
Cteas andlor SBE M BT iS SRR SRR Roe B et diic el ST AR e oA,

317L35M4N, 3aatirsrividienBa:2 185 MdditicB 12hEY M4 e 3RBESENIANS 32LS ZRALBV NG SBHNESN,

326L57MAN, S31LISMAN A STMIANN A33AEUAN 208 SPLETAIAN 90 Hacss amon atber

variants have been disclosed. In the des embodiments, the Austenitic stainless steels and/or
Super AustenitiE3EaiMESsgidsiEs ebthpkdeN B O0hRi werds, the passages relating to these elements

for 304LM4N are also applicable here for 353L57M4N.

15 Tungsten (W)

The Tungsten content of the 353L57M4N stainiess steel is similar to those of the
353L35M4N and the PITTING RESESTANCE EQUIVALENT, PREyw, of 353L57M4dN calculated
using the same formuiae as mentioned ahove for 353L35M4N is PREyw 2 54.5, and
preferably PREyw 2 59.5, due to the different Molybdenum content. i shouid be apparent
20  that the passage relating to the use and. effects of Tungsten for 353L35M4N is also
applicable for 353L57M4N, "

Further, the 353L57M4N may have higher levels 61‘ Carbon referred to as 353HS57M4N or
35357M4N which correspond respectively to 353H35M4N and 35335M4N discussed eariier

25  and the Carbon wt % ranges discussed earlier are aiso applicable for 353H57M4N and |
35357M4N.

Titanium {T1) / Nicbium {Nb) / Niobium (Nb) plus Tantalum (Ta}

Furthermore, for certain applications, other stabilised variants of the 353HS57MA4N or
30 353537MA4N stainless steel are desirable, which have been specifically formulated to be

-manufactured comprising higher levels of Carbon. Specifically, the Carbon may be 2 0.040



20 Chromium to 30.00 wt % of Chromium; 8.00 wt % of Nickel to 27.00 wt% of Nickel; no more than
7.00 wt % of Molybdenum and no more than 0.70 wt % of Nitrogen, but preferably 0.40 wt % of
Nitrogen to Q{@z L% gk Nitrogen. For the lower Carbon range Alloys thesggampsisaqasaore than
0.030 wt % of Carbon. For the lower Manganese range Alloys these comprise no more than 2.00 wt %
of Manganese with the Manganese to Nitrogen ratio ]?95 controlled to less than or equal to 5.0 and
preferably a minimum of 1.42 and less than or equaljlo 5.0, or more preferably a minimum of 1.42 and
less than or equal to 3.75. For the higher Manganese range Alloys these comprise no more than 4.00
wt % of Manganese with<he Meintgdh bse ettty €19 Lsfordh i oliedte3 st thaarcre@08Mo°40.0 and
preferably a minimum of 2.85 S n or equal to 10.0, or more preferably to a minimum of 2.85
30and less thag%ﬁyga%%ﬁ%&f 0, olf\g?/i‘!’r]lémore preferably to a minimum of 2.85 and less than or equal
to 6.25, or even furthi@r finese prefedabineo BteninimutatdfseBsem@nesyhisinade yeprred to as
2012/161661PCT/SG2QI2/0004B3,128 agualie S.0. E4sh meredurthar-morss preferablyria.a

minimum of 2.85-and less than.or equal to 3.75. The level of Phosphorus is no more than 0.030 wt %
of Phosphérus and id Esitraireatas s seniralegassnsiingsanig feiRuyreoraitatian or equal to 0.010 wt

% of Phosphorus. The Jevehsh SuBRksistnednereithare thihl 0. v W 2frsulphuiegvisycansiaded to 5 as
low as possible so that it may be less than or equal to 0.001 wt % of Sulphur. The level of Oxygen in

the Alloys is no more &Ko G 95 e dgarivg ’E 16l controlled to as low as possible so
that it may be less than omeerigletal & ARSMEHam bRy gean 3Thes et b Sirkas iminaBliessois no more
than 0.75 wt % of Silicon, except for specific higher temperature lications where improved
oxidation resistance }%hreéﬁﬁgi'(ree ',c’\)t\’/’tlf('ranrgf’ﬁ1 ’i?{g f(%@%'iﬁgt'cf%dggﬁ?@ﬁ?%%f%(é%fﬂgmn& gn\%tt 5 of Silicon to
2.00 wt %aof Silicon. foB cel tain, dppicaticis pether Narlant€ ofithd Stuirifeds seeteape-S@peinustenitic
Stainless Steels, havg beenpuresely, formulalad o e maguiaciyged containing specific levels of
other alloying elements such as Copper of no more than 1.50 wt % of Copper for the lower Copper
range Alloys and CoipeirofdtitioretitraryBiguwaforhef diop peavislstheehtafcoppe f A& Rloys, 15
Tungsten of no moreyfagn, 2. QAW aQlTHRGSIRA ANGYRAGHREENG: reser aendA0 widbref

Vanadium, The Austenitic Stainless steels and Super Austenitic Stainless Steels, also contains
principally Fe as the W1RrifeR MR 441 SonESHIRIFPVERE Shimsaied AR BFE S BRMEMNE Such as
Boron of R more thag Q18 wt % of Boron, Cerium of no more than 0.10 wt % of Cerium, Aluminium
of no more than 0.050 wt % of Aluminium a})nd Calcium and/or 20 Magnesium t?f r_}o ore than 0,010 wt
% of Calcium and/or MagAedtim™he-Ausiiihic¢ §T’afﬁ?é‘ss(}§t%81§@ﬁ%|q§ad‘p8;r Wistehitie ' Stdiitess
Steels have been formuiatehie prssess @umigeeraonakination of High mechanical strength properties
with excellent ductility and toughness, along with good weldability and good resistance to general and
localised corrosion. The chemical analysis of the Stainless steels and Super Austenitic Stainless
Steels, 25 is charmtterisediisethalisbisroptiised atdiheohietting stagtatoresisbitsath st iaatsafishsf the [Cr]
equivalent divided by the [Ni] equi ) rdi ogferg, is. I 40 ar 1.05, or
preferablygéj O%Eoén%ai %5[9%1'%1 %r%%?%%ﬁﬁ%?ﬁg%%%ﬁ%n %\fgs%eﬁ%}nh i%ri%ﬁcﬁ%g %gtﬁrgtgaése
material after swiution heait treatmenit, tepheaiiisefoanemirpiiéoraNife 1100 déy Aliokiy Hivg C
followed by watsr.auenghing. The MiciRaiida e PLihRRase Fdmaigsialodhe-sglhioarhaatireated

condition, along with as-welded weld metal and heat affected zone of weldments, is controlled by
optimising the Baihdbehstiieen RIREAHETFhiHF Ble AR BNt FETRESfofing Ble ket 8 Brimarily
ensure that the,Alleyisn W20 1481644 P LRG0/ 000 1A 1 2-AusioniiCe iEherid ays @an

therefore be manufactured and supplied in the Non-Magnetic condition. The minimym s e?ified :
mechanica¥ straHEe (REHEHAY 8F tha! hbGe ARSI FTBOARVS SRR LRsIE Ria SUBE ML ERitic
Stainless Steelgehave HeencsigpifieanHy improvetheompared toetbeiraiespestive sattmerpastsf including
Austenitic Stainless Steels 5 such as, UNS 530403, UNS S30453, UNS 531603, UNS 531703, UNS
531753, UNS 5393 A: UNS 532053, UNS 532615, UNS 535115 and UNS 535315. Furthermore the
minimum specified tensile strength properties can be better than that specified for 22 Cr Duplex
Stainless Steel (UNS 531803) and similar to thos ified.f r . [ Steel
(UNS $32760). Thid i’hé’ %a'iag{ygteer?ﬁo%%r%%gﬁggtg%ﬂr%e%ﬁ%%p ic‘:%?iegrir?g %@ﬁé 34% L

30 variants are generally supplied in the same manner as the earlier embodiments,



.10 wrought Stainless steels are characterised in that the Alloys can frequently be designed with
reduced wall thicknesses, thus, leading to significant weight savings when specifying Stainless steels
compared toworweniignral Austenitic Stainless Steels such as those detailedieseinimecamise the
minimum allowable design stresses may be significantly higher. In fact, the minimum allowable design
stresses for the wrought Austenitic Stainless steel may,be 15higher than that specified for 22 Cr
Duplex Stainless Steels and similar to that specified for 25 Cr Super Duplex Stainless Steels. For
certain applications, other variants of the Austenitic Stainless steel and Super Austenitic Stainless

Steels, have bébf SpEEmbIFMRHUMIEFIGHR AANMASQUTEHeEr MR MR SHRS &b arbon

than that defingghRiemiaysly-Agrein abene.ohbe fighaiE abhen rapge-afploys fosihesiiiasang types of
Austenitic Stainless steels and Super Austenitic Stainless Steels, have been referred to as 304HM4N,

316HMA4N, 31 ATESHIARNS L7 HE7RIAN 2STSAES MR 259 5198 NN R BISHEE RIAN, SYBBHE7RIAN,
326H35M4N, 32atn5tiANaRbHH BN IhIHEY MEdicab ItBEMAN Atk 3R3HDMd4Nandfthese
types of Alloy comprise- 25 from 0.040 wt % of Carbon up to.less thap 0.10 wt % of Carpbon. Whereas
the 304MAN, SRR S ARSI 3128 TN 3B AR SA0aA
32635M4N, 32657\ n8 SI3BMVE, 135 .1ib AvtieN; o338 3E\iNearich BHBHU M otypestyfaAlioyatomprise

from more than 0'03%?%%%)?&%0 9&5%%%1%‘&%:}%%?{9{3&%%% fs%&‘é’ﬂs Mlipwouid reduce the overall

2012/161661PET18 18 ave been specifically formulated to be manufactured as
stabilised versiort.of Hbeelspesificov itk dsobtemiisrenitic Biaiplewstbrodidalcouiset Xastanitic

Stainless Steels, ate 08 litanyahaiRRliseb JMAN T RE MANTI" types of Alloy where the Titanium

content is controlled according to the following formulae: Ti 4 x C min, 0.70 wt % Timax or Ti5 x C
min, 0.70 Wt % Ti max respectively, in order to have Titanium stabilised derivatives of the Alloy.

Similarly there e Migbiwn stakilisacheHhdNND ber MddiND tdypesfottiayywaetethenNighium
content is controlled according to the following formulae: Nb 8 x C.mm, 1.0 wt % Nb max or Nb 10 x C
min, 1.0 wt % REBSELAREEECREN, TRTPRRRE M dENRb T S MANERRF tetR ARRE B BREAISY. In
addition, other vtiaisHkihe: Alloysnayalse bavnantfactseghte coptainkicbiun prasatiantalum
stabilised, "HM4NNbTa" or "M4NNbTa" types of alloy where the Niobium plus Tantalum content is
controlled according to the following formulae: Nb +To 8 x C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta
max, or Nis+ Teod G ‘Tiv,” tyBeabfthi ipw Ve mgangsd. &0 satAde st seachiEtenimm stadyitisid, tNiobium

stabilised and Niopiyp plus, TANLAlNDLSIaRISEq YaURHt,ofdhe oy auhe.aiven . siapiiarion hea

treatment at a temperature lowe e Initial solution heat treatment temperature. Titanium and/or
Niobium and/ofsNidBilindfisSTaratter W) A8 ereohHedieh Nivngarsie TNt WARSCopper,

Tungsten and Vapadibnnitialidheyasipisscombinatiops e dhe serelemrnissto;optirissdhealjoy for

certain applications where higher Carbon contents are desirable. These alloying elements may be

utilised individuaRYMSY iR SIMFSIQARTdRE 2 OL WY InBRGH o B dMaRsARGTR APTAIIDF thé A0SR A

Stainless gieelsfgrsnesiie apslicatipns anditodintheneptimaadhesoxenal eanasionnenfasmance of
the Alloys. 25 WO 2012/161661PCT/SG2012/000183 131 References 1. A. J. Sedriks, Stainless

Steels '84, ProlSdHfindRof Batins e SRfkMAe > Btk N0 320> Bk I?]ﬁh?ﬁ%ﬂﬁ’l\/?é%%s,“ﬁa’arlton

House Terrace3insdomSVALY B5BINY. 28,5888, 326035M4N and 326L37M4N, 351L35M4N,
351L57M4N, 353L35M4N, 353L57MA4N types of Alloy and their variants which may comprise
up to 0.030 wt % of Carbon maximum,

25
For the “HM4N,” types of the low Manganese range Alloys this achieves an optimum Mn to .
C+N ratio of < 4.55, and preferably 2 1.25 and £ 4.55. More preferably, the Mn to C+N ratic
s > 1.25 and < 3.41. For the “HMA4N,” types of the high Manganese range Alloys this
achieves an optimum Mn to C+N ratio of £ 9.10, and preferably 2 2.50 and < 9.10. More

30  preferably, the Mn to C+N ratio for these “HMAN,” types of high Manganese alloys is 2 2;5(}
and < 6.82 and even more preferably the Mn to C+N ratie is 2 2.50 to £ 5.68. The current
-embodiments inciude the following: the 304HM4N, 316HMAN 317H57M4N, 317H35M4N,



2. P. Guha and C. A. Clark, Duplex Stainless Steel Conference Proceedings, ASM Metals/Materials
Technology Series, Paper (8201 -018) p. 355, 1982. 103. N. But, A. Irhzo, F. Dabosi and Y.

Limouzin-Maj @9 f ?is%? NACE, Vol. 39, p. 491, 1983. 4. A. L. Schaefflep, Ngtal Ripgrgss, Vol. 56, p.
680, 1949. 155, C. E ong and W. T. DeLong, Welding Journal, Vol. 52, p. 281s, 1973, 6. E. A.

Schoefer, Welding Journal, Vol. 53, p. 105, 1974. 7, ASTM A800/A800M -10 20 MCSLLP 132 Claims
1. Austenitic stainless steel having a non-magnetic aliStenitic microstructure comprising 16.00 wt % of
Chromium to 30.00 wt % of Chromium (Cr); 8.00 wt % of Nickel to 27.00 wt % of Nickel (Ni); no more
than 7.00 wt % of g eiyinde nsanHdAe)410,. 4 G 2036 BEN|tr en 3oMM RO WS 8% Mihio g SAGHE)Y,M40L.wt of

Manganese 10440, SNBDRRIESS (0016 oIS 038 1 0\ 40 0L R, 1) g gse har

0.10 wt % of Car whérein ratio of the Manganese (Mn) to the Nitrogen (N) Is controlled
to less than or dBieluadytoo P GedroniHE@in Pard GfrBiroptia MIE yaitatfr o wlickel Equivalent [Ni]
is more than 0.40 and less than 1.05; and wherein the Chromium Equivalent, [Cr] = (wt % Cr) +
(13 x wt % Si) + (1.4 x wt % Mo) + (wt % Nb)- 4.99; and 15wherein the Nickel Equivalent, [NI] = (wt %
Ni) + (30 owt ¥ The (BN \kitews Birihe- I8V 0seos B\ anB 2Py Shis7a chien e BOrpRE BB 5 teel
according to claii Lyuhgrenghe fayriianis 1 650 Wk%e4. More preferably, the Mn to C+N ratio

is 2 1.28 and £ 3.48. For the “M4N,” types of the high Man.ganese range Alloys this achieves
an optimum Mn to C+N ratio of £ 9.28, and preferably > 2.56 and < 9.28. More preferabiy,
the Mn to CeN ratio for these “M4N,” tybes of High Manganase alloys is = 2.56 and < 6.96

10 and even more preferably the Mn to C+N ratio is 2 2.56 to < 5.80. The current embodiments
include the following: the 304M4N, 316M4N 31757M4N, 31735M4N, 312325M4N,
31257M4N, 32035M4N, 32057MA4N, 326351\/14[\!, 32657M4N, 35135M4N, 35157M4N,
35335M4N and 35357M4N types of Alloy and their variants which may comprise from more
than 0.030 wt % of Carbon up to 0.080 wt % of Carbon.

15 |
-The series of N'GENIUS™ higﬁ strength austenitic and super austenitic stainless steels
including the “LM4N,” “HM4N" and “M4N” types of Alioy, as well as the other vaﬁants
discussed herein, may be specified and utilised as range of Products and Product Packages
for complete systems.

20 It should be evident that chemical composition ranges specified for one element {e.g. .
Ch'romium, Nicike!, Molybdenum, Carbon and Nitrogen etc) for specific alioy composition
types and their variants may aiso be applicable to the elements in other alloy composition

types and their variants.
25 Products, Markets, industry Sectors and Applications

The proposed serias of N'GEE\I;USTM high strength austenitic and super austenitic stainiess
steels may be specified to international standards and specifications and used for a range of
products utilised for both offshare and onshore applications in view of their high mechanical
30  strength properties, excellent ductiiity and toughness at ambient and cryogenic
temperatures, along with good weldahility and good resistance to general and localised

corrosion.



.10 20.00 wt Cr. 20 3. Austenitic stainless steel according to claim 1 or 2, wherein the Chromium is
18.25 wt % Cr. 4. Austenitic stainless steel according to any preceding claim, wherein the Nickel is

8.00 25wt %l 1: D0s\¢k 70 Ni. 5. Austenitic stainless steel according to clai/4cydensiasthe Nickel is 5
11.00 wt % Ni. 6. Austenitic stainless steel according to claim 4 01 5, wherein the Nickel is 5 10.00 wt
% 30Ni. MCSLLP 133 7. Austenitic stainless steel aggprding to any preceding claim, wherein the
Molybdenum is no more than 2.00 wt % Mo. 8. Austenitic stainless steel according to any preceding
claim, wherein the 5Molybdenum is ? 0.50 wt % and 5. 2.00 wt % Mo. 9. Austenitic stainless steel
according to any preceding claim, wherein the Molybdenum is?. 1.00 wt % Mo. 1010.Austenitic
stainless steelaggggeing to claim 1 wherein the Chromium is 16.00 wt % to 18.00 wt % Cr.

11.Austenitic stainless steel according to claim 1 or 10, wherein the Chromium is ? 17.25 yvt %Cr.
Products inciude but are not limited to Primary and Secondary Products such as Ingots,

"Continuous Cast Slabs, Rolled Skelps, Blooms, Billet, Bér, Fiat Bar, Shapes, Rod, Wire,

5 Weldiﬁg wire, Welding Consumabies, Plate, Sheet, Strip and Coiled Strip, Forgings, Static
Castings, Die Castings, Centrifugal Castings, Powder Metallurgical Products, Hot isostatic
Pressings, Seamiess Line Pipe, Seamless Pipe and Tube, Drill Pipe, Oil Country Tubular
Goods, Casings, Condenser and Heat Exchanger Tubes, Welded Line Pipe, Welded Pipe and
Tube, Tubular Products, Induction Bends, Butt Welded Fittings, Seamiess Fittings, Fasteners,

10  Bolting, Screws and Studs, Cold Drawn and Cold Reduced Baf; Rod and Wire, Cold Drawn
and Cold Reduced Pipe and Tubé, Ftanges, Compact Flanges, Clamp-Lock Connectors, Forged
Féttiragé, Pumps, Valves, Separators, Vessels and Ancillary Products, The Primary and
Secondary Products above are also relevant to Metallurgically Clad Products {e.g. Thermo-
Mechanically Bonded, Hot Roll Bonded, Explosively Bonded etc.), Weld Overlayed Clad

15 Produﬁts, Mechanically Lined Products or Hydraulically Lined Products or CRA Lined

" Products, -

As it can be appreciated from the number of alternative alloy compositions discussed above,
the proposed N'GENIUS™ High Strength Austenitic and Super Austenitic Stainless Steels
20 may be specified and used in various markets and industry sectors in a wide range of
applications. Significant weight savings and fabrication time savings may be achieved when
utilising these Alloys which in turn leads to significant cost savings in the overall

construction costs.
25 Markets, industry Sectors and Applications

Upstream and Downstream Oil and Gas industries {Onshore and Offshore including

Shallow Water, Deep Water and Ultra Deep Water Technology)

30 Ffinished Product Applications may include but are not limited to the following:
Onshore and Offshore Pipelines including interfield Pipelines and Flowlines, Infield Pipelines

-and Flowlines, Buckie Arrestors, High Pressure and High Temperature (HPHT) Pipelines for



15 12. Austenitic stainless steel according to claim 1, 10 or 11, wherein the Nickel is 10.00 wt% to
14.00 wt % 13. Austenitic stainless steel according to any of claims 1, 10-12, wherein the Nickel is 5

2013 wt % ’\Qgééeﬁﬂﬁ»tﬁg ic stainless steel according to any of claims 1, 10-13, wherein,the Nickel is 5
12 wt % Ni. 2 .Austenltkltc stainless steel according to any of claims 1, 10-14, wherein the

Molybdenum is ? 2.00 wt % and 5 4.00 wt % Mo. 16. Austenitic stainless steel according to any of
claims 1, 10-15, wherein the Molybdenum is 3.00 wt %Mo. 30 17. Austenitic stainless steel according
to claim 1 wherein the Chromium is 18.00 wt % to 20.00 wt % Cr. MC SLLP 134 18.Austenitic
stainless steel actofting tinidkadimtlaerll/ Gashere Dotme: G aramnai snk . BIo vk %0 Cs. 5 3 Austenitic

. . ) . . . 0 0
stainless steel aceording {0 anv QLSlallms &, 7. and 18- Wheteln e Niskelis 1100 MY 1g.45.00 wt %
Ni. 20.Austenitic stainless ste€el according to any of claims 1, 17-19, whérein the Nickel is
Production System Equipment, Manifolds, Jumpers, Tie-ins, Spools, Pigging Loops, Tubulars,
OCTG and Casings, Steel Catenary Risers, Riser Pipes, Structural SpEésh Zone Riser Pipes,
5 River and Waterway Crassings, Valves, Pumps, Separators, Vessels, Filtration Systems,

Forgings, Fasteners and all associated Ancillary Products and Equipment.

Piping Package Systems: such as, Process systems and Utilities systems, Seawater Cooling
systems and Firewater systems which can be utilised in all types of Onshore and Offshore
10 applications. The Offshore applications ‘include but are not limited to Fixed Platforms,
 Floating Platforms, SPA's and Hulls such as Proceés Platforms, Utilities Platforms, Wellhezd
Platforms, Riser Platforms, Compression Platforms, FPSO's, FS50's, SPA and Hull
Infrastructure, Fabrications, Fabricated Modules and all associated Ancillary Products and
Eguipment.
15
Tubing Package Systems: such as, Umbilicals, Condensers, Heat Exchangers, Desalination,

Desuiphidation and zll associated Anciltary Products and Equipment.

ING Industries
20 Finished Product Applications may include but are not limited to the foliowing: Pipelines and
Piping Package Systems Infrastructure, Fabrications, Fabricated Modules, Valves, Vessels,
Pumps, Filtration Systemns, Forgings, Fasteners and ail associated Anciltary Products and
Equipment used for the Fabrication of offshore Floating Liguefied Natural Gas (FLNG)
vessels, FSRU's or onshor_e Liuefied Natural Gas {LNG) Plants, Ships and Vessels as well as
25 Terminals for the processing, storage and transportation of Liguefied Natural Gas {LNG) at

cryogenic temperatures.

Chemical Process, Petrochemical, GTL and Refining industries
Finished Product Applications may include but are not limited to the following:

30  Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricat-edrmodules,
Valves, Pumps, Vessals, Filtration Systems, Forgings, Fasteners and all associated Ancillary

Products and Equipment, including Rail and Road Chemical Tankers used for the processing’



.14.00 wt % Ni. 10 21. Austenitic stainless steel according to claim 18 or 19, wherein the Nickel is 5
13.00 wt % Ni. 22. Austenitlc stainless steel according to claim 1, wherein the Nickel is 13.50 wt % to
1517.50 wt % Hlhy231Agtenitic stainless steel according to claim 22, whepenvsbeobiokelss S 16.50 wt
% Ni. 24. Austenitic stainless steel according to claim 22 or 23, wherein the Nickel is 5 15.50 20wt %
NI. 25. Austenitic stainless steel according to any of gjgims 1, 17 to 24, wherein the Molybdenum is

3.00 wt % and 5 5.00 wt % Mo. Austeniticstainlesssteelaccordingtoanyofclaims 1, 17-25, wherein the
Molybdenum is4.00 wt % Mo.

10

15

20

25

30

and transportation of corrosive aggressive fluids from the Chemical Process, Petrochemital,
Gas to Liquids and Refining Industries as well as acids, alkalis and other corrosive fluids
including chemicals typically found in Vacuum Towers, Atmospheric Towers and Hydro

Treaters.

Environmental Protection Industries

Finished Product Applications may inciude but are not limited to the following:

Pipelines and Piping Package Systems, infrastructure, Fabrications, Fabricated modules,
Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners and all associated Ancillary
Products and Equipment used for waste products and wet toxic gases from the Chemical
Process and Refining. lndustries,‘ Pollution Control e.g. Vapour Recovery sysiems,

containment of CO, and Flue Gas Desulphurisation,

iron and Steel industries

Finished Product'Appli'cations may include but are not limited to the following:

Pipelines and Piping Package Systems, infrastructure, Fabrications, Fabricated modules,
valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners énd all associated Ancillary

Products and Equipment used for the manufacture and processing of iron and Steel.

VMiining and Minerals Industries

Finished Product Applications may inciude but are not limited to the foliowéng:

Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricated Modules,
Valves, Pumps, Vessels,_ Fil‘q’ation Systems, Forgings, Fasteners and all associated Ancillary
products and Equipment used for the Mining and Minerals extraction and for the

transportation of erosive-corrosive slurries as well as mine dewatering.

Power Industries

finished Product Applications may include but are not limited 1o the following:

Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricated modules,
Valves, Pumps, Vessels, Filtration Systems, Forgings, Fastenefs and all associated Ancillary

products and Eguipment used for the generation of Power and for the transportation of



Austeniticstainlesssteelaccordingtoanyofclaims 1, 17-26, wherein the Molybdenum is .? 5.00 wt % and _
5 7.00 wt % Mo. Austenitic stainlesssteelaccordingto anyofclaims 1, 17-27, wherein the Molybdenum

is & 6.00 Wt %, ¥10, 1 MGPLLP 135 PCT/SG2012/000183
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© corrosive media associated with power generation i.e. fossil fuel, gas fired, nuclear fuel,

geothermal power, hydro-electric power and all other forms of power generation.

" Pulp and Paper Industries
5  Finished Product Applications may include but are not limited to the following:
Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricateq modules,
Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners and all associated Anciliary
Products and Equipment used in the Pulp and Paper Industries and for the transportation of
aggressive fluids in pulp bleach plants. ' '

10

Desalination industries

Finished Product Applications rmay include but are not limited to the Tollowing:

Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricated modutes,
15 Valves, Pumps, Vessels, Filtration Systems, Forgings, Fastehérs and all associated Anciliary

Products and Equipment used in the Desalination industries and for the transportation of

seawater and brines used in desalination plants.

Marine, Naval and Defence industries

20  Finished Product Appiications may include but are not limited to the following:
Pipelines and Piping Package Systems, Fabrications, Fabricated modules,' Vzlves, Pumps,
Vessels, Filtration Systems, Forgings, Fasteners and all associated Ancillary Products and
Eguipment used for the Marine Naval and Defence industries and for the transportation of
aggressive media and utilities piping systems for chemical tenkers, ship buiiding and’

25  submarines,

Water and Waste Water Industries

Finished Product Applications may include but are not imited 1o the following:

Pipelines and Piping Package Systems, infrastructure, Fabrications, Fabricated moduies,
30 Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners and all assoclated Ancillary

Products and Equipment used in the Water and Waste Water Industries including Casing



. 29.Austenitic stainless steel according to claim 1 wherein the Chromium is 20.00 wt% to 22.00 wt %
Cr. 530.Austenitic stainless steel according to claim 1 or 29, wherein the Chromium is 21.00 wt % Cr.

31.Austenitigygtainters Gieel according to any of claims 1, 29 and 30, wherein/$keditickelds 15.00 wt %
to 19.00 wt % 10 32. Austeraic stainless steel according to claim 1, 29-31, wherein the Nickel is S

113.00 wt % Ni. 33. Austenitic stainless steel accordigg to claim 1, 29-32, wherein the Nickel is S.
17.00 wt /5% Ni. 34. Austenitic stainless steel according to any of claims 1, 29-33, wherein the
Molybdenum is 5.00 wt % and 5 7.00 wt % Mo. 2035.Austenitic stainless steel according to claim 1,
29-34, whereiRipheursglypriantan 1eets, BtlioA#SHbEoBE TSRt LIS REY tEePat dBIERHE o any of
claims 1, 29 tq,33,yherein the Molybdenum is 3.00 wt % and 5 5.00 wt % Mo. 25 37. Austenitic
stainless steel according to claim 36, wherein the Molybdenum isP.... 4.00 wt % Mo. 38. Austenitic
stainless steel according to claim 1 wherein the Chromium is 22.00 wt % 30to 24.00 wt % Cr.

Architectural, Engineering and Construction industries

5  Finished Product Applications may include but are not limited to the following:
Pipe, Piping, Infrastructure, Fabrications, Forgings and Fasteners and all associated Ancillary
Products and Equipment utilised for Structural Integrity and Decorative applications in the

Architectural, Civil and Mechanical Engineering and the Construction industries.

10 Food and Brewing Industries
Finished Product Applications may. mciude but are not limited to the following:
Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricated moduies
Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners and all associated Ancillary
Products and Equipment used in Food and Drinks Industries as well as the related Consumer

15 Products.

pharmaceutical, Bio-Chemical, Health and Medical Industries

Finished Product Applications may include but are not limited to the following:

Pipelines and Pipihg Péckage Systems, Infrastructure, Fabrications, Fabricated modules,
20 Valves; Pumps, Vessels, Filtration Sysltems, Forgings, Fasteners and all associated Anciliary

Products and Equipment used in the Pharmaceuticals, Bio-chemicals, Health and Medical

industries as well as related Consumer Products.

Automotive Industries

25 finished Product Applica‘cions may include but are not limited to the following:
Pipelines and Piping Package Systems, Infrastructure, Fabrications, Fabricated moduies,
valves, Pumps, Vessels, Filiration Systems, Forgings, Fasteners, Components and all
associated Ancillary Products and Equipment used in the Automotive Industries including
the manufacture of vehicles for Road and Rail applications as well as Surface and

30  Underground Mass Transit Systems.



MCSLLP 136 39. Austenitic stainless steel according to claim 38, wherein the Chromium is ?. 23.00 ‘
?Art % Cr. 40. Austenitic stainless steel according to any of claims 1, 38 and 39, wherein the Nickel 5is
17.00 wt % tQuz4 0Dt %;NI- 41. Austenitic stainless steel according to anyof glaimsshe28-40,
wherein the Nickel is s 20.00 wt % Ni. 1042.Austenitic stainless steel according to any of claims 1,
38-41, wherein the Nickel is 5 19.00 wt % Ni. 43.Austgpitic stainless steel according to any of claims 1,
38-42, wherein the Molybdenum is ? 5.00 wt % and 57.00 wt % Mo. 15 44. Austenitic stainless steel
according to claim 43, wherein the Molybdenum is ? 6.00 wt % Mo. 45. Austenitic stainless steel
according to aripedialiaiiesdargi8and Ddwiemritre BAIVkstidsdenum Is? 3.00 wt % and 5 5.00 wt % Mo. 46.

Austenttc stainjgss,SineLaccorine. 0, faim A2, WIRIRID. e MANMRASDUTD 524,00 wt % Mo,

2547.Austenitic stainless steel according to'claim 1 wherein the Chromium is 24.00 wt% to 26.00 wt %
Cr. 48. Austenifiteeianilessd stegaeckiting oremin Mrsierein thebChttmiuftisiates modytess Cr.

Valves, Pumps, Vessels, Filtration Systems, Forgings, Fasteners and all associated Ancillary

5  Products and Equipment used in the Specialist Research and Development Industries.

This invention reiates austenitic stainiess steeis, comprising a high level of Nitrogen and a
minimum specified Pitting Resistance Equivalent for each designated type of Alloy. The
pitting Resistance Equivalent as designated by PREy is calculated according to the formulae:

10 PREy =% Cr+ (3.3 x % Mo} + (16 x % N}; and/for
PREyw = % Cr + [3.3 x % (Mo + W]] + (16 x % N), where applicable, as discussed

above, for each designated type of Alloy.

“The low Carbon‘range of alloys for the different erﬁbodiments‘ or types of Austenitic
15 stainless steeis and/ér Super Austenitfic Stainiess Steels, have been referred to as 304LM4N,
316LIM4N, 317L35M4N, 317L57M4EN, 312L35M4N, '312L57M4N, 320L35M4N, 320L57MA4N,
326L35M4N, 326L57M4N, 351L35M4N, 351L57M4N, 353L35M4N and 353L57M4N and
these among other .variants have been disclosed. In the described embodiments, the
Austenitic stainless steels and/or Super Austenitic Stainless Steels, comprise 16.00 wt % of
20 Chromium to 30.00 wt % of Chromium; 8.00 wt % of Nickel to 27.00 wt¥% of Nickel; no more
than 7.00 wt % of Molybdenum and no more than 0.70 wt % of Nitrogen, but preferably
0.40 wt % of Nitrogen to 0.70 wt % of Nitrogen. For the lower Carbon range Alloys these
comprise no more than 0.030 wt % of Carbon. For the lower Manganese range Alloys these
comprise no more than 2.00 wt % of Manganese with the Manganese to Nitrogen ratio
25  controlled to less than or egual to 5.0 and preferably a minimum of 1.42 and less than or
equal to 5.0, or more preferably a minimum of 1.42 and less than or equal to 3.75. For the
higher Manganese range Alloys these comprise no more than 4.00 wt % of Manganese with
the Manganese to Nitrogen ratio controlied to iess than or equal to 10.0 and preferably a
minimum of 2.85 and less than or equal to 10.0, or more preferably to @ minirmum of 2.85
30 and Iéss than or equal to 7.50, or even more preferably to a minimum of 2.85 and less than

or equal to 6.25, or even further more preferably to a minimum of 2.85 and less than or



30 49. Austenitic stainless steel according to any of claims 1, 47 and 48 wherein the Nickel is 19.00 wt
% to 23.00 wt % Ni. MCSLLP 137 50.Austenitic stainless steel according to any of claims 1, 47-49,
wherein the Nigkglisnd&4.00 wt % Ni. 5Si.Austenitic stainless steel accorgingdefigiands$ 7-50,
wherein the Nickel is 21.00 wt % Ni. 52.Austenitic stainless steel according to any of claims 1, 47-51,
wherein the Molybdenum is e 5.00 wt % Nilo and 5 7,00 wt % Mo. 10 53. Austenitic stainless steel
according to any of claims 1, 47 to 52, wherein the Molybdenum is e. 6.00 wt % and 5 7.00 wt %Mo.
54. Austenitic stainless steel according to claim 1, 47-53, wherein the Molybdenum is .? 156.50 wt %
Mo. 55. Austersfiistaipfo sy stes| BetbFdigteary BraEmphstie U7 WhefaiAthiEMENBRENUM is e

3.00 Wt % and 55,00 WhY% AR LSSt eSASHREIAGHA DD R Ckion BRapieisne

Molybdenum is 4.00 wt % Mo. 57.Austenitic stainless steel according to claim 1 wherein the Chromium
is 26.00 wt % controlled to as low as possible so that it may be less than or egual to 0.010 wt % of :

Phosphorus. The level of Sulphur is no more than 0.010 wt % of Sulphur and is controlled to

5 aslow as possible so that it may be less than or equai to 0.001 wt % of Sulphur. The level of
Oxygen in the Alloys is no more than 0.070 wt % of Oxygen and is crucially controlied to as

fow as possible so that it may be iess than or equal to 0.005 wt % of Oxygen. The level of
Sificon in the Alloys is no more than 0.75 wt % of Silicon, except for specific higher
temperature applications where improved oxidation resistance is required, wherein the

10  Silicon content may be from 0.75 wt % of Siiicon to 2.00 wt % of Silicon. For certain
applications, other variants of the Stainless steel and Super Austenitic Stainless Steels, have

been purposely formulated to be manufactured containing specific levels of other alloying
elements such as Copper of no more than 1.50 wt % of Copper for the lower Copper range
Alloys and Copper of no more than 3.50 wt % of Copper for the higher Copper range Alioys,

15 Tungsten of no more than 2.00 wt % of Tungsten and Vanadium of no more than 0.50 wt %
of Vanadium. The Austenitic Stainiess steels and Super Austenitic Stainless Steels, also
contains principally Fe as the remai_nde'r and may also contain very smali amounts of other
elements such as Boron of no more than 0.010 wt % of Boron, Cerium of no more than 0.10

wt % of Cerium, Aluminium of no more than 0.050 wt % of Aluminium and Caicium énd/or

20  Magnesium of no more than 0.010 wt % of Calcium and/or Magnesium. The Austenitic
Stainless steels and Super Austenitic Stainless Steels have been formulated to possess a
unigue combination of High mechanical strength properties with excelient ductiiity and
toughness, along with good weldability and good resistance to general and localised
corrosion. The chemical analysis of the Stainless steels and Super Austenitic Stainless Steels,

25  is characterised in that it is optimised at the melting stage to ensure that the ratio of the [Cr]
equivaient divided by the [Ni] equivalent, according to Schoefer®, is in the range > 0.40 and <

1,05, or preferably > 0.45 and < 0.95, in order to primarily obtain an Austenitic
microstructure in the base material after solution heat treatment, typically performed in the

range 1100 deg C - 1250 deg C followed by water quenching. The microstructure of the base

30  material in the solution heat freated condition, along with as-welded weld metal and heat
affected zoné of weldments, is controlled by optimising the balance between Austenite

forming elements and Ferrite forming elements to primarily ensure that the Alloy is



to 28.00 wt % Cr. 25 58. Austenitic stainless steel according to claim 57, wherein the Chromium is e
27.00 wt % Cr. 59. Austenitic stainless steel according to any of claims 1, 57 and 58, wherein the

Nickel 30is 2809\ 2ot 25-00 wt % Ni. MCSLLP 138 60.Austenitic stainlgss,s¢ael aamesging to any of
claims 1, 57-59, wherein the Nickel is 24.00 wt % Ni. 62.Austenitic stainless steel according to any of

claims 1, 57-60, wherein _the Nickel is 523.00 wt % N'292.Austenitic stainless steel according to any of
claims 1, 57 to 61, wherein the Molybdenum is a 5.00 wt % Mo and s 7.00 wt % Mo. 1063.Austenitic
stainless steel according to any of claims 1, 57 to 62, wherein the Molybdenum is a 550 wt % and S
6.50 wt % Mo./64teAisteTiticritaineesthtegber dberdiguoctingt 681 vupeleth thehmBIybiERsoMNds a 6.00
wt % M o. 15 condition. The minimum specified mechanical strength properties of the novel and
innovative Stainless steels and Super Austenitic Stainless Steels, have been significantly
improved compared to their respective counterparts, including Austenitic Stainless Steels
5  such as, UNS S30403, UNS 530453, UNS 531603, UNS 531703, UNS 531753, UNS 531254,
UNS "§32053, LINS S32615, UNS 535115 and UNS S35315. Furthermore the minimum
specified tensile strength properties can be better than that specified for 22 Cr Duplex
Stainless Steel (UNS $31803) and similar to those specified for 25 Cr Super Duplex Stainiess
Steel {UNS $32760). This means that System components for different appiiéations using the
16 wrought Stainless steels are cﬁaracterised in that the Alloys can frequently be designed with
reduced wall thicknesses, thﬁs, leading to significant weight savings when specifying
Stainless steels compared o conventional Austenitic Stainiess Steels such as those detailed
herein because the minimum allowable design stresses may be significantly higher. In fact,
the minirhum allowable design stresses for the wrought Austenitic Stainless steel may be

15  higher than that speciﬁed for 22 Cr Duplex Stainless Steels and similar to that specified for

25 Cr Super Duplex Stainless Steels.

For certain applications, other variants of the Austenitic Stainless steej and Super Austenitic
Stainless Steels, have been specifically formulated to be maﬁufactured containing higher
20 © levels of Carbon than that defined previously herein above. The higher Carbon range of
alloys for the different types of Austeﬁitic Stainless steels and Super Austenitic Stainless
St.éets, have been referred to as 304HM4N, 316HMAN, 317H3SMAN, 317H57MA4N,
312H35M4N, 312H57MA4N, 320H35M4N, 320H57M4N, 326H35M4N, 326H57MA4N,
351H35MA4N, 351H57MAN, 353H35M4N and 353H57M4N and these types of Alloy comprise
25 from 0.040 wt % of Carbon up to less than 0.10 wt % of Carbon. Whereas the 304M4N,
316M4N, 31735M4N, 31757M4N, 31235M4N, 31257M4N, 32035M4N, 32057M4N,
32635M4N, 32657M4N, 35135M4N, 35157M4N, 35335M4N and 35357M4N types of Alioy

comprise from more than 0.030 wt % of Carbon up to 0.080 wt % of Carbon.

.30 Furthermore, for certain applications, other variants of the higher Carbon ranges of Alloys

for the Austenitic Stainless steel and Super Austenitic Stainless Steels, are desirable, which



_65. Austenitic stainless steel according to any of claims 1, 57 to 61, wherein the Molybdenum Is? 3.00
wt % and S 5.00 wt % Mo. 66. Austenitic stainless steel according to claim 65, wherein the

Molybdenumyis, 3,402 ggvt % Mo. 67. Austenitic stainless steel accordingptor@laim Lonnesein the
Chromium is 28.00 wt % to 30.00 wt Cr. 2568.Austenitic stainless steel according to claim 67, wherein

the Chromium is a 29.00 wt % Cr. 69. Austenitic stai{ggss steel according to any of claims 1, 67 and
68, wherein the Nickel is 23.00 wt % to 27.00 wt % Ni. 30 70. Austenitic stainless steel according to
any of claims 1, 67-69, wherein the Nickel Is S 26.00 wt % Ni. MCSLLP 139 71.Austenitic stainless
steel accordingjaee dleémsbe@7cTy, intmariatiedtie Micketigs B O wWdHiped B73iAsTdsRiCcSBESiftess steel

according to a{;'z}/rigﬁlt%@mé'AQIZ‘EJz'HﬂéNE@W@}@eeE and Super Austenitic Stainless Steels, are the

Titanium stabilised, “HM4NTI” or “M4NTI” types of Alloy where the Titanium content is
controlled according to the following formulae: Ti 4 x C min, D.70'wt % Ti maxor Ti5x C

5 min, 0.70 wt % Ti max rgspectiveiy, in order to have Titanium stabiiised derivatives of the
Altoy. Similarly there are Niobium stabilised, “HM4NNb" or “M4ANNbL” types of Alloy where

the Niobium content is controfled according to the foliowing formulae: Nb 8 x C min, 1.0 wt

% Nb max or Nb 10 x € min, 1.0 wt % Nb max respectively, in order to have Niobium
stabilised derivatives of the Alloy. In addition, other variants of the Alloy may also be

10 manufactured to contain Niohium plus Tantalum stabilised, “HM4NNbTa” or “M4NNbTa”
ypes of alloy where the Niohium plus Tantalum content is controlied according to the
following formulae: Nb +Ta 8 x C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max, or Nb + Ta

10 x C min, 1.0 wt % Nb + Ta max, 0.10 wt % Ta max. Titanium stabilised, Niobium stabilised

* and Niobium plus Tantalum stabilised variants of the Alloy may be given a stabilisation heat
15 treatment at a temperature lower than the initial solution heat treatment tempersture.
Titéniurﬁ and/or Nichium and/or Niobium plus Tantalum may also be added individually or

in conjunction with Copper, Tungsten and Vanadium in all the various combinations of these

~ elements to o.ptii'nisé the Alioy for‘ certain applications where higher Carbon contents are
desirable. These alloying elements may be utilised individualiy or in all tﬁe various

20 combinations of the elements to tailor the Austenitic Stainiess steels for specific

applications and to further optimise the overall corrosion performance of the Alloys.

25



Molybdenum is 5.00 wt % Mo and 5 7.00 wt % Mo. 73.Austenitic stainless steel according to any of
claims 1, 67-72, wherein the Molybdenum is k 5.50 wt % and .5 6.50 wt % Mo. 10 74. Austenitic
stainless stegl@seargingsio claim 1, 67-73, wherein the Molybdenum is ? G:094¢:>%a e 1€p. Austenitic
stainless steel according to any of claims 1, 67 to 71, wherein the Molybdenum is 3.00 wt % and 5
5.00 wt % Mo. 76. Austenitic stainless steel accordingto claim 75, wherein the Molybdenum is L. 4.00
wt % Mo. 2077.Austenitic stainless steel according to any preceding claim, wherein the Nitrogen is
0.40 wt % and 0.60 wt % N. 78.Austenitic stainless steel according to any preceding claim, wherein
the Nitrogen is?: 0.45 wt % and .1 0.55 wt % N. 2%efgenggstenitic stainless steel according to any
preceding claim, further comprising 5 0.030 wt % of Carbon. 80. Austenitic stainless steel according to

any preceding clalm further comprising 0.020 30wt % to 0.030 wt % of Carbon. MCSLLP 140
1. A.l. Sedriks, Stainless Steels ‘84, Proceedings of Goteborg Conference, Book No 320.

5 The Institute of Metals, 1 Carlton House Terrace, London SW1Y 5DB, p. 125, 1985.

2. P.Guha and C. A. Clark, Duplex Stainless $teel Conference Proceedings, ASM
Metals/Materials Technology Series, Paper {8201 - 018} p. 355, 1982,

10 3. N.Bui, A, Irhzo, F. Dabosi and Y. Limouzin-Maire, Corrosion NACE, Vol, 39, p. 491,
1983, ‘ :

4. A. L. Schaeffler, Metal Progress, Vol. 36, p. 680, 1949.
15 5. C. L.longand W, T. Delong, Welding Journal, Vol. 52, p. 281s, 1973,
6. E.A.Schoefer, Welding Journal, Vol. 53, p. 10s, 1874.

7. ASTM A800/A800M ~ 10
20



Si.Austenitic stainless steel according to any preceding claim, wherein the Carbon is .5 0.025 wt % C.
82. Austenitic stainless steel according to any preceding claim, further comprising no more .47 wt
% of Manganese. 83. Austenitic stainless steel according to any preceding claim, further comprising
no more than 2.0 wt % Mn. 1084.Austenitic stainless steel according to any preceding claim, further
comprising 1.0 wt% Manganese to 2.0 wt % Mangtilese. 85.Austenitic stainless steel according to any
preceding claim, wherein the Manganese Is a 1.20 wt % and 5 1.50 wt % Manganese. 15 86.
Austeniticc?éﬁi}ryess steel according to any of claims 82 to 85, wherein ratio of Manganese to the
Nitrogen iscoritrolled to less than or equal to 5.0. 87. Austenitic stainless steel according to any of

claims 82-86, wherein the ratig of 20Manganese to the Nitrogen is controlled to less than or equal to
s

3.75. 88. Austenitie STA SR MR SRe IHING t0 Ry AEEHn AU &5 TR FYSHIB AR 08t %

Manganese to 4160aW ahgditsemiiB LABGENiC HainEsesien Aasorindo Blain@geberein the
Man%anese IS 5%%8"&?%?%2{5?%); no more than 7.00 wt % of Molybdenum {Mo); 0.40 wt %
of Nitrogen to 0.70 wt % of Nitrogen (N}, 1.0 wt % of Manganase to 4.00 wt % of
Manganese {Mn), no more than 1.0 ‘wt % of Niobium (Nb} and less than 0.10 wt % of
Carbon {C},
wherein ratio of the Manganese (Mn) to the Nitrogen (N) is controlied to less than or
10 equal to 10.0; and
wberein ratio of Chromium Equivalent [Cr] té Nickel Equivalent [Ni} is more than
b.4o and less than 1.05; and
wherein the Chromium Equivalent, [Cr] = (wt % Cr} + (1.5 x wt % Si) + (1.4 x
Wt % Mo} + {wt % Nb)— 4.99; and |
15 wherein the Nickel Equivalent, Eﬂ!i] ={wt % Ni)+{(30xwt% C) + {05 xwt %
‘Mn}+ ({26 x wi % (N ~0.02)) + 2.77.

2. Austenitic stainless steef according to claim 1 wherein the Chromium is 17.50 wt %

to 20.00 wt 9% Cr.

20
2. Austenitic stainless steel according to ciaim 1 or 2, wherein the Chromium. is > 18.25
wt % Cr.
4, Austenitic stainless steel according to any preceding claim, wherein the Nickel is £.00
25, wt % to 12.00 wt % Ni.
5. Austenitic stainless steel according to claim 4, wherein the Nickel is £ 11.00 wt % Ni.
6. Austenitic stainless steel according to ciaim 4 or 5, wherein the Nickel is < 10.00 wt %

30 M1,
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90. Austenitic stainless steel according to 88 or 89, wherein the Manganese is 52.50 wt %
Manganese. 30 91. Austenitic stainless steel according to any of claims 82, 88-90, wherein the ratio of
Manganese to the Nitrogen is controlled to less than or equal to 7.50. MCSLLP 141 92. Aust&nitic
stainless steel according to any of claims 82, 88-9l; wherein the ratio of Manganese to the Nitrogen is
controlled to less than or equal to 6.25. 593.Austenitic stainless steel according to any preceding
claim, further comprising 5. 0.030 wt % of Phosphorus. 94.Austenitic stainless steel according any
preceding’elaim Austhaiticorsipitdirsg S5G:602Soubbding Plospipryseddifg. Austenitichstainleasasteel
according to any, ing.claim, further c rsj 0.020 wt % of Phosphorus. 96. Austenitic
stainless steel aﬁéﬁ&’%ﬂ%ﬂaﬁﬁrﬂég%maﬂ%, B’f‘gi eor‘comprising 5 150.015 virt % of Phosphorus.
97. Austenitic stainless steel according to any preceding claim, further comprising 5 0.010 wt % of
Phosphorys. 209RAURIRIIEAANICSRAI°s 26884 21 Risseding <M, hereomprisimg S

5 Molybdenum is 2 0.50 wt % and £ 2.00 wt % Mo.

9, Austenitic stainless -steel according to any preceding claim, wherein the

Molybdenum is 2 1.00 wt % Mo.

0 10, Austenitic stainless steel according to claim 1 wherein the Chromium is 16.00 wt %
to 18.00 wt % Cr. '

11, Austenitic stainiess steel according to claim 1 or 10, wherein the Chromium is 2
17.25 wt % Cr.
15
1z, Austenitic stainless steel according to claim 1, 10 or 11, wherein the Nickel is 10.00-
wt% to 14.00 wi % Ni,
13, Austenitic stainless steel according to any of claims 1, 10-12, wherein the Nickel is <
20 13 wt % Ni.
14, Austenitic stainiess steel according to any of claims 1, 10-13, wherein the Nickel s <
12 wit % Ni,

25 15, Austenitic stainiess steel according to any of claims 1, 10-14, wherein the

Molybdenum is 2 2.00 wt % and < 4.00 wt % Mo.

16, Austenitic stainless stesl according to any of claims 1, 10-15, wherein the
Molybdenum is 2 3.00 wt % Mo.
30
17, Austenitic stainiess steel according to claim 1 wherein the Chromium is 18.00 wt %
to 20.00 wt % Cr, '
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09.Austenitic stainless steel according to any preceding claim, further comprising 5 0.005 wt % of
Sulphur. 25 100. Austenitic stainless Steel according to any preceding claim, further compm%'@gtSP
0.003 wt % of Sulphtef. 101. Austenitic stainless steel according to any preceding claim, fur iﬁer
comprising 5 300.001 wt % of Sulphur. MCSLLP égg_ 102. Austenitic stainless steel according to any
preceding claim, further comprising 5 0.070 wt % Oxygen. 103 Austenitic stainless steel according
to claim 102, wherein the Oxygen is 5 0.050 wt % 50xygen. 104.Austenitic stainless steel according to
claim 102 or 103, wherein the Oxygen is 5 0.030 wt % Oxygen. 10105.Austenitic stainless steel

accordingq{p anyAQIngI%\;ms aogi-éLSCsM WEQerein the Ox;r/%?.n is 5 0.010 wt % Oxygen. 106. Austenitic
stainless steel according to-claim 1955 GESRNgiAY Bkig8h K .sesinibe.bspism i52107.
Austenitic stainld€s0étee|*aCcording to any preceding claim, further comprising no more than 0.75 wt %
of Silicon. 108. Austenitic stainless steel according to any preceding claim, wherein the Silicon is
200.25 wt % and 5 0.75 wt % of Silicon. 109. Austenitic stainless steel according to any preceding
claimk whékein tHe Séittnsabi4s wiedd andr8ioz00 wiofoflBiiean 17 and 18, wherein the Nickel

is 11.00 wt % to 15.00 wt % Ni.

20. Austenitic stainless steel aceording to any of claims 1, 17-18, wherein the Nickel is
14.00 wt % Ni.
10
21. Austenitic stainless steel according to claim 18 or 19, wherein the Nickel is € 13.00
wt % Ni.

22.  Austenitic stainiess steel according to claim 1, whersin the Mickel is 13.50 wt % to
15 17.50 wt % Ni.

Z3. Austenitic stainiess stesl according to claim 22, wherein the Nickal is < 16.50 wt % Ni.

24 Austenitic stainless steel according to claim 22 or 23, wherein the Nickel is € 15.50

20 wi % Nl

25. Austenitic stainless steel according to any of claims 1, 17 to 24, wherein the

Molybdenum is 2 3.00 wt % and < 5.00 wt % Mo.

25 28, Austenitic stainless steel according to any of claims 1, 17-25, wheraln the

Molybdenum is > 4.00 wt % Mo.

27. Austenitic stainless steel according to any of claims 1, 17-26, wherein the
Molybdenum is 2 5.00 wt % and < 7.00 wt % Mo.
30
28, Austenitic stainiess steel according to any of claims 1, 17-27, wherein the
Molybdenum is = 6,00 wt % Mao.
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25110. Austenitic stainless steel according to any of claims 1-106, further comprising no more than
2.00 wt % of Silicon. 111. Austenitic stainless steel according to claim 110, wherein the Sijigos isp0.75
wt % Siand 5 2.00 wt % Silicon. 30 MCSLLP 143 112. Austenitic stainless steel according to any
preceding claim, further comprising at least one elgggent selected from Iron, Boron, Cerium(REM),

~ Aluminium, Calcium, Magnesium, Copper, Tungsten, Vanadium, Titanium, and/or Niobium plus
Tantalum. 5113. Austenitic stainless steel according to any preceding claim, further comprising 0.010
wt % Boron. 114. Austenitic stainless steel according to any preceding claim, further comprising ?.
0.001 wt %xgBoro S.0010 1 2 0115 itic stainless steel according to any
precedin;é(?laim,eﬁ%‘ﬁcompr%ﬁﬁ%%%%&v% Yo %@%ﬁ%‘%ﬁe r‘:?iﬁag%% Wt o5 @6?§r§%8g"i%é‘?Austenitic
stainless steel adédtBitE*d~&ny preceding claim, further comprising k 150.0001 wt % Boron and 5
0.0006 wt % Boron. 117. Austenitic stainless steel according to any preceding claim, further
comprising S 0.10 wt % Cerium. 29118. Austenitic stainless steel according to any preceding claim,
further cog?prisir@’ﬁ.ﬂtiﬁlt%i@éfmﬁ&&héﬂsﬂmkm\m%mrMWm.mwmiﬂmsﬂaﬂﬂmmt&e& according
to claim 118 andb1 19, Jfyeher wherein the Cerium is k 0.03 wt % Cerium and 50.08 wt % Cerium.

31, Austenitic stainless steel according to any of claims 1, 29 and 30, wherein the Nickel

is 15.00 wt % to 19.00 wt % Ni.

10
32. Austenitic stainless steel according to claim 1, 29-31, wherein the Nickel is < 18:00 wt
% Ni.
33. Austenitic stainless steel according to claim 1, 23-32, wherein the Nickel is £ 17.00 wt
15 % Ni.

34, Austenitic stainiess stesl according to any of ciaims 1, 29-33, wherein the

Molybdenum is 2 5.00 wt % and < 7.00 wt % Mo.

20 35, Austenltic stainiess steel according to claim 1, 25-34, wherein the Molybdenum is 2

£.00 wt % Mo.

36.  Austenitic stainless steel according to any of ciaims 1, 29 to 33, wherein the
Molybdenum is > 3,00 wt % and < 5.00 wt % Mo.
25
37. Austenitic stainless steel according to claim 36, wherein the Molybdenum is > 4.00

wt % Mo.

38. Austenitic stainiess steel according to claim 1 wherein the Chromium is 22.00 wt %

30 to 24.00 wt % Cr.
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25 120. Austenitic stainless steel according to any preceding claim, further comprising 5 0.050 wt %
Aluminium. 121. Austenitic stainless steel according to any preceding claim, further cqmiﬁrﬁg k
390.005 wt % Aluminium and S 0.050 wt % Aluminium. MCSLLP 144 122. Austenitic stainless steel
according to any preceding claim, further comprisigag 2 0.010 wt % Aluminium and 5 0.030 wt %
Aluminium. 123. Austenitic stainless steel according to any preceding claim, further comprising S

50.010 wt,% Calgium. 124. Austenitic stainless steel according to any preceding claim, further
comprisin%ggz O.O%iSWP%C(SEI@Eﬁ? s %@i@%tt%cé%ﬁﬁnwmm%ﬁﬁm@méﬁmwﬁwel
according to clam 24, wherein the Calcium is 2 0.001 wt % Calcium and 50.005 wt % Calcium. 126.

Austenitic stainless steel according to any preceding claim, further comprising 5 0.010 wt %
Magnesium. 15 127. Austenitic stainless steel according to claim 126, further comprising .? 0.001 wt %

Magnesiu. andAu@rifiostAiniMagnesbtitbrdingléS HUstenitic Stadrless §§?@Jf?e%ﬂmhr@9§:9 glaim 127,
wherFln the Magsnf;gﬁn |389.001 20Wr % Magnesium and 50.005 wt % Magnesium. 129. %\ustenltlc
dang t6°

stainless steel accor éﬁ)?bpéjc‘gﬁ%@iclaim, further comprising 5 1.50 wt % Copper.
2.5130.Austenitic stainless steel according to any preceding claim, further comprising 2 0.50

41. Austenitic stainiess steel according to any of claims 1, 38-40, wherein the Nickel is <

20.00 wt % NI.

10 42 Austenitic stainless steel according to any of claims 1, 38-41, wherein the Nickel is <

19.00 wt % Ni.

43, Austenitic stainless steel according to any of claims 1, 38-42, wherein the

Moiybdenum is 2 5.00 wt % and < 7.00 wt % Mo.

15
44, Austenitic stainless steel according to claim 43, wherein the Molybdenum is 2 6.00
wt % Mo. |
45, Austenitic stainiess stael according to any of claims 1, 3842, wherein the
2D Molybdenum Is 2 3.00 wt % and < 5.00 wt % Mo.

48, Austenitic stainiass steel according to claim 45, wherein the Molybdenum is 2 4.00

wt %% Mo.

25 47, Austenitic stainless steel according to ciaim 1 wherein the Chromium is 24.00 wt% to
26.00 wt % Cr. | |

4B. Austenitic stainless steel according to ctaim 47 wherein the Chromium is 2 25,00 wt
% Cr.
30
49, Austenitic stainjess stee| according to any of claims 1, 47 and 48 wherein the Nickel

is 19.00 wt % to 23.00 wt % Ni.
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wt % Copper and 5 1.50 wt % Copper 131. Austenitic stainless steel according to claim 130, wherein
the Copper is 5 1.00 wt % Copper. 30 132. Austenitic stainless steel according to any of clai é]l,f_??
128, further comprising 5 3.50 wt % Copper. MCSLLP 145 133.Austenitic stainless steel according to

claim 132, further comprising ? 1.50 wt % Copper g3d 5 3.50 wt % Copper. 5134.Austenitic stainless
steel according to claim 133, wherein the Copper is 5 2.50 wt % Copper. 135Austenitic stainless steel
according to any preceding claim, further comprising 5 2.00 wt %Tungsten. 10 136. Austenitic
stainless steel according to any preceding claim, further comprising ?_ 0.50 wt %Tungsten and 5 1.00

wt % Tunggten. aystedfidWsiaiticalginless cording to ¢lajm 136, wherein the Tungsten is ?
0.75 wt % 15Tungsten. 138. Austenitic sta?nPgé%%sktza%f/é)f%arq&ﬁg?%gﬁ%f ﬁ"r’BS%Th 2iirsekiRther
comprising 5 0.564M0¥N\aNadium. 20139.Austenitic stainless steel according to any preceding claim,

further comprising ? 0.10 wt % Vanadium and 5 0.50 wt % Vanadium.

5 51, Austenitic stainless steel according to claim 1, 47—50,‘wherein the Nickel is £ 21.00 wt
% NN,

52. Austenitic stainless steel according to any of claims 1, 47-51, wherein the
Molybdenum is 2 5.00 wt % Mo and £ 7.00 wt % Mo.
10 |
53. Austenitic stainless steas| according to any of claims 1, 47 to 52, wherein the

Molybdenum is 2 6.00 wt % and < 7.00 wt 3 Mo.

. 54, Austenitic stainless steel according to claim 1, 47-5 3, wherein the Molybdenum is >

15 6.50 wt % Ma.

5.5. Austenilic stainiess steel according to any of claims 1, 47 to 51, wherein the

Molybdenum is 2 3.00 wt % and < 5.00 wt % Mo.

20 56. Austenitic stainless steel according to ciaim 55, wherein the Molybdanum is > 4.00
wt % Mo.
57. Austenitic stainless steel according to claim 1 wherein the Chromium is 26.00 wt %l
- 1o 28.00 wt % Cr.
25

58. Austenitic stainless steel according to claim 57, wherein the Chromium is 2 27.00 wt
% Cr.

59, Austenitic stainiess steel according to any of claims 1, 57 and 58, wherein the Nickal

30 is 21.00 wt % to 25.00 wt % Ni.
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140. Austenitic stainless steel according to claim 141, wherein the Vanadium is 5 0.30 wt %%%%?icgum
25 141. Austenitic stainless steel according to any preceding claim, further comprising 0.040" Wt %
Carbon to less than 0.10 wt % of Carbon. 142. Austenitic stainless steel according to any preceding
claim, further comprising 0.040 MCSLLP 146 143138ustenitic stainless steel according to claim 141,
wherein the Carbon is >0.030 wt % Carbon and 5 0.08 wt %Carbon. 144. Austenitic stainless steel
accordingst@ claimuisltdé%ltvgg%ri%‘n the C?rbon is >0.030 wt % _5Carbon and <0.0_40 wt %Carbon. 145.
Austenitic Stainléss Steal ACcoraing T iy ot QR IASAUAL Clang kusdr $brwpeetigthe Mgk than 0.70 wt
% Titanium. 1012&.0Dmstiiic stainless steel according to claim 145, when dependent on claim 141 or
142, wherein the Titanium is more than Ti (min); wherein Ti (min) is calculated from 4xC (min); and
wherein C (min) is minimum amount of the Carbon. 15147. Austenitic stainless steel according to
claim 1455&hen dleftenitiestonalpirediiarding 1hRyaip msnp_g@w.%bzwefs&@ﬁm%@';g>,<; wherein
Ti (mgn) IS calcu%%m% g(C (min); and wherein C (min) is minimum amount of the Carbon. 20148.
Austenitic stainl€Ss steel according to any preceding claim when dependent on claim 141 or 142,
wherein the Niobium is more than Nb (mm); wherein Nb (min) is calculated from SC (min); wherein

62. Austenitic stainiess stes| according to any of claims 1, 57 to 61, wherein the

Molybdenum is 2 5.00 wt % Mo znd < 7.00 wt % Mo.

10 63, Austenitic stainless steel according to any of claims 1, 57 to 62, w;herein the

Molybdenum is 2 5.50 wt % and < 6.50 wt % Mo.

e4. Austenitic stainless steel according to claim 63, wherein the Molybdenum is 2 6.00

wt % Mo.
i5
&5. Austenitic stainless steal according to any of claims 1, 57 to 61, wherein the
Molybdenum is 2 3.00 wt % and < 5.00 wt % Mo,
66. Austenitic stainless steel accarding to claim 65, wherein the Molybdenum is > 4.00
20 wt % Mo,

67. Austenitic stainiess stes| according to ciaim 1 whearein the Chromium is 28.00 wt %

to 30.00 wt % Cr.

25 68, Austenitic stainless stesa| according 1o claim 67, wherein the Chromium is 2 29.00 wt

% Cr.

9. Austenitic stainless stee] according to any of claims 1, 67 and 68, wherein the Nickel
is 23.00 wt % to 27.00 wt % Ni.
30
70. Austenitic stainless sieel according to any of claims 1, 67-6%, wherein the Nickel is <
26.00 wt % Ni.
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C (min) is minimum amount of the Carbon. 25149. Austenitic stainless steel according to any
preceding claim when dependent on claim 143 or 144, wherein the Niobium is more than '\1\/‘?8@'[‘%’
wherein Nb (min) is calculated from 10xC (min); wherein C (min) is minimum amount of the abeon.
30150.Austenitic stainless steel according to anyi%fgclaims 148 to 149, further comprising no more
than 1.0 wt % Niobium plus Tantalum and maximum of 0.10 wt% of Tantalum. MCSLLP 147 151.
Austenitic stainless steel according to claim 150 when dependent on claim 141 and 142, wherein the
Niobium and Tantalum is more than Nb + Ta (min); wherein Nb + Ta (min) is calculated from 8xC
(min); Wh7e ein %‘ngmi s mir?imumgmourrlé,of the C_arbon7 (I;Nith 0.10 wt %Ta max). 152. Austenitic
stainless ‘Steel ALCOrding 1o LIGTR 158 AR08 SR AFER o A crn i asin e Migkel it n- 8evNiobium
and Tantalum isanare than Nb + Ta (min); wherein Nb + Ta (min) is calculated from 10xC (min);
wherein 10C (min) is minimum amount of the Carbon, (with 0.10 wt %Ta max). 153. Austenitic
stainless steel having a non-magnetic austenitic microstructure comprising 0.40 to 0.70 wt % of
Nitragen znd arhesieyitompesitien Badhgaspigified RilingResmiante ExuivalanBRERe(? 25;
wherein 15PREN = wt % of Chromium + (3.3 x wt % of Molybdenum) + (16 x wt % of Nitrogen), and
wherein the alllf)[y%%%\n%ggmdﬁ?fugr%eﬂr%l't%e@%% /gé'cKoEZhromium to 30.00 wt 96 of Chromium
(Cr); 8.00 wt % of Nickel to 27.00 wt % of Nickel (NI); no more than 7.00 wt 96 of Molybdenum (Ma);

1.0 wt %.of Ma ese to 4.00 wt % of Manganese (MnZF, ng more than 1.0 wt % of Niobium (Nb) and
7 &%g};en*tﬁzo ] I accoggi%ot& AR oﬁ?iuﬂ?

less than 0.10 Wt % 0 Arbon (C)e Wharemr Biuitabhit e riBaGiketequivalent
[Ni] is Molybdenum is 2 5.50 wt % and < 6.50 wt % Mo. :
10 '

74, Austenitic stainless steel according to claim 1, 67-73, wherein the Molybdenum is >

6.00 wt % Mo.

75. Austenitic stainless steel according to any of claims 1, 67 to 71, wherein the

15 Molybdenum is = 3.00 wt % and < 5.00 wt % Mo.

7&. Austenitic stainless stesl according to claim 75, wherein the Moiybdenum is = 4.00

wt % Mo.

20 77. Austenitic stainless steel according to any preceding claim, wherein the Nitregen is 2

0.40 wt % and £ 0.60 wi % N.

78. Austentitic stainless steel according to any preceding claim, wherein the Nitrogen is =
0.45 wt % and £ 0.55 wt % N.
25
79. Austenitic stainless steel according to any preceding claim, further comprising s

0.030 wt % of Carbon.

80. Austenitic stainless steel according to any preceding claim, further comprising 0.020

30 wt % to 0.030 wt % of Carbon,
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more than 0.40 and less than 1.05; and wherein the Chromium Equivalent, [Cr] = (wt % Cr) + (1.5
X wt % Si) + (1.4 x wt % Mo) + (wt % Nb) - 4.99; and wherein the Nickel Equivatdats [NH =
(wt % Ni) + (30 x wt % C) + (0.5 x wt % 25Mn) + ((26 x wt % (N -0.02)) + 2.77. 154. Austenitic
stainless steel having a non-magnetic austenltic mgigyostructure comprising 0.40 to 0.60 wt % of
Nitrogen and an alloy composition having a specified Pitting Resistance Equivalent (PREN) of a 25;
wherein 30PRE N = wt % of Chromium + (3.3 x wt % of Molybdenum) + (16 x wt% of Nitrogen) and
wherein tfé-allof* TRPHS N e e dhetorainE6 ® Brwirye cfiGigrdeiionwtee 00t wEHbeh Ghromium
(Cr); 8.00 wt % gf dNiekal 4027.00 wt % of Nickel (Ni); no 148 more than 7.00 wt % of Molybdenum
(Mo); 1.0 wt % of Manganese to 4.00 wt % of Manganese (Mn), no more than 1.0 wt % of Niobium
(Nb) and less than 0.10 wt % of Carbon (C), ‘wherein ratio of Chromium Equivalent [Cr] to

Nickel Eggyvale than 1.05 . wherein the Chromium
Equwale??%[ﬁ [Cr]qitd\%\!/tgr{%@ﬁn %ng%f ‘% %I) + SRS Rﬁ%n; fifi, TIESL §8MAEIE royherein

the Nickel Equivarst Imi &Qwt %Qﬂman@@%wt % C) + (0.5 x wt % Mn) + ((26 x wt % (N -0.02)) +
2.77.10 155. Austenitic stainless steel according to claim 153 and 154, wherein the PREN is ? 30.
156. Austenitic stainless steel according to claim 153 and 154, wherein the PREN is ? 35. 15157.
Austeniti3tain|A4STEIEEF AErBleRRGIRSICRERPIAIHE &P NG Arevhdig ko PRENiScbBprising no

more than 2.0 wt % ivVin.

10 84. Austenitic stainless steel according to any preceding claim, further comprising 1.0

wt% Manganese to 2.0 wt % Manganese.

85.  Austenitic stainless stee! according to any preceding claim, wherein the Manganese

is2 1.20 wt % and < 1.50 wt % Manganase.

s
86. Austenitic stainless steal according to any of claims 82 to B85, whnraln ratio of
Manganese to the Nitrogen is controlled to iess than or egual to 5.0.
B7.  Austenitic stainless steel according to any of claims 82-86, wherein the ratic of
20 Manganese to the Nitrogen is controlied to less than ar squal to 3,75,

28. Austenitic stainiess steel according to any of claims 1 to B2, further comprising 2.0

wt % Manganese to 4.00 wt % Manganese.

25 89,  Austenitic stainless steel according to claim 88, wherein the Manganese

is £ 3.0 wt % Manganese.

90.  Austenitic stainless stee] accarding to 88 or 89, wherein the Manganese
is £ 2.50 wt % Manganese.
30

91.  Austenitic stainless steel according to any of claims 82, B8-90, wherein the ratio of

Manganese to the Nitrogen is controlled to less than or equal to 7.50.
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158. Austenitic stainless steel according to claim 153 and 154, wherein the PREN is ? 45. 159.
Austenitic stainless steel according to claim 153 and 154, wherein the PRE N is ? 37. 20 MQ®B0.P
Austenitic stainless steel according to claim 153 and 154, wherein the PREN is ? 42. 161.
Austenitic stainless steel according to claim 153 and 184, wherein the PREN is ? 43. 25162. Austenitic
stainless steel according to claim 153 and 154, wherein the PRE N is ? 48. 163. Austenitic
stainless steel according to claim 153 and 154, wherein the PREN is ? 39. 164. Austenitic stainless
steel according to claim 153 and 154, wherein the PREN is ? 4-4. 30 165. Austenitic stainless steel

according to daim Ja3-anttit Sebinldseeielthe: RRinptis ap0f Mo B FReldD wheldf thlstenitic

stainless steel accog_aicrgg to, claim 153 an% 154, wherein the PREN is 47. 167. Austenitic stainless
féy AN 157 VAT PReP RECRITRYea odess than AuSRIIITS Sidfless steel

steel according to claim
according to claim 153 and 154, wherein the PREN is ? 53.5. 169. Austenitic stainless steel
N is ? 49. 170. Austenitic stainless steel

Rccording t Elim TS0 GRS IR S hEBHERE 50N, Hiscoing e M@ Sammasssisel

according to claim 1

according to claim 1583t 2o Riloepbibrdkhie PREN Is? 55.5. 172. Austenitic stainless steel
according to claim 153 and 154, wherein the PREN is ? 46. 15173. Austenitic stainless steel according
to claim 153 and 154, wherein the PRE N is ? 51. 174. Auste.nitic stainless steel according to

claim 153 an84154, ikrsepitict e RIRENt=bab2obding any preceding claim, further comprising < 0.025
' wt % of Phosphorus.

10
95, Austenitic stainiess steel according to any preceding claim, further comprising <
0.020 wt % of Phosphorus.
96, Austenitic stainiess steel according to any preceding claim, further comprising <
15 0.015 wt % of Phosphorus.
g7, Austenitic stainless steel according to any preceding ciaim, further comprising <
0.010 wt % of Phospharus.
20 98, Austenitic stainless steal according to any preceding claim, further comprising <
0.010 wt % of Sulphur,
88.  Austenitic stainless steel according to any preceding claim, further comprising <
G.005 wt % of Suiphur.
25
100, Austen'r‘_cic stainiess steel according to any preceding claim, further comprising €
0.003 wt % of Sulphur,
101. Austenitic stainless steel according to any preceding claim, further comprising <
30 0.002 wt % of Sulphur.
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175. Austenitic stainless steel according to claim 153 and 154, wherein the PREN is ? 57.5. 20 176.
Austenitic stainless steel having a hon-magnetic austenitic microstructure comprising 0.5 94 %o
1.00 wt % of Tungsten, 0.40 to 0.70 wt % of Nitrogen, and an alloy composition having a specified
Pitting Resistance Equivalent (PRENw ) ?. 27; whgkein PRE Nw = wt % of Chromium + [(3.3 x wt %
(Molybdenum + Tungsten)] + (16 x wt % 25Nitrogen) and wherein the alloy composition further
includes 16.00 wt % of Chromium to 30.00 wt % of Chromium (Cr); 8.00 wt % of Nickel to 27.00 wt %
of Nickel t#; ndyrgritinairniggswites! of aorsting enuany Nodrddngveitirof MlethganesetiziaHR Wt % of
Manganese (M) sh8 mgr@%@gnl .0 wt % of Niobium (Nb) and less than 0.10 wt % of 30Carbon (C),
wherein ratio of Chromium Equivalent [Cr] to Nickel Equivalent [NI) is more than 0.40 and less than
1.05; and MCSUP 150 wherein the Chromium Equwalent [Cr) = (wt % Cr) + (1.5 x wt % Si) +
(1.4 x wt 0) rel kel Equivalent, N|]-(Wt%N|)+(30xvvt
% C) + (01/%%\:' Wf\ Jg’/%kﬁgpcl}llgz%éggv%tt %’%cobd e,'&euréé' |?i) ’é’HFeSQ Qéé)ef‘ﬁg?/lng a
non-fagnetic ati¥éaftic microstructure comprlsmg 0 40 to 0.60 wt % of Nitrogen, 0.50 wt % to 1.00 wt
% of Tungsten and an alloy composition having a specified Pitting Resistance Equivalent (PRENw ).>
27; wherein PRENw wt % of Chromium + [(3.3 x wt % (Molybdenum + Tungsten)] + (16 x wt %
10NitrogéRfand dHsreitictieinlrsy seripositidingucthpirmiiitestis, 0derkhbtbt Chromium to 30.00 wt %
of Chromium (%):ygeQQsWto%s‘ﬁM@k@%&Z 00 wt % of Nickel (Ni); no more than 7.00 wt % of
Molybdenum (Mc); 1.0 wt % of Manganese to 4.00 wt % of Manganese (Mn), no more than 1.0 wt % of
Niobium (Nb) and less than 0.10 wt % of 15Carbon (C), wherein ratio of Chromlum Equivalent [Cr] to
Nicke| Eauylontipliscues 222 0 Aaibise B 0 8000z SISl g g Eauivalnt

[Cr]—(wt%Cr)+ 1.5 x wt % Si) + (1.4 x wt % Mo (th)
010 wt % Oxygen.

106. Austenitic stainless steel according to claim 102-105 wherein the Oxygen is 5 0,005

_ wt % Oxygen.
15
107. Austenitic stainiess steel according to any preceding claim, further comprising no
more than 0.75 wt % of Silicon.
108.  Austenitic stainless steel according to any preceding claim, wherein the Sificon is >
20 0.25 wt % and £ 0.75 wt % of Silicon,

109.  Austenitic stainless steel according to any preceding claim, wherein the Silicon is

0.40 wt % and £ 0.60 wt % of Silicon.

25  110. Austenitic stainless steel according to any of claims 1-106, further comprising no

more than 2.00 wt % of Silicon.

111.  Austenitic stainless steel according to claim 110, wharein the Silicon is > 0.75 wt % 31
and £ 2.00 wt % Silicon.
30
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wherein the Nickel Equivalent, [Ni] = (wt % Ni) + (30 x wt % C) + (0.5 x wt % Mn) + ((26 x wt % (N
-0.02)) + 2/7. 178. Austenitic stainless steel according to claim 176 and 177, wherein the PRENWE
32. 25 179. Austenitic stainless steel according to claim 176 and 177, wherein the PRE Nw is 37.
180. Austenitic stainless steel according to clainid¥6 and 177, wherein the PRENw is 42. 181.
Austenitic stainless steel according to claim 176 and 177, wherein the PRENw is .>: 47. 30

112. Awustenitic stainiess steel according to any preceding claim, further comprising at
least one element selected from Iron, Boron, Cerium(REM), Aluminium, Calcium,

Magnesium, Copper, Tungsten, Vanadium, Titanium, and/or Niobium plus Tantalum.

5 113, Austenitic stainless steel according to any preceding claim, further comprising <

0.010 wt % Boron.

w

114. Austenitic stainless steel according to any preceding claim, further comprising

0.001 wt % Boron and < 0.010 wi % Boron,

10
115. Austenitic stainiess steel according to any preceding claim, further comprising =
0.0015 wt % Boron and £ 0.0035 wt % Boron.
116. Austenitic stainless steel according to any preceding claim, further comprising 2
15 0.0001 wt % Boron and < 0.0006 wt % Boron.

117.  Austenitic stainless steel according to any preceding claim, further comprising < 0.10

wit % Cerium.

20 118, Austenitic stainless steel according to any preceding claim, further comprising = 0.01

wi % Cerium and < 0.10 wt % Cerium

119. Austenitic stainless steel according to claim 118 and 119, further wherein the Cerium

is = 0.03 wt % Cerfum and < 0.08 wi % Cerium,.

25
120. Austenitic stainless steel according to any preceding claim, further comprising £
0.050 wt % Aluminium,
121.  Austenitic stainless steel according to any preceding claim, further comprising >
30 0.005 wt % Aluminium and £ 0.050 wt % Aluminium.
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182. Austenitic stainless steel according to claim 176 and 177, wherein the PRENw Is 39. MCSLIS
151 ~ 183. Austenitic stainless steel according to claim 176 and 177, wherein the PRENw isVZ &4, P
184. Austenitic stainless steel according to claim 176 and 177, wherein the PRENw is 3 45. 5185.
Austenitic stainless steel according to claim 176 and 177, wherein the PRENw is 3 50. 186.
Austenitic stainless steel according to claim 176 aHtf 177, wherein the PRE Nw is 3 41. 187.
Austenitic stainless steel accordingto claim 176 and 177, wherein the PRE Nw is _3 46. 10 188.

Austenitic stainlessfigebass MG BRbATIRARY! A/ priRessiD ek RENNLIS 3 Rerising 389
Austenitic stainless steel according to claim 176 and 1?,7, wherein the PRE Nw is'3 49."15190.

Austenitic stain|Q<215%e % AERIMHT G5B Q3B vt Alrmipinerein the PRENW is

123,  Austenitic stainless steel according to any preceding claim, further comprising <

5 0.016 wt' % Calcium.

124. Austenitic stainless steel according to any preceding claim, further comprising 2

0.001 wt % Calcium and € 0.010 wt % Calcium.

10 125. Austenitic stainless steel according to claim 124, wherein the Calclum is > 0.001 wt %
Calcium and < 0.005 wt % Calcium.

126.  Austenitic stainless steel zccording to any preceding clalm, further comprising s

0.010 wt % Magnesium.
15
127. Austenitic stainiess steel according to claim 126, further comprising z 0.001 wt %
Magnesium and < 0.010 wt % Magnesium.
128. Austenitic stainless steel according to claim 127, wherein the Magnesium is = 0.001
20 wt % Magnasium and < 0.005 wt % Magnesium.

128.  Austenitic stainiess steel according to any precading ciaim, further comprising £ 1.50

wit % Copper.

25 130. Austenitic stainless steel according to any preceding claim, further comprising = 0.50

wt % Copper and < 1.50 wt % Copper.

131.  Austenitic stainless steel according to claim 130, wherein the Copperis<1.00wt %
Copper.
30
132.  Austenitic stainless steel according to any of claims 1 to 128, further comprising s

3.50 wt % Copper.
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50.5. 191. Austenitic stainless steel according to claim 176 and 177, wherein the PRENw is 3 55.5.
192. Austenitic stainless steel according to claim 176 and 177, wherein the PRENw is 3 51.M@3L L~
Austenitic stainless steel according to claim 176 a 77, wherein the PRENw is 3 52.5. 194.
Austenitic stainless steel according to claim 176 and 177, wherein the PRENw is 3 57.5. 195.
Austenitic stainless steel according to claim 176 and 177, wherein the PRENw is 3 48. 196. Austenitic
stainless steel according to claim 176 and 177, wherein the PRENw is 3 53. AMENDED SBEET
1PEA/AU tvICSLLP /52 Austenitic stamless steel according to claim 176 and 177, wherein the
PRENw is%354 8URERIEhRRRleThRise ' agardsiaiflg o | iR PP e Rerein the PRENW is ?

59.5. Austenitic 3tainlpss: sig acadingsio @y, peggading claim , wherein the ratio of the Chromium
Equivalents to Nickel Equivalents is more than 0.45 and less than 0.95. Wrought steel comprising the
austenitic stainless steel of any preceding claim. Cast steel comprising the austenitic stainless steel of

any gaimssl, to %QQt&HﬁEeé%gi'ﬁlé&@'@@éﬁﬁ%@bﬁ%@'@%ﬁ@'% drefrldiB &55:0F (slaimskog szlaim
176 or Claim 177, wherein [Cr] and [Nil are further defined

Copper.

135  Austenitic stainless steel according to any preceding claim, further comprising < 2.00

wt % Tungsten.

10
136. Austenitic stainless steel according to any preceding claim, further comprising > 0.50
wt % Tungsten and < 1.00 wt % Tungsten.
137. Austenitic stainless steel according to claim 136, wherein the Tungstenis 2 0.75 wt %
15 Tungsten.

138. Austenitic stainless steel according to any preceding claim, further comprising £ 0.50

wt % Vanadium.

20  139. Austenitic stainless steel according to any preceding claim, further comprising 2 0.10

wt % Vanadium and < 0.50 wt % Vanadium,

140. Austenitic stainiess steel according to claim 141, wherein the Vanadium is £ 0.30 wt
% Vanadium.
25
141. Austenitic stainless steel according to any preceding claim, further comprising 0.040

wt % Carbon to less than 0.10 wt % of Carbon.

142. Austenitic stainiess steel according to any preceding claim, further comprising 0.040

30 wt % Carbon to 0.050 wt % Carbon.



Chromium Equivalent, [Cr] = (wt % Cr) + (1.5 x wt % Si) + (1.4 x wt % Mc) + (wt % Nb) + -(0'7|20>8(th%
W) + (227x wt% V) + (2.20x wt% Ti) + (0.2.1x wt% Ta) + (2.48x wt% Al) - 4.99; and Nlck¥0 .
Equivalent, [Ni] = (wt % Ni) + (30 x wt % + (0.5 x wt % Mn) + ((26 x wt %(N - 200.02)) + (O.44/9 X wit /o_
Cu) + 2.77, wherein the wt % of Nb, W, V, Ti, Ta, fdsand Cu are non-zero; and where Nb=Niobium W =
Tungsten; 25V = Vanadium; Ti = Titanium; Ta =Tantalum; Al = Aluminium; and Cu = Copper, 30

143.  Austenitic stainless steel according to claim 141, wherein the Carbon is > 0.030 wt %
Carbon and < 0.08 wt % Carbon. -

144. Austenitic stainless steel according to claim 143, wherein the Carbon is > 0.030 wt %
5 Carbon and < 0.040 wt % Carbon.

145.  Austenitic stainless steel according to any of claims 141-144, further comprising no

more than 0.70 wt % Titanium.

10 146. Austenitic stainless steel according to claim 145, when dependent on claim 141 or
142, wherein the Titanium is more than Ti {rhin); wherein
Ti (min} is calculated from 4xC {min}; and wherein

C {min) is minimum amount of the Carbon.

15 147. Austenitic stainless steel according to claim 145 when dependent on claim 143 or
144, wherein the Titanium is more than Ti {min}; wherein
i {min} is calcutated from 5xC {min); and wherein

C {min} is minimum amount of the Carbon.

20 148. Austenitic stainless steel accarding to any preceding claim when dependent on claim
141 or 142, wherein the Niobium is more than Nb {min); wherein
Kb {min} is caiculated from 8xC {min}; wherein

C {min) is minimum amount of the Carbon.

25 148,  Austenitic stainless steel according to any preceding claim when dependent on claim
143 or 144, wherein the Niobium is more than Nb {min}; wherain
Nb (min} is calculated from 10xC {min); wherein

C {min) is minimum amount of the Carbon.

30 150.  Avustenitic stainless steel according to ‘any of claims 148 1o 149, further comprising
ro more than 1.0 wt % Niobium plus. Tantalum and maximum of 0.10 wi% of

Tantalum.
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152.

153.

154.

MCSLLP

147

Austenitic stainless steel according to claim 150 when dependent on claim 141 and
142, wherein the Niobium and Tantalum is more than Nb + Ta {min); wherein
Nb + Ta (min) is calculated from 8xC (min); wherein

C (min} is minimum amount of the Carbon, {with 0.30 wt % Tz max).

Austenitic stainless steel according to claim 150 when dependent on claim 143 and
144, wherein the Niobium and Tantalum is more than Nb + Ta (min}; wherein
Nb + Ta (min) is calculated from 10xC {min); wharein

€ (min) is minirmum amount of the Carbon, {with 0.10 wt % Ta max).

Austenitic staintess stee} having a non-magnetic austenitic microstructure comprising
0.40 to 0.70 wt % of Nitrogen and an alloy composition having a specified Pitting
Resistance Equivalent {PREy) of 2 25; whereln
PREn = wt % of Chromium + {3.3 x wt % of Molybdenum) + (16 x wt % of Nitrogen),
and wherein the alloy composition further includes 16.00 wt % of Chromium to
30.00 wt % of Chromium (Cr); 8.00 wt % of Nickel to 27.00 wt % of Niciel (Ni}; no
more than 7.00 wt % of Molybdenum (Mo); 1.0 wt % of Manganese to 4.00 wt % of
Manganese (Mn), no more than 1.0 wt % of Niobium {Nb} and iess than 0.10 wt % of
Carbon {C), wherein ratio of Chromium Equivalent [Cr] to Nickel Equivalent JNi] ts
more than 0.40 and less than 1.05; and

wherein the Chromium Equivaient, [Crl = {wt % Cr) + (1.5 x wt % Si) + (14 x
wt % Mo) + (wt % Nb) - 4.99: and

wherein the Nickel Equivalent, [Ni] = {(wt % Ni)+ (30 xwt % C) + (05 x wt %
Mn} + {(26 x wt % (N - 0.02))} + 2.77.

Austenitic stainiess steel having a non-magnetic austenitic microstructure comprising
0.40 1o 0.60 wt % of Nitrogen and an alloy composition having a specified Pitting
Resistance Equivalent (PREy) of 2 25; wherein

PREx = wt % of Chromium + (3.3 x wt % of Molybdenum) + (16 x wt% of Nitrogen)
and wherein the alioy composition further includes 16.00 wt % of Chromium to

30.00 wt % of Chromium (Cr); 8.00 wt % of Nickel to 27.00 wt % of Nickel (Ni); no
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157.

158,
160,
161.
162.
16'3.
164.

165.

148

more than 7.00 wt % of Molybdenum {Mo); 1.0 wt % of Manganese to 4.00 wt % of
Manganese (Mn), no more than 1.0 wt % of Niobium (Nb) and less than 0.10 wt % of
Carbon (C}, .
wherein ratio of Chromium Equivalent [Cr] to Nickel Equivalent [Ni] is more than
0.40 and less than 1.05; and

wherein the Chromium Equivalent, [Cr] = (wt % Cr} + (1.5 x wt % Si) + {14 x
wt % Mo) + (wt % Nb)~4.99; and

MCSLLP

wherein the Nickel Equivalent, [Ni] = (wt % Ni) + (30 x wt % C)+{05xwt%.

Mn) +{(26 x wt % (N —-0.02)} + 2.77.

Austenitic stainless stee] accordfng to claim 153 and 154, wherein the PREy is 2 30.
Austenitic stainiess steel according to claim 153 and 154, wherein the PREy is 2 35,
Austenitic stainiess steel according to claim 153 and 154, where_in the PREyis 2 40.
Austenitic stainless steel according to claim 153 and 254, wherein the PREyis 2 45.
Austenitic stainless steel according to claim 153 and 154, wherein the PRE, is 2 37.

Austenitic stainless steel according to claim 153 and 154, wherein the PREy is 2 42,

_ Austenitic stainless steel according to claim 153 and 154, wherein the PREy is 2 43,

Austenitic stainiess steel according to claim 153 and 154, wherein the PRE, is > 48.
Austenitic stainiess steel according to claim 153 and 154, wherein the PREy is 2 39,
Austenitic stainless steel according to claim 152 and 154, wherein the PREy is = 44,

Austenitic stainless steel according to claim 153 and 154, wherein the PREy Is = 50.
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148

Austenitic stainless steel acco::ding to claim 153 and 154, wherein the PREy Is 2 47.
Austenitic stainiess steel according to claim 153 and 154, wherein the PREy is = 48.5.
Austenitic stainless steel according to claim 153 and 154, wherein the PREy is 2 53.5.
Austenitic stainfess steel according to claim 153 and 154, wherein the PREy, is > 49,
Austenitic stainless steel according to claim 153 and 154, wherein the PREy is 2 50.5.
Austenitic stainless stael accort;.iing to claim 153 and 154, wherein the PREy Is 2 55.5.
Austenitic stainiess steel according to claim 153 and 154, wherein the ‘PREN is = 46,
Austenitic stainless steel according to claim 153 and 154, wherein the PRE, is > 51,
Austenitic stainiess stee{ according to claim 153 and 154, wherain the PREy 15> 52.5.
Austenitic staihless steal according to claim 153 and 154, whersin the PREy is > 57.5.

Austenitic stainless steel having a non-magnetic austenitic microstructure comprising
0.50 wt % to 1.00 wt % of Tungsten, 0.40 to 0.70 wt % of Nitrogen, and an alloy
compesition having a specified Pitting Resistance Equivalent (PREyy ) 2 27; wherein
PREnw = Wt % of Chromium + [{3.3 x wt % {Molybderum + Tungsten]] + {16 x wt %
Nitrogen)

and wherein the alloy composition further includes 16.00 wt % of Chromium to
30.00 wt % of Chromium (Cr); 8.00 wt % of Nickel to 27.00 wt % of Nickel (Ni}; no
more than 7.00 wt % of Molybdenum {Mo}; 1.0 wt % of Manganese to 4.00 wt % of
Manganese {Mn}, no more than 1.0 wt % of Niobium (Nb) and less than-0.10 wt % of
Carbon (C],

wherain ratio of Chromium Equivalent ICr] to Nickel Equivalent [NI] is more than

0.40 and less than 1.05: and
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wherein the Chromium Equivalent, [Cr] = (wt % Cr} + (1.5 x wt % Si) + {14 x
wt % Mo} + {wt % Nb) - 4.99; and

wherein-the Nickel Equivalent, [Ni] = (wt % Ni) + (30 x wt % C) + (0.5 x wt %
Mn) + ({26 x wt % (N — 0.02)) + 2.77.

Austenitic stainless steel having a non-magnetic austenitic hicrostructure comprisiqg
0.40 to 0.60 wt % of Nitrogen, 0.50 wt % to 1.00 wt % of Tungsten and an alloy
composition having a specified Pitting Resistance Equivalent (i’RENw ) 2 27; wherain
PREnw = wt % of Chromium + [(3.3 x wt % {Molybdenum + Tungsten}] + (16 x wt %
Nitrogen) _ |
and wherein the alloy composttion further includes 16.00 wt % of Chromium to
30.00 wt % of Chromium {Cr}; 8.00 wt % 61‘ Nickel to 27.00 wt % of Nickel (Ni); no
more than 7.00 wt % of Molybdenum (Mo); 1.0 wt % of Manganese to 4.00 wt % of
Manganese (Mn), no more than 1.0 wt % of Niobtum (Nb) and less than 0.10 wt % of‘
Carbon (C), | |
wherein ratio of Chromium Equivalent [Cr] to Nickel Equivalent [Ni] is more than
0.40 and less than 1.05; and

wherein the Chromium Equivalent, [Cr] = fwt % Cr} + {1.5 x wt % Si}+ (14 x
wt % Mo} + {wt % Nb} —4.99; and

wherein the Nickel Equivalent, [Ni] = (wt % Ni) + (30 x wt % C) + (0.5 ¥ wt %
Mn) + ({26 x wt % (N — 0.02)) + 2.77.

Austenitic stainless stesl according to claim 176 and 177, wherein the PREuw is 2 32.

Austenitic stainless steel according to claim 176 and 177, wherein the PREwy is 2 37.

Austenitic stainless steel according to claim 176 and 177, wherein the PREyw is & 42.

Austenitic stainless steel according to ciaim 176 and 177, wherein the PREpwis > 47.

Austenitic stainless steel according to claim 176 and 177, wherein the PREyw Is 2 39.
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MCSLLE

151

Austenitic stainless steel according to claim 176 and 177, wherein the PREnwis 2 44,
Austenitic stainless steel according to claim 176 and 177, wherein the PREyy is = 45.
Auste_nitic stainless steel according to claim 176 and 177, wherein the PREpwis = 50,
Austenitic stainless steel according to claim 176 and 177, wherein the PREww is 2 41.
Austenitic stainless steel éccording to claim 176 and 177, wherein the PREy is > 46.
Austenitic stainless steel according to ciaim 176 and 177, wherein the PREyy is 2 52.
Austenitic stainless steel according to claim 176 and 177, wherein the PREywis 2 48.

Austenitic stainless steel according to claim 176 and 177, wherein the PREyy is 2

505,

Austenitic stainless steel according to claim 176 and 177, wherein the PREyw is 2

RE.5.
Austenitic stainiess steal according to claim 176 and 177, wherein the PREywis = 51,

Austenitic sfainless steel according to claim 176 and 177, wherein the PREgw i5 2

52.5.

Austenitic stainiess stesl according to claim 176 and 177, wherein the PREyw is =

57.5.
Austenitic stainless steel according to claim 176 and 177, wherein the PREnw is > 48,

Austentitic stainless steal écccrding to claim 176 and 177, wherein the PREyw is > 53.
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Austenitic stainless steel according to claim 176 and 177, wherein the PREyw is 2

54.5.

Austenitic stainless steel according to claim 176 and 177, wherein the PREyw Is 2

59.5,

Austenitic stainless steel according to any preceding claim , wherein the ratio of the

Chromium Equivaients to Nicke! Equivalents is more than 0.45 and less than 0.85.
Wrought steel comprising the austenitic stainless steel of any preceding claim.

Cast steel comprising the austenitic stainless steel of any claims 1 to 200.

Austenitic stainless stesl according to Claim 1, Claim 153 or Claim 154, Claim 176 or
Claim 177, wherein [Cr] and [Ni} are further defined by:

Chromium Equivalent, {Cr] = (wt % Cr} +{1.5 x wt % Si} + (1.4 x wt % Mo} + (wt % Nb)
+{0.72 x Wt %6 W) + (2.27x w6 V) + {2.20x wt% T7) + (0.21x wt% Ta) + (2.48x wt% Al}
—4.98; and

Nickel Equivaient, {Ni} = (wt % Ni) + (30 xwt % C) + {0.5 x wt % Mn) + {{26 x wt % (N -
0.02)) + {0.44% x wt% Cu} + 2.77, wherein the wt % of Nb, W, V, Ti, Ta, Al and Cu are
non-zere; and

where

Nb=Niobium

W = Tungsten;

V = Vanadium,

Ti = Titanium;

Ta = Tantalum;

Al = Aiuminium; and

Cu = Copper.
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