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151 ABSTRACT AUSTENITIC STAINLESS STEEL Austenitic
stainless steel is disclosed herein. In the described
embodiments, the austenitic 5 stainless steel comprises 16.00
wt % of 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; 0.40 wt % of Nitrogen to 0.70 wt % of Nitrogen,
1.0 wt % of Manganese to 4.00 wt % of Manganese, and less
than 0.10 wt % of Carbon, wherein the ratio of the Manganese to
the Nitrogen is controlled to less than or equal to 10.0. Austenitic
stainless steel based on specified 10 minimum PREN values is
also disclosed. [No Figure]
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ABSTRACT

AUSTENITIC STAINLESS STEEL

Austenitic stainless steel is disclosed herein. In the described embodiments, the austenitic
stainless steel comprises 16.00 wt % of 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; 0.40 wt % of
Nitrogen to 0.70 wt % of Nitrogen, 1.0 wt % of Manganese to 4.00 wt % of Manganese, and
less than 0.10 wt % of Carbon, wherein the ratio of the Manganese to the Nitrogen is
controlled to less than or equal to 10.0. Austenitic stainless steel based on specified
minimum PREy values is also disclosed.

[No Figure]
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AUSTENITIC STAINLESS 3TEEL

Backsround and Field ol the wention

This Invention ralates o Austonliic Stainfess Stead,
Traditionally, 300 series Austenitic Stainless Steels such aa UNS 530403 (3041} and UNS
S3U453 {304LN} have specifiad chemical compositions i pereantage by weight as Blustrated

i1t Tabla Therelnn

TABIE 1
LNS Mo Type < #n p 3 i S NE M N
530403 I04L REN 1750 8.00

MAX Q03¢ 200 0045 0030 07% 133D 28 . {ig

UNS Mo Type C Ma B

3 S £r R WMo W
SAGISN ALK MIN 18.0¢ RO B3R

MAR 0.030 200 0045 0030 075 2000 1200 .. 0.8

There ave 3 rumber of shortcomings with the shovementionad comvertional Austanitic
Stamnfess Stmels sssociated with their part‘scuiéf spacification ranges. This <an potantially
fead o 8 lack of proper contrel of the chemical anslysis at the meling stags, which is
nEcsssary o optivise the properties of the Alloys 1o give sn sxcellent Combination of

mechanidal shrength properties aid good corrosion resistance.

The mechanical properties that are achieved, with Alloys such as UNS 330403 and UNS
530453 are not optimized and are relatively low compared to other generie stainless stesl
groups, such as 2200 Duphe Staldess Steels and 258 Duplaxiand 280 Super Dupiay

Ktaintess Stesks. This v demonstrated i Table Lowhich compares thegrogerties of these
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convantional Austenitic Steintess Hesls with typicsl gravesof 228 Duplex, 250 Qupler and

250r Supsy Duplex Stainless Steshs,

TABLER

Machanical Bropurties of Restenitic $8intass Steels

NS No o Tupe Tensdls Strength Yielhd Strength Elongation Hardndyy
v 3iner Slrem Rgta X
Min HEHA fin HEED
“Ksi MPa Kt MPa e Brivell Rovkwell B
SR403 304U 7o 485 25 170 AQ 241 83

1
b
%]
L
<X
Pt
2
44
$€'
<
s
pavh
pr
iy
“3

S30453 304N 7S

Mechanics] Propertiss of 330 Duplex Stainfess Steals

UNSNe Typs Tensie drength Yisid Btrengti Slongation Hardrass
_ Zivor SO foted
fain Ain Rin Rt
853 MPa Ead MPa ' % Brinell Rochwsltd
S8R 2208 e 828 b= 450 25 8% 31
SPEIGS 2308 95 555 &% 450 5 9% 21
532308 234 87 BOG 58 SO0 25 25U 32

fMeshanical Praperﬁés of I8Cr Dupley and 330 Super Bupley Stainless Stewls

VoR Torsile Strangth Yiedd Strength Elangation Hardness

UNE Mo Ty

I or Svam Mota 3

Hin By Adin Rax
Kst - MiEs Ksi MPa w Brinell Bookwell €

FI2F8 .. 108 FSE 80 588 35 36 <
FITRC 2BGT i Paticy &3 550 15 2310 X2
S3R2A8 ; 116 804 AR 858 1% 230 3
SIFEIN L 112 I & pa 2B 0
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& iz an obiect of the presart ibventien {oo provide s austenitic stainless stesl whisk
aflevintes ot lrast one of the disadvantagss of the prior art and/or provide the puliiowith

usetul choivs,

Summary of the lnvantion

Acnording to wofirst asprel of the invention, therk i provided sustehitic stainless stesd

avcording w alaior 1

Further preferred festures may be found in thy depentdent claing

A it can be appracisted Fry the described embodiments, the austenitic staindess stesl {Cp-

Ni-da-N Alfoy comprises & high level of Nitrogett possedses & dblgue Lombination of high

mechanical strength ;:rs:ipe:‘ti&s with excedlent Gustility snd toughness, along with gond
waldabitity and good YE*%?S’E:S:‘W&“ tor ganeral snd focalised corrosion. Specifically, the
described smbodiments aise addiess the problem of relativsly fow mechanice! strenghh

properies in the conventional 300 saries austenitic staintess steals such a5 UNS 5304083 and

NS 453 when compared to 220 Duplex Stairdess Stesls and 25¢r Duplex and 250

Super Duplex Stainfess Steels.

Detgiled Desoripton of the Prafemrad Embodiments

304N

Fir ease of explanstion, & ot ambiodiment of the invention is referrad to as 304LMEN, In
generat Yerms, the 304LMEN is3 high sirength austenitic tainfess steat {Cr-Ni-Mo-N} alioy
which gomprises 8 high levsl of Nitrogasn angd formwiated to anhieve 3 mirimuny spacified
Pitting Resistane Extivalent of PREy X 25, and preferably PREq 230, The PRE is catculated
arcording tothe formulaa:

PREG e H O+ R3¢ B Mol + {16 N M NL
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The 3&%&1\34\1 high Saf?ﬂg"’h austenitic staindess stest possgsses & unigue combingtion of
fhigh machanicsl strength properties with excellent ductility and toughwess, along with good

weldability and good resistanes to general and localised corrosion.

Chensical composition of the 304LM4N bigh strength austenitic stainfass Steef s sslective
and charsctericed by an afiov of charnical slerments in percentage by weight Dot as followws,
.03 wi % € {Carbon) roay, 2.00 wi % My {(Manganese) max, 030 wt 8% ® {Phosphorus)
max, D010 wt % S Solphur) e, D75 wi % 51 (Sificon) max, 17.50 wt % O {Chranam) +
2000 wit WO, 8.0 et % N '{Ni‘t:ia&i}_ < A200wE S N 200w 3 Mo {Maolybdenum) may, and
040 wt % N {Nitrogen} - 8,70 w S KL

The 304LMAN stainless steel also comprises principally Pe {fron as the remalnder snd may
afso contait very small amounts of othet eloments such a5 D810 WL %8 {Boron} max, 8.1
wi 8 Ce {Cerium max, 0050wt 5% AT {&haminiumsd g (.01 wt %6 Ca {Caloium mag andfor

S.051wh % My ibisgrmshamb max snd other impuities whish are poemally prasent i resalual

tevelst
The shemical cornposition of the 304LMAN stainfess steel s optimised 3t the melting stags

o privaeily ensure s austerdtic microstructury i the base material gfter solution hest
treatpent typically performad in the range 1300 dey U o 1250 deg € followed by ‘waler
guenching. The micrgsiruciure of the base materiat in the solution heat tremted condRion,
alang with as—wgiﬁ&*é wald metal and heat affected zone of weldments, s contrgtfed by
optimising the balance between austenite forming elements and ferrite forming elements to
prirnariy ensure that the alloy s sustepitie, As g result, the 04N stainless stwal exhibity
A unigue combination of Migh strovpth and ductility atamblent temperatures, wiile at the
same time achieves excelient toughness at amblent tomperstures and cryogenie
temperatures. I viow of the Teot that the chamics! mmws=§u‘:éz‘ﬁn of the 304LM4N high

trength atstenilit stainfoss stadd is adisted to achiove 3 PREy ¥ 35, bt praferably PREy 2

M

ngin
30, this ensures that the material abio Ny ¢ good resistanne o general corrosinn and
jocalisad corrosion {Pitting Corrmsion and Crevice Corrosion) 0 a wide range of process

grvironments. The 304LM4N stainbess clead slso hax improved rest & To sirass corrosion
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eracking in Chioride containing environments whan compared to convantiongl Sustenitic

“Sragintess Steels such as UNS Sai}%a ard UNS $304%3,

i has besy determined that the optimure chamical composition range of thy 304LMaR

staindess stewl o carsfully wi%:i d to comprise the following chendsal elements In

paresntage by weight s follows based o the first entbodiment,

Carbon {0

Carbon content of the 304LM4N staind eabis % 0.030 wi S C e maitourn of 5030w

% ). Praferably, the amount of Carbon should be ¥ Q020 wit % € and £ 0030wt % € angd

more praferably SIS WL G T

fangangses (Mnl

The J04LMAN stainless steel of the first ombodiment may come bt variations: low

hanganess or high Manganessa.

For tha fow Mangansse dlovs, the Manganese content of the J04LMAN stainlass stesl s g
F0 WU Min. Preferably, thersnge b2 10 wi % Mo and 82 2.0 wi % Mn and sriare prefarabiy
% A0S M arh S 1AW % Mo With such compensitions, this nohieves an optimuy M
to K ratioonf £ 50, and ms*‘fe;ah v Ld2and £ 5.0, Mors pafersbly, the ratio s 3 143 and

For the high Manganess alioys, the Ma asm contant of the 304LNAN stainfess steel is €

4.0t % M Preferably, the Manganese content is 2. 2.0 Wt % Ma and €40 wt 3 My, and
more preferably the upper Bmit s £ 3.0 wt % Mr, Even more preferably, the uppse ot s 5
250wt §6 Moo with such seletive rangaes, this sohisves o My to N satio *affg A8 and
preferably 2 2.8% and £ 3100, More preferably the Mote ¥ ratie for high Manganese g‘iiiiws

$a2 $"1 and £ 7.50 and sven movs proferably 3 185 and £ 6.25,
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Fhosphorusi®y

Fhosphorus covdent of the JCSLMEN stainfess sterd s controlied 1o be 0030 wt % P

Erpfarabiy, the 30N alloy has S DU5 wi % P wnd roore pmfarabw G020 w8 P, Bven
roore preferaldy, the alloy has S Q015 w56 P and even further mors graferably s 0010 wt

P

Splohur {5}
Sulphur cortent of the 308LM4N stainless steel of the first smbodiment ingludes is $ G010
w3 5. Preferably, the 30LMAN has £ 0.005 wt % 5 and more praferably £ D.003 W2 % S,

and aven move preferably SOODT wWERS.

Owysan (G

Oxygen content of the 308UMAN Stairdess steel b controfied 16 be a3 low as possible and in
fie firat ssma sdiriant, the“&”ﬁ#ﬁﬁﬁ%&i has £ QR0 Wt % O, Prefarably, the 308LREN alloy has
< 0050 ot % Q snd more preferabiy € 0030 wi % O, Bven more praferably, the allov has €

) 010 wi % © and even ferther move preforabiy £ DRDS et % 0O,

€3

Siticony (SH
Siticon content of the 3{}4%3:»*1&?4 «xamsem stasl 2.5 075 wi 5 50 Preferabiv the abioy has =
S5 wt s Siand 2478 wt 985 More prefersbiy therange By AW B3l pd S D60 W %
St However, for specific higher tenwperature applications whers improved oxidation

resistanie s required, the Silicon constertpaybea 7% wt ¥ & and % 2,08 wt % 5k

Chramium i)

£d,

Chramin cordent of the 0SLMEN stainfess steel of the fivst embodiment js 2 1750w %

Criand £ 2000 wi % Ur, Prafersbly, the alfoy has 382358 wi S Cr,

Nicks (N
Nicke! content of the D4LMEN staindess steel b » 800 wit %% Niand < $2.00 wt ¥ NL
fraferably, the upper fimitof Ni of the alloy 8 £ 110wt % Niand more preferably £ 10wt %

Ni.
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slvhdenurn content of the 304LMEN stainle: ess & teel ploy is € 2,00 wt % Mo, but preferably
2 050wt % Mo and £ 2.00 wt % Mo, More prefaraliy, the towar Hrdt of Mo 52 10wt %
Mu,

Mitroger N}
Mitrogant contant of the 304N stalvless stael iy 0.7 Wt % N, bt preferably 2 D40 Wi %
N oand € 070 w38 N More preferably, the 30aLMEN alioy has 3 040 wi %6 N and £ 0,60 wt

% N, and svart mmore preferably 2 045 w1 % N and 4 055 wESEN,

The PITTING RESISTANCE ECHEVALENT (PRE is caloulated ueing the firmulns:
PRE¢= % r+ B3 MY+ I8 B N

Tha 3D4LMAN stainloss stoelis speifically formulatad to have the following composition:
) Chromium content of 2 1750 vt 3 O snd < 20,00 wi % Or, but preferably » 1828
wi¥e )
{iy Molybdenum contant £ 200wt 56 Mo, g praferdbly 2 030wt % Mo and € 2,00
wi % Mo arsd more praferably 2 10wt 5 Mo
(ki) Nitroger rontent < 0.70 wt % N, but preforably » 040w % Nand S 0.70 wi % N
and mors prafersbly 2 U0 wit % N angd £ D80 wt % N and even more preferabiy x

{; A5 WEN Naand $O55 wi %N,

With a high isssd of Nitvogen, the 304LM4AN stiinines stoel arbieves the PREy of 2 25, s0d
pmfereb!y FREg 2 30 This ensures that theslloy has a guod resistanes G ganeral corrosinn
andd focalisad corrgsion {PRtting Corrosion and Cravice Corrosion) in » wide range of process
srvironments: The 304LM4N stainiess steel also hay raproved resistance toostress corrosion
cr:-sc-‘w:g 1 Chioride containing environments wha compared to convaentional Austenitic

tafniess Steels such as UNS S30403 and UNS $30453, it should be smphasised that these

U‘s

aguations .i’gm'reft‘%ze effedts of roftrostructural factors on the breakdown of possivity by

PITGNE OF cravice corrosion
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The chimical composition of the 304LMAN stainless stael i optiraided at the melting stage
forerisure that the ratin of the {07 squivalent divided by the [Ni] squivalent, socording (o
Schoefer®, is in the range » D40 and < LS, but praferably > 0.45 and 2 0.95, in order to
primarily obtain 8n austenitic mivrostrusturs by the bese waterial afar solution hest
proatment typically performed in the raoge 1100 deg © - 1250 deg C follownd by wader
Huenching, The mucrostructure of the tase matarial in the solution heat treated condition,
along with as-welded weld metal armd beat affsctad rone of wekdments, & controliad by
aptirasing the balance fotwesn austanite fornding slements and Ferritn fming clemeants
to privaaily snsure that the alioy i austenitic. The affoy can therefors be rowaafactursd and
sunolisd in the Non-Magnetic congitisn,

The 304LMEN stainfess stesl alve has principaliy fron {Fe} s the remaindsrs and may alsg
eontain very soiall amounts of other slements such as Bovon, Cerlum, Aluntinium, Calkium

andfor Magnaaiurn in percentage by waight gs follows,

Baren {8
The 04NN stainless steel may not have Boron intentionally sddad to the alloy and #3 8
result the level of Soron is typically 2 G000 wi % 8 and £ DOO0E wi % 8 Tor mills which

refar not i mtemmﬁaﬁv add Boron po the heats Afternstively, the (‘izi‘.'»'iﬁt\‘ stainles

k]

steef may bemanufactired to spenificailydnclide 3 GO wU % {* Breferably, the range of
Soron B2 0001 wi % Band £ D010 wt % Bangd more preferably 2 0WS wt B B and 8
SO03% w9 8 dn sther witrds, Borow i specifically added during the produrtion of e

staiheds steal fugt condrolind o achiave sush levals,

The 3DALMAN stabndss stee! of the first erohodiment may sley nclude G0 wi % Ce, but
preferably 2 DO wi % Ce and = 810 wt 3% G Mors ';)mfembiy, e arnound of {;m‘ium s2
.03 v %o ile and £ 008 wi % Ca. iF the stainlass steel contains Uartum, i may alse gas:siaiv
sontaliy other Rare Fanth Merals (REM) atoh as Lurbanuis airice REMe d@rs very often
suppifed ‘to the stainfesy sresl manufactsrers 38 Mischimatsl it should be'rinted That Rave

Sarth Matal raay be utilised individuaily or together as Mischmetal providing the total

« gt of REMs vonfornes 1o the tevels of Co specifiod hearsing
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The 304LMEN staindass steel of the first erobodiment vesy aiso comprise € DOSC wt % A
but preferably 2 0005 wi % Al and s 0050 wi % Al snd mivve wemmiﬁiw 5 0010 wi % Al and
A G030 Wi % Al

oy

CalcumiCel Magnesiun ()

Thar 304LAAN stamless stest may also inciuﬂa 2 D03 wi %% Casmdlor Mg, Prafersdily the
sialess stael miay have ¥ 0001 wt % U sndfor Mg and £ D010 wi % Co andfoe B angd
mwore praferably » 0001wt % Ga a‘;tmi,f{s:r Mg and £ DOUS wt % O andfor Mg snd other

{npuritise which ars sovoaslly pr presentin rasidust fovels,

Based on the shove characteristics, S08LMAN stainless steal possesses midmuny weld
strangth of 55 kst or 380 MPs for the wrought version. Muore preferably, mivimum viald
strevgth of 82 kator 430 MFPa mav bo achisved for the wrotght version. The sast veraion
nossesses minhmum yield streng‘(& of 41 kst or 380 BBa. NMore preforsbiy mlnimum vigld
strevgth of 48 Ksi or 330 MPa may be achioved for the cast version, Based on the praferred
strength values, comparisons of the wrought mechanical strength properties of 304LMAN
stainfess steel, with those of UNS 530403 in Table 3 suggest that the mivdmum yield
stterth of the 303LMEN stalndess stael might Be 2.5 Urss Bigher than that specified for
UNS SI0403. Similarly, 8 comparison of the wrsught maschanical strength properting of the
noval arsd ot RSN Saiblaes sleel with thuse of UNS 330483 in Table
sugpests that the minimurn yield strength of the 304LMAN staindess stend might be 3.1 tmes

higher than that specifisd for UNS 530483

The F0SLMAN staintess steel of the first embodivnant posssssas 3 minbmurn tensile strangth

“of 102 ksor TR0 MPs for the wrought varsion. Mors prefuah & PRt teasihs strength

of {9 ksl or 750 MPa may be achieved for the wrotight version, The cast vardion pussaeses
& tiinimupy tanste strength of 85 kst or 850 MPa Bors prefreably, @ minimum tangile
strenigth of 102 kst 700 M¥x may be agh*wesﬁ far the Last xés‘::sm\ Basad on the preferced
values, @ comparisan of the wrought mechamcal strength wroperting of the novsd and

innovative ID4LNAN stainfess stes], with those of UNS SE040% i Table 2, may suggest that
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the miniram tensiie strength of the J0UREN stainless steel s muove than 1.5 tmes higher

thary that specified for UNS 3304038 Simflasly, o Comparison of she wrought mechanical
i 5§ ¥s g S0

i8¢

2

ngth properties of the novel and bmovative S0AANAN austenitic stainless steel, with

o s

those of UNS 330453 & Table 2, suggests that the minfmum tensile strength of the
J04LMAN statrdess stesl might be 145 times higher than that specified for UNS 530453,
indead, if the wronght mechanical strengtly progeriies of the novietend innovative 304LREN
taihiess stael, are convparad with thoseof the 32 O Duplex Stainless Stes! in Table 2, then
¥ rolght be demonstrated that the mintmum tensite Srength of the 304MEN Ratnless sted
s in the regiont of 1.2 times higher than that specified for S31803 and similar to that
specified for 25 ¢ Supsr Duplex Stainless Stesll Therefore, the windmum mechanicsl
strength propertiss of the 304LMAN stz«;niess stesd have beoen significantly hmproved
compared to conventional Austenitic Stamnless Sreels such as UNS S30403 ond UINS $30453

aned the tenstie strength propertiss are better thar that spenified fiw 22 Cr Dupley Staindess

Steal and similar to those sperified Tor 25 O Suger Tuples Stainlsss Stesl

{[;

This means thet spphcations using the wmn\ght 3{‘41_?\&«3}\‘ stairdsss stesl may be Weguently
designed with reduced wall thidowssss, thus, leading to sgnificant wight ssvings when
spncifving SUSLAAN 3 taiﬁ.ias_s staed sompared to convmntional austanitic stainless steels such
ax UNS SE0403 and 330453 becsuse the mininwin allvwable design siresses may be
significantly highero dn Fach the minimum sHowable design stresses for the wrought
304LMEN statniess stesl may be highar than for 22 € Dupley Steintess Steels and simifar to

- Cr Supar Dupley Statnless Stealy,

For cartain é»ppﬁmﬁans, ther yariants of the J04UMIN stainless steet have bean purposely
Tormusdated to'be manufaciured containing spacific lavels of other alloying elements sueh as
Copper, Tungsten and Vanadiemn  has besn determingd that the Qgst‘imusm chamicat
asmpésitian rarge of the other varfants of the J0ALMAN stainless steel & selective and

chavacterised by aliovs of chemicat formmst i in pertentags by welghtas follvws,.

Copper Gl
The Copper condant ofthe 3040RAN stainlsss steabis £ 2500w % G, bt prefarabiby > .50

W % Cutand £ 150 wi 3% Cuand mors preferably € 100 Wit s Lo for the lower Copper rangs
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Alloys. For higher copper range alfovs, the Copper content may include § 3,50 wit %, bt
preferably 2 T80 Wi Cu andd £ 350wt % Cuand muore preferably € 280wt % Cu

Coppar miy be aidded individualiy or in conjunction with Tungsten, Vanadiam, Titanium
andfor Niobium andfor Niobium plus Tantalure in sl the varfows combinations of these
sloments, to furthar imprpve the oversll corosinn performance of the Aoy, Conper i
costly angd t?‘ii;‘:#fi?fi}?’&? is being purposely fimited 1o aptivaise the economics of the Aliny, while

at the same e mptbnidng the ductifity, toughness and corrosion perfurmancs of the alloy,

TungsteniWy
The Tungaten content of the 04LMEN stainioss cleel is .00 wt ¥ W, but prefucably 2 G50
WM W and £ 1.00 Wt % W and more preferably 2 07% wi %W, For 304I04N stairdess stegl
gariants condaining Tangsten, the BITTING REMSTANCE BEULHVALENT i calouiated using the
formulasd
PRExue =% O+ {32 % Mo+ WH + {16 x % N
This Tungston containing variant of the 3080M4N stairdess stedd s spedificatly formmdated 1o
have Lhe'? Howing rsm;m%maﬁ'
{iy Chromium content 2 17, 50wt % Cr and £ 20000 wt % Cr. bt praferabl 2 8825wy
$5.0r;
it} M\.sivt.fiems*r cogttent € 200 Wi % MO, bt praferably 2 050 wi % Mo and £ 200
wi % Mo and more praferably 2 L0 wt % Moy
(i) Nitroger contant SR70 W% N, byt preferaliby x G4 WL B K msi SOTWEEN
and mors preferably ¥ (4G wi ¥ N and & {080 wi % Noand evia more preferably 2
S5 wi% N angd OS5 wi %N and
{iv} Tungsten conterns © 2.00 w8 W, but preferably » 030wt % Woand £ L.00w %

Woand viore preferably X U725 Wb %W

The Tungsten comaining variznt of the J04LMEIN stainiess steel has # high specified lavel of

Nitrogen and 3 PREyw 2 37, bt 9*&}‘5*@:&3:\,« PREww % 32,0t shouid be amphasised that these
equations ignore the effedts of microstructural factors un the breskdown of passivity by
pitting or crevice corrosion. Tungsten may be added indhiduaily or in conjunction with

Copper: Vanadiur, Tianium andfor Niobiure sndfer Niohlum plusy. Tantaigm sl the



e

P
peed

g
$3]

e
i

various combinstions of these slements, to further mprove the overall corrosion
performance of the Alloy. Tungsten is extremely costly and therefore §s baing purpossly
limited to optimise the sconomics of the Alloy, while at the same tme optimising the

ductility, toughness snd comosion performance of the Alloy,

Vatmdiom Wy

Thi Yanadiunt content of the J02LMAN stalnluss stee! has £ 050 WU %V, hut prefatably 2
G300 st 56V and £ 050w B Voand more pre rably < 830w % V. Vanadiun nay be added
indididually or in conjunciion with Copper, Tungsten, Titanjum sndior Nioklum andior
Niobitrn plus Tantalum i all iifza various combinations of these slements to further nprave
the overalt corosion performance of the Alloy, Vanadium is costly snd therefors s belag
purposely Hevited o optimise the econpmics of the Sliey, while at the seme tme optimising

the dactility, toughness and cotrosion perfativands of the 8oy,

For ceftain applications, other variants of the 30LMAN Righ strangth austeniti
steel are desirabiz . which have been specifically forvadatad 1o be manufastursd comprisin
figher lovels of Carbon. Spacifically, the Carbon contend of the J04LMEN stainless stael may
%\w 2080 Wt % Cand <« D10 wi % O but praferabiy £ Q050 WS T wr » 0030wt W Cand 5
D.08 wt % £, but praferably < Q.04 wr % €. These specific varlants of the 304LM4N High
strength austanitic steindsss stee! may be regarded 33 the J04HMAN or 04M4N versions

Fespectivady,

Titanium 0 /Niokiur INB /Niohiuny (N8 phia Tantslum (T8)

Furthermiove, Tor centain spplications, other stebilived variants of the 204HMIN or 304MAN
stairdess steels are desivable, which have heen spacifically formulated to be manufactured
contalning eher dovely of Carhon, Specificaliy, the amount of Casbor may b ;‘:&ﬁ.ﬁ#ﬂ ‘*m: %
Cand < OO0 W% G, but praferably S 0050 WIS O or» 0030 wi % Cand S 0.08 wi % &, but
praferably < 04Q W% €
{it These inchude the Thanium stabilised versions which are seferred to as
SOSHMANTI or ID4MANTT o contrast with the ponerly J04UMEN Stalrdess steel

warsions.
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The Titanium cortent fv contralled avcor ding o the following formudas:
TE4x Cmin, Q30w % Timax or T S Cmin, 870wt % T max respectively, inorder
to have Titanium stabilised derivatives mf the altioy.

{il There are also the Niokium stabilised, 304MHMANNR or 04MaNNb versions
whera the Niobium content is eontrolled scoording to the Tollowing formudaw

Nb R Comin, L0 wh % N mawrof Mb 10 O, L0Ow % ND max, raspectively, in
ardarto have Néabium__éi‘ bilised derivatives of the alioy.

i} W addition, other varfants of the Aloy may also ‘he mangfactired 1o contain
fioblum plus Tantshum stabilised, I04HMANNDTE or JCAMENNET versions where
the Nioblum plus Tentalum cordent i controlfed -aceording to the following
formidan

N +Te a x Crniny 10 Wt % Nb o+ Ta g Q30w 36 Ta wian, oo Nb + Ta 10y Smin,

LOWES Nies Ta iy, DIDw % Ta miax

Titantunt stabiiised, Nioblut stabifised and Mickiure plus Tantalm stabilised voadants of the
Alloy may be pivers 8 stabification heat reatment at » temperature fower than the hitia
solution  fmat treatment fenperahive. Tanium andfor Niobium andder Niokium phus

Y

Tantslurn may be sdded individuaily or in conjunction with Copper, Tungsten and Vanadium

{L

in all the various combinations of these slemanty o optintise the sliloy for centain
applications whers higher Carbon contenty are desirable. These alloying shoroents may be
ariffsed:individualiv or In alf the vandus combingtions of the slerhenie (o tailor the stainlass

steet for specific anplications el 0 further imgrove the overdll corrdsion parformance of

tm alloy.

The wrought and castvarsions of the 304LMAN stainfess steel slong with the othervariants
ard embodiments discussed haveln are gonerally supplied iy the solution avnsaled
condition:. Howsyer, the weldments of fabricatng tomponants, modales and fabrications are
generaily supplind in the as-welded condition, provided thet suitable Weld Procadure
Quialifitadiiew bave boer pregualified in scorrddnee with the resprrtive standands and
specifications. For specific applicstions the wrought versions may alse be.supplied in the

cold workied condition.
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Effuct of the proposed alloying Elements and thelr compositions

One of the most important propertizs of stainfess steels i3 novmally their corrosion
resistance, withowt which, they would fnd few industrisl spplivations, singe i many

brastances thelr mschanical properties caft be matehet vy Iss costly matarials,

Changes in aii‘sgﬁug sfemment contant which are dedrabile W establish atieactive corrosion
rosistant charsctenistics can have & marked effedt on the metalfurgy of stainless sleel,
Comseguenily, this can affect the physical and mechanical charstaristing which can be usad
practicaliy. The sstablishmant of certain desivable propertiss strhas high streagth, dugtiity

and foughress s depandent upon the condrol of the microstrunturs and thisreay it the

anes attainable. Alloving lernents in the solid so won, Manganess Sulphide

SOTTOEROY FRSE
e mm» woand various phases which can predipitate giving Chrondurs and Muolybdenum
dop zem zongs mound the pracipitates can 8t have z profound influence on the
microstrycture, the mecharical propertiss of the slioy snd the malntenance ot briakdown

uf paseivity.

Thiss, s extramely a&atiéngma tor derive an optimum composition of the elerments of the
alioy v orderfor the aiiﬁ_}: to have good mechanival streng sth propertisy, sxcetlent Jductility
and toughness and yel good we fdability and resiatance 1o general and focalised corrosion,
Thin is expedichy e o viedy of tha compbla ey of metafurgival variatles which niake up
thie alloy compositinn and hodw each varidble affesty possivily, mitrs-structure aned the
mechanical propertiss. 1t is abc nzesssary to incorporate this knowledge into new wiloy

development programimas, Tabrication and hest treatment schedules, fn the following
passages; ¥ Bodbrussed how gach of the elements of the slloy s oplimisad W achinws the

ahpyeroariinned progerties,
EHfort of Chramium

Gtaintess Steels derive thel passive characterstics frony alloyving with Cidomdum, Alloving

“ron with Chromnium moves the privaary passhestion potential in the actve direction, This in

nirny expands the possive potential range and reduces passie current demneity | e
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Chloride salutions, horeasing the Chromium sontant of Stainless Steels raises the pitting
potantial By theraby expanding the passive ;;omw‘iai range. Chronhan, therefore, ingreasss
the eesistanes to jocalised corrosion {Pitting and Crevice Corrosion) as wall as general
corrasion, &n increase in Chirpmium, which is & Farrlte forming element, may ke katanced by
#1 fhcrease in Nickel and other geimﬁsm‘i.e formivg elements sueh we Nitrogen, Cavkuey and
fanganese i ordey fo prinarily misintay 2 Austenitic microstructirs, Howevey, it has

basn found that Chromiur iy confuncion with Molybdenun and Silicon may Increass tng

V‘?

sndenoy tivards the pracipitativn of jotermetaliic phases and deletafious precipitates

Tharefore, :xras,t {catty, the o3 maximum Bt the devel of Chyromiten that may be
increasad with Gu’* entizncing the rate of intermatallic phase fomaiion jo thick sections
whtich, 1o turs, could fead o & reduntion iy duchility, toughness ang corrasion performanes
uf thye Aoy, This 3DAEMAN stpinless Reel has been specificatly formulated 4 have 3
Chrgmitn oorment 2 1780w 5e O and £ 3000w % O 3o schivve aptinwim results,

Prefurably, the Cheomfum cotent K R I8 Wt %
Fffact of lickel

f hay bean found that Nickel maovss the pitting potential B in the noble dirécﬁ‘ian, thereby
extending the passive potontial range and also reduces the passhve curent densily e
Hickal theretore, nornases the resistance 10 localized cormosion and geperal corrosion in
Austenitic stainlass sleals, Nickel iv an Austanite forming sleinent and the level of Nickel
sanganese, Tarban and Nitrogen ate optissed in the first awbodiment to halance the
farrite forming elements such &s Chromium, Molybdintm and Silicn Yo primarity maintain
ar austeniic mivrostructure.. Nickel is extremely costly and thersforg & belng purposely
fimited o optimise the economics of the Alloy, while 8t the spme time optimbsing the
dustility, toughoess and corrosion pacformanze of the Alloy. This 304LMEN stairdess st ‘ai'
has besn spesifically formulated to have » Nickel content 2 8.00 wi 3% Niand € 12,00 wt

ti, but proferably € 1300w % R and o peeferably 1000 wE % NL
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Effast of Molvhdenum

At particuler besds of {“hrommm cmrtent, it bas been found that Molybdenun has & strong
baneficial influence on the passivity of ‘sustenitic stainlesy stasls. The addition of
folybdenum moves the piiling potsntial i the mory noble divection thus axtanding tha
passive potential rangs: Incressing Mokdbdenam content aisg lowers | e 3nd thug
Molvbdanum imgraves the resistanes to genaral corrosion arad tocslised corvodion {Pitting
Crarvosinn snd Crevice Corrssion) i Chioride enviverengds, Molvbdenurm also mprovas the
resistance to Chioride stress covrosion cracking i Chloride containing environments

Molvbdenum iy a Ferrits forming slemert angd the levsd of Molvhdenumn along with

Crromium and Silison, 5 optimised to balanes the sustenite forpung slements such 8s
Nickel, Mangsnese, Carborvand Nitrogen to primarily maintaiiy st Austenitic microstructune:
Howe‘«‘eﬂ RFolybdenam iv conjunction with Chromium angd Sllcon May increase the
rendenoy towarnds the pracipitation of intermetaliic phasay and delaterious precipitates, Ar
higher fevels.of Molyhdernem ¥ s possible to expedence anro- sagregation, particularly i
castings and primary products, which may which may further intraase the Gneties of such

intermetallic phases and deleterivus precipitates. Sometimos other oloments such as

Tungsten may be introduced into the heat in order to fower the relative ammnt of

Molybdenum reqaired in the Alloy. Thersfore, praciically; there & 3 maxirum Hemit to the
fevad of Molvbdenum that can be mncremsad without enhinging the rate of intermetallic
phasa formation dir thick sertions wiich, I Gy could fead o # raduction in dudtiity,
toughness and corrdsion perfarmanes of the alloy. This 304N staindags Rtee! hag boen
specifically formulated to have & Molybdinum comtent s 2.00 wit % Mo, but prafersbly ¥

.50 wt % Mooand £ 2.0 w5 Mo and more praferably 2. 1.0 w8 Mo,

Efect of Nitrogen

fn the first wrobodimens {and the subSegosnt embodintents), ons of the most Significam
improvernents in the localised corrgsion perforrsarce of austaniti stainfess stesds i

olsied by intresaing the Nitroger levels, Nitrogen taises the pitting potential £y thersby

exparhing the passive potential range. Nitropen madifies the pessive protective fim o

Cimprove the protection Tor the hreakdownrof passivity, i has beew veported’, that high
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Nitrog SRi gonceatestions have beanvobserved at the ngdal gids of thg metabpassive Ty
niarface using Auger electron spectroscopy. Nitrogen B an extremely strong austenite

fornting element slong with Corbore Sinsfarly, Manganese ard Nickel are #ibo ststanite

foring clements afbeit to a lasser axtent. The laveds of atstenite forming elements such @

Nitrogen and Carbon, zewall as Munganese and Mickel sre optinnised o these ernbodiments
to halance the Pervite forming clerpenis such a3 Chromium, Molvbdenura and Silicen to
privarily raintain an alntenilic mdorostructulre. A 3 vacull, Nitvogenindivectly fimity the
progersiy th funm krttarm?‘i:dka phssse sires diffusion ratdg ard much stower incAustenita
Thus the kinetics of s;'tz'terméraiia; shase formation 15 rediced, Likewise, in vigw of the fust
that sustentte-has 8 good solubility for Nitrogern, this revans that the potentisd to furm
deletarinus pracipitates sush w3 MoK {carbo-nitridas, nitrides, bovides, bors-nitrides or bore-

carbidest as well as MuSe carbigdas, in the wald matal snd Heat affected zone of waldmerds,

Fos

during welding cyoles, is reduced, Nitrogsn in the solid solistion s primarily responsibie for
ncreasing the mechandcal strength properties of the 304LMAN stainless steel whiist
snsiring that wrrdusianitic mitrostrocture optimises the ductitity, toughness ard corrosion
performance of the Alloy. Nitrogen however, bas @ Nmited sohubility both st the melting

stage and i solid sofution. This S04IMEN staintens stoel has baen specifically formulsted fo
have a Nitrogen cordent € 870 wt % N, but praferably 2 0.40 wt % N and € 0.70 wt % 8 and
more preferably 2 080 wi % N and € 060 wi % N and evan mors proferably 2 DAS Wi % N

and £ 0,55 wt % A
Effnct of Manganese

Manganess iy an sustentie forming Slwment aivd the levad of Manganess, Nigksd, Cartamand
Nitrogsn is optirnised in the enbodiments to balancs the ferrite forming clements such as
Chromium, Molybderam and Silcon to privarily maindain an austenitic micros ‘IFUC'W!’S‘ :
Therefore, & highse level of Manganese indirectly slfows for = higher solubility of Lertmu and
Nitrogan hioth at the melting stage and in solid solution 5o as to winimise the risk of
teleterious :ir‘&::igzitates. sk as MOX foarbosnitrideg, nitrides, borides, bardi-nitrides o oo
carbides) s¢ well ws Ml atbides. Therators, increasing the Manganese gamcentration to
spsciic levely To improve the solid solubility &f NRoper wotld restt g improvsmant in

the focalised corrasion’ ;mrkrmmre of the Austenitic Stainlase Steel- Mangansss v also @
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fiore st effective slemsat than Nicke! sn o can be ussd Up 1o & cavtain fevel B it the
arpount of Nigkel being uilised in the Alioy. However, there 15 & imit o the Manganess
teval that can be u«ed sucenssiully sinve this may lsad to the formation of Manganess
Suiphids inclusie which are fovourabin sites f‘ ¢ pit .mtsaz O, 1Y &‘,‘is“ advers‘ew affecting the
focaliseg rorrosian perforasance of the Austenitic .Sta-mi':zsz\ teels Mangsnese also increasss
the teridency Yowanis e precipitation of intermetallic phases s well & deleterious
pracipitates. Therefore, practically, theve Is g maximum Himit to the Jevel of Manganese that
can be iwreased withowt entendng the rate of intermetallic phase formation in thick
sections whick, i tum, could fead to @ reduction in ductility, toughness and corrosion
preformancs of the Alloy. This 304LMAN Stainless steel has been specificaliy formsdated to
fave 3 Manganese content 2 100 wi % Mrand £ 2.00 Wt % Nin, but preferably with 3
Manganese contert 2 1.20 wi % Mn and § 130 wt % Mn. The Minganese sordent may ke
controlied o ensure the M-Eﬁgﬁﬁésé o Nitrogen ratio i £ 5.0, and preferakby ¥ 142 sadg

5.4, More "rmarab§y, the rativ'is 2 UAD and £ 375 for the lower Manganest range Afloys.
The Mengansse cortent may be charaoterisad by Sn Slloy that contains 2 30 Wit % Mrvand £
40 ot % M, but preferably € 30wt % Mo and move preferably € 350wt % Mn, with a Mn
to N ratio of £ 100, and preferably, 2 2.85 and £ 0.0, More preferably the ratio s 2 285
ard € 7.50 and ever mors prefesaidly ‘: 8% and £ 825 for the bigher Manganeas rangs

Allrys,
Effart of :Smgximrg vy and ?msg:hems

AR

bvpucities suchias Sulpbur, Oupgein and Phosphadus may bave a negative influsnes on the

mechanical properties and resistance 1o locaiised corrosion (Pitling ang Cravics Corrosion)
arg general corrosion in Austenitic Maitnlass Steel This s met,au\e Sulphur, 1 confunction

with Manganese at specific fevels, promotes the fursmtion of Monganese Suiphide
inclusions, in addition, Ouygayy Iy gonjunction with Alueniniuncor Siicoy at sgjs:r;;:iﬁ(: fevnds,
provotes the formation of oxide incusions such as &l 5 O 3 60 8 O 3 Thesy inclusions e
favourable sites for pit initiation thus adversaly sBecting the boslised corrosion
performanse, ductility and toughness of the austenitic staindess steel. Likowise, Phdsphores

promates the fermation of delsterfous precipitsles which ars favoursble sites for pit

initiation which adversaly sfiect the pitting and crevice corrpsiore resistance of the Alioy s
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well a3 reducing its ductility and toughness, In addition, Sulphur, Oxygen and Phosphorus

Mave an adverse affect on the hot workabity of wrought sustesitic stainfess stesls and the

smnsitivity: towards hot eoacking and cold crpcking, particolardy in castings and the weid

metal of weldwents in austenitic stairless steel. Oxygen ot specific levels may abio lead o

porosity in Austenitic Stafnlass Steel castings. This way generate potential crack inttiation
sived within the cast components that experissns high ojclital losds, Thevefors, modern
muelting technigues such 85 eldctriv are melting, Induction melting and vacuun oxygen
decarblrisation or argon oxvgen detarburisation in Conjunction with other sscondary
remelting technigues such as Eleciro 5%&;@ Remelting or Yacuum &re Remelting as woll as
ather refining t’eaﬁ;zia@ugs are utilised to ersurs that extremely fow Sulphur, G‘xgsgeﬂ s
Fhosphorus contents are ohtained o improve the hot workabiiity of wrought Stainless Steel
and to reduce the sensitieily towards hot cracking and <old cracking and porosity
particidarty v astings apd 1 the welkd metab of weldin 9n+se Moadern maiting techniguss siag

longkte aroduction W the v of nsludions. This impravies e clesinesy of thie Austenitic

Sizinless Steel and heride the ductibty and toughnesy as well as the overall corfosion
pirformante, ALMAN staibless stesd bas been sprofically formulated e have @

Suduhur content £ 0010 wi %S, but wreferabi with a Sulghur rentent of S 0005 v % Nand

2

more pw‘szﬁiﬁy G.O03wE 5% S and sven more preferably € 0001 wit %08, The Oxvgen

snt 5 a8 fow as posaibls and controlied to £ DOV0 wi % O, but preferably 3 0050 wi s
O ard mare preferably £ 5030 wi % O and even more greferably s 0010 wi %60 and sven
firther more praferably £ 0005 Wt % 0. The Phosphorus content is controlledte ¢ 0.030 W
% B, By profersblys 0028 wit % ¥ and more preferably © 0020 wi % F and sven more

grefm‘ah ¥ £ Q0I5 wi %6 P, and sven further muore preferabily g D00 w R P,
Effect of Siikcon

Sziu;m movss the piting prtential in the noble direction therehy extending the hassive
potential range. Silicon alsd anhances the Auldity of the sk dering tha reanufactive of
Sraintasy Steels Ulovisr, Sillogrs smproves the Buidiny of the bat wald metsd dunihg wielding
cyclas. Slicon i 8 Ferrite forming slamant and the level of Gilicon along with Thromium and
Nolvidenurn, s optimised 1o balanes the Austenite forming elements such gy Nigkel

858, L nod 1O SR fraiataiean Austenitic microstrocties: Stlicon
Nanganese: Carbon and Nitropen to privrarih mmaintain an Sustenitk amicrpstristisng: Silisor
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contents in the range of .75 wi 36 S and 2.00 wt % $ may improve the oxidation resistance
for higher tempersture spplications, Howaver, Slicon content in oxess of approximataly
L0 wt 868, In conjunction with Chromitm and Molybderum may incragse the ‘i:en‘timw
towards the pracipitation of intermetaliic phases and deleterinug prodipitates, Therefors,
pravticatly, there i & maximiom it wy the level of Silicon that can be incremsed withow
‘eﬁham‘mg the rate of ivtermetallic phase formation v thick sections which, By frn, could
fead 1o a raduction in ducolity, toughness and corrosion performance of the Alloy, This
S’GQ\LMﬁN Ssinfess steel has beern spenificaily formalated to havea Sthcon content 075 wt

5% S, kst peefarably 2 0.25 wi % S and £ 0,75 wt 3% St and more praterably 2 040w %% St and

< 060 wt % 5i. The Sheon cortent may be charactanised by an Aoy that containg 2 7% we
% 5wl 5 2,00 wt W5 for specfiy higher temperature spplications where smmm Ve

oxidation resistanse fvrequired.
Effect of Carbun

Larbon is an exiremely strong Austenite forming slement along with Nitrogen. Similarly,
Marganese and Nicks! are aisahustanite forming slements atbelt to a fesser satent. The

N

Iavads of Austenits mrmmg slements such gz Carbon and Nitrogen, as well as Manganess

nd Nickel are optimised to halence the Ferrite forming slements such as: Chromiun,
Molyhdonum and Slicon o wivneily mairdsin an Austenitic microstructura, R sesul,
Carbon ndirectly imits the propansity to form intermetaliic phases since diffusion rates are
much slower fn Austaniie, Thus, the kinetics of itermetatliic phase formation ix redusced,
Likowise; in'v%w of the fact that &ustenite has a gond solubiity for Carbon, this means that

the potentis! tn form deletoricus pracipitates such as MX {carboenitrides, nitrides, boridas,

Cborosnitrides or borgcarhides) a¢ welb s M carbides, i the weld mntal and hest
affected zone of waldmants, during welding cyclas, is reduced. Carbon and Nitrogen in the

golid solution are primyrily responsible for incressing the mechanival strength properties of

the 3G4LMVIAN Rainless steel wiilst ensuring thet an Austenitic simrostriciure optimises the
ductiBity, toughness and corrosion performance of the Alley. The Carkon contant 5 normally
rexf;ricteci 10 QU030 wt % € msdarant 1o optimias the propertiss and sls b srsure good hat
workability of the wrooght Austenitic Staintess Stzels. This 3041MAN: Statmiess stesl has

beere spesificaihy formulated to-have s Tarkorn content o QO30 o % © maximam, but*
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' preferably ® D020 vt % U and £ D030 wi 5 U angd more preferably $ 0025 wt % € For

gertain ampiimtwm, whare 3 Mgher Carbon sontent & 0040 wi S € and < D10 wi % £, Bt
prefersbly £ 0.050 wt % Cor» 0030 WE % C and 2008 wt 3 T, but preferably « 1040wt %

«

£ s desiveble; spaoific varianty of the 308LMdN & ainiess stesl, namely EGS@HM@N ar

JVERMAN respactively, havealao been purpossty formulated.
Effect of Boran, Larium, Slundniuny, Calciur and Magoesium

The kot werkability of Stainfess Steels i improved by introdusing diserste smounts of other
slements such as Boron or Cerfum, I the Stainless steel contains Certurm it roay also possibly
contalreother Rave Barth Metals {REMY such as Lanthanum sihce REMs are vEry often
supplind to the Staindess steel manufachrdrso sy Mischmtal, n general, thetypleal rasidust
fovad of Boron gresent i Stainloss Sidels i 2 30001 WE S B ms} 5 00005 wi S B tor mills

which prafer not to intehtionally add Boron to the heats, The 304LMN stainless stesl miay

“be manufactured without the addition of Boren, Alternatively; the J04LMEN stainless stest

miay be maaufaciured to specifically have 2 Boron content 3 0001 Wi B and s DOIO Wt &
8, but profevably 2 CLORES wt % B and 5 00035 wi % 8. The benefivial effect of Boron on hot
workability results frovn enswring that Boran is sotuined in solisplution, 8 s therefore
negessary to-enmre that  deleterivus pracipitates such 38 My (borides, woenitndes or
borg-carbides do not precipitate it the migrostructure 3t the grain houndaries of the base
material during ﬁﬁamsiams:ing- and haat trestreent cdlag ordn the ssnideg weld mhetal

art heat affested 2one of weldments during welding cycisa.

The ! “-3{'\&:1\ stainfoss steel may-be manuf&tmréa‘ to specificatly fava g Ceriunycontant s
Q.10 wt 5 U, but preferabiy 2 0.04 M % Ce angd 2 010wt % e andhmovs preferably ¥ .03

w3 Coand £ D08 wt % -Ce. The Cerlum forms Corlum oxyaulpiides in the Stainless stest to

improve hot workability Doy, st speciie lovels, these do not adversely sfiecy the corosion.

resistance of the mgterial For certalh spplications wherg 3 maher Carbortcottent of 2 0.04
A o UUL0 @t % € hat preforsbdy ¥ GOS0 WSS C oy > SLB30 wi % Cand £ 808wt %
€, but preferably < 0.080 wt % € s dasirable, varfants of the 303LMAN stinfass steel may

aise be manyfactored to specdically have 3 Soron comtant £ 0010w %08, hat preferabiy &

R0 et % Band £ 8010 wi ¥ Band more proferable: (A0S vt KB r £ RO035 wt 3R
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@ Derfunycontent & U vt % Coo bt proferabby 2 001 «t 3 Ca and £ 8138 Wt % Ce.and

"3

more praferably & 0.0% wt % Ce and £ 008wt % Lo it ~hm§:§ be noted that Rarve Eanth
Metals may be utilisad individually or together as Mischinets! providing the total amount of
BEMS conforms to the fevels of Ce specified hersin, The 304LMAN Stainiess stesl may be

manufactured 0 specificslly contain Slwmintm, Celolumy andfor  Magnesidr., Thegs

-~

slaments may be added o deoxidise andfor dem{_t;h{s‘rise tha Stainiagg stasl inoordey to
improve e sleanpess as welf as the hot workability of the msterial Where relevant the
Alundinium content is typically controlied to have @ Al WD con OO0 w B AL had
praferably 2 DOOS wt % Al and £ 0.050 wi % 8 and mors preferably 2 6.010 9t % &l snd <

G030 W % A in order to inhibit the precipitation of nitrides. Similarky, the Caleium and/or
Flagnesirn condent i tygmai&; controlfed to fave & Cx andfor g content of SO0 W %
Cs andfor Mg, but preferably X 0001 wt % Cv andfor Mg and 2 0.000 wit % Cs and/er Mg
ad wyore preferabliy D Q000w % Go andior #g and G005 2t % O andfor My torestet

A%

the atnountof deg formation fn the mslk
Other Yarlants

Fow neriain applications, siher variants of the 304LM4N stalndsss stast may e formulated o
be manufsctured containing specific lnvels of gther sloving slenwats such as Copper,
Tungsten and Vanadium, Similarly, for certain applications, whars 3 bigher Carbon content 2
C.040 vt M Cond <« 00 wi % € but preferably s 050wl % Cor » DU wi S Cangd <008
WL, but preferably £ 0.040 Wt ix desivable, specifiv variants of the 304LMAN graind
stenl, namely C4HMEN or S04MEN respectively; have been purposely formulated
Farthermore, for cartain applications, share 3 Mgher Carbon content ¥ 0.030 wi % C ang <

Q.10 wt % €, bub preferably € 0050 wi % € or'> G030 wi % C and <008 wb % C but

Cpreferably X Q00 AT C s dasérabie, specific varfants of the I04HMAN or 304MAN

tainiesy stesd, namely Tianium slabilised, JOSHMANTE or30ABAENTY Niobium: stabilised,

AHMANND o 304MENNE and Nioblam gits Tantalam tabifised, J04HMINNET o

w3

AVIRAANNDTa Alloys have alas besn purpossly formulsted. Titanfum stabilised, Niohiu ur
stabilisag and Niobiuoo plus Tentahim stabiiised varfants of the Mloys may beogiven &

stabifisation heaal reatroent st 3 temperature lowsr than the nitial solution beat treatmant

ts'mmwaiure Titanhum andfor Niobium-and/or Nigbiom plus Tantalre may he added
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individuatly or in corjunction with §.0§)0££ Tungsten and Vonadium i all the variow
combinations of thase slaments W optimise tue Aoy for certain spplivativere where higher
Carbon contants are desirable. These alloving slements may be gtilbey individua by o in all
the varlous combinations of the clements to tallor the stainless steal for specifie

spplications and to ?urt*wr improve the overall corrosion parformiance of the @lfoy.
Effact of Copper

The heneficial affect of Copper additions on the corrosion resistanne of stainless steals in
noreoxidising madia is well known. I spproximastaly §.50 wt % of Copper b adidad, the sctive
dissohutinn rate i bofling Hydrocdoric Acid amd the crevice corrosist loss in Chioride

b

decreasad. B has beer found that the geperal corrosion resistanes in

sofutions are hot
Sufphuriv-Achi also improves with the addition of Coppar Wp o Up o L0 wt % et Lopper
& an Austepite forming slemaent glung with Nickel, Manganese, Carbon and Nitrogan.
Therefore; Coppar can imprave the focalisnd corrasion snd penaral corrasion purformante

of stainfess steals. s. The lsvels of Copper and other sustenite forming elements we optimised

to balencs the Farrite fs}t‘rﬁing slemants such s Crwomben, Molvbdenum and Silicon to

primatily malntsin an Austemitic microstructure, Therefors, 3 variant of the 304LM4N

stainiess stee! has been spacifically selected to have a Copuar contant £ 150w % €, but

praferabiy e Q50 WS Cu and 150wt % Co and ore preferabiy ¢ 100wt B Qo for the
fowar Copper range Alloys. The Coppay condantof the 304EMEN may be charecisrised by an
alioy which comprises € 330wt % Cu, but preferably 3 150 with Cu and £ 3.50 wt % Cu and

more preforebly € 230wt ¥ Qufor the higher Copper tange Alloys,

Copper may be adied indbddustiy or in condunction with Tungsten, Venadium, Titarium
andfor Nickiem aradfor Niobler glis Tantalum ieall the verious combinations of these

sy, o further varove the overall corroston perforaenee of the afl ay. Topee s

sestheand thersfors & heing plrpesaly Bmited to optimise the acomamics of the Allpy, while

at the s tme optinnisiag the ductility, tsughnses snd torrss o parformunes of the Aloy,
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Effoct of Tungsten

Tungsten and Mohvbdenum ccoupy 8 similar position on the Perlodic tatle and have s
simitar prdency and influencs on the resistance 1o jocalised corrosion {Pitting and Cravies
Corresiond. At pasticular bavebof Chromium and Molvbdenum content, Tungsten has @

strong hensfickl nfltencs on the passivity f Austenitic Staivlesy Steels. Addition of

Tungsten moves the npitting potential iy the more noble direction, thuy extending the

gassivey potandial range. Increasing Tungsten content abio veduces the patsive Srent
drrsiy | e Tungsten is prasent & sﬁw passive laver andis mmﬁea without medification
of the wide state’. In wuid Chioride solutions, Tungsten probably passes directly from the
metal o the passive film, by intresction with water aad forming an inscluble WO rather
then theough a dissolution then adsorption mocess. In neutral Chioride solutions, the
beneficisl sffegt of Yf_tmgsten; i intarprated by the. interaction of Wik with other oxides,
resulting in Etﬁh&ﬁﬁ@ﬁ&taﬁiﬁbf anst enhanced bonding of the mide Ea\;ﬁ:r tor the base metal
Tusgstart nproves the resistance o g¥reral torraion and ioosited cdevodion [Mtting

Corromion and Crevice Corrosion} in Uhioride envirohmieits, Tungsten shss ioproves the

resistance to Chioride siress corrosion oracking in Chioride containing environments

Tungsten iy 3 Forrite forming ofensent and the loval of Tongstar slong with Throsdum,
Malvhdenum and Silicen, is optimised to balonce the Austenite formdng alemands such as
Nicksd, Manganese, Carbonrand Nitrogen to primarily maintahy sn-Austenitic micrastructurs,
Hosweover, Tongsien §ﬁ_ sopparetion with Chromiuny, Molbdersune angd Sllcon may nirease
tha tr:sm?:enzzs’t{swsr‘ds't%t:’e presipitation of mtermetaliic phiases and deleterious precipitates,
Trgreture, pradtcalt g, thare 15 3 madimim imit fo the fovel of Tungstes that can be
increased withoul sabhanding the rate of intermetaliic phate formation in thick seetions
wehich, I tur, coudd load to o raduction iy ductility, totghness and corrasion performange
of the Alley. Thevefore, & vatlant of this JDAIMAN staindess steel has beer specitically

formudated 1o fove 3 Tungstan contsal £ 2.00 wt 5% W, but preferably 2 0.50 wt S Wand 5

1.00 wt S W and more preferably 2 DFS wt % W Tungster may be added ingdividually or in

conjunciion with Copper, Vanadiumy, Titamben andfor Nloldum sndfor Niobiun plus
Taptaitim inall the vavisus contbinations of these sdnvents 1o further improve the owersll

corrasion perfortance of the dlloy, Tungsten & subremaly costhy sod tharefare o baing
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;_;:ur;m-seféy fimited to optimise the economins of the Aoy, while at the seme time optimising

¥, toughness and corresion performanes of the Alloy,
EHfact of Vanadium

A pafrr&cuiaf fveds of Chromium gad Molybdenum content, Vansdiinm has s sirong
heneficisl influence on the passivity of Austenitic Stainjass Steds, ;‘\dd?itﬁﬁn of Yanadium
moves the pitting potantiel in the more noble dirsction s extending the passive potontial
range. Incraesing the Vanadium contant alst lowsrs | e and thus Vanadium, in conjunction
with Mulvbdenun fmproves the rasistance. 1o general corrosion and focalbed corrosion
{Pivting Corrasion and Cravice Corrosion} in Chioride envirsnments. Venadium in
-Eﬁﬂjtmi:ﬂ(}ﬁ with Molykdenum may slso improve the resistance to Chinride stress corrasion
cracking in Chloride contsining stwirenments. Howver, Vanadiunt in ConjUnciinm with
Char ama\em} Molvbdenwn and Slicon may increasethe tandency towards the precinitation
of intermetaific phases and deletericus pracipitates. Vanadium Bas & strang terdeney o
forny dalsterious precipitates such 33 My {osrbordtridas, nitrides, borides, bore-nitrides ot
borg-carbides) 3z wall a5 Mzz(:f carbides. Therefore, practicafly, there is & maxiraum Hnl to
the level of Yanadium that can be increased without enhancing the rate of termstallic
phase formation in thigk ssctions, Vanadium aise inersases the propansity to-form sua,h
deleterious precipitates in the weld metal and heat affected zone of weldments, during
walding chelas Thess ié}i‘er}‘ﬁe;‘:ﬁﬁiép, wses and deletericus phasas could, in tury, lsad toa
reduction in ductility, toughness and corrosion performance of the Alloy. Therefors, »

vasiant of this 303LMSN tadrdess sleet hasbean pu:;ﬁz:;aiiy formulated to bave 3 Vanadium

ontent £ 0.50 Wi %V, but prafersbiy. 2 8,10 wit %V and S 050 wt % YV and more preferatdy

£ QA0 W% V. Vansdium may De added individually or Sn conjungtion with Copper,
Tungster, Tanlum andfer Nicbhsny andiar Niobium plus Tantalum, iy all the verlous
combingtions of these shanants to Gurther impeove the overall consion padformanse of
tha Alloy, Varadivhy is costly ang therefore is belng purpisady Binited 1o oplimiss the
eoorusnice of the Alloy, while at the Swae time optinsing the dustility, toughness and

cosegsion performance of e Alloy.
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Effect of Titanium, Niobium and Niobliwm plus Tantalum
Far certabreapplications; where a Kigher Uarbuw content 2 0.088 wt% Cand ¢ 010wt %
but praferably € LOS0 Wi % Cor» DA30 WER Cand £ 008 vt % O bt proferably < G.040 wi:
% € ds desirable; specific variants of the 304HMIN or 304MAN staintess steel, namely
HMANTE or SARMENTE, have beel purpisely formulated 0 have 2 Titanium conterg
-as:cordmg L they follviving formataee T x Omin, G wt R Timaw or TE Sy Cmin, DFQ wt
% Ti vy respeetively, e ordar to have THaniuny stabilised dervatives of the Alley, Titaniom
stabifized variants of the afloys mey b givert s stabilisation heat treatment at a temperaturg
fowar thaon the nitial solubisn hest restment tempersiure. Titaniam may he added
individually or In conjunciion with Coppey;, Tungsten, Vanadiune sredfor Niobius aradfe
Miohtur plas Tartahum inoall the various sombinations of these elemants by aptimise the

dustiity, toughness and corrosion performance of tha slfoy.

Lilkewise, for cartalv applications, where h fgher Carhon dontemt S 00w % Cand <810
9 % O, but praferably s U050 v % Cor > 0030wt % Cand s DOR wr % L, bt preferably <
0.040 wi ¥ C is desirable, spegific varian i:: of the 304HMAN or FO9REN Stainfess stesd,

amely 304HMANSD o 30AM4ENND, have been purpossly formulsted to have 3 Niohium
content avcording to the following formolae; Kb 8 x € omin, 10wt % MR max or NS 10 % ¢
i i 100w % Nb max respectively. v arder 1o have Ninbhsm stabilis fvatives of the
Allay. o addition, mher variant of the Aoy may also be masufactured tw contaln Nichium
gltes Tantshunt stabilived, IN4AHMANND T o 3DSMENMETa wavskn where the Niobiume plug
Tantalun contant i§ controlled acnording 1o the following formulae: 8bh +Te §x ¢ min, 1.0
9% N+ Ba max A8 Wt % Tk, ot Nibr Tg 100 € min, L0 wh % M5 « Te o, Q4D wi
% Ta max. Niobium stabifiaad and Niohitm plus Tantalum sebilised variants of the shoys
miay he given 3 stabilisation begt traatmert wt & taonperaturs lower than the detial sobigion
heat treatment levipersture, Nickiwn andfur Niobium plus Tantsium may b added

individually or in conjunchion with Copper, Tungsten, Vanadium andfor Titanium i &l the

various combinations of these sismants 1o optivdae the ductiiity, foushness wnd corrosion

performarnce of the alloy.
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Pilting Rexsista :}’e.:é Eusbvalant

b evident from the forepoing that a number of alloving slements in Stainlesy Steels move
the oRtting potential in the noble direction, These benefichal effects are complex and
intpractive and attempts have besn made fo wse compositionsly derived empirical
rpiationshins foe pitting raslstarne fidices. The most coimimonly accepted forminlss wiilived
caloulating PITTING RESISTANCE EQUIMALENT:
PREs =% 0+ B3 x % Mol + {16 x5S N
it is gonerally secognised that such Alloys as deseribed hersin with PRE, values less

XS

than 40, may he classified &3 “Austenitic® Stainless Steels. Whersas such alloys as desoribed

harein with PREy values of grastr or wgust t 40, may be dassifing a3 “Super Austenitic”

W

3

Stainfess Stesls reflecting their supenor gereval and localised cmmvoshon resistance. Thig
IDELASAN staihless steel has bewy specifically formulated to have the following composition:
£ Chrivmiun contant ¥ 1750w 36 O amd ¢ 2000 wt % Cr, bt priferably 2 1825
wt % Cr,
{11 Molyhdenum tontent $2.00 wt % Mo, but praferably 2 030 2t % Mo and £ 2.0
Wt % Mo and mors ;‘aréfsﬁxmié v 2 0w % Mo
,ns? Numgen cortent 8 {},?‘i'} wi¥ N butpreferabl 2 040 Wi W Nand s D70 w50 N
and more preferably & 040 wi % N and 2 0.60 wi % N and sven more praferably &

FAS e H Nand s 055 W BN,

CThe 304LMER Stainless stenl has o high specifiad level of Nitrogen and 3 PREs 3 3%, but

praferably PREy 2 300 As & resull, the J0UMAN  Staindens stesl possessey 2 unigus
combipation of High mechanics! Strength propertes with excellent ductiiity sad toughness,
alonyg with good weldsbility and good resistancs 1o genaral and focalised Corrosion. Thers
are roservations concerning the utilisation of such formidas in total isolation. The fsrmuiéaez
do ot take accpunt of the bensfickd effects of other e’em ants such-as Tungstes wmcﬁ
frrprovs s ing perfremiancs, For 304LMEN stalnloss steel variants contatning Tungstan, thig

BITTING RESISTANGE FQUIVALENT 1 calowlated using ths formulae: PREgw = % Cre 33 x%

v

(Vo WH -+ {16 % 96 N} R i generadly recoghised that such alioys as described herein wdth
it i

PREw values foss than 40, may be slassified as “Austeritic” Stairduss Steels. Whereas such

o

Alloys as duscribed hereln with PREy valuss of greater of equal 1o 40 may b dlassified as

"Muper Austenitic” Slainless Rleely raflecting theivsuperior gensral and localised corsosion
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resistance, This Tungslen containing varlant of the 04LMAN Swainless stesd has been
specificatiy formulated to have the following composition;

{i} Chronvum content ¥ 17.50 wi % Cr and € 30,00 wt % Cr, but preferably & 18,25 wt

Tr,

54

5 L Molybderum content S 200wt % Ma, but preferably ¥ 50 w3 Mo ma 2.0
wt 8 Ao and more oreferably 2 10w Mo,
(i) Nitrogen conterg S D70 wi % N, but preferably Y UA0 wt % Nand s 000 wt ¥ N
and more prefersbly ¥ 040 wi % N and € 0,80 wt % N and even more preferably o
D4 Wt Nand S 055w %N
i (bl Turgsten conters € 2.00 wi % W, but preferably 2 .50 wi % W and 5 100w %
W oand more preferably 2075wt B W,

The Tungsten containing veriant of the 304LMEN Stadnless steel has g bigh specified level of

.

Nitrogen and & FREwe 237, but proferably PREw® 3830 shundd be emiphasised that thes

equations ignore the effects of microstructrsl factory onthe broskdown of passivity by

o

15 piting or crevice corrosion,
Austenitic Microstrustury.

The cheanical composition of the 304LM4AN stainless stewl of the fret embodiment &
3 optimised avthe malting stage teoprimanily enstes i sustenitic nucrostruiture i the hase
ravterial sRersolution heat treatment  tWplcally serfirmet inthe range 1100 deg Lo 1280

deg € fullowsed by water quenching.

The meicrostructure of the S0HMIN bass material in the solution heat trested condition,
35 slong with as-welkied weld metal and heat affected zone of weldments, & controlied by
sptimising the balance between austenite forming slements and farrite fanm}ing slaments,

as disvussed sbove, to primarily ensore that the altoy b austenitic.

The relstive effectiveness of slements which stabilise the ferite and austenite pHases tan

<5

PR

be sxpressed in terms of thelr [ and Ni] equivalents, The donjcint effect of otilising {Cr

o

323

% o

and [N} eguivalents has been demonstratad using the method proposed by Schaeffier for

¥

pradicting the atructiras of weld metals. The Schaeifier® disgram s strictly only applicable

_



ot
o)

24

Yol
551

i

st
%y

o rapidly vast and socled Alloyws nich as weldmeots o ohill castings: However, the
Sehaetfter® disgram can also give an indication of the phase balance of "parent’ materials,

aefier® predicted the structures o

oy

103

Stairdess Steel weld metals formed on rapid coofing
acoording to thilr chemical composition expressed i torms of thair }{Cr} and [N}
squivalents. The Schaeffer® disgram utifised {00) and [NY equivalents atcording to the

follovding formulas

)l emhvalemt s Wi B O Wi Mo+ 285X @ % &+ 08 Y wt % Nb ]
ENE enuhvelent v wb B N 2008 3 U+ 8.5 0wt S M {2}

Howsesr, the Schaeffier” diggram did oot take sccount of the significant influence of
Nitrogen in stabilising Austenite. Therefore, the Sehantier’ gHagram hay baewmoditied by
{):Efi.ﬁs:ngf‘ o irsm'r-;mmm the mportant Bfleends of Nitrogen 8¢ an Austenity forming
element, The E}Smi’sgs dingram utilisad the same [G] sguivebent formulae 2 utilised by

Schasfier® in eguation {1} However, the [Ni} rguivalent has baen modifiad sconrding fothe

foflowing formalas
N eouivalenmt s wE B R 30 x et B N+ Q5 vwt s Mn {33

This Ded onrf diagram shows the ferrite content in termis of magnetically determined Parrite
chintentand the Welding: Research Councll {WRE) Ferrite number, The difference in the
Ferrite numbar and the porcantage Farrite (e, 8t valoes = & % Farrite) o related tothe WRE

¥;

calibration procedures and the call

e

ahiont curves waed with the magnetie measurementa &
comparison of the Schaeffias® diagram and the Delong” modified Schasfier® disgram
roveals that, for a given [0} equivatent and [Ni} equivalent, the Delong’ diagram predicts a
higher Feorite gontant {Le. aprodimeaialy 5598 ighery,

Roth the Schanffler® disgrarm and the Dalang” disgramt have principally baen developed for
weldmenty sndiare therdforenot striotly applicalde to prremt” miaterial Howavar, they'de
provighe & good indication of the phases Bkely te be present and give valuable information of

the refative infusnce of the different alioving elements:
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Schoefer® has demonatrated that & modified version of the Schaeffter™ diagenn can be used
to desoribe the Farvite rasmber iy castings This has been achisved by travsforming t‘he Lo~
ordinatas of the Schaelfier diagram to either » Forrlte number o » Volume Percent Farrite
on the horfrontal axs as adopted by ASTM i ARDU/RSGON — 107 The ver fical axis s
expressed as & ratio of the {07 equivalent divided by the N suuivalent, Schoefer® slso

snodifiad the [ equivalent and [N enuivalent factors groording tothe fndiowing formiulae:

O] squivalent 2 W BN O+ L X WU S 14 wi s Mo+ wi % N ~48.98 {4

[N mquivalant = WESE NI+ 30X wE R C+ 08 xwi % M+ 26 xwt BN - 0.0 + 277 {5)

T is aiso suggested thay othar slgraents which ave Ferrte stabilisers are also tikely to
wfhuente the 0] equivalent factors to glve » variation in such squations adopted By
Sehoefer®.  These include the following wlementy whith bave bean designatad with the
tespective 10r] equivalent factors that may be relevant to the valants of the Alloys

containad Reraing

Element jiad eqm%\éaimt Fagtor
Tungsten 872
Vanadium 227
Titanim. RAIG
Tantalum L ReS
Almninium 2488

Likewise it s wise suggestad that other sienents whith are Austenite stabilbbers are also
likady to influence the [N eguivalent factors to give & variation in such squations adoptad
by Sehosfer’.  This iclides the following element which has been da scignated with the
respettive (Ml eguivalent factor that may be relevant to the vartands of the Alloys sontained

erein

L
&

Sfement NG} eguiealent Factor
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3%
Copper Q.44

Howaver, ASTM AZ00/AR00M - 107 states that the Schoster® diagean s only applicable to
Sraintess Steel Afloys containing alloying slements in pergentags by wisight acesrding to the

following specification rangs:

¢ M O Ni Mo NB N
RN 1700 400
MAX 020 200 3080 2800 1300 400 100 G20

From the }‘aregmng, it oan be deduced that the Nitrogen tontent in the 304LMAN steirdada
stoel, s S 00 Wt S N but preferably 2 040 wi 6 N and 070 wi % N and mors praferably

FOAD W% Nand s Q80w B N and evon more droforsbiy X G4 wE ¥ N and S U8 w BN,
This exreeds the Schoefer® diagrany maxivmay nititions sxadopted B ATTRE AROOVASDOM

1. Notwithstanding this, whers approptiste, the Schoefert diagram will ghve s relative
comparisan oF the Ferrite number of Volume Percent Farrlte present in Highsr Nitvogen
cortaining Austenitic Stalnisss Steels.
Mitrogen &t extrersely strong Austenity forming elerment slong with Carbon. Sterilarly,
Mangansss and Nickel are aiso Austerits forming slaments albelt 1o 3 lesser sxtant, The
fevels of Rustenite forming sluments fuch as Kitrogan and Uarban, as well a5 Manganese
and Nickel are optimised to balanve the Ferrite forming slemonts sl o Chumiym,
Molbdenum and Sificon to pssmmiv malintain 8o austenitic microsituctura. A ¢ resull,
Nitrogen fndirec Hy it the propensity to fofm intermetallic phases singe. diffusion rates
are reck slower in sustenite. Thus, the Kinetics of imtsrmatailic phass formation 15 reducsd.
Likewise, in view of the fact that austenite nas s good sofubiiity for Nitrogen, this mean
that the potential to form deleterfous pracipitates suchas MX {carbo-nitrides, nitrides,
burides, boro-nitrides ov boro-carbides) as well a3 Mals varbides, in the weld mutal and
hoat affectad 2oneof weldments, during welding opcles is reduded Ay distusand afresdy

N

sther varfants of e steinlpsy Steals mvy abo inclsde sloments such ‘as Tungsten,

Vanadiom, Titanium, Tantaien, Aluminium and Copper.
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Thersfore, the 304LMAN stainless stexd Bas been specifivally developed ti primarily ensure
that the micrgstructure of the base materigl in the solition hext trested vondition alon

with sgwelded weld metal and hest sffected zone of weldments is Austenitic, This s
controlind by optimising the babines between &ustenite forming slemnts and Farrite
forrning slaments, Therafors, the chemical analysis of the 304LMSN Stainfess stesl s
optimised ot tho melting stége to ensiire that theratio ol the Li eauévsi-em divided by the
[N equivalent, scoording 1o 3 c%me?szr A8 i the range » G40 andi< 185, e pfe‘emb

045 and < D85

&g result the 304LMAN Sainless steel exhibits o uniue combination of High Strength and
Ductifity at ambient temperatures while at the same time gusrantess moeelient fopphiness at
ambient temmeratures el ¢ aryegenic temperstures. Furthermarg the afloy tany be

manufaciured and suppliedin the Non-Magnetiv condition,
Qptimum Chemical Composition

Az @ result of the forgolng, ' has boen determined that the aptimun chemisad composition
range of the J04LMUN stairdess steel s selective and inchudes In pereentage by weight 33
foliows:
(i} £ 0,030 wi % € rraximun, but prefarabily » 0.020 wt % € and £ 0,030 vt % C and
more praferably S 00X WL B G
] S 2.0 wi % Mn, but preferably 2 10 wi % Mn and € L0 wi ¥ Sin and more
praferably 2 120 wi S Mo and ¢ L5CGwt 3 M with a Mo e N ratio of £ 5.0 and
pradersbly, 2 3142 and & 50 but move weferably. 2 1.42 and £ 3,75, fur the lower
Manganese range Alloys;
{1} £ QDR wi % P, but preferdiy £ DA% wt % Pand more preferaliy SO wWE
P and even nrore prefersbly 8 0.015 wt % P and even further more praferably g
GOIDwWE PR
{iv} & D00 wi 36§, but preferably € %.)0\ wit % 8 and more preferably Q003 wi %

5 i gy ooty prefaiably SOOI WENR S
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{1 D070 9 Q, but preferably £ Q080 wi % 0O, sod more preferably < 0030 v %
O, and svert more prafersbly € 0010 wi % O, and even further move preferably 8
GO0Swr %Oy
{uf} = 075 wt % 8 but preferably X 025 wi % Stand 8 075 we % Si and more
preferably = 040w 36 Sand 5 60 vt % 8§

IR 1T50 W % Ur and £ 2000 w % O, but praferabiy 2 1825 et M Oy
i) 2 .00 wi 5 NI and £ 12.00 wt %N bot prefesbly € 311wt % M and more
preferably 5 10wt % N
{in} £ 2,00 wt % Mo, but preferably » 0.50wt % Mo and € 2,00 wit % Mo and more
vraferably = 1.0 we % Mo,

{5 070 wt % N, but preferably » 04D ot % N and § G870 wh % N and more

2

praferably ® G40 wa 55 N and £ 060 wi % N and even more preforsbly 2 DdS wi % N

A SOSS WIS

The IDLIMAN stainless sled! hag 3 high speaified fevel of Nitrogen and s PREw 2 25 bt

prefarably PREy 2 30, The chemical composition of the 304LMSN stainless steal s optinised
at the melting sage to ensure that the ratio of the [ equivalent divided by the [Ni
aquivalent, sccording to Schowfer®, is in the range > 0.90 and < 1.05, hut praferably » ¢48

and ¢ .95,

The 303LMAN stainless steel also contains prindpally Fx as the romainder shd ay sl
gontain very small amounts of other slements such as Boron, Cerum, Alwniniurg, Cadcium
sndfor Magnesitm as w@ll as uther rnpurities which may be present invesidial fevely The
JO4LMEN staintesy stest may be manufsctured without the additions of Boron and thy
residual leya! of Boron i tﬁfg}ia:aiifg 2 (L0001 w98 Bland ¢ L0006 wi % & for m iis wehich
prefer not tu intentionally add Rovon to the heats. Alematively, the 304LMAN stainiess
steel may be mamdactured to spacifically have & Boron content 2 0.001 wi% 8 and £ 0.010
WS B, but preferably 2 0.0015 wi % B and £ G.0035 wi % B, Cerium oy be sdded with
Corfum coment 2 A0 WU, bt gzrmsz*ahi\; 2010wt % Ce and £ 0.1 wi % Ce and moare
prefarably @ D03 wi § Qe snd S D08 wi % Ca. i the stainless sterd ¢ COBtRINS Catium 15 may
alsp pdﬁaibigﬁ comain nther Rave Earth Metals {REM] such 'as Lanthamen since REMS arx very

often suppling fo the Stainless stsel manufacturers-as Mischmetal R should be notedithat
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fare Earth Metals may be utilised inalividually or togsther a3 Mischmetal providing the tntal
amount of REMs conformy to the levels of Ce specified hareln, Allminium may by added
with an Alumisium content < 0050 w33 &), but preferably 2 0.005 st % Al and £ D050 Wt %
A and mare ;:»refwabi‘; 2 Q010 wit % Al and £ 8.030¢ wt %Al Calolom and/for Magnesiom
may be sdded with & Cs and/or Mg content of 2 0.00% and © D.01 wt % Ca andfor Mg but

arably S D005 vt % Ca andfor Mg

From the shove, applications using the wrought 304L4N stainless stesl can frequently be
dashned with reduced wall thicknesses, thus leading to significant weight savings whan
spacifying 304LM4N Slalniesy steel compirsd 1o conventional sistanitic Stainless Steels
such g UNS 520408 snd 230453 bensise the minimun allowable design stressey are
5%3:‘&1{?{:&;’&&:%}? highee, In fact, the miniohen allowsble desgn stresses for thﬂ wrough
IDLLMAN Staintess steel ave higher than for 32 Lt Duplex Staintess Steels and similar to 28

Cr Super Duplex Stairdess Sieels:

it shiould wise be appreciated that #f xé\»mugm I04LMAN  staintess steel 45 spedified and
ulilicad, this may ad to overall savings in fabrication and coratruction costs becsuse
thinner wall © ;mnen{s raay be designed which are easier to handle and reguire less
fabrication time. Thefef{sre méiﬁﬁ#i\i stainless steel may be olifised v 3 wids rangs of
ndustry applications where structural integrity and corrosion resistanse is demanded and i

parficularhs suits iﬁef&raﬁxh ore.and onshors off andg ag};}iicatiuns.

Wrought 304LMaN Stainfass stes! is ideal Tor use in @ wide range of Applications in verious
dlarkists and Industey Sectors such 39 topside piping systams and fabricated modules used

S

for offshore Hoating Lguehiad Natuval Ges {FLNG vev\elﬁ beganss of the signmficant weignt
savings and fabricetion time savings that can be achieved, which in taon faads to significant
cost aavings. The 304LM4N stainlese steal can alse i specified and may be used Tor piping:
systéns utitised for both offshore and ahshore Applratioens, sucho ag pioing systemns sed fiw
offshore FLNG vessids and onshars ING plants, iy view of their high machanioat strangth

properties and ductiity, 25 well as possassing sxeellent toughness at ambient arad cryngenic

tarnperaiiyes,
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in addition to J0CMEN awstenitiy steinless sisel there & slso proposed @ second

grmbodiment appropristely referred to s JLHLMAN to this desgriptiv,

J1SLMVISN

The 316IMAN High strength sustenitic stainless stael comprises & high level of Nitvogen and

" @ specified Pitting Resistance Eguivalent of PRE. & 30, but preferably PREy 2 3% The Piting

Resistenos Eguivalent as cie;i_igﬁa_i‘eﬁ by BREg i caluudated according to the formmudas;
PREy = 3% Tr + {3.3% % Mol + (16 » % N,

Tha JISLMAN Stainless stael has been formadated to possess & unique combidnation of high
srechanicat strangth properties with saellent ducnm' and foughness, slong with goed
waldabiiity and good resistance to genersl and focalissd corrosion. The themicsl
composition of the J16IMAN stainless stee! i selertive and charscterised by an alfoy of
chemical sdemants in parcantage by welght s fullows, DD30 Wi % T hax, 200w ¥ an
nrax, QO Wt %P max_. D030 W36 Sanay, .75 W % S nae, 1500 wi % Or - IR0 wt % Oy,

SULO0 w6 K- 1800 wiSe NG, 2.00 wi % Mo - 4.00 w5 Mo, A0 Wi B N - 070 wish N,

“fhfe JIBLVAN Stainless stes! also comprises principaiiy Feoas the remsinder andd may also

contain very srnall amounts of other elementa such as B0 WS B aviax, §10 vt % T roay,
0050 w2 Al e, B0 wi % Ca mex andfor B.OT vt % My inax and other imparities which
are pormaly present in residual fevels, The chamical composition of the J15LMIN staipless
steel iy optimised 2l the madting Qige to privarly cisure an Austenitic nigrostracture i
the base matenal after solution heat traatment typically parformed inthe range 1100 deg €
to 1250 deg C fodlowsd by water quenching. The mivrestrucies of the hase matesial kv the
solydion heat troated condition, slong with asvweidad weld metal and heat affected zone of
weldments, i rontrolied by optimising the balsnce betwaern Austanites forming elements

arid Farrite fmming hergontete prinvarily ensurs that the Aty {3 Austeritin, &3 o rasult; the

316LMAN. Stalnless stoel exhibils 3 undnue dovobinatice of high strength and dustiity at
ambient femperatures, while st the same tine guarantees akvellent foughness at ambient
termperatures and cryugenic nmparatives. e view of the fact that the chemical analysis of
the RISLMAN staidess ster! i adivsted topuaraver 3 BREY 2 30, but proferably ¥RE 2 35,

¥

this arsures that the msterial also has 3 good resivtanes togeneral corrosisn arad localised



1

Db

13

(92

is

Q

2

comosion (Pitting Cotrosion and Cravice Corrasion) in a wide range of praness environmants,
The J15LMGN Stainfess stesl also has improved resistance o stress corrosion cranking in
Chioride containing environments whan compared o conventional Austenitic 5tawi=\sm

Steads suchay UNS SRISOE snd LINS S31853.
ft has besn determined that the optimuny charnical composition range of the J1BLMAN

stdrdess stend bv swefully selentive to tomprise the following ‘thomiral elementy in

sRrcantuRe by waight as Todlows based on @ seound smbodiment,
¥ 3 :

arhon content of the 315&;\&4& stainfess stoel i 2 GO wt % Crmaimunm, but preferably

£
A0 WS Tand s 0.030 wi % Candrovre preferably s DO v B €

Manganess Mt

The JI6EMAN staintess steel of the second embodiment may come in two varlations: Low

Manganese orhigh Mangsness.

For the low Mangensss allovs, 1he Manganese conterit of the J1IBLMAN stainfess steel s g
L0 wt % M, but preferably 2 1.0 wi % M angd € 20w 5 Mn snd more preferably 2 1,30
wi S adn and £ 150 wi % e With such @ connposition, this achinves sy opthmam My N

vatie of 8.6, and ;}r&f. rbly, 2 142 and 254 f\«mse praforably, the ratio b2 242 snd =

u,‘q

B

vy

For the high Manganess alfoys, the Mangansss contant o the JTOMNAN 15 © 4.0 wi 3 M.
Praferably, the Manganess content s ¥ 20 wi % Mn and £ 40 wit % dn, and more

e o

praferably the upper Hmitla £ 3.0 w1 ¥ Ma, Bvers more prefacably, the upper firnit s £ 2.8

wt % M. With thess selective ranges, this achieves a M to 8 rabip of £ 10.0, sad pre ferakly
2 2.85 and £ 100 More preferably, the Mb to N ratie for high Manganese alfoys k2 285

aved £ 730 and evertmare graferahiy 2 2 88 and ©838
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Tha ?hm;ﬁmm& sontent of the J16LMAN stainings steet s controllng to be § DO30WE % P,

Praferably, the 3ISLMAN alloy has  0.025 wi % # and more prefersbly 5 .00 wt % P, Even
more prefarably, the alfoy has s DOIS wt & B and even further more preferably £ Q.010 wt
S

Tha Sulphur content of the J16LMAN siainfess steel is $ GAUD wi % 5 Preferably, the
FIELMAN hag s S.008 wi % S and mwove preferaidy £ D003 w36 S, and even murs preferably
SO wis s

Oxvgen il

Thie Oyygen content of the 316LMIN stalnieas ateel iz controliad 10 be a3 fow 38 possible
and i the second srmbodinient, the JIBLMAN hga < LOF ot % . Prefarably, the JIH1LAMAN
%}35 £ 0.050 wi % O and more proferably £ 0.030 wi % O, Bven more graferably, the alloy has

:4 010wt % O and even further more preferably S 0.005 wi % O.

The Sicen content of the 316UMAN stalndess steel has 3 078w % S Prefergbly, the allay

hayz 0,25 w56 Stand Q75 WL % &0 Mors preferably, the range s ddd v % S and 2 .60
wi % & Howeeer, for higher tomperatis applications whisreln impraved oxidation

resistance I raquived, the Silicon content may ba 2 078 vt % Sland £ 200 WU % S

Chrenuum (G

The Uhromium contert of the 218LMAN stairdess stesl s 21500 wt % O and 2 1800 wi %

N

Cr. Praforably;, thealloy Hag 2 1338wt

Nickel [Ny

The Nicke! content of the 316LMAN staindace stesd 15 2 1000 w8 % W1 and £ 14.00 wt % Ni,
Prefarably, the upper it of M of the alfoy fo € 13.00 w8 % Ni snd mure prefarably £ 1200

wi Ya N
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folvisdenum (Mol
The Molvbidanum sontent of the 31SLMAN stainfess stenl 152 2.00 v % Mo and € 4.00 wt %

fa, Preferabdy, the ltver it s 2 20wt 3 Mo,

Hirogen Ny

The Nitvogen nortent of the MBLMAK stainfess sheat is 4 DF0 wi 8 N, Bt prs»?@ratsi ¢ (AL
wt % N and £ 070wt % N, More pra biv, thee STBUMMAN has 2 080 wi S N and € G680 wt

3% &, and sver more praferably ;e.,i},z;b W % Nand s 035wt % N

EBEy ‘
The PITTING RESISTANCE QUIVALENT (PREy} is catoulatad using the formulae:
PREG =% Lr+ (3.3 8% fwﬂ}-«imx% N
Tha 318L% Staintess steel has besw specifically fornudated 1o have the following

esmposRion:

(‘J

) Chromium content = 16.00 wi % O and 5 38.00 wi % O but preferably 2 17,35 wt
%y,
{ii} Molyhderuon content 2 200 wit % Mooand € 400 wi % Mo, bt praferably > 3.0
wi % 8o,
(i} Nitrpgen content ¢ .70 Wi N, bub preferably 2 890 wi % N and S 70wt % N
g more preferaldy ¥ 040 wi ¥ Noand £ Q.60 wi % N and syay more prefurably 2
Ca5 wi ¥ N and € GA5 wt %R N,

With = hig h fovel of Nitrogen, the 3161L0MEN stainless stest achieves & PREy 2 30, b

prefarabily F’hm 2 35, This sneures that the alioy slan has 8 good resistance o general

srosion and locslised comasion {Pitting Corrosion and Cravice Cm‘rww} Y @ wiie range

)"c

of process erdronments. The JISLMAR stainless stesl alse bay improved rasistance o
strasy corrosion cracking in Chioride comtaining  environiments when comparsd 1o
conventisral Austenitic Stainfess Stosds such as UNS 531603 and UNS S31653. 1t should be

emphasihed that these equations ignore the effects of microstrovturs! fectors on the

breakdown of passivity by pitting or cravice corrosion,
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The chamical composition of the 318LMSN stainiesy steal is pptimised at the melting étaggaa
s ensurs that the ratio of the [Cr] expuivalent dividesdt by the NG quzwamm according 1o
Schoefer®, is in the rangs > DA and «© 105, but preferaldy > 0.45 and < 088, in order to
primarily obtaln an awtenitic microsirudtore i the base meterial after colugon heat
treatrent typically performed in the yenge 1100 deg $41280 deg € followed by water
guenching. The iniorostructure of the base material in thie solution heat treated condition,
along with aswwelded wald metst and heat affected zovs of weldments; & controlfed ty
spiimising the balance belween austenite forming elements and Ferrite forming alomants
o pvimarnibe ensire that the alfoy is swstenitin, The ailoy can thersfore bemarusfectursd and

supptied in the Non-Magretic comiition,

very smialt anwunts of sm&r elerpents such as Borary, Cerlum, Ahsminiem, Dalciurg andlor
fMagreshnn in persentage By weight and the compositions of these elements are the samte
ac those of 304LMEN. In other words, the passages relating 1o thess slaorents for 3040048

sre also applicable here,

The JISLMAN stainiess steel according to the second smbodirent possessss minimurm yield
strength of 55 kst or 280 MPa for the wrought version. More preferably, mirdmum vield
strength of §2 ki or 430 MPs may be schieved for the wrought version, The cast version
possesses minimum vinkd strength of 41 ki 00 280 MPa. Mot preferably, ainismen yiold
strangth of 48 ksi or 330 MPa may be achioved for the cest varsin. Based on the praferrad
values, @ comparison of the wrought mechanical strength properiias of the J1SLMEN
stairdess steel, with those of UNS $31508, suggest that the minimian yield strength of the
s

SI6LMAN staindess ston! mightUbe 28 tree higher thaay that spenifiod for UNS S3180%

Similarly, 8 comiparison of the wrwgh mechanizal strength properties of the noved snd.

mnovative 338LMAN stainlesy steel, mﬁ\ thise of LINS 531653, may suggest that tha
minimum viekl strength of the 316UMAN stainless stest 5 2.1 tmes higher than that

speoifred for UNS SR8,

The 316LRGN stainless steel according to the sevonst smbudiment possesses @ minimum

- tengile strangth of 107 ksi or 700 MPa for the wrought vorsion. Maore preferadsby, s mindoum
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tensile strength of 109 ksl or 750 MPs may’vb schisved and for the wrought version. The
cast varsion possscses & minkmuer tensie strangtivof 88 fator 850 MPs. Mare preferably. s
minimurn fonsite ctrength of 102 kst or 700 MPa may be achioved for thy cast version. Based
on the praferrad values, 8 compaison of te wrought mechunival strength propuectiss of the
FLIELMAN staindess stemd, with thoss of UNS S31603, may suggest that the minivuim tensile
strength of the TISEMAN stainiees stamd s more than 1.5 tiaes highse than that specifind for
UNG 531603 Shmilarly, & compatison of the wrought mechaniosd strength properties of the
316LMAN stainless stesd, with those of UN3 531653, may suggest that the minimum tensite
strengsh of the RIBLMAN stainiess stesl mi ight ha 1,45 times higher thar that spegified for
UNS 531832, hndend, # the wrought mechanical strength propertiss of the novel and
imwvétive ILGLMVN staintess steel, are compared with those of the 22 Cr Dupdex Stainiess
Stegl then B night f}ﬁﬂ&ﬂ}i}ﬂﬂ’tﬂﬁ‘i that the minimum tensile strangth of the 318LMSN
stairdess shest might be o the regionof L2 tmes higher than that speaified for S31808 and
nilar o that speofied for 25 C* Super Duplex Staidess Steeh Thersfore, the minimum
mechanical strength properties ‘-?‘ fhe SI6LMMN stainless stesd have been significantly
improved compared to fonventional Austenitiv Stoinless Stests such as UNS 521603 and
UNG $31553 and the tensile strengtls properties are betier thar that specified for 22 Or

Daplex Staindess Steel and similar wthose specifind for 38 Cr Super {}upie;‘:x‘f?é?aim‘esg Steal.

This msans that applications ysing the wrought 216LMAN stainless steal may e frequently
dieighed with raduced wall thickneases, thus, leading to significant weight savings whan
spr:s:ifys 58 3IBLMAN stairdess stesl compared to sorventional austenitic stainless stesls such
au UNS 331603 and 531653 because the mintroum alipwable design stresses ars significantly
higher. fn fact, the minimum allowable design & s for the wrought 316LMAN Stainless
steel may bs?i%gher tharfor 32 Or Dugplex ::»ta_}mézss Stmels and sivdlar o 25 Cr Supse Duplex

Stainfess Reals,

For gertalh applications, other variants of the 316LMIN staindess stest have bewr purpossty
formdated to be mancfactured comtaining speaific levels of other aifoving slenents sush as
Coppar, Tungsten and Vansdium, ft has heen determined that the optinun chennical
composition range of the other vanants of the J1ELMAN staininss stee! is selsctive and the

compaositions of Copper and Vanadium are the same as those of 304LMAN. In othar words,
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the passeges rolsting (o thest clerdenis for 30ALVMN are abo . applicable hare Tor the

II6LMAN,

The Tungsten tontent of the 3TELMAN stainless steel 5 8 2,00 wt 5 W, but praferably 2 0.50
wi % Woand £ 100w % Woand mowe preferaliy 2 075 wi % WL For J1ELMAN stalnless stegl

variants tontaining Tengsten; thy FHTING RESISTANCE EQUHVALENT v calooizied Gsing the
formulae:

PREw = % Cr 4 I35 5 Mo+ Wl ¢ (15 X% N
This Tungsben contaioing vavient of the 3I0LMAN stainless sieel has been specifically
forroulatad to bave the following somprsition:

{i} Chronduro conternt ¥ 1500wt % Crand 8 1880w I, but g waix rably 2 1738 wt

S i

{ii Mcﬁy‘bdémm content 2 2.00WE % Mo snd © A00 W % Mo, but prafersbly 2 36
w6 MO

BN t*eweﬁ content 070 wi % X, but groferably 2040 W% N and S 070 W % N

and more preferabbe = 040 wi S Noand £ 060 wt 3% N angd even more praferabiv ¥

048wt % N and SU55 wi ¥ M, and

(B Tungsten content € 2,00 Wt % W, but proferably 2 050 vt S Woand £ 100wt %

Woand mors prefwamw’ P Wt T W
The Tumgslelt containing variant of the 316N Stainiess stesl has & highispecitied lavel of
Nitrogenand @ PREp ¥ 32 but preforaldy PREn2 3 t, shonsld be omphasised that these
agurtiters z;srume the effects of microstructural factrs on the breakdown of passivity by
g::}iti;is‘sg or cravike cowrodon. Tungsten mey ke added mdividhially o in conjunction with
Copper, Vanadium, Tramdum angdfoe Ninkbium andfor Niobium plus Tantalum in all the
varimas  ooeokinationg of these -elements, to furthey improve the oversll carrsion
perfurstance of the slivy. Tuogstes s wxtramudy cnetly and therefirs &5 being prrposely
Hnsited to optimise the stonorics of the alloy, whils 38 the ssme time optimising the

ductility, toughness avd sorrogion parformincs ! the alloy.
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Carbon {0} ,

For cartain apglications, other variants of the 316LMSN Staindees steel are desivable, which
have bean specifically formulated to ke manufactured romprising higher Tevels of Carborn.
Spenifically, the Carbon contenty of the 31ISLMAN slainfesy steelmay be 2 0040wt 3 Cand ¢
0.30 wt 3% O but preferably’s GOBD W %0 o » 0030 wi 3 Cand ¢ 0.08 wi % hat
prefarabdy < 080w % T These pedfic varianiv of the 316LMAN Stainiess stogl may be

regarded us the JLEHMAN or 316MAN versions respectively,

Titanien (0 Mioblum b Michben INB) plus Tantglum Tl

Furthermore, Tor oartain applications, other stebiised veriants of the 316HMAN or 316MAN
statniesssten are desivable, which have been specifically formuleted 1o by manufactured
condaining hig fier fevels of Carbon, § aucifically, the gmound of Carbon may be 2 MO wI %
Sand <QI0 W% €, but prafecabiy S OO0 WE B Cor » 0030 v - Uand 4 0D8WER o but
prefarably < 0040w % €. |
{i} These mclude the Titanium stabliised versions which are refarred to @
J16HMANTE or JIBMANTI to contrast with the generic J10LMEN stainless stonl
versions: The Tianiom content is controfiad aceording to the following formulae:
T4 xiﬁmﬁ G70wr S Thmaxor T BxCmin BP0 wi % Timax s'asg}éci:ﬁveiy, in ovder
1 have Titanium stabiibed derivatives of the alisy.

{8} There are abo the Nioblum stabilized, J16HMENNE of 316MANRE versidng
whinte the Noblinfr contend 5 controlled ‘srmr\img 1o thae following formulag:

Nb 8 ) O rnin, LO WL 58 Nb oz or 8k 10 x O i, L0 vt % Nb max resgectively, in
aridarto have Nivkium siakilisnd derivatioes of the alioy,

fi) E§ﬂ sddition, other variants of the sloy mey also be manufacturad to contain
Nioblure plus Tantalum stabifised, 3TGHRMANRETs or JLERVUNNDT versiors whare
the Niobium plus Yentalum contert s sontrofied according to the following
formuiae:

AbaTe 8xCmin, LO W% NE ¢ Ta wigx, DAD W% T max, or Nb Ty 10% C min

10w % N+ T miax, 3& W% Ta sy
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Titanum stabiiised, Niobium stabilised and Ninhivr slus Tentalum stabilisad varianis of the
Atloy may be given a stabifisation feat treatment gt ¥ temperature Jowsr than the initiaf
seution hest trestment temperature. Tianium sodfor Niobium andfor Niohium plus
Tantahen may be sdded individually or i conjunciion with fcﬁg;:ssisf;?s.mg&tﬂﬁan&’i- Vanadium
i all the veriows comhinations of thase slements to optimise the alioy for certain
applications where higher Carbon tontents are desirabie, These slioving sismants may be
utiised individually or in a2l the various combinations of the elements to tatlor the Saindess
steel for specific applications and to further ampmm the ovarail corrosion performange of

the afloy.

The wrought and cast varsiong of the 31GLAMEN Stainteas shent slong with the oiher varianty
and endodiments discussed hurain e gerawally supplind in the soluvon anneslad
cowydition. However, the weldments of Fabricasted components, modules angd falwivations

xS

sre gensrally supplind in the so-welded rondition, provvding that sullable Weld Procedu
Qualifications have been prequalified v ascordancs with the regpective standards and
pecifications. For specific applications the wrought versions may alio be supplied in the

worked condition.

&

£

it shoudd be a;p,;’z{»eeiiat&{i that the effect of the various slemments and their compaositions as

discussad iy relation 1o 304LMEN are also spplicable oo JICLAMEN {and the embodiments

i

chstussad balow] 1o appraciste how the optimurg chersical composition s oblsined for' th

JL6LMAN staintass steel {and the rest of the amibodiments).

in addition to J04LMAN and 316LMAN austenitic stalndess steals, there b alsp proposed @

further varistion appropriately raferrad 0 8¢ JAVASYMAN and this forms 2 third

gnbadiment of thig invention,

3RS RONG

"

The JLTLETHRUN High ctrength sustenitic stainless steat has & high lnvel of Nitrogen and 8
specified Pitting Resistance Equbvalent of PREg 2 30, but proferably PREy 2 45, The Pitting
Rusistares Equivalent as desigrated by PREy & cakeulated actording o the fermulas

PREg =% Cra {3.3x fc&&o} {15 e % NL

e
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The 317LSTMAEN Stairiess steel has baen formulsted to pozsess s unigue combination of
high meachanical strength properties with excellent ductifity and tmu-gm‘ess, along with good
weldabilty and good resistance o goneral and localized corrosion. The chemical

corpposition of the JL7LS7REN stainfess stest i3 sele ctive and cheracterised byran alfoy of

chemizal aloments in percantags by weight as follows, 0030 w3 € max, 2.00 wit' % S
max, 8.030 w4 P max, 010 A% S ma, 0750w 96 B max, 18.00 wt % Or - 2000 wi % Cr,

100 wi % Ni - 15,00 ot % NI, 5.00 wi % Mo - 7,00 vt % Mo, 40wt % N -0 70 wi % N,

The J17LSTMAN stainjess stael alsn comprises principaily Fe as the remainder and may also
contain very smaall armcunte of other eloments sQel as DOID W % 8 mas, DI0 v % Ce may,
G50 wi % Al max, Q.01 WU Comay andfoy GO0 w55 Mg maxand ther mpurities which

ro nomally ;\resg-\‘“ i rigidust levels,

The chemical composition of the ITAETMAN stainlesy stesd & pptiniised at the melting
stage o primanily eosure an austsmitio migrostruciure i the base materia! sfoey soiution

heat trestment f*g-g}i*;ﬁﬁy perfarmed in the range 11090 deg © - 135G deg © followsd by water
guenching. The microstructure of the buss swterial in the solution hest trasted condition,
alorng with asswelded weld metat and beat affected rone of wel seents, i controlied by
optimising the halancs betwesn austanite forming slements and fetrite forming simans o
prisnaridy ensure that the aifoy s austenitic. & 3 result, the IITLETNSN stainlesy stael
exhibits 2 unigue combination of high strongth and ductiiity at ambient temperatures, while

af the same time achisves excellant toughness at amblent temperatures and aryogenko
temperaturss. in view of the fagt that the chemical anabis of the JITLSTMEN stainless
steat s ardhostad to achieve & PRE; 2 40, but preferally PRE, » 45, ¢ ssuires St the

material abso has 2 pood resistance to general corrosion and localised carrosion {Pitting

Corrasion and Cravice Corrosion} in @ withs range of prodess environments, The 317LSTMAN

stainlesy steal also has improved rasiBlance 10 siresd oouvsion cracking v Chionds
contHnng auvirarnents whan sivnpared 1o convantional Austenitic Stainjess Steats such as

UNS53L703 andd UNZSRE¥S3,
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it has been determined that the sptimum chemicad comgposition rangs of the 3LTLETNEN
staindesy stesl s corafully selecled to comprise the Jfollowing chemical elemeny in

parcantage by weight 2z foflows bassd on the third embodimant,

CarbonitQ)
The Carbon contant of the JTLRTRMGN stajvlass steel i € G030 &t % € msximum,
Proferably, the amount of Carbon shouwld be 2 0.020 wi % € and £ 0030 wi % € and mgre

wrefurably s 0025 Wi %

Mangonass Ml

The 317EMEIMEN siainlossstael ol the third smbadiment suay coms inbwe variations: fow

Manganess or figh Mangansse,

For the low Manganese alloys, the Manganese content of the 317L57M4AN stainlags stenlis g
20w B M Proferably, the range a2 L0 w3 Mn and £ 2.0 w56 Ma and more preferably
CE 120wt 9 M and § 150wt $6 Mu. With such compositions, this achisves an optimun Ma
1o M ratio of £ 5.0, and prefersbly 2 1.42 and £ 5.0, Mors praforably, the ratio lex 142 and g

3.75,

For the high Manganese slloys, the Manganese content of the 3ITIE?MAN s ¢ 4.0 vt % M)
Froferably, the Mangenese content Is 2 20 wi 8 Mn and £ 40 wt % M, and mors
praferably, the upper Hmitis £ 3.0 Wi % M. Even mors preferably, the upper Bmitis £ 2.50
wi 9% M With such séieci‘iye rangss, this achigves a M to Noeatioof 5 100, and preferably
x 285 and £ 104 More preferably, the Mn o Noratio for high Mangsnese alloys is 2 285

ang £ 750 and svers more graferabiy 2 2,85 and 625,

The Phosphoris cantent of the 3ITLRTMAN stainfess stee! s rontrofied to be £ 0.030 wi %
F. Preferably, the JL7LEPRAN alloy hos € G025 wt % P anid muove proferabhy £ GO0 wi % 1,
Sver mor prefacably the alloy fes £ 0015 wit % # and everr fusther more prefaraldy =

GLI0 Wt P
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Sulhy 5}
The Suiphur cortentof the 3TASTRISN stainjoss stepd of the thind smbodivent ndudes £
Q10 w3 8. Preferaidy, the 337 STMAN has SODOFWEH S 3M mare srmerawy SR ERE A

wi ¥ 5, and svan mars prefersbly RO WER S,

Oxyg QY

The Grygen ccrtent of the 31VLB7MAN 5 gop sheel b Stabroding *b be as fow as possible

and v the i‘ma embadiment, N IT7LETRAGN mise hias £ DOVD w5 Q. Prefersbly, the
FIFLETMGN slioy has & Q050 wi % O and more greforably € G030 wt % O, Bven mawe

prafarably, ‘(h& rzii s has 3 0010wt %O s pvan fusthas mors praferably € G008 wi % O

Silicen {38
The Slicon content of the Z1I7L57MEN stainless steed B 2 075 wi % 5§ Peafersbly. the slloy

has & 035 wi % Sand S 0.75 wt % Si More praferably, the range 18 2 040w % Stand D80

Cwt %St Howeeer, for spenific higher temperature ap;)iic.ati‘rsns whars improved oxidation

fesistancs eqmratﬁ the Silicon content mayhe 2 75w S5 and £ A0 W S

Chromiym (G

The Chronriem cortant of the 317IETMAN stainless steel is & 1800 wt % Crand 5 20.00 wt

% Cr, Preferabdy, the slioy has 2 1908wt % Cr.

2 1300wl S

The Nickel content of the 317LE7MAN stainiess stesl is §iend $ 15,00 wt 3% Nk

P

Preferably, the upper limit of Ni of the alloy 15 ¢ 14,00 Wt % N and more preferably £ 13.00

wi % i for the lower Micksd rangs alinys,

For highwe Nickel range alloys, the Nicke! content of the 31TLSTRIGN stufrdess steal sy

have 2 13.50 wi % Niand £ 17,50 wi % N Preferably, the uppur fimit of the NUR S 1850 wt

% Niand move prefarably $15.50 wt % i for the higher Nickel range :ﬁ%av
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Molvbdenam (Ma)

The Molvbdenum contant of the 3ITIEIMAN stairdess steel allovids 2 200 wi % Mo and £
7.00 et % Mo, bat praferably 2 .00 wt % Mo, In other words, the Molybdenum has 3

santiraayrof 7000w % Mo

Nitroren N}
The Nitregen ton am o thee SI7LSTMEN staindens steel B 2070 wi % N, but prefersbly =

040wt 3% N and € 870 wi % N NMore prefaraliby, the FLFLETMAN has > 0.40 at % Nand &

D.60 wit 3N, and evern more preferably S 045 wE S Nl S Q85 wi i N,
S

BREg

The PITTING REMSTANCE EQUIVALENT i ealoulatad using the frmules
PREy =% Cr+ {333 XMal+ {iéx‘}z N}
The I17IS7MAN stainiess stee! has been specifically formulated to have the following
composition:
{1} Chrondum content 2 18.00 wt % Crand € 20.00 w5 Or, but preferabiy 2 185,00 wa
%er; '
{1} Molyboerum content 2 5,00 wt % Mo and 5 7,00 w % My, but preferably X a0
wi S Rl
{38} Nitropen condent S OU70 w54 N, budt preferably 2 040 wUH N and 2070 et 95 N
and more prefarably @ 580 Wi SN and § 360 wi % Noand even mure preferably 2

CA5 Wi % N and £ 055 Wi % 8.

With & high level of Nitrogen, the 3L7(S7MAN stainless stes! achioves & PREg of 2 40, and
peefurably FREG 2 45, Thivensures that the ailyy has a good resistenics to general corraston

incaiised corrosion {Pitting Corrnsion and Crevies Crvrosiind i @ wide range of process

%

an
anvirorenents The RIFISTMEN stainfes S stesd alsn has improved rvesistance to stress
sorrositaT eraoking v Chioride mﬁtaisﬁ,irzg environments whett compared 1 conventionst

Justenitiv stainfess stasls suth ac LINS 31703 and UINS 831753, W should be emphasiaed
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that these sguations ignore the effedts of microsirociural fadtors on the breakdown of

passivity by pitting orcrevice corrasion

The chemisal composition of the 317LS7MAN Stainlaes steal 45 oy tim ed at the melting

0

stage Lo wnsure that the ratie of the [0 squivatent divided by the [N equivalent, according
to Schoefsr®, & in the range » D40 and < 1.0%, but preferablye > 045 and < 8.85, in order to
privearily oblain an austenific microstrustirs in the bese material sfter solution heat
treatant typioadly perfermed v the fange 1100 deg € - & deg U followed by \water
guenching. The microstructure of the base material in the solution beat treated condition,
along with ss-welded weld matal and heat affected zone of waldments, is controlied by
optintising the balante between sustenite forming slaments ard Fgrrite forming elements
to primaily sosuve thay the alloy b sustenitic. The slfoy can thﬁss‘&?‘fﬁss‘a b manabroneed and

suppliad inthe Non-Magoselic condition.

The 3I7LE7MAN staindess steet also has principally Fe a3 .thaz- reragider and yay sbe
covtain very smiall amounta of other elements such as Boren, Cerlum, Aluminium, Caldium
andfor Magres in parcentage by weight, and the compositions of these shumerts are
the same as thc.«e;. f 204LMEN. In other words, the passages relating to these elements for

ABHMAN areabe applicabis hare

Thie 3170570M4N stainiass steel sodording to thy thivd embodiment possasses minimum
yighd strength of 35 ksl or 320 §iPs for the w‘mugh\: varsion, More preferably, minivaam
wield steonpth of 62 kst or 430 MPa may ko achivvad Tor the w?mughﬁ version, The e
yersion possesses minimaim vigld strength of 41 kel or 280 MFa. More preferably, minimum
vield strength of 48 ksi or 330 MPa may be achioved for the cast version. Based on the
prefarred values, 3 comparison of the wrought mechanical strangth properties of the novsl
and innovative 317LETMAN stainless steel, with thuse of UNS ﬁfﬁ;i?ﬂa}‘.sugges?:&'mai: the
miniounn yield strength of the JITLSTMAN stainfess stral might be 2.1 times higher than
that specified for UNS 31703 Similarly, 2 ot ipar iscm of the 'Wrm}gm sachanical strength

Sroberties-of the 31TLEPMON stalntesy syesd, with thase of UNS 531753, sugedsts that the

pininga vield steength of thee ALASTMEN 58

that spacified for UNS I3 TR

SZEthmes higher than
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The RETLE7MEN stainless steel mcording fothe third em»mdimun possesses & mindwwn
ronsiis strength of 102 ksi or 700 MPx for the wrought version, More praferably, a -‘mfm.tfm:t,s;m
romaiin strength of 108 ksi or 750 MPa may b achieved for the wrought version, The cast
yersion prssesses o minimum tensle strength of 85 kst or 650 MPa Morg ;:r‘efm‘ab"éyg S
minimun tensite strangtly of 102 ket or 700 MPa gy by achieved fon the castversion: Based
on the preferred values @ comparion of the wrought machanical strangth properties of the
JIFLSTMAN stoinless steal, with those of UNS 531703, suggests that the minimurm tensile
strength of the 3T70LS7GN Staindess stend might be mors than 145 tines highee than that
specifind for UNS 831703, am‘isﬁ V. & compansonaol The wrs:sa.zg:&t snchanical strength

properting of the povel and bpovetive IT7IS7MEN Stainless steel, with thosa of URS

S31753, suggests that the minivam tensile strength of the 317L57MEN Stainkess stesd might
be 136 thves highsr thzm that spscified Tor UNS S31758, indesd, i the wrought mechenical
strength propertizg of the J17LE7MAN Stainless steel, ave cornpared with those of the 22 0r
Duplex Stainfess Steef in Table 2, then i may be demaratrated that the mindroum tansile
strength of the 3I7LS7MAN stainless ateel &t in the region of L7 tmes higher than that
specified for 531802 and simiiar to that speaified for 25 Cr Supsr Duplex Stainless Stesl,
Thersfore, the minimurm mechanical strangth properties of the 317LE2MAN stainiess stes]
bave been significantly :mgms;eri comparad o conventiona! Austenitic Stailntese Stogls auch

as UNS ‘:Eei 03 and UNS 531753 and the tensile strength properties are bafler thap that

specified for 22 OF Duplex Stainless Sweel and  shmllar to those pgcified for 2% Or Supet

Daplex Stainlnss Steel

This means that applications uslang the wrought 3I7I57MAaN siainless stgel may be

n
o
Y

frequenty xﬁasémeﬁ_ with reduted wall thicknesses, thus, leading tn sipnificant welght
savings when spuciyving 3370570EN stainless steel coumpared to conventional austenitic
strindess stexds such a3 UNS SILT0N wnd SHL7SS brcause the inimure aflowsble design

stresses wve significently highar, I fact, the miniviem aflowahia disign strassss for the

3

wriight 3ITLE7MEN siaintess steal wre highsr thety ®r 22 Or Duplex Stainless Steads and

7

sunitar to 25 U Supse Duples Raindess Steals,
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For cortaly seplications, other wdrients of the 317087H4N stainfess steed have heen
prposely formulatad to be mamdactuved containing speoific svnds of other alloving
slements such as Copper, Tungsten and Vanadivm. it has besn detsrmined that the
optirraim chemical Conwosition rangs of the other varfants of the 3U7LETMAN stainess
stowl is sefertive and the compisitions of Copper and Vanadium ate the savoe as twss of
EGLNARL fn other words, thepastages refating to thess elements for ILRAAN ars also

applicable hars for TIFLETMAN.

Tungsten (WG
The Tungsten contant of the 317LE7MEN staindess steel is £ 2.00 wit % W, but preferabiy »
Q50 wi 9% W oand 2 100 @t %W and migrs praferably 2 075 @8 %W For 3TFLETMAN
stainlesy stesl variants containing Tungsten, the PITTING RESISTANCE EQUIVALENT &
alvulated using the forvadaer
PRE e 2 % Crs (33 % % o Wi+ {18 %% ML

\

This Tungsten containing variant of the JITLSTMGN stainless steed hes besn specifically

formutatad to have the fallowing composition:
{i} Chs‘q?ﬂimm cravtent 3 1800wt % Cr ared € 2000 wi % Cr, but preferably 2 18,00 vt
%O, '
i} Moivbdenum content 2 5.00 wi % Mo and £ 7.00wt % Mo, but preferably 2 6.00
W% Mo,
HilY Nitrogen content €18 20wt % N, but proferably 2 .40 wf: Sa N and SOTWER N
wnd more praferably X QAT w3 Noand ¢80 WL 3 X and svan more preferably 2
LA Wi % N and S 055 wt B Niand
) Tungsten condent £ 2.00 wi S W, byt proferabiv 2 D50 wE B W and £ 100w %

W oargd movs preferably 2 0.73 wt B W,

The Tungsten containing variant ofthe 17LS7MAN Stainless stesl has @ high specified lavel
of Nitrogen and 3 PRE. 2 42, but proferably PREwy 3 471t should be emphasised thet these:
&qummm ignore the effects of microstructurst ‘sct‘sm on the breskdown of gtaﬁsiv‘faty‘hy

pitting ov orevice corrosion. Tungiten may be added ndividustly o in conjunciion with

Copper, Vanadiom, TRanfum andfor Niohlurm andfor Niohium plug Tantalam: in all the

“yaviows  combinstions of these oloments, to further bmprove “the overall corrosion
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performance of the aloy. Tungsten & axtyamaely costly abd therafore ¥ being purposely
fimited {0 optinsise the evonmaics of the alioy, while & the swme e optimisig the

dueiiiity, toughness and corrosion performance sfthealiov.

Garkan (T4

For cortaiy spolivations, other variants Of the J1TLRTAMN st8indass Stewl are destrabde,
which have been specifically formulited 10 be manufsctined comprising highar avels of
Carkon. Specifically, the Carbon ¢content of the SLTLETMAN staintess stes! may he 2 0040
wt % Cand < ¢ 0wt 3 € bet prefersddy S 0050 wi % Cor » RO Wi % Cand S .08 wi %
£, but preferably < 8.080 wi % C. These specifis variants of the 31TLS7MEN stainiess sterd

ars the 3TTHETMAN av 3T7S7MARN versions respaotively.

Tiandur (T Nichium (Nb Sgigbiam (NB) ol us Tantakumilal

8

Furthermors, for osrtain spplications, other stabilised variants of the J17HS7MEN or
ITPETRAEN etainless stesd ars desirable, which have busn apaeifically formulsted 1o be
manifactured commprising higher ievei of Carbon. Specifivaly, the Carbon mey be x 0.080
wie S Cand < 030wt % €, But ;me ferably S Q050 w2 oy > U030 wt BC angd £ 008 wi %
£, but preferably < 0080w % O
(i} These include the Titanium Sabilised versions which are referred 1o &
JLTHETRAANT o JLTETVMNTY o contrast with the genarie 3RTLE74N stee! vershons.
The Titarhan content & conivollad-according tothefollowing formulagy
TE 4 x Omin, G700 wiS Timoxor T 5« Cmin, 870wt 5 TEmax respectively, inorder
o have Titentom stabilised derivatives of tha sllny,
{ii} Thisre are slsn the Niobium stabilised, JL7HI7MANMY o ZITSIMANNE versions
whzre the MNiobiurn content is controfied ancording to the following fermnalar
Niy & x 8 min, L0 wt B Kb max or N 10 Comin, 1D WE % M omax respectively, in
arderto have Niokium stabilised derivativies of the alloy

iy addition, other varianta of the allov.may slso b manulactured to cmitain

Y

i
fxﬁﬁhbm plus Tantalum stabilised, J1THSTMONRBTs or 317S7MENNRTE versitng
whate t“‘te Nizebitirg plus Tantaltve content is contralled socording to the followlng

formuiae:
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NbATE 82 Coin, 1.0 wt 3 Nb+ Ta max, G 10wt % Te max, or Nb+ Te 10 x C o,

1.0 w8 N Ta e, 820w 3 Ta max.

Titarium stabliised, Niobium stablised and Niohium psius Tantalum stabliised variants of the
gl may be mve;s stabifisation heat treatmant at & temperstare lnwer than the initial
safutinn hoat trestment temperaturs, Taniumy andfor Niobium: andfor Riobiem plas
Tantatlum may be added individually or in conjunction with Coppar, Tungsten and Vanedium
i gl the verows combinations of these clements {o optimise the giloy for geitsin
applications where higher Carhon contents sre desirable. These alfoying slernis may be
tflised individuaiig ar in alf the various convhinations of the slements 1o tailor the stainless
steel for spenific spplications and to further improve the overall cotrosion preformanié of

the alioy.

The wrought snd cast versions of the 3TVLATMAN stainless steel slong with the other

variate are genersiiv supp u?d it the sape manner as the sariier enbodimants,

Further, theve s proposed 2 farther varistion sppropristely referred to as 317LISMIN hgh
strengtly sustenitic Stﬁinma stoel, which 8 3 fourth embodiment of the nvention, The
FL7LISNAN staintess stewl \éirtua-iéy‘h:es the fame chemical compositions 83 JITETHMEN
ataindess steal with the sxception of the Molybdenum content. Th us, instend of regeating

thevarkeus chemical compositions, only the difference fsdeseribed

[317L3saN]
s mentinned sbove, the IT7UEEMAN has exactly the same wi % Carhon, Mamam 28E;

oS

Shovsphoras, Sulphur, Oxpgen, Slicoy, Chrombum, Nicke! and Nitrogen content as the third
Fhavsphoras, Sulphur, Oxeg e 1, Mickal sod Nit rops the third

embodiment, JLTLSPRN staindoss gleel, oxoppt the Molvhdenum content. in the

CRIFLEZAGEN srainless steel; thy Molvhdentim fovel is hetwesn 500 wi % and F.00 wi % Mea.

in contrast, the 3T7LA5M4N stalniess stes s\ﬁqiymermm cotent is between 300w
s 5.00% Ma. i other words; the 3121435 RN may be regarded & » lower Molvbddenum

version of the LS TR stairdess stesd,



b

T
s

i

<x

&

~guerching: The microstructure of the base materist in the

it should be appreciated that the passages relating to 3A7LS7MAN are siso spplicable bers,

axvept the Molybdenu content.

Motvbdenum Mo}
Tre Molybdenum content of the 17A35MAN staintess steed may be 2 300wt % Mo and &
§.00 et % Mo, but prfersbie 2 400w % Mo, Inother words; the Melybdeeam content of

g JTTLRSMAK has a maxinwan of SO0 Wt % Me.

PREy

The PITTING RESISTANCE EQUIVALENT for the Z17L35MAN 5 calculatad uaing the sams
foroaaler g5 3ITLSTMAN, but bevause of the different Molybdenum content, the PREy s

35, but preferably FREy 2 40, Thiv ensures that the material also bas 3 good resistance to
ganeral corrosion angd localised corrasion {Pitting Corrosion and Crevice Covrasion] ina wide

range of process swdronments. The 31 7E3808N Stainless stoe! sk hasimproved resitanes
to Hresy corsasion oracking i Chionide containing envirprenents when compared W
conventional Austenitic Steintzss Staele such a3 UNS 331703 and UNS 531733 1t should be
eraphasisedt that these egustione ignore the affxets of miceostroctural -factrs o the

breakdmwnof ¢ a,gesmty by piting o cravics oorrosion.

The chaoucal composition of the 3T7LEMAN Staintess steel i3 aptimised st/ the melting
Stage thensurs that the ratio of the i Crf squivatent divided by she [N gguivaleny; sorording

ghoefer®, iain the sangs > (.40 and < 108, but preferably » 045 and < .85, froordse tw

{/‘;

w
primarily obtain an autenitls microstructire in the bdse materisd @fter solution heat
treatrrent typically perfornted in the range 1100 deg € - 1250 dop C followed by water

elution hest traated condition,

@3

along with aswelded weld metel and host affected one of weldments, is controfied by
oplisnising the balance betwesn austenite forming slerents and ferrite forming slemnents to
primarity ehsure that the alfoy i austenitic. &% 3 rasuly, the 3TFLISMAN stainiess stes!
exhibits aeiigue combination of high strongth and doectility st ambient temperatures, white
ay the same thne guaranises exceliant toughness st ambient tembperstures and cryggeriic
tempersturas. The slloy oan therefors bemanufactured and supplisd in the Non-Magnet

condition,
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Like the 337L57MAN abodiment, the 317035MaN stainfess steel also contsing principally

Fa as the reswinder and may slso contain very small amounts of giher slaments such s
Boron, Cerium, Alumirdum, Caldum and/for Magoesium in percentage by waight, and the
gmrmpositions of these e’iwmam are the ssmix as those of JL7LSPMAN and thus, thase of

SOALMEN,

The JI7IIEMEN stainfess ateel of the fourth embodiant has minimum visld strength and g
minimum tensile strength coraparable or similar to those of the 3I7LSTMMN stainless stael
Likewize, the strength properties of the wrought and cast varsions of the 3L7LR5RIEN are
Ssocornparable 1o those of the JIFLS7TMAN. Thus, the cifis sivength valuse are pot

repeated hers andd reforence 3 made to the carlinr passagss of JATLSTMEN, A somparison

of the wrought mechanical strength properdes betwesn 317L35MAN and those of

prventional astonitic staintess steel UNS 331703, and batwesn 31TLIEMAN and those of
UNS S317SE, suggests stranger visld and tensile strengths of the magni‘imde similar to thase
iaum‘ for 317L37MAN. Similely & wmmnson ot the iosie propevties of 3TFLASMAN
domonsirates they are better than thatspetfied fiw 22 O Duplex Sainless Steeland simifa

to those specified for 25 Or Super Duplex Stairdess Steel, Just ke i JUTLETREN

This means that appiications using the wrought 317035MAN stamless steel may be
frequently designed With reduerd wall thicknesses, thus, leading o significant weisht
savings whan specifidog 3I7L3SMEN stainless slesl comopmed to cs:rn‘w;nﬁana-i’ aFustinitic
staindess steels such se UNS S3I703 and S317EX because the minimdin allowalis dedgn
siresees are significantly highsr o in fact, the minivium allowabie design stresses Tor the

wrotght 3T7UESMAR tamfes\ stegd ave bigherthaty for 22 O Dublex Staintess Steels and

simiblar 3o 3% Cr Super Duplex Sainiess Stesls,

For centain applications, other varianmts of the FLTL3SM4EN stainfess stedl have heen
purpasely formudated to be manufattured cowtalhing specific lovals of other alioying
sdaniants such 9y Copper,. Tangsten and Varadiune 1t hes beon detarmined that the

optimum chemical composition renge of the other varlants of the J17LASMAN Stainisss

- stesf fs selective and the compositions of Copper and Vanadiure sre the same as thoss of
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BITULVMGN and  those of 304LMAN. I other words, the pessages relatiog to thess

stements for 04UMMAN are also dpplicable here for 3T7LARVIGN,

Tungaten (W)

The Tungsten content of the 31I7LISMAN Rainless steel s similar to those of 1?&3?*«2&»3
soed the PITTING RESISTANCE ECUIVALENT, BREyw, of 317L35MAN calculatad using the same
formitias 8y mantioned shovs for JITLE MRS 2. 37, Bi"-‘fi prefarably PREy > 42, dus to the
different Mabebdenum content. # should he apparent that the passags relsting to the ude

andeffects of Tungsten for IL7LETMVAN 5 slag soplicable for 3LFL30MAN.

Furthar, the 317135M4N may have higher lovels of Carbon referred to as 31“‘%43?&?4?& and
JLTIEMAN which wfrs\:;:mmé respectively to ALTHETREN ang J1TE7MEN discussed sarlier
and the Carbon wt % ranges discussed earBier are abso applicable for 317HISMAN and
FL7ESMEN.

Flrantun {1/ Nighiun (NE) /S Niokiure (851 plus Tealom (g

Furthermore, for certalin spplications, other stabilised varhands of The Z1THISM4EN or

F17ISMAN staéni&ss'stszéi are desivabile, which bave been sperifically formulated to-he

manufactured containing highse lnvels of Carbon. Spectfisally, the smount of Carkén may be

= 0040 wt % Cand < D0 wt % U, but preferably £ 0050 wh % S oor » DO3G wE % Cand =

GO Wt .G bat prm‘erabi\* Q040w B O

{il These include the Titanbam stabilissd versions which sre referred twoas
FITHISNAINTD or STT7ISAMNTT to contrast with the geverfc 3EPL35MEN. The

Tiearshum content IS eontroliad according 14 the following formulas

T4 Comin, G700 wi % Thmax or THE x Cmiin 070 wh 9 T max respectively, in order

10 higve Tiosnim stakilised :ie%-ivat%vss, fthe allov.

{if} Thers are alse Nickium stabilised, 317HIGMANND or 3L73SMANNY, versions

whers the Niobiom cordent s sontrofisd geoseding v “h& following formudan:

N 8o € i, 1.0 wi % Nby maxor B 10x Comin, L0 et % .\3 nyar raspactively, in

order to hava Niobium stabilised darivatives of the allo

{il} i addition, other varisnts of the allgy may 35’50 Bemanifactored 1 contan

Niobtem pls Tentslury Stabdliceds JTTHISMANNRTE o JIPISMANNETY varsions ™
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whiste the Nichiur plus Tantalure content kb controfied according to the foligwing
foratas:
Mb 4T 8% min, LO W% NG+ Te mex, 010 v % Ta max, or Nb + Ta 10 x € min,

10wt % Nb+ Taomax, 030 w3 T max.

Tieanium stabilised; Nichium stabilised and Nichium plus Tantalum stabiiised varants of the
alloy may be given 3 siabilisation hast teatment 3 & tempersture lower than the inidal
soldion heat treatmant termperaturs. Theplum andfot Niohium andfvr Nioblum plus
Tartahsre may be added individually or in conjunction with Copper, Tungsten and Vanadium
i gl the varous combinations of these slements 1o optirpise the afloy for sertain
applications where higher Carhon contents are desirabla: These alloying elements may be
utilisad ndividuatly or in all the varicus combinations of the sloments to tailor the stainfoss
ol for specific applications and to further improve the ovarall corrosion performance of

the alley.

The wrought and cast versions of the JITLIGMAN Staiblose stend abong with the othar

varianis are generally supried in the sam manner as the eathier smbodiments.

yrther, theve s proposed 2 mﬁhv variation appeopris arrad bo A AL2LASMEN In

i

this descoiption, which is 3 &ifth ervbodiment of the Invertion

[3LRLI5NISN]
The J12LEMEN high strength sustaratit staindess stuel bas o high lovel of MNitrogen and @
speciffed Pitting Resistance Equivalent of PREg 2737, but preferably PREg 2 42, The Pitting
Resistance Equivatent as designated by BRE s calntated according o the formulas:
PREg = % Oy« {3.3x % Mo} + {18 ¥ % N},

Thie JLILISMAN Stainless stesl has been forvuilated 1o DOSAEES A UnIgus mtm*;;ilnmiicn of
high mechanical strength ;}mp&mrh with sxealiant ductity smd toughness, alang withigood
waldabilty and good resistance {0 gendral and locslised corrosion. THe chesntsl

cotrpasition of the J12ISMAN shamless Qteal & Selsdctive and tharacterized by an alioyof

cherical analysiy in pergen 'gags By weight as foliows, 0030wt %0 mag, .00 wt % M max,
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O.030 wi % P max, D010 wt %% max, 075 wi %% may, 3000wt % Cr- 2200w % £r 1800

et ¥ N 12,00 w UM N 300wt % Moe- 500 9 % Mo, Q40w N~ Q78 et ¥ N

The JERESSMAN stainfess steed alko containg principally Feoay the vemainder and may dlse
covtain very small amounts of other slements such a3 3010 wi %8 msy, D10 wi % Ce max,
D050 wi 3 Al max, 0.01 wt % Us max andfor .01 wt 36 Mg max and other impurities whith

arg sormally presert in residuat fevels,

The chemical composition of the 312035M4N stainless stee! is aptimisad at the melting
stage o primmarily ensure s austenitic microstructure i the hass material after solation

hest tr-aatmerit,,tggica§§{- performad i the range 1100 deg € 13850 deg Cfolowed by water
guenching. The zmsras@méiur&:ef the base material i the soigtion hest treated tondition,
‘aiang with gs-welded weld matal and boat affscted rone of Weldments, s controlled by
pptimising the balance bebween ausienite forming slements and ferrite forming slementa to
privaarity ensure that ;iﬁﬁe- altoy 5 austenilic. & & resully the 3LAL3EM4N stainless steel
sxhibits 3 unigur combination of Righ strength snd-ductifity st amblent tempenstures while
at the same time guarant&.- < exeafiend toughoness ab andient temperatras and eryogenic
tenporaties. in visw of the fact that the chemical conposition of the 3L2LISMAN stairdess

stee! i adjusted Yo achieve a PREy & 37, but praferably PREy ¥°42, this snswes that the

material also has 8 good resistancs {o peoversl corrosion and focalised corvosion {Pltting
Corrosion and Crevics Corrosion] In 3 wide ravge of process envisonments. The 312035M8N
stafnless steel abso hwy boproved resistance Yo stress corrosion aadking o Chiorde
containing environmants whey mmparéd o convertionst Austemitic Staindegs Steels such as

UNG S31703 and UNS 531783,

ft tas been determined that the optinmnt chenical composition range of the 31ZLASMAN

stafnless Qest & carofidly selectad to cOmprisy the following chemsnai glaments in

P8

percantage by weight as follows based on the fifth embodiment,
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The Carbon content of the JIL3IEM R stainfess steel s € 00030 wa % £ maimum,
Preferably, the amaunt of Carborr should Be 2 6.0280 wi % € and < 0030 wi % € and wore

preferabiy 1 0.025 WA % G

Manganass il
The J1ZL3SMAN stainfess stest of the fith embodimant may come in two vsriations: low

Manganase or bigh Manganase

3

For the low Manganese a?’iﬁyse,t‘%"zﬁ: fManganese content of the 312L3SMEN stainless steells
20wt % M ?rafe‘rabﬁy, the Fangeie 2 L4t S hhv it 8 st 5% Btreand move praferably
5120 Wt % 10n and £ 150 wt % Mo, With such compositions, this achioves an ontimum Mn
0 f\i satirof £ 5. O andd preferably 2 142 and £ 5.0 More ;‘n sferably, the rativ s 2 42 and
375,

‘-Far tha high Ma;}geméﬁe atloys, the Mangarese content of tha 3TILIBMSM 15 9.0 wi % My,

Preferably, the Manganese content s ¥ 2.0 wi % M and € 880 wi 3 Mn and more
oreferably, the upper Bt s € 3.0 wt % M. Bven more prefarably; the upper mitis £ 2.50
Wi %A B With such selective ranges this schieves 3 M to N ratio of £ 100, and praferably
2,85 and 2100 More ms%‘emb Y, the Mn to N ratiorfor high Mangsnese alloys sz 2.8%

and £ 7.50 and svan mgre ;}jré‘z‘éra.bé‘,f 385 and £ &35,

The Phosphorus content of the 312035MAN staintess steel is controfied to be £ 0030wt %
P Praferably, the JI7AS7MEN alloy bas £ 0025 wi % P and more preferably £ 0020 wt % P,
Evan more prefersbly the aloy has £ 0018 wi % P and even fuzfﬁther more preferably

CRIOwWt P

Sulnhir 83
The Saiphur content of the 322035MEN Naindsss steel of the fiith ambodiment incltdes 8
G010 wt 8 S, Praferably, the 31 JL3SMAN has £ G005 Wt % 5 and mave praferably £ 0003

o

Wt % & oand sven more preforably S DEOL WA RS,
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Oxygen (9

The Oxygan content of the 312LAGN4N stainle 55 sieed is controlised to beras low as possible
and i the ffth embodiment, the JLRL3SMEN has € DOY0 wi % . Proferably, the
FIZLISMAN has 2 08wt % O and more preferably £ 0030 v % O Even more preferably,

s alloy has S QIO Wi % O and even further mdre prefersbiys 008 wi % 8.

Silicon {5

3

The Siticon cm‘tent of thix 312LISMAN stainioss stesl I 5 075 wi $ 54 Praferably, the alloy

pe

has D028 wi % Stand 2 0.75 wi % S More preferably, the e‘amzé e R wE XS and S 080

{ation

",z

w3 8L Hwever, for spsoific higher temperators spplications whars improvest od

raaistance israguivred, the SHlicon vontent may be 2 LF5 wi¥ & and £ 2.00 wi s §

Chrontinm {Cr}
Tha Chromium content of the %3-13@3&%1:;\3 siaitdegs steadis 2 20.00 wi % OF ard 2 2200wt

% Cr. Preferably, the alloy has 2 2100 we S On

Nickal (N}
The Nicket con £ the T1L3SMAN stainless steslis 2 1500 wE % i‘q; and S AR0D wi % NL
Braferably, the upper iim%tt-s;%f N of the alloy 59 18,00 Wt % Nignd mors geaferably £ 17.00

W SN

Molvbdesun (Mol

The Molvodenam content of the 31ZLISMAN stalrless ateel alfoy 52 300 wt %Mo and 4
SO0 w90 Ma. b peefersbly 2 400 wi % Mo, I other words, the Molvbdenurn of this

senbodiment has e makimum of 5,00 ot % Mo,

Bitrogsn (A}
The Nitrogan content of the 31I2L25MEN staintoas stmel is 2 0070 ot % N, but preferabily 2
QA0 wi % Noand £ .70 wi % N Muove pref *ah%y the ZAAISMAN has ¥ 040 wt S N and 5

QAR W% N, and even e preferabiv 2 045 Wi R Nand S 055wt & N,
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The PITTING RESISTANCE EQUMVALENT s caludsted using the formulagy

PREq = %+ {3 e %Mph + {38 x 3% N
The SI1Z2LISRAEN stainless steel has been spacifically fa * serdated to have the folowd mg
compasition '

(i} Chromium content 3 2000 8 % Crand $722.00 Wt % €, but preferably 2 21.00wh

%

f'}

{1 Molybdenum content 2 2.00 wi % Mo and < 5.00 wi % Ma, hut preferably 2 4,00
E% Mo;

$itd Sitrogen coment < o wi %N but preferably 2 0. Gl wt % Nand s Q70 WERRN

and mors praferably 2040 Wt % N ared € 0.60 vt % N snd even more preforally ¥

DAL e B N and S O3 wi %N,

With & high lovel of Nitrogan, the 312I35M4N staloless stent achievit & PRE of 2 37, and
preferably PRE4 D 42, THis snsures that thi aloy has # good resistance to gensal porrosion
and localised corrasion (Fitting Currosion and Cravice Corrosion] Bt & wide range of procsss
environtents. The 312L35M4N staldess steel afso has improved \emtmce o strees
corrosion. cracking in Chioride containing smdronments when mm;}am:ﬁ o conventional
sustenitic staindess ateels such as LINS STI703 and UNS 321753 1t should be emphesised
that these eguations ignore the effents of microstrustural factors on the breakdown of
passivity by pitting or cravicecomosion

The chemical composition of the 312L35M4EN steinfess steel b oplimised »t the malting

to ensure that the ratlo of the [Gr] equivalent divided by the [N squivalent, sccording

»

7

i

tag
o Schoefar’, is in thera wagex D80 and « 1405, bt preforably » 45 amﬁ .35, in order to
arfmaritye obtain an austenttic mizrostructure i the hase matar:ai after aoiution haat
yreatment typloally performed fn the range 1300 deg o~ 4350 dag O followsd by water
guenching. The microstrocture of the base material in the solation hast treated conditiing,
slong with sewelded weld matal znd heat affacted zone of waldments, is controlisd by
optimising the Kelenre hétween austenite forming slomants andd Ferrite forming glements

to-primaily snsure that the alloy s sustenitic. The alioy can therefors be manufactursd and

supplisd in the Non-Magnetic condition
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The 312U3BM4N staintess steel also has p prinnipaily Faoas the remainder and may also

cantain very soall anwunts of other slements stch g3 Bovron, Certurm, Allsminfuny, Caldum

sodfor Magrastum in percentage by waight, and the compositions of thess e.wmems arg
)

the sams 22 those of 304LMAN. in other words, the passages relating 1o these slements for

I04LMEN are slssapplicabla here,

The 31TLASMAN stainless stsel ﬁ»:cnnﬁ;r‘g to the filth emibodiment possasses minimum yield
strength of 55 ksi or 380 MPa for the wrought varsian, Mare greferably soledrtm yeld
strength of 82 ksl or 430 MPa may be schieved for the wrought version. The cast version

posasssey iU yield strength of 41 kel or 280 KMPa, More preforably, minimuny vighd

ol

steength of 48 ksi or 330 MP3 may be athivyed for the cast version. Besed on the preferred
walyes, 3 comparison of the wrotght mechanical strength proparties of the novel and
mnovative 312035M4EN stainless steel, with those of UNS 331703 suggests that the
minimum visld strength of the 3I2L3SMEN stainfoss steel might ke 21 times righar than
shat spacified for UNS 331703 Simi tarly, @ comparison of the weought merhanical strength
groperties of the 312L35M44N staindiss steel, with those of UNS S31753, sugpests that the

ity yield strangth of the 312L350M4Y ctainfess steol might be 179 fimeg highse thian
that specifind for UNS 331753, Ukewise, s omnparison of the wrought meshianinyd strength
praperties of the A12L35MaN stabnlzas ateel, with thwse of WS S312%4, suggests that the

minirawn visld stravgth of the ILILISMAN stainess steel v ight be 138 timss higher then

The 31IL35MAN stainfess stend according to the fifth embodimant possesses a minireum

tEngiie stray *s:th of 102 Ravor 700 MPa for the wrol g%"t version. Mote preferably, @ mirimun
tenaiie strength of 109 ket or 750 MPa may be achisvad for the wrought version. The cast
version possessas a minimun tensiie strangth of 8% kst or S50 MPFa. More praferabiy 8
oinimury tensile strength of 102 ks or 700 MPa may be achieved for the cast version. Based
un the preferved values, 3 comparison of the wrought mechanical strength propertiss of the
312L35M4N stainless steel, with those of UNS S31703, suggests that the minimum tansile

3

strangth of the ai”BSMMé stairdess steel might be more than 1.45 times higher than that

< specified fos UNS $31703% Sz'mﬁar‘s\,*;‘“ romparison of the wrought mechenical strength
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oropertiss of the J12LEMEN stainless sf“@i with those of UNSS3L 3, suggests that the
minirnimn tensite strength of the 312L35NMAN stainfess steel might be 1,30 thoes highse than

&

that wpecified Tor LINS 831783 Ukewise, » {:omparism) of t=h:mwrm;g-h’s mnchanical szi‘.rxerzgth
properties of the J12L35MAN stalnless s‘f‘é‘ﬁfi, with those of UNS S31354, suggests that the
minimasm tensile strength of the 312L3RREN stainfess steel might be 1,14 times highsr than
that speoified for UNS $31254, indead, i the wrpnght machonical strangth properties of the

312L35MAN

stanless cteel, ard corapared with thoce of the 22 Or Duplex Mainless Steel,

N

3o

there i roay be demonstrated that the ndnimunt tensily strenpth of the 31235
stainless steel s in the region of L2 timss higher than that specified for S3180% and similar
to that spacified for 25 {iz‘-}éi;gzss Duplex Stainfess Stesl Therefors, the mivdmten mechanizal

strength propertise of the 313L 35?»*@&\; stzirdsss stesl hawvs bsen significantly improved

£

compared to o mreﬂtscmai sustenitic sisinfess steely such as UNS B31703, UNS S31753 an
UNS 331254 and the tensile strength propstties are batter than that speoified for 22 Or

Duplax Stainfess Seal and sirnilar to those spadified for 28 O Supar Duplox Stainless Stael

This means that applications gsing the wrougnt 312L350VMN stainless stesd may be
frequently dedgned with reduced wall \:E"ss“ckﬂ:a‘ssss* thus, leading to significant weight
savings when S.ﬂt‘;‘ﬁif?iﬂg DPEISAIN strindess soel mmpare(i to conventions] awstanitis’
stainlesy steats such as UNG 831703, S31753 and $31254 hecause the min%mism ailowable
desdgn SLostes 3 signd cam:iy %u gher. in fact, the minimim & ~czwa§\ie dlagidy Strgsses fof

the weolpht 312L3504N stahniase stiab dre higher thap for 32 O Duplex Stuinless Steelt and

sivndlar to 25 Or Super Duplsx Siainless Stenls,

Far cerlain applications, sther vartants of the I123BMEN stainless stesd have been

P
¥

porposely formulated Yo be manufantursd. containing spasific lbvsds of wother alioving

slernaents suth as Copper, Tungsten snd Vanadiom. 1t has been detrrmined that the

e

optimiy chendoal composition renge of the other variants of the SIZLISMARN staindess
stesl iy seledtive and the cofapasitions of Copper and Vanadiur are the sive 8% thuss of
04NN, In other \wréa, passagas rxei-at%rig 1o these elements Jor 304LMAN sre alSo

anplicable for 3TLIEMEN,
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Thi Turngsten content of the 312U35MAN staindess steel s € 200 wt %W, but prefarably 2
Q.50 wi % W and £ 100 wb % W, arsd mors prefershly 2075 wi % W For 31ZE33MAN

talpless steel varlanmts contuining Tungsien, the PITTING RESISTANCE EQUIVALENT i3

Es)

calouinted using the formudass
PREgye = BCr + 3.3 3 30 {Me + WHT+ {36 % 36 N
This Tungslen containing vantart of the S1ZLI5M4N sialndess steed bas boen specificaliy
farmulated to have the foliowing campusition:
{i} Chromvium content - 20.00 wit 56 Or and 5 32,00 wt 3% O, kot prefarably » 21,00 wi
S {r; |
{1} Molybdenunt contant 2 3.00 wi % bo and < 5.00 wt % Mo, but preferahly 3 2.00
wi % Mg
{iii} Nitrogen content £ 070 wi 58 N, but preferably Y 00wt M N and S Q70 wi % N
and mores preforabl 2 0.80 ot % N and £ 060 WU N and even mure o m%reb!y ¥
DAS W% N and £ 055 wi % 8 and
{iv} Tungsten content £ 300wt % W, but preferably X 050 vt % W oand s 100wt %

W and more preferabiy 2 D.78 wi“. 2% W

The Tungsten containing variant of the 3LILISMAN stainless stoel has o high speoified fevet
of Nitrogers g 3 PREW 2 38, bt preforahly PREw2 44, ishiould be emphasised that these
eguations ignore the effects of micrsstructural factors on the broskdown of gasshvity by
pitting or crevice corrosion. Tungsten may be added individually or I conjunciion with
Coppar, Yanadiur, TRanlum andfor Ninkiwn andfor Niobium plus Tantalum in all the
various combinations of thesy elements, wr fusther fngwovs the overall covroginn

performance of the allsy. Tungaten is sxtramaly costly and thevefore ts belng purposely

lisnited to optindise the soonomics of the gHloy, while at the same time optimising the

ductility, toughress nd corrosion perfofmancd of the glow

Larhon

For xertain,a;};ﬁimiiss!s, other varfants of the 313LI5MEN stainless steel ave desirable,

whxh ‘have hesn specifically fornuisted o be manufactured comi vising higher Jovels of
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Carhon. Spacifically, the Carbor content of the 313035M4AN stainless steel may be 2 0.040
Wi BN Cand <030 WY € bt prafershly S 0.050 Wt % Corx Q030w % 0 and <008 e %6 ¢
but preferably < 0.040 wt % C. These specific variants of the JLLISMAN stain foss steet are

the JLIN3IEMAN or 3&2 SHEIN versions fexgects\«mv,

Titanium {TiH/Nioblum {NB) / Niohium (NS phus Tantalam (T8

Furtheemiorg, for certaln applications, other stabilised veriants of she 3 FAIHIGMAN or
31Z35MISN staindess steel are desirsble, whith have beern spacificaily formulated to be
manufactured comprising highsr fevels of Carbon. Specitically, the Carbon may ba 2 0040
WS Trand < 830 WU % @ butpraferably SONS0 @t % Clor » V030 v % Cand 8 808 et %
G but preferably < Q040w % G

i Thess include the Tianium stebilisad versions which are referrad 1o as

wern

FIZHASMANTE or 31235MENTI to contrash with the gensvic SI2035RAN -stoel

varsions, The Titanium content is eontroliad aconrding to the fullowing formutas:

Lo

to
Ti 4 x Comnin, D70 wi % TEmax or 715 x € pan, 070 wi % Ti vk respactively, i order
to hanee Titanium stabilised devivatives of the slia ¥
{i '§‘her’§~: are abse the Nichiuny stabifized, JT12HISMANNE or DITASMENND versions |
wharg t%ief\%é{ibmm content is eontroliad according to the following fornuilas:
Nb &yl n‘m LD et S Nbmak or N 3Gy Cmtin, 10wt % Nb msx vespertively, in
mé&:‘ te have Niobiurs slabilised derivatiess of the &lloy.
(it In sddition, other varfants of the Alloy may also by manufactursd to comtain
MNiokiurn plus Tantafum ﬁtabiimci FP2HAGMGNNETa or 31Z23SMANNDTs versions
whers the Niobiu pi’us‘z Tantalom content ivcontrailed accsrding 3o the following
formukae:
NB T3 8 x CUrnin, L0 w3 Nb + Ta mad, A0 wi % Ta nax, or N+ Ta 20 x Omin, 1.0

A% NB ¥ Ta max, 0010 w5 Tamax,

Tranim stahilised, Mobium stahifised and Miotdum plus Tantalum stabilised variants of the
slioy may be givey 8 stabliisation heat {restment gt 3 temperature lowsr than the initisl
solution heat treatment tempersture, Thardm arifor Niobium andfor Nighium plus

Tantatom may be sdded individuatly or in conjunction with Copper, Tungsten and Vanadiom

“in all the weriogs combinations of thess slomiants 1o optimise the alloy for cértain



i

1
£11

&5

appiications where higher Carban cortants are desivable. These slioving alements may be
utilisagd individusity or in sl the various combinations of the slements o tallor the stainless
sten] for specific spplivations and o further improve theoverall corvosion performance of

the Alloy,

The wrought and dast versions of the F12SMEN siainlasy Stosl dlong with the oiher

variants are generally supplied in the same manner #s the sarfier embodiments

Furthar, there iy propossd & further variation appropristely referved toas LISV EN high
strangth austenftic stainfess feel, which 15 3 shah embodimant of the wention. The
FLTLETNGAN staintess viruslly has the same chernicst coraposition a3 313LAGMAN stainless
steel with the exception of the Molvbdenunyy content, Thas, instead of repeating the various

chiamical corprsitions, yly the differentd is describad,

{31218 7vAN]

As mantionedt above, the 312U57M4N had mxacty the same ol % Carbon, Manganess,
Phosphorus, Subbhur, Oxygen, StHeon, Clwondum, Nicks! and Nitrogen content as the fifth
smbodirned, IIZLISRIAN siainless stewl, except the Mulybderra content. ln the
F1ZL35MAN, the Molyhderim contant iy betwaen 3.00 wt 5 and S.00 wt 36 I contrast, the
BLALETMAN stainfess ateel's Maiyﬂmenum content iy betwedn RO wt % and 700wt % dn
pther wards, the 312IE7VEN may- bie regarded 25w higher Rdlybdenutn vargion of the

S FASRAAN stalndess stast

it should e appreciated that the passages relating to 31ZL35MAN are slao applicable hers,

sxeant the Molvhdenum content

Molvbdenum (Mo

The Molvbdonom content of ths JTAUET7RAN stainfess stosd may be 3 500 ot %6 Mo and £

FON WL 55 Mo, but praferabiy 26,00 wit %6 Mo, by other words, the Molvbdenure content of

~the 3ALS7MAN has & maximurm of .00 wit R Mo
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The PITTING RESISTANCE EQUIVALENT for the 312LA7M4N i caloulatnd using the sams
formulae as JILISMSN but becatse of the Molybderum contant, the BRE, s 2 43, but
prafersbly PREG > 48, This ansures that the materist also Bas 9 good resbtunce to general
vorrasion and lecalised covrosion (Pifting Covroshn arad Ceevive Corrusion) vy a &Qésﬁe range
of process enviconmients, The ITASTMAN stalnlsss steel also has improved resistanie tu
stenes’ perroekidy oracking i Chicride contiining  aonvirornmidnts when compersd fo
conventional Austenitic Sainless Steels such 3¢ UNS S3170% gnd UNS 331753, i shodld &

emphossnd that these egustions ignore the effects of microsbruciural factors on th

1%

reakdown of pasaivity by pitting or wrevice cotrasion

The chemizal composition of the R1STMAN atainless stesd 5 optimised =) the msling

stage 1o evsurathat the ratio of the {0} sguavalent divided by the (N suuiealent, ascteding

to Schoefer, i in the rangs » 0,40 and < LOS, but preferably » 045 and < 0.95, in arder fo
prirmarily amam an sustenilic midrostracture in the bese msterisl afer solution hest

w

trzatment typicelly performed in the range 1100 dey € ~ 1280 deg € followeed by watsr

N

guenching, The mi riotruchure s the b

ass material v the solistion et treated congition,
along with as-welded weld metal and beat affected zone of weldments, b controlied by
optimisng the balimes between astanite forming elements and formte fornding slements to

orimanly snsure that the sl w s pustanitics The sioy can therafors be manufsctured and

supplied in the r\.:m Paagnatic rondition.

Lihie the 312LA5MAN embodinient, tha 327NN stidniesy steel slio sortaing prindipaily
Feoas the remaindar ardd may aley contain very smadl amounts of piher slements such as
Boron, Cerium, Aluminium, Calcium and/or Magnesium in percentage by weight, snd the
compositions of these slemerds arg the same as those of 1120350 AN and thus, those of

IBALMAR,

The 31ZLE7I4EN stainfess steel of the sixth wnhodirsent bas Minivuiy vield strength and s
minknurn tensiis strength nommam% te-or sitviifar to thase of the TLABSMAN stainisss stegd,
Likesviseg, the strangth properties of the wrought and et varslong of the RE2LSTMEN wre

dlso comparsble to those of the 3LX3SBAN. Thus the specific strength valugs are not
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repsatad heve and raference is mads 1o the earlier passages of J12LI5MEN, A romparizon
of the wrought mechanical strength propertiss hetween JZSTMAN and those of
conventional austenitic staintess steel NS $31703, and between 3LXSTMEN and those of
UNS S3I733/UNS 531254, suggests stronger yield and tensiie strengths of the magmtude
sivifar to those found for 31203504N; Simitarly, & comparison of the tensite properties of

ZF12LETMAN demanstrates that they are better than that specified for 230 Buplex Stainless

Steel and simllay 2o those specified for 25 O Super Dusley Stairdess Stesd, just Hke the

SIZLITMAEN..

This meens thal spplications using. the ‘wrought J1HSTMAN staindass stesl may be
frequently designed with reduced wall thicknesses, thus, leading to significant weight
savings when spacifying 332L870M4N staindess steel tompared 1o conventiongl susteniie
stainieis steeld such 38 UNS S31703, S21753 and 531254 beonuse the minimum slowable
design stresses are signifisantly higher dn fach, the minimum alfowabie design strosses far
the weought 312LE TN staindess steel arschigher thaey for 22 Cr Duplex Saintess Steads avnd

siifar o 25 uper Duplex Stainiess Steels.

For pgrtam appﬁtaiis:ms, othey varlants of the LAUSTMEN stalnlesy steel bave been
purposely formulsted to be manufactured containing specific fovels of othar alioying
slements such 3y Copper, Tungsten and Vanadiim, 1 has been determined thet the

optimuer chemical composition range of the othsy variants of the JIBLSTMEN & tai inless

stest is sedootive and the compositions of Copparand Vanadim arg the same as those of

312L35MAN and those of 304LMAN, In other waords, the passages relating o these elements

for 3R3LEN are alio applicable here for 3120874,

Tungster {W

The Tungsten Sontent of the M2USTRIGN ctalnlesy stoel B similsr o those of the
JPAUAGMAN and the FITTING RESISTANCE EQUIVALENT, PREw, of J12US7RN wiculated
using the same formudes as mentionad above for 31ZLITMAN is PREww 2 45, and proferably
PREwy 2 50, due to the differert Molybdenum comtent. §f shodd be apparent that the
pazsage ralating to the use angd sffcts of Tungsten for 312035M4AN is alse applicabie for

SLISTRAAN



Furthae, the S1RLEZMEN roay have higher fovels of Carbonraferrad to 83 ST2RSTMAN o
FLER7NAAK which corrsspond respecively to BI2HIEMAN snd 31IASIAN discussead warin
and the Csrbon wb % ranges discussed eavlier we also @ .‘;:‘:‘;}fi%ica‘;hie far JLIHSIMAN snd
31T, |

524

Titanitm 08/ Niohiury (88 Michiunt iNb] ples Tangalun Tl

Furtharmore, for certaly applica t ong; other stsbifised variants of the FIZHETMAN or

arg desirable, which have besrn specificsily formwutated to be

rwe;

F1257MAN staindess stee

mzrufactured comprising higher Jevels of Carbor, Spacifically, the Carbon may be 2 D040

S
s

£ % Cand < 010w % Gobat gsrererahey SO0 Wt N Cor > 0.0V vt % Cand S TO8 wi %
€, but preferably < 8040wt % C.
{if Thesz inchude the THendum stebilised versions which are referred to as
SI2HITRAANTY or IIISTMANTY o condrest with the generis 312L57MAN stainfass
15 steed versions. The ThHemium content & contidied ancording o the following
Cfarmudass V . ‘

TiodxComin, 070 wWEN T max or T 5 x Criry, 8,70 WOl T max resosctivaly, in order

tah w nmnmm stabiliser dertvatives of the alloy. |

ISTMENND versions

{3 There are wise the Niohiunt stabilised, SI2HETMANRE or §
e whare-the Nighium contentis controlled a rdmg to the following formutae:

M8 ¥ i, 10 ode S Kb mvax o Nb 20 x € o, 10wt %5 Nl ek respantiviy, in

order to have Niobium stabilsad derivgtives of thualioy,

() in sddition, other varlants of the alloy may aise be manufactured 1o cuﬁta*f‘

Niobium plus Tantalum stabilised, 312HE7MINNGTa or 31257M4NNETs versions
38 where the Niobium plus Tantalum conterd s controling according 1o the follmeing

formulas

NesTa 8x Omin 1O % ND ¢ Te maxn, 010wt % Ta man, of N+ T 20K € nin,

LW % NE+ Te ma, 010w % Ta mak

3 Titaniur stabilised, Niobjum stabilised and Niohiun plus Tentalum stabifived variants of the
alloy may be given & stabilisation heat reatmient at 3 temperature lower than the initial

solution heat wedtment temperature) Titanim and/or Niokitm andfor Nichiush aigs
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Tantafun ey be added individualh y oF in canfunction with Coppsr, Tungsterrand Vanadiom
i oall the verious combinations of ‘t?‘i’&n plememts to optimidag the alloy for gsrtain
apm;ca:mm whare higher Carhon contents ars desirable. fi‘h:és;e slioying dlements may be
utitisad individualiy or in all the various combinations of the slehents 1o tatior the stainless
steal for sprcific applications and 1o forther improve the overall covrasion performanee of

the alloy.

The wrought and cast versions of the J1ALSTRMAN staindess sleel along with the. other

variants ars generally supplied i the same manner a3 the sarlier embodiments.

Fusther, there is proposed » ferther varfation appropriately referred to a3 320L35M8N in

thiz deseription, which is ¢ sevamth smbodiment of the invention,

{330L35MaN]

The 320L35MSN high st rangth austenilic staintess ste <o has @ high izvel of Nitrogen and'a

spacified Pitting Resistance f.qas valent of PREL 3 39, but preforably PREy 2 44, The Pitting

=

Rasistance Bquivalent 1 dasipratad By PRE bs caleulatesbanvording torthe formulae:
<+

PREy « % O+ B3 x % Mol « (16X ¥ N}

The I20LISMSN sminfess stesl hay besn formulated to possess & unique corabination of

el

high mechanical strength properties withosvvellent ductility snd toughness; along with good
waddability and good resistance to general and losw ised corrosion. The cheical
cornposition of the 320L35MAN staindess steel is selective and charatterised by an alloy of
chemical analysis in prreentage by weight as foliows, 0030wt 56 Cmax, 2.00 wt e My max,

01030 Wi o P soas, SO0 W %5 many, 875wt % 5 ek, 28 80w % Cr « 24,00 vt % r 1700

WE SN 3100 w36 N 380w R Mo - 200 WS Mo, S0 W N QTR W N

The 32CLASKAN stafnlesy steel sl containg principaily $oas the remainder and may aiso

8 may, 0.10 wd % Lo max,

S

containveny aral amounts of other dlements s sug fas D00 wi

CLOS0 wt 96 Al ey, B.01 wit % Ca max-and/or 001wt % Mg max and other impurities wmch

are narmaily pravent s residual levals,
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The chemical composition of the 320L35MEN . stainiess steel B optimised 8t the malting
stage to privoarily snsure 3 austendtic wicrostracture by the base miaterial after solution
hest treawment typically performed in the range 1100 deg U~ 1380 deg C followed by water
guenching, The oucrestrusturs of the base materfal in the solation heet treated conditior,
along with asswalded wal! metal and hest affectad zong of weldments, v towmrelled by
aptinssing the baleres batwesn austenite forming slervents and ferrite forming slements to
prinvarily ensure that the 351:;3.*‘ 15 sustenitdc. &s woresully the 3201350MAN atainlsss stesdd
exhibity 3 unigue combination of High strangth and ductliity st amblent termperastures, while
al the same time gusvantees excaitant toughnesy ot arnbisnt temperaturss and fryogenic
temperatures. iy view of the fact that the chermical composition of the 3ICLISMAN stdindes

stogd is adiusted to achieve a FREy 2 38, but preferably PREy 2 44, this pnsures that the
materiat alio Bas s good sesistance toganerst sorrosion and focalisad onrrosiney {Pitting
Corrosion and Crenvice Convosion} inwrwide range of process environments. The 320035848N
stainless steel also has improved resistance to strass. corrosion cracking i Chiovide

griaining environments when compared to conventionat Austerdtic S sy Steels such a3

43

UNS S31765 and UNS 331753,

i has heen determined that the optimum chamical composition range of the J0LIEMIN

siainless steel & garefully selected to comprise the folloewing chendcyl slerosnts in

parcerdage by welght oz follows, based o the seventh smbodiment,

Lathon i)
The Carbon condent of the 2003588 stam a5y steel 8 £ G030 W S0 manirim,
Brofarabiy, the amount of Carhon shioudd be 2 0020 wi % Cand < 0030 wt % C and more

"

praferably s 0025wk L

Mangangse {Mal
The 3NLISMEN stainfess steal of the seventh embadiment may come in two variations: fow

Manganess or high Mangensss.

For the low Manganase alioys, the Manganese content of the 320035MAN stainlass stenl 3 %

20090 86 Mn. Praferably vhe range 5 2 L0 wt % M and © 10wt 0 M and more praferahly



1521

12

T
U

e

23 300wt o M angd £ 10w % M With such compositions; this achieves an-optisnum fMn

z,..

o N ratio ‘_ai“" £ 5.0, and preferabiy & 1.42 and £ 5.0, More prefershiby, the ratio 5 » 143 amﬁ g

375,

For'the high Manganese alloys, the Manganese content of the J20LAGMAN js 4.0 wt % Mn,
Proferably, the Manganess content §6 2 2.0 wi % R and £ 4.0 wt % Mo and mors
praferably, the upper fimitis £ 3.0 wi % Mn. Bven more preferably, the upper fimit is £ 250
w1 %5 Win, With such seleclive ranges, this achisves a Mo to N ratlo of £10.0, and preferably
¥ 7.85 and € 10.6. More g-;‘-eﬁzs‘.ahiy, the Mn to N ratio for high Manganese alloys i 2 2.88

g | T80 and e msr& groferably » 285 and £ 8.25,

Phosphorys {91
The Phosphoris condent of the J20L35M4N staindess steel Is controlled to be £ 030w

O, Profarably, the X20L3SMAN alioy has £ G025 wi % © and more preforabiv s 0.020 wi % B
Suarr raorepreferably, the alloy has 5 0.015 wi % P and even further s - preferably 3

OO wE S

Sudphur (8]

te Sulphur content af-tiie?»zm?e%ﬁd?«é stainfassateel of the sevanth sodiedismunt indudes

Q010 wi % 8. Freferably, the 320035MEN haa £ 0005 wit % Sand more preferably € 0.003

et

W

Wt 4 5, and evern morg praferably S GO0 wi % &

Coygen {61

Tha Oxvgen content of the 320LISMAN statnless steel is controllad to be as Jow as possible
arad 0 the seventh embodivent, the 3F0LISNAN has & 00720 wt % 0. Prateably, the
I2DLISMAEN has £ 0050 wt 3 O and more preferably SO.030 wt % 0, Even more praferably,
the alioy has £ 8,000 W % O and even further muove prefarably S 0005 Wi % &

Silieon ds

LRI

The Silicon curdent of the 320L35MEN stainfess steel 8 S 075 wi % S Braderably, the alloy

5:,-.
4
=
£
>

B 2 (25wt 9 8 and 5 8,75 Wi S Move profersbly, the rangeds 2 040 wi % Sia



i
was

wit % S Howsver, for specific higher tempersiure applicatinns where improved oxidation

resistanes i reguired, the Siliconcontent may De 2 075 wi B S andh € 200wt 36 5L

Shromuum i

8 CThe Chromium rorgent of *% IFCLASMAN stainbess steel B2 2200w % Crand £ 2800wt

L Preferably, the sllpy Ras 2 3300w B O

Micksd (M
Tha Nicke! content of the 320LISMAN staintess stert is 2 17,00 wi % N and $ 23,00 wi 3 Ni,
10 Prafersh i, the i pper it of Niof the alloy 15 € 20.00 wt % Ntarsd more preferakly £ 19.00

Wit 3% N

givhdenam Mo}

The Molybdenum content of the 320L3584N stainfess steal alloy is @ 3.00 wt % Mo and ¢

¥

15 S0 e % Mo, but praferably 2400wt 8 Mo,

Nitepgen i
The Nitrpgen condent of the 320L35MEN staindess steel Is 2 0,70 wit % N, but preforably 2

A0 wE B Nand s 0578 x" ¥ N More preferably the 320L35MEN bas 2 40wt BN and &

W ODH0 W N, st dvenrmore praferably 2 QA4S W B Nand L OB wit %N,
The PITTING RESISTANCE EQUHVALENT is calculnted using the formulse:
PREx = % Cr+ {33 x %Mo)+ {18 3 NL
25 The R20L35MAN stabdess steel has been speeifivally formulatedt to have the following
conposition:
{i} Chrontium contant » 2200 wt 56 Or and & 24,00 wt % O, boy preferably 2 2200 vt
%O
{11} Molvbdenum content 2 3.00 Wit % Mo and £ 500 wit % Mo, but'prefershiy » 4.00
i wt % Mo,
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the sarne as those of JD4LMEN. n other words, the ¢

o

(i} Nitrogen content Q70 wWU N hut preferably 2040 w5 N and S QPO WS N
At more preferable 3 040 wi % Noand € 9.60 w3 Noand aven ore greferably @

A Wi N and sU5S wit B AL

With 2 high level of Nitrogen, the 370L35MAN stainless steel achinves 3 PREy of 2 39, and

proferably FREGY 44, This snsures that the alloy has v good resistance to general corrosion

and fnoal me,r:? corrasion {Fitting Corroska wred Cravicn Corrasion) i aowide rangs of process

priviconments. The 32&33&2@&‘4 stabndess stesd gl hag improved. resistanes’ 1o slress
corrosinn ofacking in Chinrids conleining ef wirnnments whea cornpared te comesntional
Ausstonitio Staindegs Stenls such av BNS S3170% and UNS 831753, B should be emphasised
thet theee squatiers ignore the effects of microstructural fastors on the braskdown of

passivity by pitting or crevise sorrasion

The chemical o position of the IXLISMEN staibiess steel is optinised 3t the maling

stage Yo ansure that %heraféts of the {Cr] eatitvalens dividad by the [NI] equivalent, acoording

, v.

1o Schoefar® jvin the range » 0.40 and < 105, but preferably » 3.45 and < 0.85, in order to

primariiy obtain an austenitic midrostructure. in the: Base mistersl after ‘solution heat
trogtment typically parformed in the rengs 1100 deg € ~ 1250 deg € folfoward by water

guenching. The mivrostructire of the base material in the solution hewt trested condition,

along with aswalded weld metal and heat affected 2one o weldmenty) b comtradied by
optimising the balance betwaen austanite forming elements and fersite forming sletnts to
pricarily sasu that*i;he‘a}i{s?fé&.esué&amti»:.. Tha alioy oan the »#cm\ be manufactured and

suppliedinthe N Gn—f‘ﬁagﬁetic condition,

Tha 320035MEN slainless steel alse hay pringipally Fe as the ramainder snd may sl

contaire very sroulf amcants of other elemerts such as Bovon, Cerum, Aluminium, Calohum
ardfor Magnesiom in peresntage by weaight, snd the covapositions of thess elements gre
prasuges velating 1o thase slomants for

ILMEN are also applicabls hare,

The 3200350M4N staivlass stenl according to the seventh ambodiment possesses minisaum

Syiwdd atrength of 3% R o 380 MPa for therwrought version, Nore prefarably, mitdraum
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yield strength of €3 ketdw 330 TN ey be achieved for the wrought vavsion, The caat
version possesses minimum vield strength of 4»1 ksl ZE0 MPa. More praferalily, minimum
yiold strenpth of 88 ksi ar 330 MPa may be schivvert for the cast vergo Rased on thy
groferred veltes, » comparison of the weought machanical strength properties of the
F20L3SMEN staindess stesl, with those of UNS 331703, suggests thal the minimuny yeld

strength of the I20035MEN ctainless stsel might be 34 times higher than that specifind fu

UNS S31703. Simitarly, & comparison of the wrought mechanical strongth praperties of the

1z

FI2GLISHNEN s’é:s‘:i‘x“s?és:ss's‘tfexeé,_- with those of UNS 831753, suggests that the rdnimum yisld
Trangthe of the 32OLISMAN stainlass steel roight e 1079 times higher than that specitied for
URS S31753. Likewise, 3 comparison of the wrought reechandcal strength properties of the

F0LIENMSN stainfess stenl, with those of UNS 533053, sugsests that the ndrimum vigld
strengtic of the 3I0L3SMAN Stainfess stesl might be 145 tinves higher thag that spegitied Tor

UNS §32053,

The 320 L SMAN Stainless steel according to the seventh embodiment possesaes & mirdmum

renstie strength of 102 ksf or 700 MFa for the wrotight varsion. More preferably, 8 i

teasiie streangth 1{353 ket or 750 MPa may be achisver for the wrought version. The cust
VErsion potiassesd minknum easile strangth oF 95 ket oor 658 MPBaoNore profersbly,
mindmum tenstie strangth of 102 kel or 700 MPz may be achisved for the castversion: Based

onthe Q?&fefiﬁéi‘é;&ix\m‘ & comparicon of the wrought mechanical strangth growerties of the
FEOLISAAN staindess » n\ei with those of UNS 331703, sugonats that the mintmum nsife
sirength of the 320LI5M4N stainfess steel might be murs than 145 times higher than that
cifled for UNS S3170%. Sirriéiaf.fiy, 3 comparison of the wrought mechanical strength
properties of the 320LISMAN stainfess steel, with those of UNS 5317 53, stgpesty that the
iniown tanale strangtht of the J2LISMAN stainizes sted might be 1.36 timac higher than
that specified for UNS SRI75L Likswisg 3 comparisan of thewmught‘ mechanical strangth
properties of the JZELABNMAN stainfess steel, with those of UNS 532053, suggests that the
ranimum tensie strength of the 32003584N stalrdess stesl might be 117 dnies figher than

that specified for UNS ST208%. indeed, # the wrought mechanical strength propertinsof the

¥

rog

I20L3 ‘staihbess steml, are compared with those-of the 23 Ur Buplex Stainfess Steef,
ther B may be dermonstrated that the minimum tensile strength of the 320L35MAN

stainless steel isin the region of L2 times higher than that speciffed for 531803 and ma?ar
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o that ‘mwi;\ﬁ fFor 25 Or Super Duplex Stainless Stesl. Thersfors, the minimuny mechanical
strength propertisg of the rowsd and buradive JI0LAGMAN stainless stend have bsen
signiftcantly improvad comparsd o conventions! sustenitic staindess gteels sunh as UNS
SBITGS, UNS 53753 and UNS 532053 and the tensity strength prigerties are better than

that specified for 22 Cr Dupley Stalndzes Steel and simifar to those specified for 25 O Super

Duplex Stainfess Stael.

':11

This maans that applicstions using the wrought 3230L35MEN stainfess steel may be
fraguently desigred with reduced wall thickiesses, thus, lsading to significant weight
savings whan specifying I20L35MAN stalndegs stexd Comparad o conventiond austenitie

nloess stesls such 85 UNS 531703, 521753 and 5332053 besause the minimum allowable

f'.l,

design stresses are significantly ?szi"gher, i fact, the minimun slowsabie design stragsss for
the wrought 3300L35MIN stainlass steel are highey than for 32 O Doplex Staindess Steals and

B S

simiiar 1o 25 Or Super Duplex Siainl e:«sS sls:

For certain applications, other varianis of the 320035M4N staimdsss steel have been
purposely ferm\s&si:s:‘é to be manufactred. containing specific levels of other alioving
elements sweh ne Copper, Tungsten and Vanadium. 1 has been determingd that the
optimum chernical Composition range of the other vadarts of the IZCLASMAN stalrdess
steel iy selertive and the compositions of Coppat and Vanadium are the same as those of
J04LRAGN. o other words, passages raduting 1o thass elemerds for 304LAMAN are alo

appiicable for 3RCLRLNAN,

Tungsten {W}

Thae ?urg»i 5 content of the POLISMAN staintess sleel is £ 200 wt % W, but prefecabiy »

Q50 Wt 38 W oand € 100 wt ¥ W, angd more pre fﬁ‘f‘v&.?\,‘ 075wt % W For 3RGL3RNMAN

stanless slew! variants containing Tungsien, the PITTING REBISTANCE EQUIVALENT is

cateainted using the formadae:
FREumw =3 Ty B3 % Mo + WH {18 ¥ % N
This Tungsten conteining varfent of the I20L3SMAN stalnless stesl hiss heen specifically

formuiated to have the following composition
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{1} Chrorvitien cortent 2 Z2.00 wi % O aved £ 24.00 wi W0 butpreferably 2 2300 art
%6Cr;

{1} Motybderm contert 2 3.00 vt % Mo and £ 500wt % Mo, bt preferably X 4.00
wi ¥ Mo

(i Nitrogen content SO W SN, but proferably 2 QA0 wi % Nangd S 070 wE% N
and more preforabdy > 040 vt ¥ Noand £ 480 wi % N and sven more preferably v
D&% Wi % Nand € 0.55% wi % N and

vl Tungsten content € 200 wt % W, but peofarably 2 .50 wi W and 100 wi R

Woand mgre pr ex‘eratw 2OVS W W

The Tungsten containing variant of the 320L35REN dintess steel has a high specified leyel
of Nittogen and 8 FREwe 2 41, tut preforably PREu« 2 46, It should be emphasised that these
egustions ignore the effects of sudsrostructural factors o the brestdnwn of passieity: by
pitting or cravice corrosion. Tungstan may be added individusily o in conflmcticn with

Lopper, ’u‘anadé‘ums'?itaniua's andfor Nicbiwn andfor Nioblum plus Tantalum in ali the
yariows combinations of these efements, 1o further improve the oversd corrosion
pesformance of tha aiiﬁg Tungsten iz sxtremaly costly and thersfors s being purposely
imnited o optimise the economits of the oy, while 3t the same time optimising the

ductitity, toughniess and corrosion parformance of the siloy,

Carboricy

For cortain spplications, other varianty of the JI0LISMEN stainless stewd are desirable,

which have been spestfically formuiaied to be mendagtored comprising higher levels of

Carbor, Specifically, the Corbon content of the 320LIRMAN stainless steel may ba » 0.040

wi %O and w010 wit % G but preforakdy 2 GO Wi Cors 030w % Cand = B0RwE %

£, bt prefarably < 00 W R € These spscific variantioof the J20L35MEN sidiniess sted
@ tha SR0HBEREN o F203504N versions respetividy,

¢ s

Titarium 0 Mickiwn (MO Niobiuoe [Nk plus Tantahen (Tal

z

Funthermore, for certain applications, other stabilisad variants of the 320M35MEN or

BRCITMAN stainfess stend ar duairable, which have been S‘paeiﬁcaiir formulated 1o he

e

manufactured somprising kigher levels of Carbon. Spenifically, the smpuntof Carbow may
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be 3 0,040 wi % and < 010wt 56 £, bt preferably 2 DOSO W % C o DO Wi % C meﬁ bS
0.08 wt 56 €, bt preforably < RO WER C
{ii Thase include the Titanium stabilised versions which sre referred o as
BROHISMINTD or J2035MANTE 1o contrast with the ganeric 320L35MAN versions.
The Titardim contant is controlled ascording to the folkkswing Tormulae
T S Conin, £t % Timax or T S xCmin, 70w % h sax respockively, inardear
to have Tianium stebilized derivatives of the alloy,
{1i} Thove are giso thy Niskkiwm stablisedt] 320HISMANND or IZNRSRINKE varsions
where the Niobiun sontent is contridied according to the following formulas:
Nb Bk C min, 1O w86 Nb s or ND 10« Croin, 10wU% N mex respectively, in
order to have Nioblum stabiliced derivatives of the alloy.
{ii} In ?admm‘z othar varisrds of the alfoy may siso be manufaciured 10 contain
Sighium plys Tantslom stabilland, 220HIBMANNDTS or T2035MENNETS versions
where the Nichium plus Tantalum content is controfied sccording to the following
formulas:

-

NbaTs BxCmin, 1(3@;"% Niy+ Ta magy 20w Ta max, orNb+Ta 10y S,

10wt R Nb+Ts max 810wt S Ta maxn,

Titanharn stabilized, Nickdum stabiised and Niobiuy glds Tantalung stabilised variants of the
ailey may be plven 3 stabilisation heal treatorent &t & temperalire lowerthan the initisl

solution heat treatmant termperatire. Titanlum andfor Niokium andfor Nioblum plus

Tartaluromay be added individually or In conjunction with Copper, Tengsten and Vanadium

e ok the various combinations of these elements to optimise the alloy for certain
applications where higher Carbon contents are desirable. These alleying elements may be

utilised individually o o all the various combinations of the sloments to tailor the stainisss

steal for specific spplications and to further baprove the oversll corrosion performance of
the alfoy.

The wrought and cast varsions of the R2DI3SMAN staindess stewd along with the other

varlants are generally suppled in the ssms manner as the earlier embodiments,
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Further, there is propusad 2 further varistion spprapristely refermsd tooay 320L57M4N high

crength austanitic stainfess stert, which i an gighth smbiodiment of the Invention: The

g«

FZOLSTMAN stainlags stest virtually bas the serme cheminal compuosition 3 BR0LIGM4AN with
the exception of the Molybdenur sontunt, Thig, instead of repesting the varlous chernfcal

compnsitions, only the differsncs s destribed,

[I2DLETRIAN]
An mentionsd sbove, the J20L37M4N has sxactly the same Wi % Carbon, Mangsness,

Bhasphorus, Sulphur, Owygen, Nificsr, Chromium, Mickel and Nitrogen content as the
seventh embodivat;, F20LI0MAN steinless steel, except the Mohdbdenum sontant, fn the
JZDLISMAN, the Molybdenum content s hatweeen .00 wi % and 500 wi % Mo, i contrast;
the AAMETMEN stainless steal’s Molybdenun contantls between 500w Band 780 wit %
Ma, in other words, the 3257MEN may be regarded ag & higher Moldbdenum version of

2 I2OLISRAGN stainluss steel,

P
54

¢

it should be ammmﬁtes that the passa sgearelating 10 33NI3EMEN are also spplicalis here,

axcapt the Mol vbderunt content.

Nolvbdenurn M)

The Molybdenwrm content of e 33CSTRAEN dainisss el mav be 2 500 wi S Moand g
00 wi % Mo, but preferably ¥ €00 wi % Mo, B other words, the Molbdenum content of

the I20L57MEN has 2 maxiourn of 7.00 wit % M

The PITTING RESISTANCE EQUIVALENT for the 320L57MEN is nalculated sty tha s
formudas av J20LI5MAN but because of the Mulybdenwrn content, the PREy is 2 45, bt
preferably PREy 2 50, This ensurss that the material alao has & good mﬁistzaﬁw to paneral
covrosion and localiaed torrosion {Pitting Corroaion and Urevice Cotrastony in z smt%{* rangs
of process saviroriments, The 3I0LETMEN stainfess stedd ales has improved resistance o
stress corrosion cracking in Chionde  cordaining smdronments when compared 1o

conventional Sustenitlc Stainteas Steels sugh as UNS §31703 and UNS 531783, 8 should be
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emphasised that these sguations ignore the effects of microstructural factors on the
breakdown of passivity by pifting or cravice comosion

X

The chemical composition of the J20057MAN staindess steel b optimised at the melting

S

stage to ensgre that the satio of the [0 aguivatent divided by the NI equbvalant, according
o Schaeter?, i by the range > Q.40 and < 1.0, but preferably » 0.45 and « 088, in order ta
prinvarily - obtain s austepitie m3§_c-‘ma§m-ctu re in the base material after sulution heat
raatment t\ymw%y performad i the range 1100 deg © - 1350 dag € followed by water |
quenching. The microstrecturs of the base material in the solation heat treated condition,
along with asowalded weld matal and hest sffectodirone of waldmeits, s controfisd by
optimising the balance betwesn austenite forming slemients and Ferrite formivg slements
to-primariiy ansure that the alioy fs austenitie. The alloy cap tharefore be manufactured and

335

supphind in the Nor-Magoetin comdition,

Like the N20L35M4N mmbodireent, the 320L5TMAEN staintess stes! slsw contains principaily
P as the remainder and Ry also contain viry small amounts of other elements such @
Boron, Derium, Aluminium, Uafcham Esr‘ss:?;’f}:‘ Ddgnesiunt in parcantige by weight and the

eompusitions of these elements sre the same 33 those of 330 Em?ﬁf\‘ and ths, thoas of

') *

304LM4SN,

The 320LE7MAN stainfass steal of the sighth ambadiment has ninimum vield strength and 8
pinfonim tenaile strength mmg}sra‘bie ar sirpilar to those m* the JTISMAN stainless steel,
Likewsise, the strength properties of *ha wrought and castversions of the J20LETMEN are
alzo cmmpamh§e ro those of the SI0LASRAIN, Thus, the specifit dtrenpth valusg are nat
repested hare snd referencs is made 1o the eorlier passeges of 3RCLISMAN. A ¢ arison
of the wrought mechanitel strength properties betwsen 320L57MAN and -t_hase-‘ of
conventional susteniic stainiesy stoel UNS 821703 and between J2005704N and those of
LINS B1733/NS 522053, sugeests stronger vield and tersile strengthe of the magnitude
sirpilar Yo those found for 3TCLISMAN. Smilary: 8 comparison of the tensiiz properties of
JZOLSTMSN damonstrates they are batter then that spacified for 22 € Duplex Malndes
Steel and similar to those specified for 28 Or Super Duplex Staindess Steel, fust like the

I20L35MAN,
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. similar to 2% Cr Super Duplex Stainless Stes

The Tungsien contert of the IZLE7M4N staindiss sieel 8 5

This means that dpplications using the wrought 320U57MAN stainless strel may be
frequantly dacigned with reduced wall thicknagseg, thug, lending to dgnificant weight
savings when specifying J20LSTIVIGN staintess steel compared o cobvantiona] austenitic
stalndess steels such a3 UNS S31703, S317583 and S32083 kecause the mindmuam ghowabls
design stragans arn signtficantly higher o fact, the mindmuan allowsble desipn stresses for

the wrought 3TEE7MAN stainless stael are highae than for 22 O Duplex Staindess Steels and

’?/

Far certain appmtmm sther variangs: of the IOLETMSN stainless stesd have heen
purpassly formudated o be manifactured containing specHic levels: of ‘other slloying
slements such as Copper, Tungsten and Veradier, 1t hat been determined that the
optimory chemical composition range of the sther variants of the 320LETMAN stainfes

it‘:'se§ is selactive and the compositians of Copperand Vanadium are the same a8 those of
J20LA50aN and thase at 304LMAN. In pther worda, the passages relating 1o these elements

fo 304LRAEN @ra @iaa apg}ishaiﬁa here for S20LS7MAN

i

el

Tungstany

+¥

those of the

F20L35MAN 3nd the PITTING RERSTANCE RQUHVALENT, PREgw, oF SRELETMAN calvuisted
using the same formitie as mentioned abuove for I20LA5MAN s PREgw ¥ 47, and preferabiy
PF{L\“\, ¥ 32, dug m A giffersnt Meﬁyi‘xﬁer}um contsnt. it should be agparent that the
pEssage relating to the use and effects of Tungstan for 320LISMEN 5 wiso apmlicable for

FABLS TSN,

Further, the 320L570MIN may bave higher fevels of Carbon refarrad 1 as 32OHSTMEN of
FONFMAN which corrgapond respactively T 3A0HISMAN and 3203504N ‘:ii‘scusﬁ:éd sariisr
arid the Carbor wt % renges discussed earlier ave slso applcable for 320HS7MAN and

SROETMEN,
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Titaniwn (Til/ Niokium (Nb) / Niobtun (Nb) plus Tantalum (Tl
Furthermote, for certetn applications, othsr stabilismd variants of the I20HSIMAN or
JI05TMAN staindngs stesl are desirably, which have bean specifivally formuated to be
munufaclired somprising fghet levels of Carbiony, Specifically, the (arbort may ke 2 0040
wi % Cand < SAD wt % €, but praferably s Q00w % & QO3 W U Cang S 0.08wA M
T, bt preferably < B0 wt el

{i} These include the Tianium stabilised versions whith sre refwrred to asl

J2O0HSTMANTI o SZOSTMANTI to contrast with the ganeric 3ROLS 7NN, The

Titaniuny comentis comrolied secording 1o the following fermulas

FHdxUmin QW% T foax af TS Uil 70 vt 36 TUmax respectivaly,-in ordar

e have Titaniury stabilised darivatives of the alloy

{lif There are abo the \%éab&u-‘m Stubilised, 320HETMANND or 32037 MUND versions

whare the Niphium conteiit s controliad sccorging tothe following formulag:

My 8x & *’mi"i 1.0 wt % Nb max or Nk 1Wxe Cowing 3.0t 3 Nb ax respeetively, in

orghay ‘aha"e Niokiam stabilised dereativesof the alloy.

(i} fr padition, other variants of the alloy may #ise Be mamdactured 10 cmtain

Ninidium p'-}ii,s Tantatum stabilis ek, J20HSTRAANADTR or SROSTRUMNKETY versions

where the Niokius plus Tantaiwre contant i axvtrolisd acording to the Tollvwing

'f{‘n“n'm_ﬁjgz : .

Nb +Ta 8xmmn, LOwWrH Nbh« Ta max, LI w0 % Ta mar, of Nb + T 10 Cmin,

£.0wr % N+ Ta max, 030 »i«*t‘f‘i(é Ta mag.

Titanm tstabil wﬁ, Niokium stabilised smd Nioblunyplus Tantalum stabifised variants of the
sHioy may be given 3 stabilisstion heat trestivent 3t 3 ternperaturs iower than the initial
sofunan Mest trealiment temperatiyve, Trarium andfor Niobiuny andfor Nioblure plug
Tantalum may be added individually or in conjunction with Copper, Tungstan and Vanadium
i ozl the warious conbirations of these sloments to optimise the afloy for ceriain
apphications whers higher Carbon contents are desirable. These alioving slemants may be
utiifsed individuatly or nall the various combinations of the slements to tallor the stainfess
steel for spaciic applications and 1o furthar improve the ovarall corresion perfermance of

the Aoy,
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The wrought and cast versiom of the IZDLSTMAN stairdess stesl along with the other

variants afe generally supplied iy the same nianner 33 the edrliisrembadiments.

Further, there is proposed 8 further varistion appropriately referred to as 326L35N4N in

this deseription, which s 3 rdnth smbodimart of the ibyantion.

{3261350M48N]

The 3IGLIENGN ?ﬁgb strengeh sustenitie stainless stest has o high fovel of Nitrogen and 2
specified Pitting Resistance Squivalent of PREy 2 43, but preferably PREy 2 47, The Pitting
Resistarne Equivalent as designated by PREy Is caleutstad according to the formudas

PREg = % Cr + {3,305 Mod + {18 x % Nk

Thae 336LRGMAN stainlesy sioel has been Tormidated Yo possess & gnigue combination of
bigh mechanicel strengthproperties with excallerd ductility srd toughness, slongwith good
weldability and pood :Eé:siaznma to general and localised cuvrogion. The chemical
compsition of the 328L35MAN stainless sterl i seizctive and characterised by an slloy of

chensisal analysis in persenisgs by weight a5 follows, Q030 wi B Comax 2.00 wi % ko max,

Q.03 W% Poux, S0T0 W S o078 W SEvang 2400wt =25 D Wb R O 1R 80
W N~ 2380w 3 NL 300wt X M-~ 200 wt B Mo, QA0 wtr B N- 70wl 3% N

The 3Z5L3SMAN stainless steebalse containg prindipeily Te as the remainder-and may abo
contain very small arovunts of other slements such 3e 0010 wi % B max, 0.30 wt % Camax,
G050 vt % Al max, 0.01 wt § Ca may and/or Q.01 wt % Mg maxand other impurities which

are normally prasent in residoat fevels,

§

“The chemical composition of the 326{35MAN stainless steal iv optimised at the malting

stage 1o primarily ensure an Austernitic microstructarg in the base mwterial after solution
heat troatment typically performad in the range 1100 deg € ~ 1350 deg O followed by water
quenching. The microstructurs of the base matenat in the solution heat treated condition,
slong with avweided weld matal znd beat sffectad zone of waldments, is controlfed by
optinising the balence hetween ausienite Torming sloments and Ferrite forming slemernss
to primarily ensure that the aloy is austenitic, As a result, the 326L35MAN statntess steel

exhibits ¥ unigie combination of figh strength and ductiity at ambiant temperatures, whils
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at the same tive guarantaes sxcelfent toughnass 8t amblemt temperatures and orvogenis
temperatures! in view of the fact that the chamical composition of the 326L5MEN stainfess
steel ia adjusted o acieve 3 PREy 2 92, but preferably PREg 2 47, this ensures that the
material alio has 2 good resistance to general corrosion and looslised corrosion {Pitting
Corrosion and Cravice Corroalond in 8 wide rangs of procegy environments, The 3ESLITRAN -
staindess steel alsn has improved resistance o siress corrosion eracking w Chdoride
cortaining environnenty when conipared o conventiona! Austenitic Stainless Meals such as

UNS S31703 and UNS 31753,

Hhag Bean detormined that the optivhiurm charnical compdsitinh range of the 3IGLAGR4N
tainless steel is carefully selected to comprise the following chemical elements in

prrcantage by waight as follows, hased on the nivdh svibodinyent,

Carbon G

The Carhon content of the 32&6LI5MON stabdess steel & € Q030 wt % ¢ maxbnum,

Proferably, the smound of Carbon should be 2 0020wt % € and s (.030 wt % € and mors

prafersbly 0025w % T

Mangansssind

Thie 326L35M4N siainless stoad of the ninth smbodiment foay come in o varlations: Inw

Manganease of high Mangansss.

For the low Monganess alioys, the Manganese content of the 3Z6LISMAN Stainfess steal iy
S 20wt % Mr Prefarsbiy, the range B L0 wt % Moand € 20wt B Mo and mors
oreferably 2 120wt M and £ 150 st 3 Mo, Withisuch compositions, this achifevey an
optimans M te N ratio of € 5.0, and preferabdy ¥ 1.42 and € 5 8. More preferably, the ratio

e 1a2and s 375

For high Manganese alioys, the Manganese vontant of the 328L35MAN 5 ¢ 4.0 wt % Mn.

prforably, the Manganese contert f8 2 2.0 wit % Mp and £ 3.0 wi % Mo and mors

C)

preferably, the upper Bt s £ 3.0 wi % Ma. Even mors -jgsmferahiy, thie upper it is 2 2.5

5% My, With 5\‘»::%3 seloctive ringes, this achieves a Mn to Noratio of 2 10, and preferdbly



{-7‘

10

3
(%23

&3

2 4,85 and £ 300 More wreferably, the M e N ;-atia fur high Muangannae sdloys 18 2 285
and & 7.50 and even more prefersbly 2 2.85 and £ 525 fir the higher Manganese rangs
Aftoys.

Fhosehos P}

The Phosphorus content of the 32RL350M4N stainless stselbis tontrofied o be 0030 wt %
P Profecably, the 3281L350MN slioy ae S 0025 WU P and muwre profurably $ GO WL B8,
Every maors preferally, the alloy hae 3 G015 wi % P andeven further mdnk prefevsbiy

DOID WP,

Sulphur (&) .
The Sulphur content of the 328LISMAN stainiess steelof the ninth enbodivmdt indludes 5
GUI0 Wt % 8. Preforably, the 336L35MIN has £ 0005 wi % § and more praferably 3 0.003
Wi 9% S, and even more praferably OO0 wt % S

{4

Ooyger (01

“Tha Oxygen contant of the 336LIGMAN staindess steel s controfied to be 5 low a3 possible

arad in the ninth embodiment, the 3ZRIASMEN has € DOP wit % Q. Prefoerably, the

326L35MAN has € 0050wt O and more preferably £ D30 vt % O, Even more praferably,

the alicy has & LO10 wt % O and even further nue prefacably € D.0DS wi % % €.

Shoan (8]
Tha SHicon condent of the TISIISRAN stainiess steel i85 D78 wi % Si Preferuiy, the wlloy

st

s
"

2ALED Wi % Stand £ 005 W% § More preferably, the range B2 Q40 Wi % Stand 060
2t % Si. Howsver, for specific higher termperature spplichtivns whers improved oxidation

rasistanes is reguirad, the Sficon contert may ben (.75 wit 3% St and ¥ 200wt % 51,

Chromiun (Gl

The Chroniurn confent of the I2S13SKAN Stainless sisel 5 ¥ 24.80 wt % Lrand £ 2800wt
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Nickel (W)

The Mokel contint of the 3Z8L35MAN atainless steeh s 2 IR00 w86 Nl and S 23.00 wi SO NL
Preferably, the Gpper it of My of the allov is ¢ ?,? (0wt % N and maore preferably 2 24,00

wi e N

Malvbdenum (Mol

The i\ﬁaivmaﬂum cortent of the 328L35MEN staindess steef alloy fs2 3.00 wi % Mo and 2

geed

500 wt % Mo, but preferably 2 4. 00 wit % Mo

Nitrogan i}

The Nitrogen content of the 3RGLARMIN Stainloss steelbis £ .70 wi %6 N, but proferably 2
G400t 5 Noand < D70 wi 3 N Muore preferably, the 328L35MAN has 2 D40 wi B N and

v

£.60wt % Nand even mote praferably 2 04 BN andIDREWER N,

PREq

The FITTING RESISTANCE EQUIVALENT is takculated using the formulag:

PHEL 2% Crs {1 % M\ﬁ + {18 x % NL

=

he JIGLIASMAN stainless stuel has bewn specifically forraulated o have the following
romposition: -
 Chrontium contend ¥ 2500 wi % Orand $ 2500 wi 9 G, but praferably 2 2580wt
%L
) Molybdenum conterd ¥ 2.00 wt % Mo and € 5.00 wt 9 Mo, but preforakly 2 4.00
W % Mo
i} Nitrogen content § FOW N, but preferably 2 040wt S N and S UV W % N
and more preferably 2 040 wU % N sod = DB w % N and even more preferably 2

BAS % Naand S 55wt %N

With a high level of Nitrogen, the 336LIEMAN stainless steed achisves @ PRE 242, gt
preferably PRE 2 47, This snauras thal the sliey has a good rasistance to general corrosion
and localived corrosion {Pitting Corrosion and Crevice Corrasion? in @ wide rangeof progess
snvironments. The 326L35MAN stamiesy steel also has improved resistance to stress

cossmsion. aracking in Chionde containing anvironments whan compared to conventional
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austenitic stainlass steeds such as UNS SR1703 and UNS S217S% B should be amplasised
that these eguations ignore te offscts of microstructirat factors on the breskdown of
passheity by pitting or cravice cotrosion

The chemical composition of the 3CLASMAYN saindses stand in optimised a1 the mlting

shage € £o ansure that the ratio of the ] equivalent divided by the INH equivalent, according

to Schoofer® foin the range » .40 and « 1.05, hut preferably > 0.45 and « B85, in rrder to
primartly ahiain an sxsstat}iiié: roicrostructure i the base material sfter solution hemt
treavment typical iy prrformed i th? rangs 1100 deg € ~ 1250 deg U followed by wals
guanching, The mivrastructure sf the hase material i the solution heat trested condition,
along with as-welded wald metal and hest affected rons of weldments, 1§ vortrolied by
spiimising the balsnce betwsen austenite forming ehamenta and fervite forming slemantsio
primaridy snsure that the slioy i3 aastenitic. The sifoy can thevelose be manufsctured and

mm;z% i the Non-Magreticcondit

The 33 fi‘L SRIAN stainfess steel also has principslly Pe oas the remainder angd may also

gontabvvary small amcunts af otizfsr e lernants such gy Soron, Cedum Sumtiniun, Caleium

Poss

andfor Magnesiam in percentage hv weight, and the compositiony of thess slemente are

besg

the same as those of 304LMAN, In other words, the passages relating to thess elements for
304LMAN wre also applicable heri
Ths R2CL3NMIAN Staindess stesd according to the nintd emhmnﬁsme' posnesses minibum

il strength of 59 kst ar 380 MPa for the wrought varsion, More preferably, mirdroum

=
b

yiedd strangth of 82 kst or 430 MPz may be arhieved for the wrought version. The cas

vResint passesses pvrirmunyvisld strengtiin? §1 ks or 280 MPa. More proferaldy, mininwam
yviekd strangth of 48 Rebur 330 MPa may be achioved for the cast vemsion. Based on the
preferrad values, 8 comparison of the wrought mechanical strength properties of the
32&3%&\ 4N stainless sieel, with those of UNS S31703, suggests that the minimum vield
>tmrsg’fh of the 2HL3EMAN Stainieas stee! might be 2.0 does higher than thet specified fiv
UNR 31703, Simifarly, 3 wmparssar of the wrought mechanical strength propecties of the

J26LASKAAN stainless steel, with those of UNS $31753, suggests that the minimum visld

strergth of the 326L35MAN stainiess stesl might be 1.7% times bigher than that spacified fc}-
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UNS SIE75R. Ukewise, @ coraparison of the wrought reschanical strength praparties of the
ZZHLISAMAN . stainlesy stewl, with those of UNS S¥IB1S, suggests that the minimum yield
strength of the 326LA5MAN staintess stesd might be 1,85 tmes higher than that specitied for

LIS 832618

The IZRLISRAAN stainless stael atcording to the ninth embodinent possssses 8 mirimum

tarsile strength of 102 kst or 700 MPa for the wrought varsion, More preferably a minimum
tensiie .strengih of 109 ksi or 750 MPs may be achisved for the wrought wersion, The caat
VEFSIoN DOSISssEs 3 minfmum tensile strength of 95 ksl or 850 E?‘a hMore preferably o
nuninwim tensile strangth of 102 Kt or 700 MPy saay be achisvied for thecast visrsion. Based
on the preferred values, & comparison of the wrought mechanical strength properties of the
IZHLISMAN stainless stesl, with those of UNS 531703, suggests that the minimum tenslle
strepgth of the 326L350EN staintesy stae! might be mora than 145 times higher than that
specifiad for UNS S31703. Simiiaely, & comparison of tha wrought mechanical strength
propertiss of the I36L3SMAN Stainlaes stoel, with those of UNS S31753, suggests that the
prinivaon torsile strength of the 3P6LASMEN staintoss steel might be 1.36 tmes higher than
that specified Tor UNS S2175%. Ukewise, o romparison of the wrought mochanics! strength
propertiag of the 326LABMAN stainless stead, with those of UNS 532615, suggnels that the

minkvain tensife strangth of the I26L35M4N Stainfess steel might be 1.36 tivigs highsr than

that specified for UND 33281% Indeed, if the wrought pischanical strangth groperties of the
326L35MAN stainless stesl, are compsred with those of the 22 O Doplex Ssainless Steel,
hen Korsay be demonstrated that the minimumt tensile strength of the 326LR5MAN

5‘:3‘3‘,‘%%3'5‘{@&?5@& i the region of 1,2 times higher than that specified for $31803 and similar
10 that specified for 25 O Super Duplex Stainfess Swel. Therefors, the minkmure mesharical
sngth propertien of the IZSLISMEN statnluss steel have been significardly improved
somnparad 1o conventional sustenitie stalniess stesls such ag UNG 531703, UNS S31753 and
LIS S33615 and the tensile stvength gropertied are better thar that speaified for 23°0r

.o

Duphex Natdews Stesd snd similar withose specified for 35 O Super Duplex Stainieas Stesh

This mesny thal spplicalions using the wrought 326L35MAN stainless steal may be
fregquently designed with reduced wall thickesesses, thus, leading to significant weight

savings wdhen 3p iv;ng APELIBMAN stainiess stesd compared W conventional sustenitie
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stairdess staels such as UNS $31703, 531753 and 533615 bevause the minimum sllowable
design stresses are significanty higher, in fact, the minimurm allowable design strasses for
the wrought 326L35MAN stainless stesl are higher than for 220 &upiﬁx Stainlass Stesls and
simifar to 35 Or Super Dupley Stainless Stesls.

For cartaln spplications, othet varianty of the J36LI0MMN stainiags steel have been
purpnsely formulated W be yanufsctured cordaining specific levels of othar alloying
gloments such 9s Copper, Toagsten and Vemadium, # has -benn -determinad that the
optimun chemical composition range of the other variants of the 326135M4AN stainlass
stest i3 selactive and the compositin of Conper and Vanadiune am the sama @ those of
IGALMEN. B other words, passages ralating to these shosenis for 304LMEN are sk

spplicable for 3RLABMAN.

Tungsten 1w

The Tungsten contant of th 325L35MIN staindese steabis £ 2,00 wt % W, but preferatily

0.50 wt % Woand £ 100 wit % W, and more preferably 2 075 ot % W, For 328135M4N
staipdess stesl varfants contsining Tongsten, the PITTING RESISTANCE BQUIVALENT i3
ealeulzted using the formutas:

PREqer = O+ B3 w % Mo+ W« {18 0% Ny

")

This Tungsian containing varisnt of the IICLIGMAN staintess steel has bDesn spraifically

forenidated to have the foliowing Lomposition

{1} Chromium content 2 24.00 wi % Cr and £ 26,00 wi % O, but praferably 2 25.00 wt
¥ T

(it} Mislybderum content ¥ 100 wit 5 Mo and £ 5.00 wi % Ma, but preferably 2 4.00
wi % ho; |

(i) Nitrogen content € 070w N, but profreably 2 Q80 Wi B and € 0.70 wi % N
and more preferabiy ¥ 040wt % Noand € (80 wt % N and svan mote prefarably 2
.45 wi% Nand € 055 wt %N, argd .

{ivi Tungster contert € 2.00 wt “1 W, but prefucaldy 2 830 wi % W and £ LDD wi %

Wand niore preferably 2 8 75wt % WL
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The Tungsten containing variant of the 326L35M4N staindess stest has @ high specified leval
of Nitrogen and o PREww 44, but preferably PREy. 2 49, it should be anviphasised that these
squations ignore the effects of mdcrostructural factors on the breskdown of passivity by
pitiing or crevice corrosion. Tungsten may by added lndhddually or in conjunction with
Copper, Vanadivre, TRanhim andfor Rioblum andior NioBom ples Tantaluse i a8l the
varlous  combinations of these elements, to further improve the oversll corrosion
performance of the alloy. Tungiten Ix extremely cost v znd thereforg is bhoing purposaly
imited o QMW‘!;SS% the sconomics of the alfoy, white @t the seme thvia optimising the

g

ductliity, toughness and corrosion parformanice of thealioy

Larbon {0}

For ceriain spplications, other variants of the I26LE5MAN stainless steel are desitable,

which haee been spexificaliy formulated to be menufactured comprising higher fevels of

Carbon. Specificaly, the Carbon content of the 320(35M4N stainlnss stes! may be 2 D.040

Wi Cand <« D10 wi % ¢ bul preferably S G0 WS Cor » DO wi % Cand £ QOB st %
€. bt praferably < G.040 wt % €. Theee speghic variants of the 335L35M4EN stainless steel
are the 328HISMIGN or 3Z835MEN versiong raspeciively.

Tiraniun 38/ Niobiun {NBL/ Nigblum {Nb plus Tantalum [Tal

Furthsrmove, for certaln soplications, other stabilised varignts of the 32BHISMAN or
S35MAN stainfess stewl are desirable, which bave been specifically formulated to be
roanufactured comprising higher fevels of Carbon, Spacifically; the Carbonmay be 2 Sﬁ»’iﬁ
Wi % Coangd < Q.10 wt % 0 but prefersbly 0080 W B Cors Q00 wi % Cand 008wt %
T hut @refer‘a%ﬁ%y <R WrR G
{ii These include the Titanium stabilised versions which sre reforsed 1o as
FISHISMANTE or IZEIGMANTI o condrast with the geveriy 326L35MEN versions,

1

The Tianium contant is vontradlied aocording 1o the following formuda
4 Comin, D070 w35 7wk or TS O imin, (70 w3 T max respactively, in order
o have Tianium stabilised derivativas of the alioy.
{#i} There are also the Nioblum stabilised, 376HISMANND v I2635RANND versiong

whers the Niobium content is controlind scoording 1o the following formuslss:
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Nb & x Cmin, 1.0 wi % Nb miax or Nb I8 x Cmin, 1.0 wi e Nbmax respectively in
order to have Niobium stabiliced derivatives of the alloy,

(it i addition, other variants of the Alloy may alsy be manufactured to contain
Niobium plus Tantalum siabilised, 3ZEHIGMANNDTS or SIGISMANNLTY verdions

where the Niobitsy plus Tentaluns content b controlled sorording to the following

formuiae:
Nb+Te $x i, 10w %N+ Te max, G108 ot % e may or Whie Ta 1008 min,

10w % Nb + Ta max, 030wt % Ta max.

Titanium stalifised, Niobium stabiliced and Niokiusy plus Tantalum stabilised variants of the
aloy may be g & stabilisation fnat troatmend: ota iomiperaiure lower than the it
solfution hest trestment tamperature. THaniem amdfor Niobium andior Nichium phss
Tantaiuwm may be added individuativar B conjurntion with Copper, Tungsten andbVanadium
in all the various combinationy of thesy slements to optimise the Alfoy for gertain
applications where higher Carbon contents are desivable. These alloving slements may be
utilisad inﬁivic&afi s orin sl the varfous combinations of the elements to tallor the staindess

stesd farapaciis agp%ssatmm and to further improve the overall corrosion performancs of

The wroughtangd cast-versions of the IZSLASMEN Walnless sioel slong with the ‘other

variants ars penerally supplied in the same manner & the aarlier embodisnents,

Further; there s propasad a further variation sppropristely referred to o3 32GLE7MAN high

strength austenitic stairdess steel, which & 2 tenth smbodiment of the invention. The
IFCLRTMAN staindess steel virtuslly has the same chemical composition as 328L35MSN
stainlese sted with the sxoeption of the Molybdunum content. Thus, instesd of repanting |

the various chemical comprsitions, only the ditfersncs is describad.

[326LETRAN]

As mantioned sbowy, the 32815 SN bay sxactly the same e B Carbon, Manganess,
Phospharus, Sulphur, Oxygsa, Silicon, Chromium, Nicke! and Nitrogen content as the ninth

ermbodiment, 326L3I5M4AN  stainfess steel sxcept the- Mﬁiybfmm,m content, i the
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IEELATMAN, the Molybdenuny content iy betwewrt 300 v % and 5.00 wit % Mo, § A contrasy,
the IZELETHAEN staindess steat’s Mohbdemam content is between 5.00 wt % and 70098 %
Mo, i sther words, the I2BLSTMEN may be regarded as & higher Molybderum version of

tha 3ISLIEMAN stainfess steat,

i should besppreciated that the paissges relating 1o 320L35MAN s also spplicable herg,

axcept the Moldbdenuny somant.

NMolvbdenum e

The Molyhderun content of the J26L5708N stainfosy stend mad be B 500w %M and g
F00 W 5N, bt preferably 2000 wt % Mo srad .00 w35 MG, am:f spnrg proferably 2
6,50 wi % Mo. i other winds, the Molybderum comtent of the 326LE7REN hes & maninun

Of 700w % Mo

The FITTING RESISTANCE EQUIVALENT for the 325L57M4N s coloudated using the same

formulae as I26LISMEN but because of the Muolvbdenum content, the PREy Ix 2 485, it
prefarably PREy 2 33.5. Thiv-ensures that the material aleo has a good resistanes 1o generyd

crrtosion dnd locslised corrasion {Pitting Sorrosion and Crevice:Corrosion) in & wige range
of process srwdronments The J28L57MAN stalnless steel also has knproved resistancs @
stress corrpsion  orackipg in Chioside comisining environments ‘when compared o
sonvemticnal ;‘“.memttn Stainlass Stesls such as UNS 534703 and UNS §31753. it should he
smphasibed that these equations ignore the effects of microstructural factors on the

birszkdown of passivity by pitting of crovige corrosion

7

the chemical compositios 'of the ZICLITNEN stalblass steal 0 optivdsed afthe msltivg

bacs

sgetodensure that the ratio of the [T equivalent divided by the (NG equivaien, aecording
tor Sehoefer® jo i the range » 0.40 and < 108, but prefarably > .45 and « 0,95, in order o
primarily obtain an mustenitic microstructure in the hase material after solution hest
treatmend typically parformed i the range 110D deg €~ 125G deg € followsd by water
auenching, The micrmstructure of the base material i the solution hest treated condition,

v

along with zs-welded waid mets! and best afferts] tone of weldments, v contradled By
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optimising the balance between austenite farming slements and ferrite forming slements to
primarily ensure that the alloy is sustenitic. The piloy can thevefore be manufactured and

b,

suppling i the Noa-Magnetic corgdition.

Like the 325L35MaN embodiroant, the 336LS7MSN stainless steel alsocontaing prindipally
fe ag the remainder and may alse contn vory smishl smiciants of wiher slamits such as
Boron, Eeriam, Aluminium, Calciurn andfor Magnestum i percentags by waightangd the

compositions of thess elements are the same as téﬂm& of 338LASMAN, and thus, thase of

J04MEN,

The 3ISLETMAN stainleys steel of the tenth embodiment kas 3 minimain yield strength and
a miimumn temslie strength comparable or sinflar to those of 336L35MAN stainfess stesl
Lilewing the strangth properties of the wrought and tast versions of the 325I87M4IN are

alse comparable to those of the 3ICLASMAN. Thus, the specific strength velues are not
repeated here and reference i made 1o the sarlier passages of 3IBLITMEN, A comparison
of the wrought mechanical strangth properbies between S26LSTMAN and those of
ronventions! austenitic stainless steel UNS S31703, and babwesn 326L57M48N and those of
LIRS S3L7E3/UNS §32635; suggests stronger vield and tonsile strengths of the magnitude
sinifar to those fownd for X2BLISMEN. Simiarly, o eomparisin of tae tensile sirength
groperting of 3ZEL5TMAN demnonstrates that they are bettar than thet specified for 220r
Duplex Stainfess ?&f&&i,anﬁ similar “;e:tmaa specifiod Tor 2% Cr Super Duphey Stainloss Stend;

fust ke the 32635N4KL

This meany that applications using the wrought I28L57MEN stainless steel snay be

frequently degigned with reduced wall thicknesses, thus, feading to sdgnificant waight
savdings when specifying 326L37MAN Stainless steel comparsd to cobveatiohsl sustanilie

shairdens stools such as UNG 531703, S3LTRI gad 532615 hecduse the ptinknium slinwabis

design steeshes are significanty higher. I fact, the minimum slivwabie ﬁa&igh;;ffm’s&ss'f-m‘
the wrought 226L5 RN staindess steabars higher than for 21 G Duplex Stainless Steels and

shiilar o 25 x rSa ey Duptex Stainlsss Steels,
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For certsin applizations, other variants of the 328LS7MAN stairdess steel, have been
purposely formuidated to be manufactured containing specific levels of other allaying
glements such as Qoppay, Tungsten and Vanadion, 4t Has besn determingg thit the
optimut chernjcal composition range of the othey vadents of the 3Z6LETMAN staintess
stepd is sddective and the comitisitions of Coprer and V8 anadium are the same as thoss of
FELASNAAN ond those of J04LAMEN, In other words, the passages ralating to thess elaments

for EG»LM&\ are abo applicable bere for 326L57M4EN

Tungsten §W§

The Tungsian oudent of the 32BLETREN stainfess steel &8 similar to those of the
A2HLIBRAAN anyd the Pﬂf%x’\{i Ri;‘} ISTANCE EQUIVALENT, PHEpy, of 328L57MEN calcuiated
using the same forbuise a3 mentioned above for 3ZELIGMEN Iv PREgw 2 505, and
praferably PREgw 2-55.5, due to the different Molvbdenum content. it should be apparent
that the passage relating to the uss and effects of Tungsten for 326LI5MAN is slsu

applicablefor £ 326LE7RAAN,
Further, the 325L57MAN may have higher levels of Carbon refarred to s 326HSTNVEN or

IXSETMAN which cama:pend respectively to J26H3SMAN and 33635MAN discussed varlier

angd e Chrbos Wi % ranges. distussed carfier are alsp abplicabin for 220HS7REN and

Teardum ST Nickium (801 Niobiurr b ghus Tantalum Ty

o

Burthermore, for certain applications, othey stabilisad vaviants of the F20HS7MAN or
32CHTMAN stainisss stend are desiealds, which have besn specifically formulated to be
reanufachred somprising higher levels of Carborn. Specificaily, the amount of Carbon sy
Be 0040 W% O and ¢ 00 wi 5 0, but preferably £ G050 WTS Cor » 0030 wi % Curnd 8
D08 W, bt prefarably 2 S0 WL L
{if Thace include the Titaniiqm stabifised versions whith are refarred o
I2GHETMENTI or R2857MENTI to contrast with the generic 328LSVMAN, The
Tifaniunrgontant is mn*:;m;?iaﬁ acmrding 1o the following formulae
Tid g C s, 070wt % Timaxr or TEB x € nvirg, 0.70 wt % T max respectively, in order

tohave Thaniuny stabilised derivatihas of thaaltoy.
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{i} There are also the Niobium stabilised, 326HETVANND or 3265 7MANNE varsions
where the Niobiun content is controlied sororsting to the following formudam

Nb Bk C min, L8 wi % Nb max or Nb 10 % C rain, 1.0 Wi 3% Nbreax regpectively, in
srder to have Nioblunt stabilised devivatives of the Em‘:.‘

(i I addition, other varisnty of tha glloy ey also be mantfactured @ contain
Niohium plus Tantaham shahiliead, F2EHETMANNGTa o 32BS7MANNDTe verdons
wherg the Nioblum plus Taralumy content i controdied scoarding W the following
formulae; |
Nb+Ta Bx O omin, 1.0 wh %6 Nb+ Ta rofy, 010wt Ta max, oo Nb + Ta 10 x Cwmin,

10T SN+ T mas, B0 W % Ta max

Fivanium stabilised, Nickium stabilised and Niobiurn plua Tantaium stabilisad varfants of tha

Alloy ruay be given # stebifisation heat trostent 8t & temparaturs fower than the indtisl
solution heal treatmaent temperaturs. Tiasium andfor, Nichium andfor Niobium plus
Tantalum may be added individually or in conjunction with Copper, Tungsten and Vanadium
i gl \?'i“ varimus combingtions of these elements 1o optivise the alloy for cenain
spphcations where higher Carbors contents are desivable. These alloving efements may ba
utidised indi wdﬁ?ﬁy s b all the vadious ‘s;ﬂmin‘nzsts(t-m. of ‘the clepients 4o wilor thestaihiags
steel for specific applications amd to further frmprove the cwér'@ii corrosion performance of

the allow.

Thiw v,:rwgh and cast v siang of ﬁne 325 L FIEN «tainiﬁtﬁﬁ stest:along with the other

variants, are generally aupplied in the same manner 36 the sariier embodimsnts.

Further, there fo proposed a further varistion appropristely vefacred Yo as 353LISMAN i

thizdescription, which4s an sleventh smbadiment of the inventior,

{353135R84N]

The 351LI5MAN stirdess steed has & high level of Nitrogen and a speified Piting Rasistanos
Eguivalent of PREy 2 44, but mr eisrably FREy & 49, The Pitting Resistance: Equivaient as.
desigrated by PRE & caloulated sscording to the formulas: '

CPREG % Cr {33 2 %Mo)+ N8 x M N,
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The 35LLISHMN stainiess steg! has been formulated to possess a enigue combination of
high mechanical strength properiiss with exceffent ductiity and toughness, along with good
weldability and good recistance 1o genavel and locglised corrpson. The chemical
composition of the 351LISMAN stalnless steel iv solective and characterised by an aﬁay wf

chernival mvalpsis iy percentage by welght as follows, 8 caa WY O omak, 300 K% BN max,

S RORWE WF mhak, GO et B S, DR wl B Simax, 2500wt e Oy - 2R 00w % Cr, 2100

ot % M- 2500wl % N 200t B Mo - 500 9t 2 Mo, Q40w N - QT0 s % N

The 351L35M8N ﬁtamiexs terd giso comtains principally Fe as the remainder and may alsa
contain very syog iamm&m;& of other slemmatesuch 63 0010 wt 5% 8 max, §:10 w9 Cemax,
CLO50 wE % A o, BOL w3 Deneg andfor DIL wi B8 max and other impurities witieh

ave normally preseat in recidual lsvals,

he chendoal compesition of the I5ILIGMAN stainlose steel i3 0;3iim§sé--c§ #ihe malting
stage {o pomarily ensure an Austenitic microsiruciure in the base materiab after solution

heat treatment typically performed in the rangs 1100 deg €~ 1250 deg U follmwad by water

guenching, The microatrychre of the base material in the solution hest treated sondition,
slongwith as-wealded weld metal and heat affetted zons of weldments, s conteolied by
optimising the balance betwesn Austenite forming elerments ang Ferrite forming elenents

te primacihe ersurs that the & my s Austenitic, A&s g result, the TTLASMAN stainizss steel
exhibits 3 unigue combination of high strength and ductifity 8 ambient temperatures, while
a1 the same thee guaranioes @xellent toughness & amblant temperatores and cryageic

temperatras. i view of the fact that the chemical analysis of the 351L35MAN stainless
steab b adiusiad to xchicve 3 PREy 2 94, it preforably PREG 2 49, thiz ensigres that the
material alss has 3 good resistance to genersh corrosion and looaiised corrosion {Pigting

Corrosin snd Crevice Dorrssion) in & wide range of process snviroriments. Tihe ATLLRSMAN

staivdess stesd also has bvproved resislance to stress corrosion racking v Chioride

contairing ehvirnnmants when compared t conventional Austenitic Stainless Stasls such as

UNS SR370% and UNS SRETRA
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it has beon determined that the optimum chamical compuosition range of the IHILISMEN
stainfess steaf s corefully selected to cwmprise the following chemizal elements in

perceniage by waight as follows, based on the sdaversh smbodiment,

Carhon (G}
Tha Carbon content of the ASTIRNMAN steinlres strel B £ G030 wi 3% € maximum,
Praferably, the smound of Carbon should be 2 0020 wt % € and 5 G030 wi % © and more

prefershiy S GO Wi % O

hManganess iMnd
Thie B5IL3IERN stainiess ateel of the wleventh enbodimaent may comy b two varistions:

fow Manganess orhigh Manganese,

For fow Manganese slioys, the Manganess content of the 351135M4N sxa\nievs steeliv s 20
wi % M. ?mi‘era&\iy, the rangs i 2 10wt % Mn and $ 2.0 wi Sdn and more preferably &
120w % M and © 1 S0 wi % Ma, With such cotrpositions, thiv achivvesay s:;;:r’:imum‘ ey
to Nratiools 50, and g}f&f&ﬁ%hiy 2 L42 and g 5.0 More prefersbly, the ratio s 2 147 and g

375,

Far the Mgh Manganese alloys, the Manganese content o the 3R1LASMAN i s 40wt % M.
Prafersbly, the Manganese content e 3 2.0 wit % Mn and £ 4.0 wt % Ma and mote
preferably, the upper Hmit is 3 2.0 wt % Ma. Bven more preferably, the upperlimit s 3 2.5¢

wit 5 Mn, With such ssleotive ranges, this achieves & Mo 1o N ratio of 5 10.0, and prefarably

‘J’

285 and £ 1.0 More preferably, the Mo to N ratio for high Manganese sifoys 52 2.85

4\,)

1

and £ 7.50 and sven more prefersbiy 2 2.85 and £ 825,

Phosphorus (P

The Phosphorus coifent of the 3RIL35M
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ﬁ
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£, Prefarabiy, the 331LI5MEN alloy has £ G025 o %P and more preferably ¢ SO0 Wi % B,
Sven more preferably, the alloy has $ 0.015 wt % F and even further mors prefuvably &

GOI0wE S &
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Sulphuris)

The Sulphisr content of the 35HISMAN stainfess steal ot the eleventh smbodiment includes
& 0010 wi 36 5 Preferably, the 3R1LASMAN has £ 0.005 wt%. S and miorve preferably £ 0.003

Wi S and avenmore proferably SO0 Wi % S

Qrvgan {0}

The Oxygen contert of the 351L35M4EN stalnless steel is cottroflad 1o be 84 low 35 pussible
and in tha 8 wem?x embodireant, the ISILISMIN has € G.U70 wi S Q. Preferably, the
IRLLASRAEN has < 0.050 w88 O and more preferably S QO30 wt % 0. Sven more praferably,

the alioy has £ D wi % O and even Surther more prefersbly <0005 Wt % O

Gilicon {5

The Sliven contert of the 3R1L35R44N staintese steel 54 D75 wi % i Preferabdly, the alloy
Fras X D25 wi % S and £ 075wt 5 81 More preferably, the range B 2040wt % 5 and £ 0.80
Wi % Si, Howsvar, for s;ms:;ﬁc higher temperature ?p*} ieations whers improved oxidation

reaistEnce B rmmrs&{i;. the Silicon contertmay Be 2 7wt Niand £ 200 wi B 5

The Chrondam csmew of the A53L35MAN stainleas steal K2 3000 wi# Crand & 2800wt

% L. rm‘eramv the aflov basp 3700wt Bl

Nickal (Ni}
The Nickel cortent of the 35TLISMEN stainleas stoel by 2 2100 wi % Niand £ 75,00 wt 9% Ni.
Praferably, the uppes fmit of N of the alioy 18 £ 24.00 wt % Niand move preferably € 23.00

LSS

Mobebdenum Mol

The Molybdanum cordent of tha I3 1L3RMaN stain oo 15 3 300 wi 5 Mo snd < 500wt

% Mg, but preferably 2 400wt % Ma,
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NRrogren (N}

Trie NRvoger content of the I5TLISMAN staindese stes! 1 2 070wt % N, but gmfemhw

g

QAT wt 96 Noand <070 wit Sa N Mars praderably, the 35IL3EMAN hasx G 40wt % N angd &

60wt %N oand even more preferably 2 045 wi SN amf‘ﬁ{}‘,“sz‘? Wt %N

The PZWEN 3 RERSTANCE BQUIVALENT 5 calouinted wing the formuslae:
PRE\ 236 0 {33k %M« {16 % 38N
The 351L3% Mé& staintess stemd has been specifically formulated to have the following
conposition
{1} Chromium content 2 26.00 wt % Crand £ 28.00 vt % Cr, bu wf&rahi EQPERUR
% Ln
{5} Molybdenu content 2 300wt % Mo and £ 5.00 wi % Me, but preferably 2400

wi% Mo,

C{H Nitrogen content $ 070wt % N, but prefersbly 2 040w M N and S Q70 WE RN
and mors preferably 3 0.40 W % N and £ 080 »t % N and sven more preferably

DA% wt % N and S OS5 wi % N,

With @ high level of Nitrogen, the 331L35MAN staindess stee! achioves a PREy 2 44, bwt

preferally PREy 2 48, This ensuves that thy material alsn has & good resistance to general

cotrosion and localiend corrusion {Pitting Corrnsion and Urevice Corrosfon] in & wids fange
of procese environments. The 351L35MEN stairdess steat alio has mproved resistance tg
strass corrosion oracking in Chlovide containing svwdronments. when compared ©
conventional Austanitlc Staintess Steels stech a3 UINS S317D3 snd UNS 531753, It should be
empbasised that these squations ignore the sffvels of putrestrusturst faotwrs on the
breakdown of passivity by pitting or crevice carrosinn

s v

The chemical composition of the 3R4LASMAN stabiess stert & optimised at the melting

% $

\

stage to ensure that the ratio of the [T} aquivalent divided by the [N squivslant, sccording
o Schoefer’, is in the range > 0.40 and < 1.08, but greferably > 0.45 and < .95, i ortdsy
primarily obiain an Austenitic sicrostructure in the base material after sodution hest

treatment typically performed in the range 1100 deg € ~ 1350 deg € followed by NG{L‘? ;

{2
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gquenching. The microatructre of the base material b the solution heat reated condition,
along with as-welded weld metal and hest affected rone of weldments, is conwolled by
optimising the halante betwaen austenite forming elements and Ferrite forming slemerds
o primardy araure that the alloy is austenitic. alioy can therefore by nanufacturad and

supplied inthe Non-Magpetic condition.

The 351L35M4N stainfess steel alse bas pringipally Feoas the renwinder and may also
contain very small amounts of other alements such as mmn ermm, Alminium, Calcium
andfor i’ﬁagﬁeiﬁium in geraané&ge By weight, and the compositions of thess elements are
the same as those of IDALMAN. in other words, th passages refating to thase slements for
204N are s spplicatile here

5

The ISTLISRAN sidinless steetaucording 1o the gleventh embodiment possesses mivdmutn
vinte strangth of 35 st o 380 MPafor the wfmsghft‘: varsion. Move praferably mintmuny vigld
strangtle of 62 kst v 430 MPa may be achie ved for the wrought version, The cast varsien
pussesses minimuy vield sﬁre;ngch of 41 Kstor 280 MPa. More preforably, minimm vistd
strzngth of 48 ki or 333 MPa may be achieved for the cast varsion. Based on the preferred
values, a comparison of the wrnight mechanical strength ropertizg of the 351L350M4N

tuinhess steel, with those of LUINS 331703, suggests that the wminkmum yield strength of the

1%
G
%
W
p£2
>
P

s

351L35MIN stainiees steel might be 2.1 tUmes higher tha that specified for UNS SR31708
Similarly, @ comparison of the wrought mechanical strength properties of the 351L3EMAN
stginiass steal, with those of UNSSRI783; suggests that the mininwm vield strengsh of the
3STLIBMEN atalnless steel might be 179 times higher than that specified for UNS $31753%

,..

Likewise, & comparizon of the wrowght machanical strength properties of the 351L35MAN

srainiess stoel with those of URNGSISILE, suggests that the minimuyy yieid strength of the

351LIENIGN stainfess stoel maght be L.36 tmes higher than that speciffed for UNS §35115.

The IRUISMAN stainfess steel according to the sleventh embodiniest possesses 3
sindmun tansite strength of 102 ka or 700 MPa for the wrpught version, Mare preferably,
& minimurn tensils strangth of 108 kst or 750 MPa may be schieved for the wrought version,
The cast version possesses @ minimum terstle strangth of 95 kai or 8530 MPa. Move

prefecaliy s ralmimam tancdby stegngth of 102 kstor 700 MPamay be achisved for the cast
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yarsiom. Based on the preferresdt valuas, 8 coroparison of the weought mechanical strangth
propreties of the 351LLIMAN sialniess steal, with those of UNG S31703, sug ggests that the
reirimunn tensile strength of the 35IL3EMIN staindess steel might be more than 145 times

highar then that specifind for UNS $31703, Shmilardyy @ comganison of e Wraught

smechanical strength propertes of the ISLLISMGN staindsgs steel with those of U8
SRIPSI, sugpesis that the minkvuam tensile strength of the IFTLISMAN stainiass stest mignt

be 136 times higher than that specified for UNS 531753, Likewise, 8 comparison of the
wrought mechesical strength propent the 35IL5MAN Stainipss steel, with those of
LIRS SABILY; suggests that the minhmen tensiie strengthrof the 351L35MEN stainfesy stest
sright be 1.28 tmes hig sher thay that specified for UNS 535115, Indeed, ¥ the wrought
machanical strangth propecdes of the 3RILASMAN stainfess steel, are vamparad with thas
of the 22 {r Duplex Staindess Steel then B may e demaonstrated thay the minimurs tensile
strength: of the 3R1L5504N stainlesy sleel i in the region of L3 tines higher than that
specified for S31803 and similar to-that specified fur 25 O Super Duplex Stainfess Steel
Thaeefore, the nunimun mechanical strength properties of the 351L35M4N Stainfess stasl
have bean significantly improved compared to conventional austenitic stainless steely such
a5 UNS S31703, UNS S31753 and UNS 535115 and the tensile strength propertiss are bstter

than that sg}es::if.i&ﬁ for 22Cy im;pﬁék Stainless Stee! and simifar to those specified for 25 Or

Super Duplex Stainfess Stesl,

This means that sppications Gng the wrotght ISEL33M4N stainless stoel may be
freguantly designed with reducad wall thicknesses, thus lesding to significant waight
savings when spedifying 351L35MEN staindess stesl comparerd c:onvemiénai austentiic
stainless stesls such as LINS S31708, S31753 and SERLIS bacause the minimum allowable
design stragses ars significantly higher. in fact, the minivuim slimwable desdgn strassss Tor
the wroug ht 351L35M4AN stainlass st sre higher thanfor 22 G Eﬁ\miexﬁ airdegs Sweelkand

sirndl as o 25 Or Super Dupiny Siainless Stesls.

For cortain applications, other varfants of the 3SHISMAN staindess stesl have been
purposehe- formulated to be manufactirad containing specific levels of other aiiwm
sloments stch s Copper, Tungsten and Vanadiam, 1t has besn d-etenmmsa‘* that the

optimurs chenvin f‘m‘ft;}t:m*wm“ range of the other varants of the IRILASMAN staindses



oy
ko3

Z6a1

steal b oasdactive and the compositions of Copper and Vanadium gre the same ez those of
ZOSLMEN. B other wards, passeges velating to these ¢le gments for 304LMaN are alsg

spplicable for IBLLISMAN.

Tungsten g
The :mg-‘tf*n content of the SSILASKIAN stainiess stead 18 £ 00 Wt % W, but preferabiy X
050wt % Woand £ 100wt % W, and more preforably 2 0.75 wi % W. For 351L35MEN
stalpdens stesd v'v-ar'iams contaiving Tungster, the BTTING RESISTANCE EQUINALENT i
caleutated lsing st formulae: |

PREjy = % Or + {332 % (Mo + W+ (18 X3 NL
This Tangsten contdining varlant of the IBUISMEN stalndews stael has boen specifically

foroadated to have th following compasition;

o
i}

{8 Chromium contant 2 38.00 Wi 36 {rand £ 3800 W% &, byt prefurably ¥ 27.00 wi
% O

{4} Molybdanum content & 3.00 wi % Mo amd € 500wt % Mo, bt preferably > 4.00
wi e Mag,

{ili} Nitrogen contant 5 0.70 wi % N, but preferably 2 040w % N and S 070 Wt & N
and-muore priferaby 2 G40 Wt 3 N and £ 080 wt N and sven mors praforably
D45 Wt ¥ Nand s O35 Wt 36N and ‘

{ivi Turgsterrcontent € 009U % W, but preferably 2 050wy W oand £ 100wt 5

Woand more proferable 3075w WL

The Tungsten contairing varlant of the 25IL35M4N steinless steel has a high specified ol
of Nitrogern and a»?ﬁiw 248, but preferably PREgw 2 51, It should be emphasised that these
squations jgnore the effeciy of minrostructisal fastors o the bresidown of passiity by
pitting or travice corrosion. Tungsten may ke sdded individually ar in confunctisn with
Copper, Vanadium, Tianium and/or Nickium andfor Nisbium plug Tantahem in sl the
varipus combinations of these elemients, to furthey Improve the oversl corrssion

3

performsnce of thay slloy, Tungsten o wtraosdy costly and thavefore s Gaing putpossly
fimited to optimise the esonwnica of the slloy, whils 3t the same time optimisng t

ductiiity, toughness and corrosion performsnes of the atloy.
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i

For carisin applicstions, o*ixer variants of the 35ILI%REN stainless steel are desivable,
which have bren specificatly Tormialauid o be manufaciured compriving higher tovely of
Carbon. Specifivally, the Carbon contert of the ISTLISMAN stainless stee! may be 2 Q040
wi % Cand < DAD Wt % ¢, kst ;I}i‘i?fii?i‘ab§‘/ < 0050 Wt 3% S or > 0,080 9t % Cand < Q.08 wit %
¢, but praferably « Q040 wt % €, Those specific variants of the 3R1LISMAN stairdess stesl

are the 35 13435{»54% of S513SMAN varsinng raspectively.

Titantun {30/ Niobiun {Ng) Ninbium (Nb plus Teotalun i1

i-"“'

Furtheervuwe, Tor tentain applications, other shabiliseed warignts of the IRIHISMAN o

351ASMAN Stuirdess steal are desirable, whick have begn spegificelly forr‘:mmtecé.%:.o he
manufactured comprising higher levels of Carbon. Specifically, the aroount of Carbon may
b U040 W S Cand < Q. 1& @ %, but preforably s QN0 Wt N L or > B0 wt X C and g
.08 wi % O but praferably < Q080 wE % &

i Thess ingdude the Titaniuny stabifised versions which are referred to as

g

I5IHBEMANTI or ITIISMAENT! to contraat with the generic 351E380M4EN,

The TRaniun content b controlied srcording 1o the folfowdng formuaiae:

TH4 % Comin, Q7R WU T mas or T3 x Comtin, Q70w % T max respectively, in order
o have Thanium stabilived derivatives of the alloy,

{#} There ars slso Niobiury stabllised, 351HIOMANNG or IS13ORSNND versions
whers the Niobium cordent is controlind aconrding to the following formutas:

Nk 8 % € wain, 1.0 wt % Kb mak or Nb 10w C winy 1.0 s«\ 3% Nb o respestively, in
order t have Nioblum stabilised deriatives of the alioy, .'
{m} i edm’{%mz ather vartants of the &lfoy may alse be manwfactured 1o cordsin
Niabium plus Tantalyor stabificed, ISTH3ISMENRKLTY of 3S1ISMANNGLTS versions
whers the Niebiunt plu tatum content i3 sontrolied sceording to the following
formudas: |

Nb+Ta BxUmdy, L0 w8 Nb + Ta ma, G100 Ta max, or Nbo+ T 10 %€ min,

10wt 5% Nb + Ta max 030 we % Ta miax,

N

Titaniun stab :secif Niohium stabiiised and Niobium nius Tantalim stabilised variants of the

§
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solgtion heat treatment t&mg&a‘a‘ﬁsr& Titanium sndfor Niehiun andfor Nioklom plus
Tantslum tiay be added Individually oy in conjunction with € apper Tungsten and Vanadium
in alf the various combinations of these elerments to optimise the alloy for certain
spphcations where higher Carbon contents ars desiralsle. These alioying slemends may be
utiiised indbddustly or in sl the various combinations of the slements o tilor the stainfess
steel for specific applications anth to further improve the overall corrasion prrformanes of

the alloy,

The wrought and cast varsions of the ITLLISMAN stainfess steel along with the other

varburss are genevally supplied in the sane manner a3 the sarlisr embodiments,

Further, there is proposed a further variation appropriately referred to gy 353LETMAN Bigh
Strength austenitic stainfacs seel which B o Deslith sivdodiment of the ventinf. Tha

FRILSTMEN <tainless steel virtuaily has the same chemical Compositioen as 3R1LISMAN with
the exception of the Malvbdenum content. Thas, ingtead o repaating the various chesnicsl

compositiong, only the diffarence & desoribed,

[IRLLETMSN]
As mentioned ; the 3&1&5 AN hus exantly the sanwe wi % Carbob, Mangsvess,
%’h nsphoTus, %uiamr Owygesy, Silicon, Thromdurn, Nicks! and Nitrogen content as ths

eloventh embodiroent, 3RILESMAN staintess steal, axcent the Molvbdenurn contaniuln the
I5LLIEMAN, the Molybdenur content fy Betwaen 3.00 wh % and 5.00 wt % Mo. In contrast,
the ASTLETRGN stainfess steel's Molybdenum content is hetwaen 5.00 wt % and 7.00 wi %
Mo, i other words, the 351LE7MAN may be regarded 33 @ highes Malybdenum version of
the 3R1LISMAN staindeas steat

i showld be appraciated that the passages reliiing 1 3G LLASKIAN sre‘alse spplivabls hary,

exvent the Mokddenum ccnr@m

Mobvbderman (Mol

The Molybdenum content of the 351L57MAN staindess steel mav be = 5.00 wi % Mo and ¢

T.00 WU % Mo but preferably 2 58wt % Mo and £ 850wt % BES and witire prater
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£.00 w*‘ % M. e other words, the Molvldenum content of the 33 TLE7MEN has & magimum

§7 .{3--\, Wf % Mo

“‘Q

i‘ﬁ

EREq

The PITTING RESISTANCE EQUIVALENT for the I5LIBFMAN is caloulated using the same
fornuslae as A5ILASMEN hut baomuze of the Molldenum conterd, the PRE i¢'2 50,5, hut
preferably PREy 2 855, Thiv orsures that the material alse hay a gocal resistanoe 10 genaral
corrosion and localised corrasion {Ritting Corrosion and Cravies Corrnsinn} in & wide range
of provess ervironments, The IBULSTMAN stainfess stes! wiso has inbroved resistance to
aivesy corvosion cracking in Chiaride contaivdng snvirorimants when compared  to
conventtoral Austenitie Stainfess Steslts such as UNS 831705 and UNS SRITSR. it should e

emphasized that these squations ignore the effects of mitrestructurgl factars on e

breakdown of passivity by pitting or crovice carsosion

he chemical composition of the IRLLETM4N stainless stesl s optintsed a3t the meling

stage toensure that the ratio of the O] emuivalent divided by the [N eguivalent, scoording

o Schoefer®, it in the range » 040 and < 1.05, but'preferably > .45 and < 085, In order to
primarify obtain s austenitic microstructure in the base material after solutien heat
treatinent typically parformed inthe vangs 116D Ydeg €~ 1280 deg € foliowed by water

%

muenching. The msar;szsfmr.ti.sra of the hase matesial by the solution hest freated condition,

along with as-welded wadd roetal and hest affected 2one of weldinents, i controlled by

aptimising the balance batwesn Austenits furming elements and Ferrite fonming elameants

&

o prisariy ensere that the stioyis austenitic, The afloycon thersfors be marufantursd ang

suppiied in the Non-Magnetic condition,

Like the 351L3GMEN embodiment, the I51LSYMAN Stairless steel also comprisy grincipally
Fo ma the rempinder snd may abbe contaim very small amounts of other slepments such a3
Boron, Csrhem, Aluminjom, Calojum andZor Magneshim o percemtags by wﬁigi’ff and the
cornpositions of these slenvents are the same as those o 351LSENEN, wrwd thus, thise of

3L
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The 3SLLS7MAN stainfess stes! of the twelth erbodiment has & minimum yield strength
and g minimum tenstie Srength comparable o similar 0 thoss of 321LI5MAN staindres
steed, Likewise, the strength propertes of the wraught-and cast versiony of the 3SILETRMAN

o

¢ also comparable to those of the IRILISMAN, Thus, the specific strength valugs arg not

repaated hery and referance is made to the sarlier passages of 3SILABMAN, & cornparison

of the wrought mechanical strength propertiss babween 3RUSZRAN and those of

P

conventional austenitic stainless stogl UNS $31703, and bebweer 351L570M4AN and thoss of
LINS S31753/UNS $33115, sugpests stronger vield and tensiie strengths of the magnituds
s;mshf to those found for 3T1LASMEN, Siroflarly, s comparison of the tensils propertiss of

FRLLEIMEN demonstrates thay ars botter than that specifiad for 22 Or Buples: Statnlses

(

Steel and sindllar o those specified for 25 O Super Duplew Stainless Stewl, just like the

o

SILABAAN.

This eans thad applisations using the wrought 35ILS7MEN stainless steed may be
frequently designed with raduced wall thicknesses, thus, lnading to significant weight

savings when spenifying SRIL57MAN staintess steel sompared o cormeentional sustenitic

4

stainfess steels such as UNS $3170% 531753 and S35115 becauwse the minimum aiowable

-

design sliessesare 3:;\;351‘:53;1{33;% sher. iy fact, the mirdgmum sllowabin design strosses fo

P
s
a2
Z
b

rought 351LS7RGN stainless stest are higher thas for 32 Or Dupdex Stainless Steshs angd

sinlar 1025 U Super Dupnlex Stainiess Steeis,

For cortain applications other varfams of the 351LSTMAN stainlsss steel, haws been

purpesely formulated to be manufactured comtaining specific fevels of other aimying

slermenta auch as Copper,. Tungsten and Vanadism 11 has been determined thst the
optimune chemical composition rangs of the other varants of the I51LS7 VAN staindegs
steel is selective and the conysitions of Copper and Vanadium arg the same o5 those of
35ILIOMEN and those of J0AUMAN, Irvother words, the passages relating o these glemernts
for 304LMAN are also applicable hera for 351LA7MER.

Tungsten (W)

The Tungsten content of the 3S1ISTMAN steintens steel & similar to those of the

BHAULIGMEN cm‘i the PITTING RESISTANCE FQUIVALENT, PREG, of 35 LS TN palvuiated
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using the same foromdse 3 mentioned above for I5LLISRAMN b PREwy &= §2.%. and
oraferably PREw 2 575, due to the different Molvbdenum content, It shiould be apparent

that the passage ralating Y the use and effetts of Tungsten for 3RLLBSMAN Is slso

applicable for 3RTLETMAN,

Further, the 351LS7MEN nay have highet levels of Carion referred to s SSTHETMGN ar
35157RAN which correspond respectively to 35IHISMAN and 3ISTA5MAN discussad earlier
and the Carbon wt % rangss discussed sarfier are aiso applicable for Eﬁid“f\ﬂéhﬁ angd

F51RIMEN,

Titaniunm {10/ Nisbium {i%ée‘:‘fs\wnswn INEY shes Tantahioe (el

Eurthetmore, for cevlain applications, othar stabillised varfant 3 of the IGIHETMEN or
IR15704N stainioss stesd are desirable, which have besny specifically formulated 1o be
manufactured comprising Higher fovels of Darbon. Specifisally, the amint of Carbon way
be & 0.040 wit 56 Cend < D wt % C, but preferably OO W % Cor > SO0 wi ¥ Cand 8
0.08 wit % €, but preforably = D040 W 3%

f} These inghude the Titanitm stabifised versions whith are refwred o as

35IHSIMGNT or 35IRTMANT o contrast with the generic 351U 70N,

The Titaniuro conter is controfled atcording o the fellowing formuilae:

TR Cmin, Q70w % T ey or TESS Uamnin, U.70 w0 T max respecthvaly, in prder
o have Titanium stabilised derivatives of the alloy.
(i} Thers are abo the Nioklum atabilised, ASTHSTMANNE or 3515 TMANNE versions
where the Niohium content i controlled sccording to the following formulag:
Nb oo Comin, 1O wt % Kb max or Nb 10 x Comin, 10 o1 % Nb max respectivaly, in
wrder to have Niobium stabilised derivatives of the alipy,
({1} In addition, other vananis of the asloy mav alsy be manufactired 1o contain
Mighian pluy Tantalum stobilised, AFAHETVIANNDTY o ISIRTMANRNGTE versions
whare the Niskium plus Tantabam content ie cantroliad according to the following
farmdan:
Nb+Ta 8x 0 min, 10w Nbe Tae max, DD WU T max; of 8+ Ta 10 x € i,

1w % NE Te max 030w S Tema,
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Titarium stabilised, Nichiom stabiiised and Niobism plus Tantshum stabilised varlants of the
Alfoy miay be given 3 stabilisation heat treatmant ab & tormparaturs lower than the inital

solution hest trepiment twropedsturs. TRaniunt andfor Nichiwn antdfor Bioblum glus

Tantalunt roay be added ndividually orin conjunction with Copper, Tungstan and Vanadium

iy sl the werious combinations of ess elermeants o optimise the alloy for cavtan
appications wiwre higher Csrbon contents ave desirabl. These slioving alopunts nay be
utilised individually or in ol the various sombinatians of the elements to tallor the stairdess

stert for spacific applications and to-further irmprove the overall corrosion performancs of

the slioy.

stagl, aia‘ng with the other

wr

variants, sregeneratly supplied inthe sanie magnaer asthe earlier sinbodinents

Further, there is proposed a fusthor variation appropriataly referred o s IB3LISMEN in

this description, which s g thinteenth embodiment of the irvention,

[3SILISMAN]
The 353L35MAN gtamnless steethas e h igh levelof Nittopen sod 8 spesified Pitting Ragistance
Equivalent of FREy 2 48, but preferably PREy 2 81 Yhe mt\m;, Rusistabes Bguisisat as
dedignated by PREy is eatoudated stoording to the fornwulse:

PRE, =% Cr+ {335 5 Mol « {18 x % N

The ISILIERGN steinfess steal has besn formulpted to possess & unigugr cornbination of

high mechanicsl strength proparties with excefient ductiity snd toughness, along with good
weldability and good vesistance o general and locslised gorrosion. The chemical
somposition of the IS3L3SMAN stainfess steel iy selegtive and vhara srerised by artalloy of
chamical analysis n pereentage by welght as follows, Q.030 wo % C max, 200 w0 % Mo max,
O30 w56 F gy, 00w % S ma, Q7R WE 505 max, 2R.00 wi % O - 30.00 e % Or, 3308

w0 Mi- 37.00 wi % Ni, 3.00wE % Mo - 200wt % Mo, 040w B N - RT0 Wt %N,

The IR3ISMAN siainlesy steel alse containg ringipally Feoas the remainder argd may alse

contain very small amounts of other slements such as 0010 o4 % B max, 0.10 vt % S max,
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Q050 w % Al max, 000 wi % Ca max andior 000wt % Mz max and other impurities which

are normally prasent in residugt {svels,

The chemical composition of the 353L35MEN stainless sleel &5 optimised at the melting
stage to primarily ensure #p Austenitic mitrostrutture in the base materfal after sulution
hest treatmaent typically perfornied m the range 1100 dep € ~ 1258 deg O fnflowed by water

quenching. The nicrostructure of the base material in the solution hent treated condition,

along with as-welded weld metel and heat affected zone of weldments, s controlled by
aptindsing the i‘.%si&nce hehwaen Astanite formiing dlerments and Farnite forming slements

to primarily snsure thet the Alloy is Austanitic, Ay & rosult, the 353LISMAN stainfess steal
exhibits & unique combination of high strength and ductiiity ot amisient teroperaturss, whils
U the same thne guarantéss exoetient toughness at snbisnt twmpetativel snd thyvogenic
termperaiures: b view of the {3t Ihat thy chomical sralvdis of the IS3L35MAN stainless
sheel s adiusted To achiovs & FREy 3 48, but prefecdily PREy ¥ 8%, this ansures that the
material also has & good residtance to ganerad corrosion and localised corosion {Pitling
Corrosion and Crovics Corrosion) iz wide range of p s envireturente, The 353L35MEN
stainless steel also has iroproved resistancs o stress corrosion cracking in Chionde
containing envivonments whan samparsd 1o sanventional Austenitic Steintiss Steels suich 45

LNG 331763 am‘ UNS 331753,

1t has been determined that the optimurs chemics! compaosition range of the 353LASMAN
stainless tesl is carefdlly selected Yo comiprize the following chendoal elements in

percantage by weight as follows, based on the thirteenth smbodiment,

Larbon {01
The Carbor content of the 353LIGMEN ‘sv‘iamiass steel s £ 0030wt % € maxioum.
Prafarably, the amotint of Carbon should be B 0020w % U and £0.030 wit % O and muore
areferably S Q025w Se L,

Marngansse il

The 3SRLIGMAN stainless sieel of the thinsenth embodimant may come b bwg variations:

v Manganess o high Manganses
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For the fow Manganese affoys, the Manganese content of the 35313504N atainless stealis €
2.0 0% %M. Preferably, therangs 182 10 wi % Mn and 2 2.0 wid Mo and m‘a‘mprs@femi‘siy
2 L20 wt % Mo and $ 150wt § M, With such compositions, this achieves an aptim e i
o Nrato of £ 5.0, and preferably 2 142 and € 5.0, Muore preferably, the rativ s x 142 snd s

375,

or the high Manganese slioys, the Manganese cortent of the 35REMEN fs £ 40wt % M.
Fraferably, the Manganess content fs 2 2.0 wt % Mn and = 4.&) wi 36 Mr oand move
praferably, the upper Hmit i £ 3.0 wt 56 M Bven more praferably, the upper Himit i3 2 2.50

w8 M, With such selective ranges, this achieves & M to N ratio of 100, and preferably

» 2,85 and % 10,0, More preferably; the Mnto N ratio of high Manganese ai‘iay‘s 5 = ES and

LFAYand even mine prelarsbiv ¥ 385 and 2 835

Bhosghotus (B} .

The Phosphorus comtent of the 353UA5MAN staindass stost i rontrolfed tobe S Q030w %
P, Preferably, the 353135040 afloy has £ Q.035 v % P and nuwe preferabe s GO0 Wi B 8
Evan more preferably, the alloy hag £ 0015 wi % Pand wvern further mors prefarehly <

oM wh %P

Subshur {5)

The Sudphur content of the IS3LISMAN stainfess steel of the thirteenthy embedims

f't

fnchudes € D050 ot 2% 5. Proferably, the 3R3LASREN has ¢« GU0% wt %S and.more prafersidy

% 0.002 wi % &, and oven more preferably s 000wt %5,

Qaygen il

This Oxygen content of the IS3LIRMAN staintess steel s controfied to be a3 fow a3 possible

angd i the thirteanth embudamem the ISILIBMAN has £ 6.070 wi % O, Proferably, the
IRILISHAAN has £ DDSG wi % & and more prefersbly £ 0030 wt % O, Sven more preferably,

theadioy has 8 Q.00 w26 Oand even further move preferably S 00058t $Q0
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Tha Sificon content of the 353L35MAN stainlass ool s S O75 wi % S Preferatily, the alloy
Bats 2 CUES Wb & mnds D% wi 56 SE More preferably, th rangi s 2 040 Wt Shand s (LG0
wit % Si. Howswer, Tor spesific higher temperature applivatiuong wherg improved wyidation

resistares s requirad, the Sicon content may e R .75 W56 S and £ 200w % 5L

The Clromitrn content of the 353L35MAN stainfess steel is 2 28.00 wi % Crend § 3000wt

XLr, Pse.wahiw th v has 2 2900wt B G

ket N

52

The Nicke! cortent of the 383LISHAN stainfesy steel o2 2500 o % N and £ 27,000 % Nk
Praferably the upper Hrolt of Ni of the aiiw v 3 26.00 wi % Niand more preferably £ 25.00

et 0 ML

© Molvhdenum (Mo}

The M '\Eybuﬁmm content of the 383LA5MEN stainless stoel b 2 3.00 Wit % Mo and € 5.00 wt

% Mo, but preh: \ra:q\; DU WEHMa.

The Nitrogen optent of the I53035044N staindess steel 0 € D70 wt % N, bt preferably 2
D40 wi % Mand s 870wl % N Mors praferably, the FEASHAAN has 2 G 4G wi® Nangd 8

50w N and ey more proferably ¥ 045wt %N and £ B85 w3 N,

The PITTING RESISTANCE EQIHVALENT is caloulated using the foranalae:
PRE, = 8 Or+ {33 0 %Mo) + {16 x % N

The 353L35MIN stainfess stea! haa been specifically formulated to have
{i} Chronium content X 2800wt % Cr and £ 30.00 w56 O, but praferable » 28,00 wt
% Cry | ,
{it} Mt:s,yi*cismsrx wnfe P x 300wt % Mo and 5 5.00 wt % Mo, bt preferabiv ¥ .00

W% Mo -
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() Nitrogen contemt S CRE Wi SN, bt praferably 2 040 wi % N and S Q0 WERN
and more preforably 2 040 wi ¥ Nand £ 360w % N sod sven rrm e praferably 2
GAS wiB M end s G52 wi % AL

-

With a high level of Nitragen, rhe FRBLIEMSN stainiess slae achsem & PREg & 48,

ﬁ.
=

;nvefm'abiy.ﬂﬁﬁgf: 1. Thic-ensuras that the material also has o good resistance o genaral
sorrosien and focalisedd corrasion {Pltting Dorrosion and Cravice Corrasion) in o wide range

of provess emironments. The IX3LISMAN stainless stesl aise has improved resistanes to

stress cmrosion cracking in Chioride containing environments when somparsd

223
=
=

sorreentional dustenitic Stainfess Stesds such as UNS 831703 and UNS SETI75%, 1 should be
smphasised that ts*sace-mua'tiam ignore the effests cf microstructurst factors on the

breakdown of passivity by ;nm & of travice corrosion,

The chemical composition of the 3531 IEMAN stalnless steel is optinvsed st the maiting
Sage o snsure that the ratie of'ti*'sé 10} equivatent divided by the [N} eguivalent, acoording
o Schoefer, fs in the rEnge » Gé@mu 2205, bt preferably > 045 and < 085, I8 orderia
primarily obtain an Austenitic microstructure tn the base matedal after solution heat
freatment tygically gaﬁﬂ'mrmeé i the range 1100 deg €~ 1250 deg 0 followed by water
grsnchin T%m micrpstructure of the base materiad fnthe solution heat treated condition,
along with *mwa} fged wald metal ‘and heat affegted tone of weldme s controtied by
optimising the ba*sﬁkmtgrbetxxféem austanite :mmwg elerments and ferrite for ming slenmnis o
primarily BRSurE that the aiiﬁy s austenitic. The slloy can therefure be manufactured and

supgiied inthe Non-Magnetic m;mstmn

The 3SILINMAN shainless stsel mlso bas grhwipsaily Faoas the remainder amd may alo
contalrovaey sl anounts of other slements such #s Boron, Certum, Aleainiun, Caldium

andfor Magnesion in percentage by weight, and the compositions of thess elements are

e sirae A8 thiss of ID8LMAN. n other words, the passages refating to thase slemsets for

DSLMAN are alse applicabie heve.

The I53L35MAN stainless stesl according to the thivtemnth smbodiment possesses

mipirouny yiekd strab g of 55 ksl or 380 MPa for U wrought vargion:  Mire praferably
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intrm vield strength of §2 kst or 430 MPa may be achizved for the wrought version. The
cast version possesses minimum vield strength of 41 kel or 28C MPFa, Muowe prefarably,
it visld strongth of 48 ket or 330 MPa may be achieved for the oast version. Based on
the preferred values, & comparbon of the wrought machonics! sirength propeseties of the
I5ILIGMAN stainfess steel with those of UNS 831708, suggests th:;s{' the minimuny yield
strength of the 353LISMAN stainless steel might e 21 Hmes higher than that specifivd for
LNSS31703, Simitarly; 8 comparison of the wrought mschanioal strength gropertias of the

3SILIGMEN stainfess steel, with thuse of UNS 331753, suggests that the minimun yield

strength of the 333L3SMEN staintess stes! might be 1,79 times higher thar that specifind for

NS $31753. Likewise, @ comparisen of the wrought mschanical strength propertias of the
ZEALABMAN stainless s;iizei, with those of UNS S35318, suggests that the mindsum yze‘d

strength of the 333L350WEN stainless stee! might be 1,59 thnes higher than that specifisd for
LNS 835315,

The 353L35MEN staindess stesd actording 1o the thineenth erphodiment has 8 roinimure
tensile sirength of 102 ksl or700 MPz for the wrought version, More preferably, 3 minimurs
tensile strength of 109 ksi or 750 MPa may be achisved for the wrought version. The cast
version possesses aamininuan tevstle shrength of 95 ko 650 0WFa, More preferably, 8
mininm tensife strengtih of 102 kst or 700 MFa may be achieved for the cast version. Based
o the prefarred valtes, 3 comparisan of the wrought mechaiical strengih propertiss of the
I5IURBIIN stainfess steel, with those of UNS $3170%, suggests that the wimmum tensile
strangth of the IRILISMEN staindnes stes! might Be move that 1LAS times higher than that
spscified for UNS S31703. Siéﬁii‘ér‘im & compmison of the wrought mechanics! strength
propersies of the 353L35MEN stainduss steel, with those of UNS S31753, suggests that the
minimur tensile strenpth of the IR3135M4AN sialbless stael rmght b 136 times bigher than

that specifing for UNS 531753, Likewise, & comparispn of the wrought mechaical strangth

properties of the AB3L35MEN Stainfess stuel with those of URS 535318, suggests that the

mindmurm tensile strength of the IS3135MEN alainless staelmight ne* 1.35 times hig zer than
shat specifind for NS S38318. budesd, if the wrought mechanival strength propertiss of the

ISILISMAN stairdeas steel, are conarad with those of the 23 U Duplex Stainfuss Stesl,
then it may be demonsivated that the roinimim tensdle strangthe of the I33L35MAN

stairises steml 18 1 the region of 1.2 times E\whw than thet speeifing Tor S31803 8nd ‘E}iﬁ‘;ﬂ;}?‘
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to that specified for 28 Or Super Duplex Stainjass Steel Therefore, the mintmum mechaniss!
strength propevties of the 353U35MEN stainless steal bave been significantly nproved
compared to conventional sustenfuic stainless staels Such as UNS S31708, UNS 531783 and
UNS §35345 and the tensile strength properties are better than that specified for 22 O

Ruplex SMainless Stovd and sintiar to thoue specifisd for 35¢ Super Duplek Staintesy Stesl,

This migans that applications using the wrought 353135M4AN stainass stesd nwy be
fragquently formulated with reduced wall thicknesses, thus, leading to significant weight
savings wﬁ&nisgsec&é}ﬁm SLE‘SM\W stainlesy steel compared o cowandional sustenitic

st:a%rsiess steoly such a8 UNS 5333{?3,‘331,53 arng S3RILS hecause the miminmm alfowable

.’,‘3..

‘.1'

38€3 Bre axgmﬁmmsy igher, In fact, the minimum atfowable design stresses Tor

s

and

%>

the wright 333L3SM4N stainfesyeteel Gre higher than for 22 Or Duplex Stainfess &teel

sirnilarto 35 Gr SUper Duplex Staindess Steels.

Foo cortain applications, other wrlants of the 353LABMUN steinlesy steel have been
purpossly formulated to be manufactured contabiing specific levels of othmy allwying
clerperts such o Copper, Tungstewn and Vanudium. B has boen determined that the
aptimu chernical -eérﬁp@siﬁim range of the other variants of the 333L35MAN staindsss
stegd according woelsim 1, 10 selective and the tompos s of Cupper and Yanadium are
the same as those of 3@#1&343‘&-,; in gther words, passages ra-f;atmg £ these ¢lements for

A04LAN gre also applicable for 353U3RMEN

The Tungsten content of the 3S3LAGMAN staindess steel s 200 ot %W, hut preferabily »
D50 Wt % W and € 10D wi % W, and more prefarably 2 078 wt % W, For 353135MAN
stainfess steel vaviants contaiing Tongsien, the PITTING RESISTARLE TQUIVALENT

ealivtated using the formilae:

PREgy =% Crav D3 w56 {Mo + Wi+ {28 0% N
This Tungsten containing varant of the 352LA5MAN stoindess stea! has been specifically
foarraulated to have the fi}ﬁﬁh’a‘;ﬁg samposition:

{i} Chromium content ¥ 28,00 wi % Cr and < 30.00 w % Or, bt preferably ¥ 2000wt

W
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{i) Molvbdenum cmviert & 3.00 wi % Mo and £ 5.00 ws 3% Mo, but praferably 2 4.00
w9 Mo ’

i) Nitrogen content € 070w 3N, but praferably 2 D40 wi % N and & 070 wt %N
sand move preferakiy ¥ 040 wi % Noand £ 0.60 wi % N and aven more proferably
£L.A5 wi % N anid € €55 wh % 8 angd

{iv} Tungsten content £ 2.00 wi % W, But preferably > DR Wi W ami A0 w %

W oand more prefocably 2 D75 wi %W

The Tungsten cont smmg varisnt of the 3S3L3SMEN starmless steed has » high specified lave
of Nitrogen mnd 3 PREww 248, but prefurably PREw:2 53. t' should be emphasised that §

equations ignare the eﬁe’;:-‘cs of microstructural factors on the breakdowrt of passiity by
pitting or crevice corrosion. Tungsten may be sdded ndividusily of i conjunction with
Copper, Vanadium, Tianium sadfor Mivkiom sndfor Nioblum plus Tantalum in ol the
variows combinaticns of these slements, to further improve the wverall corrssion
performance of the alloy: Tungsten & extremely costly and therefors i being wirpossly
lrmited to opiinise the economits of the alloy, while 3% the ssme Ume optimising the

ductifity, roughness and corrosion performance of the afloy,

Latban {0}

desirabiy,

3.
<3

For cartain appiications, sther varianty of the Z5JLA5MEN staidess stael an
which have feen spedificsily formulatad to be manufaciured comprising higher lnvels of
Larbon. Specifically, the Larkan content of the 253{35MaN may be 2 0.040 Wt %€ and <
D0 wt % € but preferably € GOS0 wi % Cov > 0030wt % € and £ 0.08 wi %, but
preferably < Q.040 wt 56 £, Thess spetific variants of the 353LI8N4N stainless stoel are the

SRIHISRAN pr 3533ISN4EN versions vespentivehy

Titaniom {013/ Niobiurn {31/ Niobiuo INb) slus Tentalem sl

Farthierviors, for certain applications, ot stabilised variants of the' 353HISMAN or
35335MAN stainiess stesd are desirable, which have bewn specifically {ormulated o be
manufasctured comprising higher levels of Carbon Specifically; the amount of Carbon may be

28040 wi % Cand < Q0w % O, but preferably £ 3050wt % C ora 0030wt B Cand &

008wt %€, but profarably < 0080wt X &
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(i} These include the Tianium stabiised versions whith are referred o as
FSAHIBDAANTY or ISTISMENTE o contrast with the gEnerc FE3LIRN,
The Titanium content i contralled sreording to *hg folimwing formutae:
Ti 4 Sy, 0.70 wi % Tmax or T8 S x Cmin, Q.70 wi 36 T max respectively, in order
£o have Tiambayy stabilised deortvativas of the atloy. |
{1t} Thers ara slso the Niobium stabilised, ISINISMSAND or 3523584NNbD versions
whers the Niokium cantent is controtied acpording to the following foromsdae:
Ak 8 € i, 30 W % Nivmsax o Nb 18cC min, L0 w55 ND ma respectively, in
order to have Niobium stabilised devivatives of the slioy.
{1} in addition, other variants of the Alloy may also be manufactured o nontain
Niokiurm plus Tanislom stebilised, 353HISMANNGTs or J5335MANNETY versions
whers the Niobiunt plus Tardalun content is-coptrpiied sconrding to the following
formudag;
Nb+Ta 8x mm, *.{} wt % Nb+Ta roay, Q10w % Ta imszsx, gy N+ T 0% min,
1.0 wt % Nb+Ta max, 9.0 wi % Ta max,
Titaniunt stabllised, Niohism stabifived and Niobium plus Tantalum stabilised varfants of the
alfoy may be given 3 stabilisation heat treatmert sl tenmemture}awer tharn e inldal

sofution heat treatoent temparalire, Tieniem andfor Niohium asdfor Nioblurm plus

Tantalum may be added adividustly or i conjunstion with Copper: Tungsten and Venadium
in ah the various combinations of these clements o optimise the slloy for gertain

applications where higher Carbor contents are desirable. These alloying elements may be

utilised individually o tn all the various combinations of the elements to tatlor the stainless

stesd for specific applivatives and o Turther improve the overall corrosion performancy of

the alloy.

The wiought and casy varsiong of the I53035M4N stami;zrqs stest along with. the othed

varlants dre genwrally supplied in the sarbe niannds 3¢ the eariler sisbodtitdents,

urther, there s proposed 3 further variation appropriately referrsd o 35 ITRLETMEN high
strength austamitic staintsss stenl, witich i 2 fourtesnth smbodinent of the invention, The

§

IBILSTHSEN stainlese ale WEF,&ua}iy'haﬁ the sarow chemica! composititr ae 353L35MAN with
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the sxception of the Molyhderum content, Thus, instesd of reprating this various themical

compositions. onby the difference §s deseribed.

I353LSTNIGN]

Az mentitned above, the IS3LETREN has exactly the sane w*‘ 8 Carbon, Mahgsntse,
Fhosphorus, Sulpbur, Oxygen, Slicon, Chromium, Nickel and Nitrogen content gs the
thirteanth embodiment, 3533504N stairdess steed, except the Molvbdersam content. i
the 353%.33&?24& the é\ﬁsiybﬁermm cotent i between 3.00 w1 % ang 5.00 st % Mo iy

2

contrast, the 353LS7MAN stainles steel’s Molybdonum content s betweern 500wt % and
FO0 WU % Mo, B other words; the 253157 0EN may b regirdad Hs @ higher Molvbdenam
yersion of the IS3L35MEN stainless 'stw

# should be sppreciated that the passagss relating to 383L35MIN are also applicabls have,

pacept the Molyhdenum cardent,

Mohebdemum Ms}

%1

The Molvhdenusr content of the 353LETRMAN stalrdess ates] may B2 2000w % Moand
00wt % Mo, but preforably 2 330wt % Mo and £ 850 wt % Mo, and more preferably X

GO Wt % Mo, Inother words, the Molvbdenum comtent of the 353LE7VEN has & marimunt

of 7.00 wt % Mo,

EREy

The PITTING RESISTANCE SQUNVALENT for the 353057M4EN is catculated wing the same
formuoles as JS3LESRIAN bat because of the Muolvbdenon content, tha PRSy B 2505 bt
proferably PREG 2 2.5, This ansures that the material also hag a grod resistance o genersl
corsesion and ocalised sorrasion {Mitting Corrusion and Crevice ‘Cas':‘sswn‘} in & wide rangs
of provcess onvirgnments, The IS3LE7MEN staindess stead also hes imgwovnd resistence o
stress coffosion cracking in Chlmvide covdalning snvironments when compered 1o
conventional Austenitic Stainless Steels such as UNS 831703 and UNG 531753 i should be
emphasised that these sgustins Es‘are the wffects of ouorestrustacal faotirs on the

beaakdows of passivity by pitting o sravies corrasion
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The chemical composition of the I53L57M4EN stainfess stee! iy optimisad at the melting
stage o snsure thet the ratin of the {Cr] saubvalent divided by the [N} eguivaient, according
1o Schoefxe®, isin the range » 0.40 and < 1.05, but preferably » (.45 angd < 0.8%5, in order to
primpasily obtain an sustenitic pitrostrusturs in the base matsrisl alter solution heat
reptment typically performed in the range LID0 deg U~ 1250 deg O followed by waler
guenching. The microstructure of the base material in the solution heat trested condidiog,
along with sswelded weld metal and hoat affected zone of waldmeants, s controlied by
Sptivisihg tha balance bebweer 'auﬁtani‘te farming slemeanty and farrite Torming elements to

seimariy ensure that the atle oy % austenitic. The alioy can therefore be manufactured and

suppiisd in the Nos-Magnetic congdition,

£12

Like the 353LISMAN, the JSILITMAN stainless stes] sisg comprises principaily Fe as th
remainder and may alsn contain vory small amounts of other elements such as Borom,
Coviurn, Sumrdnium, Ceicum andfor Magnesture iy percentage by weight and the
compositions of these slemants are the same as thass \f IBILISMAN and thus, thoseof

304LA4AN.

The 353LE7MAN stainfess stesd of the fourtventh smbodiment Has & minimon vield
strangth and @ mindrmun terstle strength comparably b simdlar tor those of 353L35MIEN
staindess steel Likewise, the stvength progaeties of the wrought amd osel versions of the

I5ILETMEN ave also romparsble fo those of the AS3L35MAN. Thus, the specific strength

L

values are not repsated here and reference ie made to the earlier passages of 3RILIBMAN,

A compsriaon of the wrought mechanical strangth properties between 353L3704AN and
thoss of conventional atstenitie staintass stesd UNS SI1703, and batwesn IS3LS7MEN and
thess of UNS STATEI/UNS S3E3LS, sugrests stmﬁger yiold and tersile wrengths of the
ragnitiide simifar W those found Yor 3R3L3RMAN. Similarly, ‘2 comparison of the tensile.
properties of I53LETMAN demonstrates they are better than that spacified for 22 Cr Duplex

Stainfess Stesd and simifar to those specified Tor 25 Tr Super Duplex Stainfess Steel, jusy like

This mesns thet spplications wsing the wrought -353L5TMEN stainlfess atesl rmay be

fraquently designed with reduced wall thicknesses, thus, leading to significant weight



pory

poke
ASE

24
P
o]

savings when spesifying 3S3L57RN stainless stesl Npafed W conventional suslenitic
stainfasy steels such as UNS §31703, 531783 and 535345 beoause the mintmum allowabie
design strassesare aignificantly higher, fov fagt, the minimum sliowable design stresses for
e wrotght 3534057 TGN staintess steet are higher thaw for 32 Or Duplex Stainless Steals and

shendiar o 25O Suner Dupie Katriess el

For pertain applcations, other varfards of the 353USTRAN stalndess steel, have been
purposely formulsted to be manufactured comtaining spacific levels of othar alloying
slerments such as Copper, Tungsten and Vansdum, B bas bees determined that the
optimun chemical composition rangs of the other varants of the I53LSTMAN staindess
sreel is selective and the compasitions of Copper and Varadiun are the same as thase of
ISIARMAN and those ol B3DGEREN, in otherwitnrds, the passages relating to theseglententy

Tor 34LM4N e also appdicable here for 3R3LBIMEN,

TunesteniWl

The Tungsten content of the LE7RGN stainiess stsel 5 simdlar o those of the
353LI5MAEN and t%‘xe PITTING BESISTANCE FQUIVALENT, PREww, of I53L57M4N calculsted
using the vame formulss 25 mentioned sbove for 353L35MAN & PREgy » 545, and
prefarabiy PREwy 2 3835, due 1o the diffsrent Muolybdenum Conterd. it should be apparent
that the passags relating Yo the wse and efects of Tungsten for 353LASMAN & also

appdicablefor 3T3LITRIGN.

Furthar, the 353LS704N mm{ Fave higher lavely.of Carbor rofarred to as 353METMEN or
ISZETINEN which corraspond respectively to I53HISMAN and 35335MAN discussed sarlier

and the Carbon wt % ranges disvussmd sarliny are slsn applicalde for I5IHEIMEN and

s

itaniumy {1/ Niobiun (N pioblun INB s Tentalum £

Furtharmore, for gerain applications, othar stakdlised variants of the 353HETMAN or

IBRRTMAN. stadvdess el are desivable, which have besn speoificelly formulated o be

ranufactured vomprising higher levels of Carbiony, Speoifically, the Carbon miay he 2 0040
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Wi Cand < 000wt % €, But prafecably @ 0.0% w5 € or » D030 wt % € and & Q08w %
Cohutprefersble < 0080 Wi R T
i Thass énciude e Thaniuor slabilised versions which are referrnd to ag
IEIHGTMANTI or IRISTMANTT o san nirast with the generic 353 LETRAAN, “ii;ﬁ‘
Tivarium content is controfied according tathe fol i:mr formutas:
TEA i, 703 T miar o TES 0 O i, O30 w3 Thmaxorespactively, in ovdar
o have Titantum stabilised derieatives of the alloy.
(i} Therearsalso the Niobiumn stabilised, 353HEFVENND o1 I5357MANN versions
whiere the Nigbium content is controfied accordin z to the foliowing formulag:
Kb & x € mvlrs, 1.0 9 55 Kb max or NBIG x O omin, 1O wt 9 NB niax respaativaly, in
ordar fo have Niobium stabilised darivabives of the alioy,
(Y I additinn, other voriants of the-alloy vy 350 be menufactarsd 18 contain
Niottem phes Tantalum stabilised, 3S3HTFVINNDTe or IS3STMANNLTa versions
whers the Nioblum plus Tantalam contert 5 controiied according 1o the following
formualass
Nir+Ta ExOmin, LOwt % Nb+ Ta max, 010wt % T max, or Nb+ Ta 10 % O oin,

10wt 5% Nb+ T3 may, D10 wt % Ts max.

Titaniunt stabilised, Niebwne stabiiised aral Nickion plus Tentalum stabiliseg variants of the

Slloy may be glven 3 stabilisation haat reatrnent 3t & lempetsiure lower than the initfsl
solution himat treatment tenpersture. Thaniws andfor Nioblum andfor Nishium plus
Tantalure sy be added ndividastiy or o conj unction with Copper, Tungsterownd Vanadium
in all the various combinations of these elements to optimise the alloy for sertam

applitatiors wherg higher Cerbon conterds are desivable, Thege slloving slermends may b
atifisad individually or inall the various combinstions of the slements o taifor the stainless
steal tor speciic applivationy snd to furthar improve the sversh! corvosion perfofmaive of

the alloy

EX>1

Thae wrought and cast versions of the 253LEPMAN stuinless Steel slong with the wher

variants are generstly sopphod o the same manner as the eariier ambodiments.
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The described amthodiments should ot be construsd a5 fimitative and others may be
formulated in addition to the ones described bersin. For example, the sforamentioned

svbadiments or series of austenitic stainless steels for alf the differant types of alloy

rompositions aud thelr variants may be produced with taifored chemics! compositions for

spacific apolications. T sichr oxa m;si iv th ase of & Highar Mangangse content of > 2.00
wi % Mn and £ 4.00 wt % Ma, in order to raduce the level of the Nicke! content by & pro rata
amount according 1o the gquations proposed by Schosfer, ¥ Thia would redute the oversi!
sostof the affoys since Nickel & extremely costly, Therefore the Nickel cobtent moay be

purposaly firmited to agﬁti}ni:‘s&'ii}a seanoics of the alioys,

The despribed ambodiments may also be controiled to satisfy other oriteris o the ongs

alveady defined hereln: For exemple iy addition (o the Mangemase 1o Nitrogen rating, thg

savbndimends are aiso controfled to have spenific Manganese tn Carhon  Nitrogen rating.

For the “LM4N,” types of the low Manganese range Alloys this schicves an optinmam Mo o

s

SN rativ ol S .76, and proferably 21 37 and £ 476 More preferably, e Min o OsN ratie

s 2 1.37 and € 3.57. For the "LM:E&\{,"’ types of the high Mangsvese range Alloys this ashieves
an optimum Mo o Gl vatio of = 852, and prefurably 2 374 and £ 2,52, More preferably,
the i to GeN ratio for these "LMAN,  types of high Manganese sfoye k2 274 and £ 7114
and even morg proferable thie Mo to O ratio s 2.2 74 1o £ 5.95. The arentembodinwnts
include the following: the 304LMAN, 16LMIN, RUTLASMAN, JLTLSTMAN, 312(35MEN,

EZLSTRAAN, 220035M4N, 320LSTVIAN, 226LI5MAN and  RIELSTMAN, 3R1LAGMAN,
IRILSTRIAN, I53LIGMAN, 353LO7MAN typas of Alloy and their variants which may comprise

g b Q030w S of Carbonymandetng,

For the "HMEN," types of the low Manganess range Alloys this achieves an optimum Mn to
C+N ratio of £ 4,55, and prefurably & 125 andd & 455 More proferably, the My to OHN ratin
IO 138 and € 341 For the THMEANY types of the high Manganese rangs Alloys this
achieves an optimum Ma to DeN ratio of £ 8300 and preferably ¥ 2.50 and £ 930 More
praferably, the My to O+ ratio for these "HMAN,” types of high ms nganese alfys B2 230

and <687 and sven mors prefocably the Mn to O ratin is 2 2 50 to 0 5.88. The currant

- ponbicdiments inclode the folfowing: the 204HMAN, 316HMAN RLTHETMAN, T1I7HISMAN
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THISRMEN, JI2HSTAMAN, I2DMISMAN, 320MHSTMEN,  326MISNMN,  T2SHSTM4N,

2k
)

FSTHISRAAN, 3RIHRIMAN, 35 HISMEN and IS3HETANEN typis of Alloy and their varfants

which may comprisn from D080 wi S of Carbon up to 020wt % of Tarbary, and

3

For the “MAN,” typse of the low Manganese rangs Allovs this sehisves an wtwum hn to

CaN ratio of €484, andd proferably » 128 and €484 Move prefarably, the M to TN ratin
iy 2 1,28 and £ 3.48. For the “MIR, types of the high M;mgmess% ranpe Aoy this achiowns
N optivnam Mn to O+N ratio of £ 9.28, and preferably ¥ .56 and 5 9.28. Mors praferalddy,
thie fhy o N ratio for these "MARLY types of high Banganese alloysis » 258 and 2 6,86

ared sy roore preferably the in to O ratio i 2,58t 580 Thecurrent smbodimeants
iclude  the Tollowing: the 304MEN, 316MEN JT7ETMAN, 3IVISMAN, 31235M4N,

FLIZTRIAN, (I033NAN, J2057MAGN,. 2635MEN;

[22 g

SESTMAN, IDAREMAN,  ITLS TGN,
35335RMAN and 35357MEN types of Alloyand their warignts which gy comprise frofm mare

\

than 0.030 wt % of Carhan up to 0.080 wt % of Carbon,

The sarigs of NGERIYS ™ higﬁ strength susteritic and supsr sustenilic stamisss stesls
fnchuding the “LVEN “HMENT and “D4ENT types of Aoy, as well as the other \taﬂams
distissed herain, “:my b spat sified ardd atilises a5 ravge of Products and Produnt Packages
for pomplete systams,

it should be svident thet chamical composithm ranges specifing for pne element {8,
Chicmioty, Nicksl, Mt@igfji}dm’u}eﬁn, Carbom and Nitrogen ate} for spesific slioy compasition
typesand their variants mey slsn be applicable to the elerments in other alloy compasition

typesand their varfanta
Products, Markets indastry Sectors and Applications

Thy proposed series of “Q'GEN;Q}S M high strength sustenitic and supey austenitic stairdsss
steals may by spegified to interrationg! standards'and specifications andused for'a range of
produsts utilaed for both offshore and snshore apphcations i Wew of thelr high mgchando
strength propertlss, oxeslent ductity and icughoess st amblent and  cryogsnic
temparatures, slong with good weldability and good resistance o general and ooalised

sorrasion.
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Products
Products indlude bat are not Bmited to Primary and Secondary Products such as Ingots,
Comtiriinus Cast Stabs, RoBes Skefps, Blooms, Rillst, Bar, Flet Bar, Shapes, Rod, Wie,
Welding wire, Wealding Comsumablas, Plate, Sheet, Strip and Coifed Strip, Forgings, Static
Castirigs, Die Castings, Contrifugal Castings,. Powder Metallurgical Products, Bob sogtatic
Pressings, Seamisss Une Pips, Seamiess Pipe and Tube, Orill Pipe, O Country Tubular
Goods, Casings, Tondenser and Heat Exchanges Tabes, Wealded Line Pipe, Weided Ripsand
Tuhe, Tubuolar Dms:su&s, induction Sends, Butt Welded € wngs, Segmiess Firtings, Fastaners,
Bolting, Soraws and Suds, Cold Drawn and Cold Reduced Bar; Rod and Wirs, Cold Drawn
and Cold Reduced Pipe and Tube, Flanges, Compact Blanges, Clamp-Lodk Comnactors, Forged
?mm\,., Fumps, Yalves, Separstors, Vegssls and Ancillary Broducts, The Primary and
Socondary Fraducts abives ang ak(} rasiseiit U0 Metallurgically {iad Products {eg Thermice
dechanically Sonded, Hot Roil Bonded, Explsively Bovded et Weld Overlaynd Clad
Sradducts, Mechanically Lined Froducts e Hydraulioslly Lined Products or CRA Uned

Froduets,

As it can b sppraciated from the number of sitamstive slloy compositions discusend shove,
the proposed N'GENIY S High Strength Austenitiv aad Super Austenitic Stainless Stsels
may be spacified and wsed in various markets and industry sectors in g wids rangs of
apptications, Significant weight savings and fabricatig time savings may be schisved whan
utillaing theve Alloys which in turn leads fo significent cost savingy in the overall

constractionensis,
Rarkety, Indostry Sectors and Rpplications

Upstream and Dovenstream O and Gax fadustring Onshore and Offshore inglading
Shatiow Water, Deep Water and Litra Doep Water TechnoRugy} '

Firished F‘rs::ét;xci'ﬂ;:;;zficatksnzsmay include but are not mited to the following:

Grshore and Offshore Ripelines inclutting Interfield Pipelines and Flowdines, infield Pipelines

g How;mex Ruckle Arrestars, High ﬁresmsp nd High Temperature {HPHT] Pipefines for
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masitiphase Sy such as O, Gas and Condensates rontaining Chiorides, CO; and Ha§, and
other constitusnts, Seawster irdection and Formation Water lnjsction Pipeline 3, Sibsen
Production System Equipment, Marifolds, Jungsers, Tie-ing, Spads, Pigging toops, Tubulars,

QTS and Casings, Steel Catanary Ri v:ers;e Riser Pipes, Strustural Splash Fone Riser Pipes,

River #nd Waterway Crossings, Valves, Pumps, Sspargtors, Vessels, Filtration systems,

Forgings, Fasteneraand ol sssuciatad Ancillary Products and Bquipment,

Piping Package Svatema: such as, Progcess syatems-and Utifities systems, Seawater Cooling
s‘gs g angd Frayvater Wstem* -wh:‘-éh can be utilised e all types of Qnshors ang Offshors
apphcations. The Offshore appl Heations inclads hut are not lindled to Fixed Platiorms,
Floating Plattormas, SPA": and Hulls such as Procass Platforms, Utilities ?’xaifm ros, Welthead
Platforms, Riser Platforms, Compression Platforms, FPSO'y, FSOs, SPA argd Hull
ffrastruciire, Fabrications, Fabrcated Modules and ot sssociated Anciltary Products and

Empapmant

Tubing Package Systems: such s, Umbilicals, Condensers, Heat Exchangers, Dasaiination,

Desulphidation and alt 2&»&&%’.‘;&1&8 Ancillary Fmdum and Equipment.

NG Industries
Finishesd Product Applications may inglude but sre not limited to the follnwing: Pipelinges and
Biping Fackage Systems infrastrutturs, Fabrications, Pabricated Modulng, Valess, Vessels,

Purags; Tiltrstion Systems; Forgings, Fastarers and ol sasuctatnd Sraillery Prsducts and

Sasiproent used for the Fabrication of offshore Floating Uguelisd Natwral Gas (FLNG)
vessels, FSRUS or r}z\»‘x(\re Liquefied Natural Gas (NG} Plants, Ships and Vesssls asowal o
Termingls for the procsssing, storage snd transportation of Ligusfied Natural Gas {LNG) &

SrYoRSnic temperaiures,

Chemical Process, Fetrochomical, 871 and Refining ndustries

Firtished Product Applications may include but are not firnited o the following:

Pipelines and Pping Fackepe Systen, Infrastructure, Fabrications, Fatsricatéd .mad‘uies,
Valves, Pumps, Vessels, Filtration Systems, forgings, Fasteners and sl assooisted Anciflary

N

Productsand Emdmment, indading Ralt and Roed Chemical Tankers dnd for the processing
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and fransportation of cortrosive agerassive Hulds from the Chemical Prooess, Petrochemicsd,
Gas w Ligulds and Refining industries as well 3 ackls, alkalis and wther corrosive fluids
insluding chendeads typikially founst in Vanwen Towers, Atmospheris Towers and Hydro

Tregters,

Environmental Protaction Industriss
Fintshed t‘»‘r{sduct‘A.;x;siica'tiom sreay inchade but dra notlinited o the following:
Pigelines and Piping Rackags Systerns; bfrastructure, Fabrications, Fabricated muodulss

o

Vales, Pumops, Vessely, Filtration Systams, Forgings, Fastensrs and all associated Anillary

Products mrd Equiproent used for waste products and wet toidc gases fram thi Cheminsd

Process and Refining  indusiriss, ™ Wution  Sontrst .8 Vapow Recovery syskerng,

cpriainmentof Chrand Flue Gay Deauiphurisation

tron and Steed Industries

Sinished Product Spplitations may inchude but are not mited 1o the following:

Pipalings and Piping Package Systems, infrastructure, Fabrications, Fabrivated modudes,
Valves, Pumps, Vessals, Siltration Systems, Forgings, Fasteners ems:% all associated Ancillary

Products and Es}iiégsﬁi&niz_ usad for the manufacturs gnd processing of row and Stesl

Mining and Minersls Industries

Finishad Produst Applications may mchuds but ars not imitad to the following:

Pipadines and &mna Packags Systerns, Infeustruciure, Fabrica ns, Fabricated Modides,
Valves, Pumps, Vessels, Filtration )\;sm‘?‘s; Forgings, Fastensrs and ol associated Ancilary
Products and Eguibment wsed for the Mining and Minerals extraction and for the

transpontation of wrosive-norrosive shirries as wadl a5 ndraodewataeiig.

Powsr Industries

Finlshed Product Applications may includs but are not limited to the Jollawing:

Pipelinge ad Piplng Package Systems, Infrastricturs, Fabricat‘isns} Fabricated modules,
yalves, Pumps, Vessels, Mitration Systems, Forgings, Fa qtsne rs-and all assodisted Anglllaey

Products and Eguipment used for the gensration of Power and for the transporiation of
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corrosive media asseciatad with power generation L, fossil fuel, 2a
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gaathermal power, hydto-sdactric powse and all sther formns of powse generation.

Pulp and Paper Industring

Fionished Procluct Applications may include Bt are not imited to the fai.iﬁswmlg:‘

Pipetines and Piping Package Systas, infrastructiure, Fabrications, Fabricated muadules;
Valess, Bumps, Vessels; Biltratinn Systems, Forgings, Fasteners and sl associstend anniliay
Produsts and Equipmaent used i the Pulp and Paper industries and for the tramsportation of

apgressive Huids in puip bleath plants,

Dasalination Industries

Finished Product Applications may inchade bat are not limited to the following:

Pipelinegs avd Piging Backage Systems, n%ra tructure, Fabrivations, Fabricated modules,
Valvas, Pumaps, Vessels, Siitraﬁan Systems, Forgings, Fasteners and all assoclated Anciliary
Sroducts and Egulprment used in the Desalination Industriss and for the transponistion of

soawater and brines used in desalination plants,

flarine, Naval angd Defande hudustries

Finished Produst Applications may include but arg rot imitad to the following:

Fipelines and Piging Package Systerns, Fabrications, Fabiricated vaodudes; Valves, Pumps,
Vassels, Filtration Systems, Forgings F‘aste;‘sserts and all ssanciated Anciflary Products and
Equipmant usad for the Marine Navel and Defence Industries and for the transporiation of

agpressive media and uiifities piplng systems for chermical tankers, shig building snd’

suhnarines.

Water and Wasts Water nghsstniss

Firished Product ;*\ggéicatians may inclade but are not Bmited to the folfowing:
Pipadineg and f‘pmg Package Systerns, Infrastructure, Fabrications, Fabricated modules,
Valves, Pumips; Vesasls, Flltration Systems, Forgings, Fasteners and all associoted Anciliary

Froducts and Equipmant used in the Water and Waste Water indust ncluding Casing
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Pipe used for water wells, utitity distribution networks, sewage net worhs and ¥rigation

Systsay,

Architectural, Snglnsering sngd Constasction industries

Finshed Product Applications may clude But are not Hmited 1o the following:

Pipe, Mping, infrastructure, Fabrications, Forgings and Fasteners and sl associated Ancillary
Products and Equipment utilised for Struetural Integrity and Decorstive applications in the

Architactural, Chvll and Meshanios! Engineering and the Construction industrias,

Food and Brewing fndustries

Firished Froduct Applications may include but sre not lirmited t the fol inwing’

Pipelines and Piping Package Systams, infrastructure, Fabrications, %at;rs\atmi mmms}s,
Valvng, Pumps, Yessels, Filteation Systems, Forgings, Fastaners and afl associated - Ancillary

Progusts and Equipoent used in Pood and Drinks Industries as well s the ralated Consumer

Products,

Pharmaceutical, Blo-Chamical, Mealth and Medical industries

Finished Product Applications may include but are not fireited 1 the following:

Pipelines and Mping ?éckage- Systems; Infrastracture, Pabrications, Fabeitated modidss,
Valyes, Pumes, ngﬁseis,; Fiftration Systems, forgings, Fasterars and afl associated Ancillary
Products and Equipment used in the Pharmateuticals, Biochemicaly, Hoalth and Medics!

Inchastrins as woll asrelated Comsumer Sraduct

Automotive iInduateies
Finshed Produst %{:«;:w\atvm\ iy dnchde but are not limited to the follnwing:

Pipelines and Piping Package Systems, Infrastrocture, Fabrications, Fabricsted muodides,

Walves, Pumps, Veseels, Filiration Systerns, Fovgings, Fasteners, Gﬂm‘pcmnts g alt

associvted Ancliy Products and Equiprisat used in the Automotive Industrizs including

the menulsciure of vehides for Road wwd Rall applications: as well as Surface and

CUndeeground Mass Transit Systams..
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Spacialist Ressarch and Davelopment industries

Finished Product Applications may ing Eude bt are not fimited to the following

Bipelines and Piping Fachage Systerny, Infrastrecture, Fabrications, Fabricated rpodules,
Valves, Pamps, Vessals, Filtration Systems; Forgings, Fasteners and ail sasociated Ancillary

Broducts and Equiprent wed i the Specialist Research and Development fndustries.

Thiz rvention relsies sustenitic stalnless stewls, comprising & high el of § Mitroger and @
mintmurn specified Piiting Resistance EQ&I!V@R’?}Y for each designated type of Alloy. The
Fitting Resistance Enquivalentas ﬁe» wted by PREy v clcudated sccording to the formules:
PREy = 38 COr ¢ {33 x % Mol s {16 x B R}, andfor
PREmw = 3 O + [33 £ 36 Mo+ W #8186 % N}, whete spplobin s discussed

above, for sach designated type of Alfoy.

“The low Carbon range of alloys for the different embodiments or types of  Austenitic

staindess stends and/or Super Austenitic Staintess Steels, have been referred 1o a8 30LMAN,
AIBLMAN, JTTLRSMAN, 31705708 \, JERBMAN, Si?iS?MdN, I2RLIEMAN, 320L57M4N,
I2HLISMAN, I26L57MAN, 3S1LASM '«z IBLLSTMAAN, ISILIEMEN and RHISTMAN and

thage among othar vanants have besn discloessd. n the described smbodiments, the
Austeduilin staindass dlesds andfor Stpey Austenitic Stainlise Stoels, tomprise 1600 wi'% of
Chromitm to 30.00 wt %o of Chrondurn; BO0 wt % of Kicksd o 37.00 wit% of Nickel no mars
than 200 wt % of Molybdenum sad no mdrs than B0 wt % of Nitrogen, but preferaliy
G.40wt % of Nﬁits‘agés\; to 9,70 wt % of Nitrogsn. For tha fower Carbon range Alloys thase
comiprise no roore than .030 wt % of Carbon. For the fowsr Manganess rn nge Alkeye these
comprise no wwwe than 2.00 vt % of Manganess with the Manganese to Nivogen ratio
controlied (o dess than or equal 1o 840 and preferably o minimure of 142 angd dess than o
eaual e 3.8, o wripre profersbly & sdndrpurn of LAY and s thao oregusl 1375 Forthe
higher Manganase range Alloys these comprise no rore that 400 wi % of Manganese with
the Manganese to Nitrogen ratie controfled 1o less than of equal to 10.0 and prefarably 3
mirimum of 185 and fass than o equal to 100, or more preferably to & minimum of 285
and fess than or equal to 7.50, of sven more praferably ta a minimum of 2.85 and losy than

o anual 106,25, or ever further more sreferabiy o o minimum of 2.85 and fess than ar
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grual 1o 5.0, or aven more further more preforsbdy W s minivirn of 285 and less than or
agual 103,75, The level of Phosphorus is no more than D030 wt % of Fhosphoris and §s
controlied to 2v low as possible 3p that it may be lesy than or equal o GUL0 wt % of
Fhospharus, The level of Sulphur is vo more than 0010 wt % of Sulphur snd is controlied W
5 fowe a8 povsible so that U may bedess than o mu:,i Yo QODL vt % of SGiphiur. The fevel of
Quyedn in the Alloys and mo A 0.070 wi 3% of Oxyrenand s Sruciatly controlied to 8y
tow as possibie so that € may be less than oy equsl to G008 wit 96 of Oxygen,  The levelof
Sificon in the Alloys ik ne more than 073 wt % of Siicon, except for specific highsr

temperature appie::aucms whare fmproved oxidation sesistance & required, whersin the

Sificon cortant may be from 075 wt % of Sillcon 1o 200 wt % of Silcon, For cortain
applinations, other variants of the Steinless steel and Super Austenitic Stainless Stends, have
been purposely formilated to e manufactiired contalning specily fevelvof other slloying
slements such 3¢ Coppar of nomore than 130wt % of ¢ cnmw for the fower Coppat rangs

Alloys and Copper of rin rhote than 350 wit % of Coppsr for the figher Coppar range Aoy,

Tungste of o more than 200 wt % of Tungsten and Vanadium of nomure than 0.50 wt %
of Vanadium. The Austenitic Siainless steels and Super Austanitic Steintess Steels, alse

containg principsily Fe a3 the remsindse and roay slee contain very sraall amourds of other
glamants such as Sovon of no more than 0010 wt % of Boron, Carium of no mare th :m Ag
W% of Cerhsny, Alursindury of to rpore than §.058 vt 36 of Aupitinium wugd Calglum mti,z’

Magnesiam mﬂ‘ ne more then G010 wi ¥ of Caldlom andfor Magrssium. The Austonitic

(X

Saindess stesly mi Super Austenitic Statnless Stoals Bave hean formulsted o povsrss g
ariigue combination of High mechanigl strength properties with excelient ductility and
roughness, slong with gond weldability and good resistance to gensral and looalised

i &

corrosion, The chamical analysis of the Sainless steels and Super Austenitic Stainlesy Steels,
fs charactensed in that )iy opdingised 8t the melting stege tooansure that the ratio of the {00
equivaient divitiad by the (N3] sauivalent according to 5¢ hoetar® ,is i the range > 04D and <
L0, o praferably » D43 and < QU85 bt oomder o primarily obtein an Austenitic
microstructure i the base material after solution heat treatment: typically performed inthe
range 1100 deg €~ 1250 deg € fullowed by watey suleaching. The mitrentrotare of the base
aterid i the solution hest trested somadition, along with as-welded weld metal and heat
afferted zons of weldmants, iy controllnd by optimising the halance between Austenite

furning slomeots sl Feerite feming slements W oprimanly st {h&t b Alloy s
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Austenitic. The Alloys tan thergfore be manufectirad and supplied iy the NonMagnetis
condition. The minbvian specified mechanical strenpth propertivs of the novel and
innovative Stainfess steels and Super Austenitic Stainfess Stesls, hawe beon signifisantly
impraverd compared 1o thelr respentive counterpants, incduding Rustenitic Steindess Steels
such 8% NS 530403, NS 530453, UNG S1803, UNS $3170%; UNS 531753, UNE S31288,
LNS R33053, LINS 353015, UNS 35115 andd UNS 5235315, Furthenmowe the minimum

specified teralle drength propertiss cen be batier than that spedfied for 23 O Dupdex

Stafless Steel {LINS SRIR03} and similar 1o those spexitied for 25 Cr Super Dughex Steindess
Steel {UNS *’3?‘?&8} This m eans that System cinponsnts for diffarent sgplications using the
wroupht Stainfass stasle e \3’!'3 -wt:i for that the &llovs can frequenthy b designed with

reduced wall thisknesses, thus, ireding to signifitant waight savings wher spacifying
Stairdese stesls compared o canventions! Austenitic Stainless Steels such as those datailed
hersin berause the minimuny alfowable desion stresses may be significantly higher. by fac,
the minimure slfowable design stresses for the wrought Austenitic Stainless steel may be
highee than that §§ﬂ£§§§&d for 32 Or Dupley Staintess Steels and similarto that specified for

35 Cr Super Duplex Stainfess Seels.

For cortain applications, other varfants of the Austerdtic Stainless steel and Super Austenitis
Statrless Steels, have beey specifically formudated 1o b mispuiactived containing figher
teveds ‘of Carbop than that defined praviousiy Berein above. The higher Carbon range of

alioys for the different types of  Austenitic Sainless steels argl Super Austenitic Stalnless

405

teals, have bemn refoerded to ax 304HMAEN, JIGHMSN, ZLTHISMAN, JITHSTRMSN,
TIHESRIGN, DITHSTRMEN, II0HISMAN, 3Z0MSTMAEN, 326HISMGN, 3Z6HSTMVLN,

S

ASTHISMAN, 35IHETMAN, 3RIHASMAN and 353HETMAN and these types of alloy comprise
from D040 wit % of Carbon wp 1o lose than UAD wt 5 of Carbon. Whereas tha 304R4N,

DIGMAGN, DIPABMAN, JITSTMAN, ZI235B4EN; 3I25THIEN, E-ZOKSMQQ?\L RZOSTRAGN,
S2EISMAN, 32657HIAN, I51ISMISN, I5ISTRIGN, I5IBEMAN and 353BTMAN types uf Allny

samprise from more tha DUR0 w3 of Carbion up to 0080 w3t of Carbon

furthermors, for ceriain applications, pther varignts of the higher Carbon ranges.of &lloys

for thin Austenitic Stainless staal and Suger AtstoBic Stainfess Steals; wre dakivable, which
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have basn specifically Tomudsted tobe mamnifactured as stabilised versions. These specific
variants of the Austenitic Naldass sted and Super Austenitc Stainlesy Steels; are the
Titaniue stabilised, “HMINTYY or "MANTI” types of Alloy where ‘tzhe Titaniur content is
controtiad atconding to the following formulaer TS %O min, 0.7 N‘t B 'f;i ek or s x ¢
mir, 070wt 5671 max respectively, In order 1o have Titanium stablised iﬁEf;:i\,fﬁﬁ‘«“t‘%S of the
Aoy, Shroflary thers are Nigbiure stabilised, "HMANND” or "WMANNE" types of Alloy whers
tha Nioblun contert is controlied sccording to the following formulze: Nb B x 0 milry, 10w
% Kb mex or Nb M0 x € min, LD wt % Nb max respectively, in order to have Niohium

rabilived derivatives of the Sy, In addition, other variants of the Alloy may alss be
manufactared to contain Miokium rym Tantallre stabitlsed, ﬁwlmkb‘“a" rURAANNBTR"
typas of alloy where the Nioblurs phes Tantelum contant 5 controlled according o the
following formudas: NB+Ta § ¢ Crain, L0wt %-Hb+ T may, QI wt % T8 max, or N+ Ta
30 x € min, L.0wt % Nb+ Ta max, 8,10 wi % To max Titopiuny stabilised, Niobium stabliised
and Ninbium plus Tontalum stabilisad varianis of the alloy may be given a stabilisation heat
treatment al @ temperature. fower than the nitial sobatiar haat treatment tomperaturs,
Tianiwm andfor Niobium snd/or Niocbiunt plus Tantahurn may also be added individustly or
in conunction with ¢ Coppat, Tungsten and Vanadiwm n all the variows combinationsof these
slements 1o optinvise the afloy for centaii applications where higher Carbon contents are
desiralife These alloying slements migy be wtifsed individually or o alt the various
combingtions of the slements o {allor the Austenitic Stainless stesls for spedific

applications and to further sptimise the oversll corrosion performancs of the Mloys
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Austenitic staininss stend comprizing 1600 wi % of Chromiuns o 3000wt % of
Chrgmtiun 800 wE% of Nicke! to 27.00 wt % of Nigkal, nio more than 7.00 wt % of
Molybdenuny 040 wt % of Nitrogen t0 070 wt % of Mitrogen, 1.0 wt % of

Manganese to 400 vt % of Marganess, and fess than 010 wt % of Carbon, wherein

ratio of the Manganase o the Nitrogen fs controlied o fess then o sgqual to 100

Austenitic staindess steel ascording toochibm | wheraly the Chromium i 1750wt %

10 2000wt % Or,

Gusterdtic stainlass steal mocording to claim 1 or 2, wherain the Chrombam 52 18.25

WO

Austensitic stainless steel acctwding to any preceding dalm, wherein the Nickel 15 8.0¢

W e I2 0 wi R N

Austenitic stainlesy steel avcording to-claimd, whersin the Nickels £ 1100 wi % Ni

Austenitiv statniess steel aveordivg to daim 4 or 5 wherein the NicRel s 4 1000wt %

M,

Austenitie stabdess steel aocteding to any  precading claimy, wherein the

Molvbdenum s no more than 2,00 wt 98 Ma,

P
foo 8
157

Austenitic staidess  steel aocordiog 1o anv. preceding olain,  wharain
Botybderurn fs 2 DD wl % and £ .00 wi % Mo,
Austenitic stuinless steel sopording W eny provsding clsi, wherein the

ftohbdeniin 2100 wi % Mo,
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Austanitic stainloss stes! sconrding to daim  wherein the Chromium fz 16,00 wt %

1o 18,00 wt 4 Cr.

Austenitic statrdess steel according to claine 1 or 18, whereln the Chromium s 3

ein the Nickel 153000

T
o
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Austenitic tainiess stoel acosrd divig booany of clalmy 1, 1012, wiiersin the Nickelis g

13 WS N

Austenitic stainless sioel scenrding to any of dadms 1 104338, wherein the Nicksl i g

12 wt % Ni.

Austenitic stainless sieel according fo any of daims 1, 10414, whevein the
§ ¥

Molybdentum is » 2.00 wt % and £ 4.00 wt 3 Mo.

Aumtenitic. stainless steel sccording to any of olaive 3, 10-18 wherein ths

Mokbdenoum 3 300wt S MG,

Austenitic stainfess steel sccording to dlainy 1 wherein the Chronviurs is 18,00 wt %

10 2000wt 5 O

Austenitic stainless stes! according to dlelm Loor 17, wherein the Chromium Is x

FECREEETE S RN

Austenitic staindess steel seonvding to any of dalms L 17 and 18, whevein the Nicke

STLE T WIS IS0 WE % N

Austenitic stainfess stoel acoording to any of claims 1, 1718, wherein the Nickelis 4

14,00 wt % ML



s

£

eev]
e

2

£=23

324

4

21

pos

23

2 3 .

28,

s
2]

3%

CAusteaitic

sterd according to datm 18 or 19, whersin the Nicke! is € 13.00
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Austanitic stalnlesy stesl socording to claint 1, whersin the Nigkel s 3380 wi % to

1750wt % N

Austenitic stainiess sterl secording 1o clalm 22, wharein the Nickal is 5 16.50 wi 3684,

4

Austenitic stainiess stest accordi ing to clan 22 o 23, whersin the Nicksd 3 £ 1550

wt 55 N

Awstenitio stainlesy steel sucording to any of dlaine L 37w 24, whersin the

Molvbdanum sz 3. DG wt Shand £ 5 GQ wi % Mo,

119

o
%)
13551
Z
cwsh.
5%
o

£

AT tamiesi; stesd gcomding o any of caims 1, 1728
Molybdanun is 2 4,00 wt % Mo,
Austenilis steinlses stenl scomding 1o any of dadms 10 1726, whergin the

Mobvbranunt is 2 200 98 % and £ 7.00 wi % Mo
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Austenitic stalnless  steddl according o any .of claires whertin the

Mohbdaamtis 2600wt % Mo,

Sustanitic stainless stesl aceording ta clatm 1 whersin the Chromitn s 3000w

~4V

A300 wE ¥ O

s

Sustanisic stainless steel according to claim 1 oor 28, wherain the Chrontdum 8 2

2100wt ¥ Or,

Austenitic stainless ateel according to sy of dlatms L, 22 and 3 w%z@mm tha Nickel

1500wt 08 Q00 Wi % I
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Austenitic stainfess stoat ascording 1o choim 1, 29-31, wharein the Miske! i £ 18.00 wt

% NL

Austanitic stainiess stesl acvording o olaim 3, 3933, wherein the Nickel s € 17.00 wt

36 N

Austenitic stainless stesl according to avy of claims 1, 2233, whersin the

Muolybdanum i i 25, {}{i wi % angd €700 wi S Mo,

Kuatanitic stainless steel sccording roclaimy 1, 3534, whersin the Molvbidentm s 2

£.00wi % Mo,

Austanitic staindnes steel according to any of caims 1, 29 1o 33, whereln the

Molibdenumis 5 D0 wi 6 and 3 5.00 wi % Mo

Austsnitic s ami&ss steet sccording to clairm 36, wherein the Molybdanum is 2 .00
wt % Ro.

N

Agstanitic stainless stesd acomding 1o daim Lwherein the Chromium i 2300wt %

fo 24.00 wt % Cr.

e

Austenitlc stainfess steel aocording to claim 38, whersin the Chromiunt is 2 22,08 wt

i
% T,

Austanitly ; mnkss steebaccording o any of caims i,»?s&ahti 38, wherain the Nicksd

IS 17,00 Wi S IO WL SN

Agatanitic staimless steel socording vo any of claims 1 3890, wheraln W Ninkelis ¢

20.00 wt % N
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Austenitic stainless steal ancording to sny of claims 1, 38-41, whergin the Nickel is 5

wu»{}{} et B N

Awstenitie stainfess steel stopding o dny of chabms 1, 3842, whaerein the

MMolybrduntr 52 5,00 Wt 2% and ¢ T 00w % Mo

Aestenitin stainfess stesd acsording to dlalm 43, wherein the Molybdentm 8 26,00

wi¥% Mo,

Austanitie siaindese stewd acording 0 any of daimy 3, 3842, whersin the

Molpbdenunris 2 200wt wd ¢ 500 et Wi

Austenitic siainless steel sccording to daim 45, whereln the Mobvbdunum 8.2 400

&% /R MG

Austenitic stainfess steel according to glaim 1 wherehy the Cheamitnt is 2400 wi% to

IBO0 W E O

Austenitie staintess steed according to claim 47 whersin the Chromium iy 2 23.00wt

% C
Austenitic steinlags steed according to any of clalms 1, 47 snd 48 wherein the Nickel

IS 18,00 w2 to 3200 Wi B N

Austenitic staindess stead arcording to anv af ¢ iazm; 1, 744, whersin the Nickedis €

2oDwr RN

Austeritic stainiess steef according to claim 4, 47-50, whiwein the Nicked 18 £ 2100 wt

2N

Austardtiv staindses steel scoording o any of cligims: 3, 47-8%, whersin the

Motvbdersn is 2 5.00 wt 3 Mo angd $ 7.00 wi % Mo,



24

i

2

NI

§2

s

{¥

¥

L
A

w3
o

(%4
£

5%,

&1,

o
“
~g

“

Austenitic stainless steed secording to sy of claims 1, 47 to §2, wharely the

Maolybdenum is 2 00w %2 arad £ 7.00 w5 Mo,
Austenitic stainfess stee! socording toolaim 1, 47-53, whergin the Molybdenunyig e
Austenitic stainiess stedl agcording to sy of clabms 1 47 o 51, whareln the
Molybdenum 18 2 3.00 wb % and £ 5.00 wt % Mo,

Arvstenitis stainfess stesl according to dlalm 55, wheredn the Molvbidenun s 2 4.08

wi % Mo,

Austanitic stainlesc stent according to daim 1 wherein the Chromium & 2600 wi %

o 2800wt S

Austenitic stainless steel accurding to claun 57, wheesin the Chromium 52 37.00 wt
Sl
o any of clalms 1, 57 and 58 whersin the Nicksd

is 21.00 wtf« w0 2800wt % 'zx}ré‘

@
248

Austenitic stainfess steal ancording o any of claire 1, 5759, whersin the Nigks!

2400wt % Ni.

Justenitie stainfess Real aecording Yo any of cleing §, 57860, wharsin the Miskel s

23000 %Nk

Austanitic staldesy sidel kncording to soy of clitmg L 37 to &1, 'whavein the

Molybdenum s 2 5.00 w36 Moand £ 7.00 wi % Mo
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Austenitic stainless steel according 1o any of claimg 1, §7 to 682, whersin the

Molybdenam 2 5,50 9t % and £ 850wt % Ma.

Austenitic stainless steed sccording to daim 63, wherein the Molybdenum s 2 6.00

wi % Mo

Auztenitic stainiess steel sccording to any of claims 1, $7 to 61, wharein the

Riofvldenam 3 2 300wt % and £ 500w 3 Mo,

Austenitic stainfess stead acoerding 1o claim 85, whérein the' Molybdenum 52 400

wit % Mo.

Austanitic stainless stest acenrding to clabm 1 whersin the Chromiom & 2800 w3

1o 30.00 wi % Or.

Austenitic stainfess steel sccording to claim §7, wherein the Chromiun s 2 293,00 wt

Austanitic stainiess steel according to any of clgima 1, 57 and 88, wherain the Nicksl

is 23.00 et Bt 3700 wE SN

Austenitic stainless steal according to any of clain 1, §7:63, whersin the Nicksl is g

J0.00 Wt %N

Austenitic vtainless steel sccording to'daim '], E770, wharsin the Nicke! 2 25.00 @t

36 N

Austenitic staintees cleel sexording to any of clims 1, 8771 whersin the
Molybdanum i 2 5.00 wi % Mo arad $ 7.0D wi % Mo,
Austanitic stainless stesl gcomrding to any of claims 1 8372, whersin the

Molvbdinmum 2 5.50 Wt S snd « 880 wi % M
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Austenitic stainiess stee! sccording to datm 1, 8773, wherein the Molybderum s 2
6,00 wt 9% Ma. |

Austerdlic. stainfess stesl aacmdmg oo any of cabms & 87 w71, whetain the

Moivhdeum iR 3300wt % and 500 v % M

Austeritic stainiess atee! nocording to siainy 75, wherein the Molybderam s 400

Wt ¥ Me.

Austendtic stainiass Steel secording toany preceding *iaw v, whersly the Nitrdgen is 2

CATWIH and S QB0 WI B N,

Austenmtic étasmm» stend apcording tany preneding daim, whereiy the Nitrogan is2

045w % and SUSS W% N,

Austeritic stziniess steel according to any praceding dlaim, further somprising £

G030 Wt % of Corban,

Austenitio stainiass steel aceording 1o gny préceding vlaim, Turther comprising D020

Wit % 1o QU030 w % of Carbon,

Austenitic stainiess stesl socording o any preceding »::%asm wherein the Uarbo

GRS wr s L.

Austenitic staindess steal according to any preceding cleim, furthes somprising do

miore than 0 wi S of Manganess.

73

Austenitic stainless "*fz‘\i scerding to any preceding clelm, further coreprising bo

e %L:m 20wt % R
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Austenitic stainiess steel ace wrcing to sy praceding s, further comprising 10

wi%h Mangansas o 2.0 wt % Manganesi

Austenitls staintess stesl atcording to any ¢ receding claim, whvein the Manganese

is2 L0wt % and £ 150 m Fo Mangangs

Austanitic stainless steel atcording o anv.oof claims &2 19 83, whereln ratin of

fanganuis to the Nitrogen is controlied 1o ecethan or equst | t 5.0,

Austenitle stainless sisel acowrding 1o sy of claboy BRB6, whernin the raiilp of
Manganszss fo the Nitrogen is controlled to lass than or equal tn 3,75,
Assstenitic staintess steel according to any of clsims 1 to 82, further covaprising 2.0

wt §6 Mariganese to 4 00 wt % Ma SEANEse.

Austanitic staindess steal according to claing 88, whereln the Mangansse
3.0 wit % Manganess.
Austa mm stainbess stend aucording to 8% or 83, wherein the Manganese

B R 250w Manganese.

Kustanitic staindess stewl according to ony of clabms 82, 8890, wherein the ratio of

Manganass fo the N irogen s cmms:spd to fase than orequad tn T80

Austenitic siainless steel according to svy of clalms 82, 88-31, wherein the
ratio of Manganese o the Nitrogen s contraifed o less than o aquat to 8,25,

Austenitic shainfess ateel sccording to ey preceding daim, Turthar comprising 5

¥

2.030 wi % of Phosphorus.

Austenitic stainless stesl according any preceding dabm, further comprising £ 0.038

wi Sof Bhosphorug.
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Austeritic stainless stee! according o any preceding daim, further comprising =

O.030 wt % of Phosphorus,

Austenitic stainfess steet according W any proceding olaim, further comprising

58
G018 wt % of Phosphonss.
Austeniis stainiesy steel according 1o sy preceding cladrs, further comprising %

G010 wi % of Phosphorus.

Vs

Justenitie stainfesy steeh avcording Yo any preceding claim, further comprising =

G010 wi % of Sulphum.

Austenitic stainlass stesd ascording to any precading olaim, further comprising €

G005 Wi % of Sulphi,

et
i:'_;
iy

Austenitic stainless stesl sctording W any preceding coaim, further comptisin

LOU3 wi S of Sulphus,

Austenitic stainlese stesl according v any preceding claim, further somprisio

o
S'Q

001wt % .of Sulnhus.

Austenitic Staindesy stesl scoording o any praceding olaim, frther comprising |

78

D070 wi S Qutvgan.

Austenitic stainless steel ancording to clafm 102, whersin the Oxygen b S 0050 wt %

OxyRen.

Aystomtic staintass steel acsording fo oladm 102 or 103, whargin the

Cixygenis < 8030 wi % Dvgen.
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Rusteadtic stalnlsss stesl according to any of clabms 102-104, whierain the Oxygen is

SOSI0 WK OryEen.

Austenitic staindsss stewd avcording 1o daim 102-10% wherein the Quygen is £ 000%

wi S Qxygen,

Sustepitle stainfess stesd sccording o any preceding olsim, further comprising ne

maore than 875 wt¥% of Sitic

Rustenitic stalrdess steel according fo any prevading claim, whereln the Slicon s 2

U235 wt Wand 2075 vt % of Sillcon.

AGdenitic staldess steel ancording 1o any precading daiin, wharein the Siami g 2

040 wt % andd < DE0 wit % of Silicon.

Austenitic stainless steel according to any of claims 1108, further comprising no
mare than 2.00 wt % of Slicon,
Al ;\*ieamt;c atasnke teel according to olaint 110, whersin the Slinon e 2 075 v % &

a«m £ 200w % SHicon.

Austeritic Mabdsss steel socording to any preceding olaimy, further compriaing ot
isast one element selected from tron, Boron, Cerlum{REM}, Aluminium, Salclum,
Mapnesiorn, Copper, Tungsten, Vanadiam, Thavdum, M;ob,um anddor Ninhivm pluy

Tartalum.

Austenitic steiniess steel according to any preceding claim, funther comprising s
QO w3 Boron.
Austenitic stainless steel scorrding to any preceding daitn, further comprising 2

Q001 wi % Boron and £ D.OT0 wi % Boron,
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Austenitic stainless ates! according oo any precading «aim, further comprising 2

80,0015 wt % Boron and € 0.0035 wt % Bovon.

Austenitic staintess steel acenrding o any proceding clalmy; further conwising »

(0001 wi % Boron and £ Q0005 wi S Bason.

Augtenitic stainluas stent aocording to any pmraceding dabr, further conpriging ¥ 040

wit 56 Cerflam.

Ausgtenitic stainless stoat ¢ cording to any precading olaim further comprising 001

Wi ¥ Cerfurn and 200w % Cerium

Aasstenitic staindess steel secording to clabm D18 and 135, further whersin the Covium

el c wi % Certum and € 0.08 wi % Cerium,

Austenitie stainless stael scrording to any jweceding ciabm, further comprising 8
0050 wt 3% Ahwmninium.
Austanitic staipless stzel sorording (o any preceding g, Turther comprising 2

D05 Wik Alwniniunt and 20080 vt 3o Aluinium,

Austanitle staintess steel sacording to any preceding clalvs, further comprising 2

&
D000 wt 3% Alurninhum and < 0.030 vt % Aluminium,

if&

Austenitle stainfess steel socording 1o any preceding el harther comprising

.81 wi % Calaiom.

Agstenitic stainiess steal according to any praveding olslm, further comprising 2

G001 wt ¥ Calviom and < (LOID wi % Caltum,

Austanitic stainless steel actording to claim 124, wehergln the Calcham 52 0.001 wt %

.-«

Calcium and £ 0005 wi % Caleium,
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Austeniic stainieas steel acrording to any preceding clainy, further comprising g

Q010 wi 9% Magnssium,

AubtenRic stainiasy stegl sccording So et 138, Ruther ¢ m‘mssmg 2 G000 wt ¥

Magnesivrpang s SOL0 wi ¥ Magnesium,

Austenitic staintess steel avcording Yo datm 127, whersin the Magnesium is 2 0001

et % Magnesium and £ 0,005 wt % Magnesium,

i
b
[
[

fib%zé"‘ﬁ‘(ﬁ statiass stewl secording Yo ey preceding claim, Turthed comprisirg <

wi B Lopper.

Austemitic stainfess-siee] aconrding to-any precoding cluim,; further comprising 2 G580

wt % Copper and § 1.50 wt 3 Copper,

Austenitic stainfess stael accordiy g 1o claim 130, wherely the Copper s ¢ 100wt %

Lapper,

Austenitic staindess sten! according o anveo! daimys 110 128, firther comprising ¢

2.50 wt % Conpar,

Austenitic stainless stesd sccording to claim 132, further comprising 2

1.50 wt % Copper and < 3.50 wi % Copper.

Austanitie stainfass Qesl acoording to clatm 133, whersin the Copper s € 230 wi ¥

Cospapver

Austenitic stainless stoel accurding 16 any preceding dlaim, further comprising £2.00

wi % Tungsten.
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Austanitic stainless steel acenrding to any preveding claim, further comprising 2 0,50

wi % Tungsten emﬁ }, O wi % Tungsten.

Austenitic stainless steel arcording to daim 136, wherein the Tungstenis 2 073wt 5

Tungsten
Austenitic Staindess sieel scdording to any pravading daim, further comprising £ 0.50

wi % Vanadivm,

Jisstenitio staintess 5 sl rel-acennding 1o soy pracading cheim, Hether comprising 2 410
wt % Vanadium a}j’.?s:i SR % Vanadium,
Austenitic stainfess steel sorording 1o dabra 341, whereln the Vanadium & 2 30wt

% Vanaditm,

Austenitic stainfess steel according to any preceding claims, further comprising G.044

Wi % Car hon to 010 wi % of Carbon,

Austenitic stainless steei aecording W0 any precading dlatm, further Comprising Q040

wi ¥ C&the*z T OR0 wt Wlarbon,

Atsteniiis stainless stoel acoording o olaim 381, whersiy the Carbon in 0030 wi %

Carbon and < D08 wi % Larban

Bstanitio steinless steel scovriding to ol 143, whersin the Carborm e > DO wi %%

Carboryand < D080 vt % Carbinon

Austaiitie stalndess steal atcording 1o any of claimns 1411494, further romprising no

racre than G780 wt 3 Titentum,

Austantlic statndsse stee! anording to daim 145, whine dependent on claim 181 or

143 wherei the Tianium iz vove thee B {iinind: whersin
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Ti{min} is calculated from 4x$ imind: and whersein

Cimint s mininuimyamount ol the Carbon,

1470 Austenitic stalndess steel acoarding to dalm 345 when dependent on dalns 3143 o
5 344, wharein the Tianiam & roore than T iming; wharein

T {mind s ealetliated from SxC {min) and wherein

C{min} is minirmim arount of the Carbon,

148, Austenitic stainfess stest ace ording to any of caims 41 to 147, %tsrm@. somprising
14 no more ther 1.0 we % Niskium,

W Austenitic stsinless steel arcording torclaint 188 when dipentdent o gl 141 o
142, whersin the Nicbiem is move than NB {imind; wherein
Pib {ming i calcudated from 830 {mind; wheren

1% { {rein} isminimum-armount of the Sarbon,

b {miﬁ}_is cataulated front 20nC{mink; whergin

T irnin} & minimum smount of the Carbor,

20
{81 Ausﬁmﬁfﬁcsta§’nfasia.s'teéi according to any of clains 148 to 150, further conwrising
no more than L0 wi % Niobium plus Tsntém:m and maximum of GO0 wt¥ of
Targatumy,
25
152 Austenitic stainless steel according to dalm 151 when dependent on claim 143 and
14T, wherel the Niobium and Tantalum s more than 80+ T {min); wherein
S+ Ta {mind is calcufated from 8xC {mifz} ywherein
C{mintis minimurg amount of the Tarkon, feth Q10w % Ta max)
153, Austenitic stainless stesl according to daim 151 when dependent on claim 143 and

144, whersin the Niobium and Tantalum i3 trewe than Mbo+ Ta {mind; wherein
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Nb o+ Ta {ming s caloulated from 10xC {min]; whargin

Cirving s mindmuny aviount of tha Carbon, daith 040wt 25 Ta miax).
Sustenltic stainless steel comprising 0.40 to Q70 wi 9 of Nitrogen and an alloy
composition kaving a spedifisd Pitling Realstanee Enutvalent (PREy of 225 whisraln
PREy = wi % of Chromiurn + {3.3 sowt 3 of Molvbdanum] + {18 x vt % of Nitrogenl:
Sosteniic staintass seal comprising 040 to B80 w56 of Nitroger and an alioy
composition having & :?gesi?ied Pitting Raalstance Egudvalent PRE] of 225 wHdrain
BEEp = Wi % ol Chrombian s 33 % wt % of Molybdenuml + {16 0 wi% of Ritrogeny,
Austerdtic stainless steel acenrding 1o ¢lalm 1584 and 155, wheradn the PREL s 230,
Austerstic stamloss steef scomrding to claim 158 and 155, wherain the PREwIs2 35,
Austenitic stainiese steel accovding 1o datre 154 and XSn whersdt the PRE s 3 4D,

Austardtic stainiess steel according o daim 159 and 185, wherain the BREIs 3 45,

Austanitic staintess steel sceording to daim 154 snd 155, wherein'the PRE Is 2 37,

stainless stee! according to ddaim 154 and lsS whaerain the PREg s 242,
Austerstic stainiess stasl acsording i Li&iﬁ‘ 154 and 155 whevsin the PREG s 2 43,

Austenitic stainiass steal sctording to clalm 154 and 155, whersin the PREy is 2 48,

Austenitic stainings steel acvording to claim 184 and 158, whersin the PRE, is2 38
Austenitio stadisizes steel sooording o chaim 154 ard 155, whergin the PREg s 2 44,

Austenitic staindags stasl sooprding to clvim 15€ ang 185, wherain the PREG Is 2




s

fov]
[oxs

}..‘.
x4
0

168

¥

178

173.

174

178

Austenitic staintegs steel according 1o chaim 154 anyd 33& wheretn the #REx s 247,
Austenitic staintess steel sccording to claim 154 and 155, whereln the PREq i5 2 40.5,
Austeritic stainless stuel acoording to clabm 154 and 155, whara iy the PREL 0 2535
Austeritic stainloss steel scoording to daim 154 and 155, wherein the PREg js 2 49,

-
s

Aust mm{, stainfess stee! seoprding to daim s andISE, whersin the PRE IS 2 80L%,

§%2

Austenitic stainlass steel sooprding to clabm 188 ang 155, wherein the PRE; 1§ 2 85,

Austenitic siainlase stael scoording to clalim 154 s 485, whersin e PRE I 2 48,

Austenitic stainiass stael sccurding to claim 154 and 155, whersin the PREg I8 2 31

Austenitic stainlass steel according to dlatm 154 and 155, whersin the PREg s 2523

Austenitic Saindsss steel aca;sfding o claim T84 angd 1585, wherebithe FREq 82 57:3

Ausstenitie stainleas sloel comprising Tungaten, 040 1o 070 wi ¥ of Nitragen, and an
alley composition having @ specified Pitting Resistenoe Fguivelent (PREww ) 2 2%
whér’ﬁ’m

PRE = wi 3o of Chromsiam + H3.2 xwi 3% iMolybdenums Tungsteni] + (38wt %

Mitrogenh

Austenitic stainfess steel cornprising 980 1o 0.0 wt % of Nitrogen, Tungsters ard i

alloy compaaition having @ spedified Pitting Resistaree Bquivalant (PREww § 2 27

whergin
PREww = wt % of Chropdin + {33 » wi 3 (Molvbdentm + Tungsten)] « {16 xwi %

Nitrogent.



179, Austeritic stainless steel sccording to caim 177 and 173, whersin the PREgw 2 33,

188, Austenitic :,tqmies:. teel ascording to olaim 177 and 178, wharely the PREw is 237,

1313

8L Austeniii stainless stosd gocording toclain 177 Snd 178 whreln the PREw 0¥ 42,
18% Aostenitic stainfess stoel gccording toclaint 177 and 172, ehivrein the PREw s 2 473,
10 A8%,  Austenitic stainfess stool sccording to claim 177 and 178, wherein the PREw 238,

184, Austerstic stainless stoel sceding to dlebn TP and 178, whersiirthe PREG s a4,

188, Austenitic shainless stoe! atctnding to el 177 and 178, wharsiny the PREuw 5 2 45,

1%
186, Austenitic stainless stee! according to daim 177 and 178, wherain the SREds 250
187, Austerilic stam o35 steel avcording to dlaim 177 and 175, whershy the PREq s 2 41
30 I88.  Austeritic stainiess stes) according to clalm 177 and 1758, whersln the PREgw s 2 48,
188, é\uszwstsc staintase stesl socprditg wookaing 177 and 378, wherei the BREw e ¥ 83X
180, Austenitic stainiass stoel scoprding to claim 177 and 178, whevein the PREyw s ¥ 48,
25

131, Austenitic stainiase steshaconrding toclaim 177and 178 wherein the PREGw 5 2 505
193, Austeniticstaindacs itael eomrding tordahn 177and 178 wherein the PREww i 2 858

I IB30 Alstenitic sisinlets stest actdvding to ¢labm 17 7and 178 wherein the PREww s 2 8L
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Austenitic stainlass steel according to claim 177 and 178, whersin the PREww i3

535,

Sustenitic stainfess steel secording to clgim 177 sod 178, whersin the PREgwis 2

575,
Aystenitle stainiess stoel according to claipy 177 and 178, whereln the PREw s 2 48,

Austenitle stainiess steel actording to daimy 177 and 178, wherely the PREw ¥ 2 53,

Austenitis staintess stesl aocording to tisim 177 and 178, wherelo the PRENw 5 2

345,

Austenitic stainfesy ster! socording to shum 177 and 178, whersin the PREpwis 2

Austardlic stainlese steel according oo any prededing elxim, whereln ratis of the
Chromiam Eqﬁiva&es}ts 1o Nigke! Equivelents & iy 3 rangs of more then G40 angd less
than L.O%.

Austerdtic stainless stesl sccording to claim 300, whersin the ratio of the Cwomium

Equivatenss to Nicke! Equivalents s roore than 0.4% and less than 9,85,
Wrought stest comprising the sustenitio ainisss steel of zuv precsding claim.

Cast steel comprising the austenitio yalmless stest of any dlalims 110 304,
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