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HIGH STRENGTH, CORROSION RESIQTANT AUSTENIY
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BACKGRDUND OF THE TECHNOLOGY
FIELD OF THE TECHNOLOGY

16 [B801]  The present disclosure refates to high strength, corresion resistant sfloys.
The alioys according o the present disciosure may find application in, for example
and withow limitation, the chemical indusiry, the mining industry, and the off and gas

indusiries.

DESURIPTION OF THE BACKGROUND OF THE TECHNOLORY

,-,

20 {00821 Metsl alloy pars used in chamical progessing faciiies may be iy cordact
with highly corrosive andfor erosive compounds under demanding oondifions, These
conditions may subjsct metal alloy parts to high slresses and aggressively promote
grosion and corrosian, for example. il s necessary (o replace damaged, worm, or

corraded metaliic parts, operations may need 1o be entirsly suspended for atime al a

]

S chemical processing faclity. Bxiending the usefud servics e of melal alloy parts in
facilities used 0 process and convey chermicals may be achioved by improving the
machanical properties andfor corrosion resistance of the alloys, which may reduce

cosis associated with chemical processing.

[H0031  Similarly, in ofl and gas drilling operalions, drill string components may

¢

30 degrade due o mechanisal, chemical, andfor snvironmental conditions, The dnill

atring componants may be sublect 1o impast, abrasion, friction, haat, wear, arosion,
carrosion, andior deposits. Convertional malerials used for drill siring componeanis
may suffer froem one of mare imilationg, For sxample, conventional malanials may

fack sufficient mechanical properties (for example, wiald strength, lensiie strength,
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andior fatigue strength), corresion resistance (for example, pitling resistance angd
stress corrogion cracking), and non-magnetio properties. Also, econventionad
materiais may ol the size and shape of the drill string componants. These
imitations may reducs the useful ife of the components, complicaiing and increasing

the cost of oif and gas drilling.

{0041 Therefore, # would be advaniageous © provide novel glloys having

improved corrosion resistance andior mechanical properties.
SUMMARY

OGS According o an aspect of the present disclosure, nonslimiling smbodimenis
of an austenitic alloy comprise, iy weight percentages based on fotal alioy weight
up to G2 carbon; up (o 20 manganesg; .1 to 1.0 silicon; 14.0 10 28.C chromiuny
15.0 10 38.0 nickel, 2.0 {0 8.0 molybdenum; 0.1 1o 3.0 copper; 0.08 to 0.9 nitrogen;
0.1 {o 5.0 Wwingsten; 8.5 o 5.0 coball; up to 1.0 titlanium; up to .05 koron; up to 0.05

phosphorous; up © 8,05 sulfur; ron; and incidental impurities,

{0008]  According o an additional aspact of the present disclosure, non-limiting
srbodiments of an austenitic altoy according to the present disclosurs comprise, in
weight parcentages based on {otal alloy weight up t© 0.08 carbon; 2.0 {6 8.0
manganess: §1 {0 4.5 siticon; 19.0 10 25.0 chrowium,; 30.0 1o 35.0 nickel; 3010 8.5
moyldanum; 8.8 10 2.0 copper; 0.2 10 0.5 nitrogen; 8.3 10 2.5 tungsten; 1.0 3.5
coball, up fo 0.6 Glanium; 8 combined weigh! percentage of columbium and tantalum
no greater than §.3; up o 8.2 vanadium; up 0 01 aluminum; wp o 0.05 boron; up o
Q.08 phosphorous; up to 0,05 sulfur iron; and incidents! impurities; wherein the sleel
has 8 PRENg value of al least 48, a critical pitling temperature of at least 45°C, and

a cosflicient of sensilivity o avold precipiiations value (CF) that s less than 730,
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ETAILED DESCRIPTION OF CERTAIN NON-LIMITING EMBODIMENTS

{{}ﬁﬁ?} it i3 {0 be undersicod that certain descoriptions of the embodimeants
gseribed herain have been simplifiad to fiusirate only those elements, featurss, and
aspects that are relevant 0 a olear understanding of the disciosed embodiments,
while eliminating, for purposes of clarity, olher slemaents, features, and aspects.
Paraons having ordinary skill in the art, upon considering the present description of
the disciozed embodiments, will recognize that other slements andfor features may
he desirable in a particular implementiation or application of the disclossd
ambodiments. However, betause such other elements andlor features may be
readily ascertained and implemented by persons having ordinary skill in the art upon
considering the present description of the disclosed emboditaents, and are therefore
not necessary for g complete understanding of the disclosed aembodiments, a
gescription of such slements and/or features is not provided herein. Az such, s io
be understood that the description sat forth herain is merely sxemplary and
fiustrative of the disdosad embodimends and is nol intended o mit the scope of the

nvention as defined solely by the claims,

{0008]  Also, any numerical range redited herein is intended to include ail sub-
ranges subsumad therein, For sxample, a range of 71 0 107 s intended to include
all sub-ranges batween {and including) the rectted minimum value of 1 and the
recited maximum value of 10, thats, having & minimum value sgual 1o oF greater
than 1 and a maximurm value of equs! o or fess than 11 Any maximum numaeniost
Hmitation raciled herein is inlended {o include all lowsr numerical imitations
subsurned thersin and any minimum numerical imilation recited hersin s intended o
include all higher numerical limitgtions subsumed thereln. Accordingly, Applicands
reserve thea right 1o amend the present disclosure, including the daims, 1o expressly
recite any suberange subsumed withiry the ranges exprassly recited herein, Al such
ranges are infenced 0 be inherently disclosed hereln such that amending ©
axprassly recite any such sub-rangas would comply with the reguirernents of 35

US.C § 112 first paragraph, and 35 U8 G § 132{a)

LI ]

008 The gremmatica! articles "oneg®, ™", "an’, and "the”", as used herain, are

interdad fo include "at least one” or "one or morg”, unless othanwiss indicated.

Thus, the arlicles are used herein to refer {0 one or more than one {8, (o at least

3
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ong} of the grammatics! oblects of the article. By way of exampie, "a component®
MBANS ONe OF More components, and thus, possibly, more than one componen! iz
contemplated and may be emploved or used in an aplementation of the described

ambaciments.

010 Al percantages and ratios are caloulsted based on the {olal waight of the

attoy composition, unless otherwise indicatad,

O] Any patent, publication, or other disclosurs mataeria! that s said o be
inoorporated, i whole or in part, by reference harain is ncorporated herain oy to
the sxisnt that the incorporated material does not conflic with exisiing definitions,
statements, or ather disclosure material sef forth in this dsclosure. Ag such, and {o
he extent necessary, the disclosure as set forth herein supersedes any conflicting
material neorporated herain by reference. Any mialerial, or portien thereof, that is
aig {o be noorporgled by refersnce hareln, but which conicts with existing
definitions, sistements, or olher disclosurs material set forth herain is only
mcorporaind o the exterd that o confic! arises between thal incorporated material

and ine sxisling disclosure material

D01l The present disclosurs includes descriptions of various embodiments. His
o be understond that all embodiments described haralny are examplary, Hlustrative,
gnd nonlimiting, Thus, the invention s not limited by the cfescré;}iian of the varlous
sxemplary, Hustrative, and norrlimiting embodiments. Rather, the invantion is
defined stlely by the daims, which may be amended o recite any fealures sxprassly
of inherently described in or otherwiss sxpressly or inherently suppornted by the

N

prasent disclosure.

{80131  Conventional alioys used in chemical processing, mining, andior ot and gas

applications may lack an optimal level of corrosion resistance andior an optimal level

v

of one or more mechanical proparties, Vanous embodiments of the slioys desoribad
harain may have certain advaniages over conventional alioys, including, but not
fraited o, improved corrosion resistance andfor mechanical propertiss, Certain
ambodiments may axhibi improved mechanical properties, withou! any reduction in

corrosion resistance, for example. Cerlain embodimenis may exhibit improved
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impact propertias, weldability, resisiant to corrosion fatigue, galbhng andfor hedrogen

2 C:e

ambrittfement relalive to conventional alloys.

(0044} In various embodiments, the aliovs desaribed herein may have substaniisl
corrosion resislancs and/or advaniageous mechanical propertiss suilable for use in
demanding applications. Without wishing 1o be bound © any parlicular theory, itis
believed thal the alloys described hersin may exhibit higher tensile sirength dus fo
an improved response (o strain hardening from deformation, while also relaining high
corrosion resislance. Strain hardening or oold working may be used o harden
materizls that do not generally respond well 1o heat realmeni. A person skilied in
the art, however, will appreciate {hat the exact naturs of the cold worked structure
may depend an the matarial, the steai, strain rate, andior lemperature of
Ge"urmcx* on, Without wishing o be bound {o any parlicular theory, itis helisved that
ain hardening an alloy having the composition described herain may morg
afficiently produce an alloy exhititing improved corrosion resistance andior

rnechanical properties than certain conventional alloys.,

IS According o various nor-imiding smbodiments, an austenitic alloy
accovding to the prasent disclosure may comprise, consisi essentially of, or consist
of, chromium, coball, oopper, ron, manganese, moivbdenum, nicksl, sarbon
sitengen, and ungsten, and may, bl nead nod, include one or mors of aluminum,
siticon, tlanium, boron, phosphorous, sulfur, nicbium (e, columbium), tantalum,
ritherium, vanadium, and zirconium, sither as race siemsents or incidents!

fmpuniies.

TOGi8l Alsg, acccrd%ng o various embodiments, an ausienitic alioy according to
the present disclosure may comprise, consist essentially of, or consist of, In weight
percentages based on fotal alioy weight, up o 0.2 carbon, up 1o 20 manganesse, ¢
o 1.0 silicon, 14.0 1o 28.0 chromium, 15.0 1o 38.0 nickel, 2.0 (o 8.0 malybdenum, 0.4
i 3.0 copper, 8.08 o 8.9 nilrogen, 1.1 o 5.0 ungsien, 0.5 5.0 cobsit up o 1.0
tHardum, up o §.08 boron, up o 8.05 phogphorous, up 1o 0.05 sulfur, ron, and

incidental impuritiss.
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08171 In addition, according to various non-limifing embadiments, an austenitt
sioy sveording to the present disclosure miay compeise, consist essentially of, or

cornatat of, in weigh! percentages based on tolal alloy weight, up {e §.08 carbon, 1.0

io 8.0 mangansse, 0.1 {o 1.0 sificon, 18.0 to 28.0 chromium, 18.0 fo 37 .0 nicksl, 3.0
7.0 molybdenum, 0.4 10 2.5 copper, 8.1 10 0.58 nitrogen, 0.2 t© 3.0 wingsten, 0.8

o 3.5 coball, up o 0.6 Hanlum, a combined weight perceniage of columbium and

iardalum no grester than 0.3, up o 0.2 venadium, up to 0.1 sluminum, up fo .08

boren, up to §.00 phosphorous, upr o §.05 sulfur, ron, and incidental impurities.

OOMBR]  Alse, according o various non-limiting embodiments, an austenilic alloy
according io the present disclosurs may comprise, consist essentially of, or conaist
of, in weight percentages based on {ots! alloy weight, up to 0.05 carbon, 2.0 W0 8.0
ranganase, .1 o 4.5 silicon, 18.0 to 25.0 chromium, 300t 350 nickal, 300 8.5
moivbdenum, 0.5 {0 2.0 copper, 0.2 {o 8.8 nitregen, 3.3 10 2.5 wngsten, 1.0 0 24
oobatt, 4P o 0.8 Hanium, a combined weight perceniage of columbium and tantalum
nw greater than 0.3, up to 0.2 vanadium, up © 0.1 aluminum, up  8.08 boron, up o

¥

(.05 phosphorous, up to G.05 sudfur, iron, and incldental impurities.

=

{40181 In various nondlimiling embediments, an alloy according o the present
disciosure may comprise carbon in any of the following weight percentage ranges:
wWwieZGup 8wkl uwioliR uw o liS up 03, LS 1 2.0, 80T o
28001 o 'M}; 00110 0.8, 0.01 (oG08 0.01 10 008, andd 0LO05 10 Q.01

20T In various non-imiting embodiments, an alloy sccording (o the prasent
disclosure may comprise manganasea iy any of the following weight percentags
ranges: W20 G up oW H I 0 L0010 IG 108l 3088, 2007
2008838088 and 40080

00211 In varibus non-dimiting embodiments, an alloy sccording o the prezent
disclosure may comprise sficon in any of the following weight perc n?ag FANGES:
upio G 0t IR 08kt 0 and D10 0.5

88321 In various non-iimiling embodiments, an alloy sccording (o the prasent
disclosure may comprise chromium in any of the ?'cﬁ?t:w@ng weaight percentage

rangss: 14010280, 180 250,18 01028, 18 010250, 30010 240, 200
2 2100 230 and 170 p 21,0

fwxd
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{00231 I various non-dimiting embadimants, an alioy according o the present
disclosure may comprise ruckel in any of the following welght percentage ranges:

150w 8.0 100t 37.0, 20010 3840, and 210 0 320,

24 In various nondlimiting embodimentis, an aéiﬁ.y a-r:c(}rc?ing to the presant
disciosure may oomprise molybdenum in any of the following weight percentage

2018030 T30S 551085 and 8.0 AE

[OD2R]  In various non-imiting smbodiments, an alloy sccording o the pressnt
disclosure may comprise oopper in any of the following weight percertage rangss:

1038604025 0580206 and 18 1.8

[08287  In various non-imiting embodiments, an alloy according o the present
disclosure may a:(‘smpréw pitrogen in any of the following weight perocenlage ranges:
0081009 0081003, 01100585, 02 05 and 021003 Incertain
smbodiments, nilrogen may be fimited 1o 0,38 weight peroent or .3 weight percent

o address its imited solubility in the alloy.

10027 iy various non-imiting emboediments, an alloy according 1o the present
disciosure may comprise twngsten in any of the following weight percentags ranges:

DS 0Tl 802030021008 and 03 2.5

{8628] Inhvaricus non-limiting embodiments, an alioy according o the presant
disclosure may compriss cobalt in any of the fuliowing weight percentage rangss: up
HLOLWHL 0510083t 0d 1 0edS and 1030 In

ceriain smbediments, cobalt unexpectedly Improved mechanioal properties of the

alloy. For example, n osrian embodiments of the alloy, sddiions of cobalt may
ovide up to a 20% increass i1 toughness, up to g 20% increase in slongation,

andfor im prwed corrosion resistance. Withou! wishing o be bound W any particular

theory, it is believed thal coball may increase ihs resisiancs o detrimenial sigmsy

shase pracipitation in the alloy relalive o non-coball bearing variants which exhibited

higher levels of sigma phase al the grain boundaries after hot working

ped

28] In various nondlimiting embodiments, an alloy according to the present
disclosurg may comprise @ cohaltiungsten weight parcentage ratio of from &1 fo

1 oeriain embodiments, for example, the cobailtungstian

e

1, orfrom 21 o4

o
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weight percentage ratic may be aboul 4.1, The use of coball and lungsten may

impart improved solid splution strengthening fo the alloy.

00361 Invarbus nonimiting embodiments, an alloy according to the present
disolesure may comprise fanium in any of the lollowing weight percentage ranges:

b

up o L up el uwio G up o 001, CO005 0 1.0 and 8.1 1o Q8.

00311 I various non-limiting embodiments, an atloy according 1o the present
disciosure may comprise zreonium in any of the foliowing weight parcentags ranges

uptot G upto B8 upto 0 woic 001 GO 16 and 81 0 0.6

{0321 In various nondlimiting embodiments, an alloy according o the present

displosure may comprise columblum {rioblum arwdior tanialum in any of the

following weight percentage ranges: up o 1.0 up o 0.5 up o 0.3, D01 1o 1.0, 0.0

00§ 00100t and 01 0 0.8 In various non-limiting embodiments, an altoy

according to the present disclosure may comprise a combinad weight perceniage of
codumbiurm and taralum in any of the following ranges: wp o 1§ up o 05 wiv
0300100 0E 001l and GV o 0.8

$

{G033]  in various non-limiting smbediments, an alioy according to the present
disclosurs may comprise vanadium in any of the following welght parcentages ranges:

o =
PR

Wp ol up S uwhiZ 00T 1001 SRl and 311008

[0034]  in various non-limiting embodiments, an alfoy according 1o the present
disclosure may comprise aluminum in any of the following weight percentage ranges:

wpoitupdfiuwedLupledldh 1.8, 01 asS and 005 AL

[HO38]  In various nop-imiling embodiments, an alloy accerding o the present
disciosure may comprise boron in any of the following weight pereentags ranges: up

o 008, up o 0.0 up o 0008, up to 0.001; up o 00005,

{00381 In varous non-limiting embodiments, an alloy according {o the presamt
disolosure may comprise phosphorous iy any of the following weight percentage

ranges: up to 0.05; up o G025 up to G.01,; and up to 0.OD5,

-
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{i‘}%?} o various nonsimiting embodiments, an alloy according o the present
soipsure may comprise suifur in any of the following weight percantage ranges: up

1 .05 up o D025, up o Q.01 and up to G005,

00381 In various non-imiting embadiments, the balance of an alloy sccording to

e present disclosure may compriza ron and ncldental impurides. In various
ambodimeants, the alloy may comprise iren In any of the foliowing walght percertags
ranges: up io 6 up to B0 20 o 80; 20 (o 56, 20 10 48; 35 tu 45, 30 1o 50, 48 o 84,

40t 50 40 o 45; and &80 1o 80,

{0038]  In ceriain non-limiting embodimeants of an alloy acoording to the present
disclosurs, the alloy may include one or more trace slements. As used hersin, "trace
glements” refers to slements that may be prasant in the slloy a5 a result ot the
cormpesiion of the raw materials andfor the msll methed employed and which are
not present iy concantrations that do not significantly negatively affect imporiant
oragerties of the aliny, a3 those properties are generslly described herein. Trace
alements may includs, for example, one or more of flaniur, Zirconium, columbium
{miobiam), lanialum, vanadiom, aluminum, and boron in any of the concentrations
desoribed harein, v carlain non-imiting embaodiments, trace alements may not be
present in alioys according o the present disclosure. As is known in the art, in
producing alloys, trace elements typicaily may be largely or wholly efiminaded by
satection of particular starting materials amnr use of particular processing
techniques. in various non-imiling embodiments, an alloy according o the present

disclosure may comprise a otal concentration of irace slements in any of the
foliowing weight percentage ranges, uplo S8 win Lo uplo 0S5 o D1 Gt io
SO0ttt and 8 tio0B

s

HE

G407 In various non-limiting smbodiments, an alioy according o the prass

disclosure may comprise a tolg concentration of incidental impurities in any of the

b

]

foitowing weight percentage ranges: uplo S0 wie T uw oS uwb L ik

58,03 t01) end 0110 0.5 As generally used herain, the term "incidental

i

impunties” refers 1o one or more of Sismuth, calclum, cerlum, anthanum, lead,
oxygan, phosphorous, ruthenium, silver, selenium, sulfur, tellurium, tin and
sironnium, which may be present in the alloy in miner conoardrations. In various

non-iveling embodiments, individual incidental impurities In an alloy according to the

9
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oresent disclosure do not excesd the following maximum weighi perceniages:
0.0005 bismuth; 0.1 caleiim; 81 cerjuny, G.1 lanthanum, §.001 lead; .01 tin, .01

oxygery 0.5 ruthenium; 0.0005 silver; §.0008 ssleniurm; and §.0008 teliurium. In
various non-imiting smbodiments, the combined weight percentage of any oerium

ndfor lanthanum and caloium present in the alloy may be up o 0.1, In varous non-
iimaiéng embodiments, the combined waighl percentags of any cerium andfor
anthanum present in the slioy may be up to 0.1, Other elements thal may be
prasgnt as ncidentad mpurilies in the alloys desoribead hersin will be apparent to
those having ordinary skilt in the arl. In various non-Bmiting embodiments, an alioy
according to the present discinsure may include a tolal concentration of trace
giements and incidental impurities in any of the following weight percentage ranges:
up o 10.0, Wil wiotlwiols upic 01 1080150, 01 1.0
and 81008

(8041} In various non-limiting embodiments, an austenitic alioy sccording to the
prasent disclosure may be non-magnetic. This characteristic may facilitate use of
the alioy in which nor-msgnetic properties are important including, for sxample, use
i oerialn ol and gas drill string component applications. Certain nonimiting
smbodiments of the ausferitic alloy desoribad hersin may be charanterized by a
magnetic permeability value (o) within a particidar rangs. In various embodiments,
the magnetic permeability value of an alioy aacording to the present disclosurs may
be iess than 1.0, less than 1.008, andfor less than 1.081. Iy varous embodimeanis,

the alloy may be substaniially free from ferrite.

(00421 in various nondimiling embodiments, an austenitic alloy according o the
present disclosiure may be charactenzed by a pitling resistancs sguivalence number
{PREN} within a particular range. As is understood, the PREN ascribes a relative
value o an alloy’s expected resistance io pitling corrosian in a chioride-containing
anvironment. Generally, alloys having a hugher PREN are expscied {0 have betler
oafroesion resistance than alloys having a lower PREN. One particular PREN
calculabion provides a PREM¢ value using the following formula, wherein the

perceriages are weight percentages based on slloy weight

PREN; = %0r + 3.30% Mo} + 18{% N} + 1.85{%W)

10
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£

In various norelimiting smibodiments, an alfoy according to the present disdlosure
may have a PFREN value i any of the foliowing ranges: up 1o 80; up {o 88,
greater than 30 grester than 40; grealer than 45; greater than 48; 30 g 83, 3l o
58; 38 {0 BN 40 to 60, 40 1o B8; 40 0 50; and 48 o §1, Without wishing to be
bound o any particular theory, s behovead that a higher PREN ¢ valus may indicate
7 higher likelihood that the alloy will exhibit sufficient corrosion resistance in
srvironmerts such as, for example, highly cormsive environments, High femperature
anvironmants, and low temperature snvironments, Aggressively corasive
grvirenmenis may exist in, for sxample, chemical processing squipment and the
down-hole snvironment {o which a drlll string is sublected In off and gas drilling
applications,  Aggressively corasive environments may subjsci an alloy o, for
sxamplie, alkaline compounds, acidified chioride solulions, acidified suifide solutions

Iy

peroxides, andfor CO;,, along with extreme temperatures

{00437 In various non-limiting embodimenis, an sustenitic slloy according fo the
prasent disclosurs may be characterized by a coafficient of sensitivity W avold
precipitations vaiue {CP) within a particuiar range. The OF value s described in, for
axample, U.E. Patent No. 5,454 838, entitied “Ausienitic Stainless Sies! Having
High Properties”. The CF valus is a raialive indication of the kingtics of
pr&cipitatmn of intermetallic phases in an alloy. A CF value may be caloulated using

following formula, wherein the perceniages are weight percertages based on
alioy weight

CP = 20{%Cr) + 0. 3{%N1 + 30{%Mo) + BI%W) + 10(%Mn) + 50360} - 200(%N)

Without wishing {o e bound o any particular theary, s belisved that alloys
having a UF vaiue less than 710 will axhibll advaniageous ausieniie stalulity which
helps 1o minimize HAZ (heat sffsciad zone) sensitization from intermetaliic phases
during welding. In various non-dimiling embodiments, an alloy desoribed hersin
may have a8 CF in any of the following ranges: up o 800, up o 780, less than 750,
up fo 714, less than 710; up 1o 880; and 880-754.

{8044]  In varivus nondimiting embodiments, an austentlio alloy according to the
prasent disclosure may be charactenized by a Crilical F’Etiéng Tempseralure (OPT)
andior a Critical Crevice Corrosion Temperature {TO0T) within particular ranges. In

eriain applications, OFT and CCOT values may more accurately indicale corrosion

11
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resigtance of an alivy than the alloy's PREM value, CFT and CCCT may be
maasured scoording o ASTM G48-11, enlifled "Standard Test Msthods for Fitting
and Crevice Corrosion Resistance of Stainless Sesls and Related Allovs by Lise of
Ferric Chioride Solution”. In various nomimiting embodiments, the CPT of an alloy
accarding to the present disclosure may be gt least 45°C, or move preferably is al
imast 80FC, and the COCT may be at least 25%C, or more preferably is al least

30,

{00451 In various r‘;t‘m«iimiﬁng embodiments, an austenitic alioy according o the
praserd disclosurs may be characterized by a Chicride Stress Corrggion Cragking
Resistancs {SC0) value within a particular range. The SCC value i desoribed in,
for example, A J Sedricks, "Corrosion of Siainiess Sleels™ (. ¥ and Sons
16878} In various non-limiting embodiments, the SCC value of an alioy according o
the preseni disciosure may be measured or particuiar applications accerding to one
or moare of ASTM G307 (2008). enliled “Slandard Practics for Making and Usin
U-Bend Siress-Corrosion Test Specimens”; ASTM G36-84 {2006}, entitied *Standard

Practice for &vaéumms Strass-Corrosion-Gracking Resisiance of Metals and Alloys in

a Bodling Magnesium Chionde Solufion”, ASTM G35-88 (2011}, "Standard Practics

for Praparation and Use of Bent-Beam Stress-Corrosion Test Speaimens™, ASTM
G48-85 (2011, "Standard Practice for Preparation and Lise of Direct Tension Siress-
Corrosion Test Specimens”, and ASTM G122-00 (2011, "Standard Tesi Method for
Evalualing Stress-Corrosion Cracking of Sainless Alloys with Different Nicket
Cordant in Bolling Adidified Sodium Chioride Sefution.” I vavrious nonslimiting
aembodiments, the 8CC value of an alley according to the presant disclosure iz high
annugh 1o indioate that the altoy can suilably withstand bolling scidified sodium
ohloride solution for 1000 hours withoul experiencing unacceptable stress corosion

cracking, pursuant o svaluation under ASTRM G128-00 (2071}

S The alloys desoribed herein may be fabricaied o or included in varlous
articies of manufaclure, Such articles of manufadture may comprise, for exampie
and without imilation, an austenitic alloy according 1o the present disclosure
comarising, cunsisting egset‘:tia%iy of, or consisting of, In weighi percentages bazead
oo total alloy weighl up o 0.2 carbon, up o 20 manganese; L1 10 1.0 silicom 140
to 28.0 chromium; 15.0 {o 38.0 mokel 2.8 t© 8.0 molybdanum,; 0.1 {o 3.0 coppen,

12
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0.08 0 0.8 nifrogern; 8.1 {o 5.0 lungstery .8 1 5.0 cobalt up to 1.0 fHenium; up o
0,05 boron; up 0 0.08 phesphorous; up o 008 sulfur; ron; and incidental impurities.
Articies of manufacture that may include an alloy sccording o the presend disclosure
may be zsiectad from, for sxample, parls and components for use in the chemioal
induslry, petrechamical induslry, mining indusiry, ol industry, gas induslry, paper
indusiry, food processing indusiry, pharmaceutical indusiry, andfor waler service
indusiry. s’\imwim‘a%tmg axamples of spedcific articles of manufaciure tha! may inghude
an slioy according o the present discloswrs include: @ pipe; a shesl, a platg; a bar 3
rod; & forging: s tank; a pipeling component; piping, condensers, and heal
sxchangers intended Tfor use with charmicals, gas, crude oll, seawaler, sarvice walsr,
andior corresive flulds (¢, alkaline compounds, acidified chioride solutions,
acidified sulfide soiutions, andfor peroxides); filter washers, vats, and press rolls in
culp bleaching plants; service water piping sysiems for nuclear power plants and
power plant fue gas scrubber snviconments: components for process sysiems for
offshore off and gas platforms; gas wall compaonents, inciuding tubes, valves,
hangers, landing nipples, ool ieints and packers, twrbing angine components,
desalination componsnts and pumps; it of distilation columns and packing, articles
for marine environments, such 335, for exampls, transformer cases, valves; shafting;
Hanges; reactors; oolleciors; separalors; axchangers, pUMIPS: COMPrEssees;
fasteners; flexible connsciors; bellows; chimney inery; flue liners; and certain dnil
siring componenis such as, for example, stabilizers, rofary sheerable drilling
componenis, drill collars, integral blade siabilizers, stabiiizer mandrels, dnlling and
measurament wubidars, megsuramenis-while-drilling housings, logging-while-drilling
housings, non-magnetic dnill collars, mmmagn@tia drill pipe, integral blade non-

magnatic stabiiizers, non-magnatic fiex collars, and compressive service drill pipe,

00471 Alloys according o the present disclosurs may be madse ascording to
techniques known (o those having erdinary skill upon reviewing the compaosition of
the alloy described in the present disclosure, For example, a meathod for producing
an austerstic alloy aa‘;m‘;rding 0 the praserd disclosure may generally compris

i

stenilic alloy having any of the cempositions describad in the

(?.e

providing 3
present disclosure; and strain hardening the alloy. In vardous nonlimiting
ambodimants of the method, the austenitic alioy comprises, consists essentially of,

or consist of,) in weaight perosntages: up 10 0.2 carbon; up ¥ 20 manganese; 8.1 to

.
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1.8 silicon; 14.0 o 28.0 chromium; 15.0 to 38.0 nicksl; £.0 io 8.0 molvbdernum; (1 ©
3.0 copper; .08 to 0.9 nitrogen; 0.1 {0 5.0 ungster; 8.5 te 5.0 cobalt up to 1.0
Hiardumy, up I 008 boron; up © 0.05 phosphorous; up to 0L.08 suifur rom, and
inmidental impurities. In various nondimiting embodiments of such a method, strain
hardening the alioy may be condunted in a conventional manner by deforming the
alipy using one or more of rolling, forging, plercing, siruding, shot Basiing, peening,
andfor banding the alioy, In varipus nonHlimiting embodiments, strain hardening may

vompnsg oold working the alloy,

{0048  The step of providing an sustenitic alioy having any of the '*Qrv‘;;:}%zim
escribad in ihe present disclosure may comprise any suiable conwventional

technigus known in the an for producing metal slloys, such as, for example, melt

practices and powder metaliurgy practices. Non-limiting exampies of conventional

N

melt practices include, without imitation, practices uiilizing corsumable melting
tachniguss {e.g., vasuum arc remsiling (VAR and slactrosiag remaelting {(ESR)), non-
oonsumabie melting technicuss {g.g., plasma cold hearth melting and olectron beam
cold hearth maiting), and a combination of two or more of the etem“zq e5. As
srown i the art, cerlain powdered medallurgy practices for preparing an alloy
generaily involve producing powdarad alloy by the following steps: ADD, VODR, or
vacuurn induction melting ingrediends o provide a mell having the desired
composiiion; alomizing the meil using a conventional atomization techninuss i
provide a powdered alitwy; and pressing and sintering all or a portion of the powdsred
atioy, In one conventiona!l atomization technique, a stream of the meltis contactsd
vith the spinning blade of an alomizer, which breals up the stream nle small
groplets. The droplels may be rapidiy soligified In a vacuum or inert gas

atmosphere, providing small solid alioy particies

{08481 Whether praparing an alloy using mell o powslsr melallurgy practicss, the
ingradisnts used to produce the slioy (which may includs, for exampls, purs
elemendal slarting materials, master alloys, semi-refined materials, andior acrap)
may be combinad i 8 conventional manner in desired amouts and ralios, and
introduced inte the selected melling apparatus. Through approprisle selsction of

feed materials, trace slements and/or ingidental impurities may be held o acoeplable

tevels {0 oblain desired mechanical or other propertiss in the final slloy. The

4
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selaction and mannegr of addition of sach of the raw ingredients {o form the malt may
be cargfully conirolied because of the effedt these sddiions have on the properties
of the alivy in the finishad form, Also, refining techriques known in the art may be
applied o reduce o aliminate the presence of undesirable slements andior
inclusions i the alloy. When malled, the malerials may be consclidated inlo @

generally homogenous form vig conventional melting and processing lechniques.

{06881 Varlous embodiments of the ausienific stes! alloy described herain may
have improved corrosion resisiance andfor mechanical properties reigtive o
convantional alloys. Cerlain of the alloy smbodiments may have ultimats {ensile
strength, vield strength, percent slongation, and/or hardness greater comparable o
or better than DATALLOY 28 alioy andior AL-GXNGE gifoy. Alse, cerlain of the alloy
srnbodiments may have a PREN, CF, CPT, COCT, andfor SCC values comparabie
to or gregter than DATALLOY 20 alioy andfor AL-SXNE alloy. in addition, certain of
the alloy embodiments may have improved fatigue strength, microstructural stabilfity,
foughness, thermal cracking resistance, piting corresion, galvanic cgerosion, 3CC,
machinability, andior galling resisiance relative to DATALLOY 28 slioy andfor Al-
SANE glioy. As known to those having ordinary skilt in the art, DATALLOY 28 glloy
5 a CreMn-N slainioss steel having the following nominal compesition, in welght
percerdages: $.03 carbory; .30 sllicen; 15,1 mangansss; 18.2 chromium; 2.4
molvbdenuny £.3 nickel; 0.4 nitrogen; balance fron and impurities. As also known o
those having ordinary skill in the arl, AL-GXNEG alioy {UNS NO838T} s &
supsrausienitic stainless sisel having the following typical composition, in weight
parcentages: 0.02 carbory; .40 manganese; §.020 phosphorus; 0.001 suifur; 205
chramium,; 24.0 nickel 8.2 mobybdenurn, 822 nitrogen; 0.2 copper; balance iron.
DATALLOY 28 alloy and AL-BXN® slioy are svaliable from Allegheny Technioiogies

Incorporated, Pitlsburgh, PA USA

{381 o cerain noredimiting smbodiments, an alloy gecording o the present
dizclosure exhibits, af room lemperalure, uitimals {ensile strength of at least 110 ksl
yield strength of at leasl 50 ksi, andior percent slengation of atisast 15%. In varibus
other non-imiling embodiments, an alioy accwding o the present disclosure, inan
ammeaied state, exhibils, ol moom lemperaturs, ultimale tensile strength in the range

of 80 kst to 150 ksi, vield strength in the range of 58 ksi o 120 ksi, andfor perosnt

rad
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elongation In the range of 20% 10 88%. in varibus noredimiting embodiments, afler

strain hardening the alloy, the alloy exhibits an uitimats tensiie strength of al least

55 ksi, 2 vield strergth of at least 100 ksi, andfor 3 percent glongation of at teast

Y

19%. In certain other non-imiting embodiments, afier strain hardening the alioy, the
alioy exhibitz an ultimate lensiles in the range of 100 ksi to 240 ksi, a vield strengih i
the range of 110 ket {o J20 kal, andior a percent elongation inthe rangs of 18% o
in oiher nonimiting embaodiments, after strain hardening an alloy according to

the present disclosure, the alioy exhibils a vield sirangth up fo 350 ksi andlor an

uitimate tensite strangth up to 300 ksh
E.‘;'\'a\ H L

{0052]  The various embodiments described herain may be beller undersiood when
raad in corpunchon with one or moere of the foliowing representative examples. The

foliowing examples ars included for purposes of Hustration and not limitation.

{0831 Several 300 pound heals were prepared by VIM having the compositions
hated in Table 1, wherein blanks indicate that no value was determined for the
glement, Heat Numbers WT-78 to WT-81 represent non-imiting erabadiments of
alfoys gocording 1o the present disclosure, Hes! Numbers WT-82, 80FE.TH, and
QOFE-B1 represent embodimants of DATALLOY 2@ alloy. Heal Number WT-83
reprasents an embodiment of AL-GXNE alioy, The heats were cast inle ingots, and
samples of he Ingots were used o esiablish a sultable wariing rangs for ingot
break-down, ingols were forged al 2150°F with sultable reheats to oblain 275 inch

by 1.75 inoh rectanguiar bars from each heat.

{QO54]  Saeclions about § inches long were {aken from the rectangular bars
praduced from several of the hesls and forged to aboul 5 20% o 35% reduction to
zirain harden the seclions. The sirain hardened sections ware lensile tested to
detarming mechanical properties, which are listed in Table 2. Tensiis and magnsiic
parrveabiily tesling were conducled using standard {ensiie test procadures.
Corrosion resistance of each seclion was evaiugted using the procsdure of Practioe
G of ASTM G48-11, "Sendard Test Methods for Pitting and Crevice Carrosion
Rasistance of Stainisss Stasls and Relaled Alfoys by Use of Ferric Chionide

Solution”. Corrosion resistance siso was estimated using the PREN ¢ formula

16
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provided above., Table & provides the temperature at which the sections wers
forged. As indicated in Table 2, duplicale tests were conducted on sach of the
sampies. Table 2 also lisls the percent reduction in thicknass (deformation %™ of
the seclions achisved in the forging steg for sach section. Each of the tesisd
sections initlally was evaluated for mechanical properties at room temperaturs "RT

prioe © forging (0% deformation),

[O055]  As shown in Table 1, Heat Numbers WT-78 io WT-81 had higher PREN@
values and OF values relative (o Hest Number WT-82, and improved CF values
redative (o Heal Numbers 20FE-TT and 20FE-B1. Referring to Table £, the ductiiity
of the cobalt-containing alloys produced in Heat Numbers WT-80 and WT-81
unexpectediy was significantly beller thar the measured ductiily of the alloys
produced in Meat Numbers WT-78 and WT-77, which are generally corresponding
afioys lacking cobalt. This observation suggesis that there s an advantage o
including cobalt in alioys of the present disclosure. As discussed above, without
wishing o be bound o any particular theory, | is believed that coball may increass
the resistance fo detrimental sigma phase precipiiation In the alloy, thereby
improving ductiifty, The data in Table 2 also indicates that the addition of
manganess o Heat Number WT-83 increassd strangth after deformation, Al of the
experimeantal alloys were non-magnetic (having a magnetlic permeabiiity of about
1.001) when evaluated using the test procedure conventionally used 1o measure

magnatic permeabtiiity of DATALLOY 2@ alipy.

[G086] This specification has been written with refersnces 1 various non-limiting
and non-exhaustive embodiments. Howsver, i will be recogrized by persons having
ordinary skil in the art that various substilutions, modifications, or cambinations of
any of the disclosed embodiments {or portions thersof) may be made within the
scope of ihis speoification. Thus, it is contempiated and undersioad thal this
specification suppaerts additional erbodiments not expressly sef forth hersin, Such
smbodiments may be oblained, for example, by combining, modifving, or
reorganizing any of the disclosed steps, tomponents, elements, features, aspeacts,
characteristics, imitations, and the like, of the various non-limiling embodiments
describad in this specification. In this marmer, Applicants reserve the right o amend

the claims during prosscution (o add features as variously desoribed in this

-
d
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specification, and such amendments comply with the requirements of 3SUS.C. §

112, first paragraph, and 33 URLC §

43Ry
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GLAIMS

Wihat is claimed is

1. An austanitic alloy {:omprising i weight percentages: up o 0.2 carbory; up

& 020 manganese; 01 o 1.0 silfcon; 14.0 1o 28.0 chromium,; 15.0 10 38.0 nickel; 2.0
to 8.0 meéybdeﬁum; 0.1 1o 3.0 coppar; (.08 {0 0.8 nitrogen; 8.1 10 5.8 tungsten; 0.5
fo 5.0 coball; up to 1.0 Haniumy up to 0.05 boron; up to .05 phesphorous, up o 0.05

suifur; ren; and incldental impurities,

16 2 The alioy of claim 1 comprising a combined weight percertage of columbium

and lantaium up o 0.3,

3. The alloy of claim 1 comprising up to (.2 weight percent vanadium.

The glioy of claim 1 comprising up o 0.1 weight percant sluminum.

pro
R

5. The atoy of clairm 1 comprising a combined weight percentage of cerium and

anthanum ha greater than 001

a4 8 The alioy of clgim 1 comprising up © 0.5 weight percent ruthanium,

i The alley of claim 1 comprising up 1o 8.8 weight percent slroonium.

8 The alloy of clagim 1, whersin the iron is up 1o 80 waight parcant.

e
St

8. The alloy of daim 1 comprising a cobaltftungsten ratio, basad on weight

parcertages, from 211 o 41

fus]

The alloy of claim 1 having a PREN ¢ valus of greater than 40

11, The alloy of claim 1 having @ PREN value from 40 1o 80,

12, The alloy of claim 1, wherein the glioy is noremagnstic,
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13, The alloy of daim 1 having @ magnsiic permeabilily value of less than 1.01

14, The slloy of claim 1 having an ultimate tensile strength of st least 1106 ksl &

vield strength of at least 80 ks, and a percent elongaton of al ieast 15%.

18, The alioy of clalm 1 having an wiimale tensile slrength in the range of 80 ks
o 150 kal, 8 vield strenglh in the range of 80 kel 0 120 ksi, and a peroe: tei@ngatiﬁn

in the range of 20%: o B5%.

5. The alioy of claim 1 having an wWtimate tensiie strength in the range of 100 ksl

o 240 ks, 3 yield strength in the range of 110 kel {o 320 kst and a percent

glongation in the range of 15% fo 30%,

=0

The altoy of claim 1 having a orifical pitting lemperature of allsasi 45°C,

B,
]

18 The alioy of daim 71 comprising, in weight percentages based on total alloy
weolghl, up to 0.08 carbon; 1.0 o 8.0 manganess; 8.1 1o 1.0 sllicon; 1800 280
chromium; 18.0 10 37.0 nickel, 3.0 1o 7.0 molyvhdenumy; 0.4 (e 2.5 copper; 0.1 10 .58
ritrogeny; 3.2 o 3.0 tungsten; 5.8 {o 3.5 coball up 1o 0.8 tanium; g combined weight
percentage of columblum and lantalum no gregter than 0.3; up o 0.2 vanadium; up
to U1 aluminurm; up o G085 boron; up 1o 8.05 phosphorous; up o 0,08 sulfur, vory

ana incidental impunities,

19, The alloy of clawm 18 comprising 2.0 10 8.0 weight perceni manganass,
20, The alloy of claim 18 comprising 19.0 to 25.0 weight peroent chromiurm,
21 The sfioy of clabm 18 comprising 20.0 {0 35.0 weight percent nickel,

22, The alloy of clalm 18 comprising 3.0 o 6.5 weight percent molvbdenur,

§ed
(5]
"
o g
B

alioy of olaim 18 comprising 0.5 {0 2.0 weight percent copper.

4. The altey of claim 18 comprising 0.3 o 2.5 weight percent tungsien,

o
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25, The alioy of claimy 18 compriging 1.0 to 3.8 weight peroent cabalt

X

:5'
3
—
L&
<o

28, The alioy of claim 18 comprising .2 5 waight percent nitrogen

& The alloy of claim 18 comprising 20 o 50 weight pareent ron.
& The alloy of claim 1 comprising, in weight perceniages based on tolal alloy

weighls up 10 Q.08 carbon; 2.0 © 8.0 manganese; 0.1 to 0.5 sificon; 18010 25.0
chromium; 2000 to 35.0 nicksl; 3.0 {o 6.5 molvbdenum; 8.5 10 2.0 coppar; 8210 0.5

rufrogen; 0.3 (e 4.0 lungstern; 1.0 10 3.5 coball, up to 0.6 ttgnium; 3 combined weight
percantage of oolumbium and fantalum no greater then §.3; up o 8.2 vanadium; up
0 .1 aluminum; up 0 .05 borons up 1o §.05 phosphorous! up o .05 sulfur, fron;

trace slemeants; and incidertal impuriliss.

[
e

The alloy of daim 28, whersin the manganess is 2.0 1o 8.0 weighi percent.

A0, The glloy of claim 28, wherein the chremium is 20.0 {o 32.0 weaight percent.

31, The alloy of claim 28, wherein the molybdenum is 8.0 in 8.5 waight percent,

32, The alloy of clasm 28, whersin the fron iz 40 © 45 welght percent

o
I



