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TITLE

HIGH STRENGTH, CORROSION RESISTANT AUSTENITIC ALLOYS

[This area has been left intentionally blank]

FIELD OF THE TECHNOLOGY

[0001] The present disclosure relates to high strength, corrosion resistant alloys.
The alloys according to the present disclosure may find application in, for example
and without limitation, the chemical industry, the mining industry, and the oil and gas

industries.

BACKGROUND OF THE TECHNOLOGY

[0002] Metal alloy parts used in chemical processing facilities may be In contact
with highly corrosive and/or erosive compounds under demanding conditions. These
conditions may subject metal alloy parts to high stresses and aggressively promote
erosion and corrosion, for example. If it is necessary to replace damaged, worn, or
corroded metallic parts, operations may need to be entirely suspended for a time at
a chemical processing facility. Extending the useful service life of metal alloy parts in
facilities used to process and convey chemicals may be achieved by improving the
mechanical properties and/or corrosion resistance of the alloys, which may reduce

costs associated with chemical processing.

[0003] Similarly, in oil and gas drilling operations, drill string components may
degrade due to mechanical, chemical, and/or environmental conditions. The drill
string components may be subject to impact, abrasion, friction, heat, wear, erosion,
corrosion, and/or deposits. Conventional materials used for drill string components
may suffer from one or more limitations, For example, conventional materials may-

lack sufficient mechanical properties (for example, yield strength, tensile strength,
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and/or fatigue strength), corrosion resistance {for example, pitting resistance and
stress corrosion cracking), and non-magnetic properties. Also, conventional
materials may limit the size and shape of the drill string components. These
limitations may reduce the useful life of the components, compilicating and

increasing the cost of oil and gas drilling.

[0004] Therefore, it would be advantageous to provide novel alloys having improved

corrosion resistance and/or mechanical properties.

SUMMARY

[0005] According to an aspect of the present disclosure, there is provided an
austenitic alloy comprising, in weight percentages: up to 0.2 carbon; 3.5 to 10.0
manganese; up to 1.0 silicon; 14.0 to 28.0 chromium; 15.0 to 38.0 nickel; 2.0 to 9.0
molybdenum; 0.1 to 3.0 copper; 0.08 to 0.9 nitrogen; 0.1 to 5.0 tungsten; up to 5.0
cobalt; up to 1.0 titanium; up to 0.05 boron; up to 0.05 phosphorus; up to 0.05 sulfur;
a combined weight percentage of columbium and tantalum up to 0.3; up to 0.2
weight percent vanadium; up to 0.1 weight percent aluminum; a combined weight
percentage of cerium and lanthanum no greater than 0.1; up to 0.5 weight percent
ruthenium; up to 0.6 weight percent zirconium; and balance iron and incidental
impurities.

[0006] In one embodiment, the austenitic alloy comprises, in weight percentages
based on total alloy weight; up to 0.05 carbon; 3.5 to 8.0 manganese; 0.110 0.5
silicon; 19.0 to 25.0 chromium; 20.0 to 35.0 nickel; 3.0 to 6.5 molybdenum; 0.5 to
2.0 copper; 0.2 to 0.5 nitrogen; 0.3 to 2.5 tungsten; 1.0 to 3.5 cobalt; up to 0.6
titanium; a combined weight percentage of columbium and tantalum no greater than
0.3; up to 0.2 vanadium; up to 0.1 aluminum; up to 0.05 boron; up to 0.05
phosphorous; up to 0.05 sulfur; balance iron and incidental impurities; wherein the
steel has a PREN16 value of at least 40, a critical pitting temperature of at least
45°C, and a coefficient of sensitivity to avoid precipitations value (CP) that is less
than 750.
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DETALED DESCRIPTION OF CERTAIN NON-LIMITING EMBODIMENTS

{&ﬁﬂ?} itis to be understood that certaln desoriptions of the embodiments
gseribad herain have besn simplifiad to #lusirale only those elements, fealurss, and
aspects thal are relevant o a clear undersianding of the disclossrd embodiments,
while eliminating, for purposes of clanity, other slements, featires, and aspeats,
Fersons having ordinary skill in the art, upon considering the present description of
the disclosed embodiments, will recognize that other slements andfor features may
he desirable in a particular implementation or application of the disdosed
ambodiments. However, because such other slements andlor features may he
readily ascertained and implemented by persons having ordinary skill in the art upon
considering the present description of the disclosed embodiments, and are therefore
not necessary for 8 complete understanding of the disciosed embodiments, a
deseription of such slements and/or festures is not provided herein, Az such, iz o
be understood that the description set forth herain is merely sxemplary gnd
Hlustrative of the disclosad embodiments and is notintended o imit the scope of the

rvantion as defined solely by the claims.

H008]  Also, any numerics! range recited hereln is intended to include all sub-
ranges subsumad therein, For sxample, a range of "1 10 107 is intended to include
all subranges between {and including) the recited minimum value of 1 and the
rectted maximum value of 10, that s, having & minimum value sgual to or greater
than 1 and a maximum value of egust to or less than 10 Any maximum numaerioat
fmitation reciled herein is inlended {o Include all lowar numerioal Imttations
subsumed thersin and any minimum numesicat imitation recited hereln s intended o
inciude all higher numerical imitstions subsumed thereln. Accordingly, Applicarts
rgserve the right o amend the present disciosure, including the claims, {o epressly
recite any subqrange subsumed withiny the ranges expresaly recited herein. Al sugh
ranges are infended {0 be inherently disclosed herein such that amending o
axpressly recite any such sub-ranges would comply with the requirerments of 35

US.Co§ 112 fiest paragraph, and 35 ULS.0. § 132{s)

FOG88]  The gremmatical articles "one”, "g", "an®, and "the", a8 used herain, are

»n

intended o include "atl least one® or "one or more”, unless otharwise indicated.

Thug, the arlicles are used herein to refer 10 one or more than one {2, {o at least

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

ambaciimernds.

010 Al porcantages and ratios are caloulsted based on the {ofal waight of the

attoy composition, unless otherwise indicatad,

RO Any patent, publivation, or other disclosurs matseriat that s said o be
inoorporated, i whole or i part, by reference harain is ncorporated harain oy to
the sxisnt that the incorporated material does not conflic with exisiing definitions,
statements, or ather disclosurg material sof forth in this dsclosure. Ag such, and {o
the extent necessary, the disclosure as set forth herein supsrsedes any sonflicting
matenial neorporated herein by reference. Any mialerial, or portien thereof, that is
aig {o be noorporgted by refersncs hareln, but which conlicts with existing
definitions, sistements, or olher disclosurs maierial set forth herain is only
mcorporaiand o the exierd that ro confic! arises between thal incorporated material

and ine sxisling disclosure material

BTl The prasent disclosurs includes descriptions of various embodiments. His
o be understond that all embodiments described haralry are examplary, Hustrative,
gnd nonelimiting, Thus, the invention s not limited by the cfescré;}iian of the varlous
sxemplary, Hustrative, and norclimiting embodiments. Rather, the invantion is
defined stiely by the daims, which may be amended o recite any fealures sxprassly
of inherently described in or otherwiss sxpressly or inherently supported by the

N

prasent disclosure.

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

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

v

of ohe or more mechanical propartias, Vanous embodiments of the slioys desoribad
harain may have certain advaniages over oonventional alioys, including, but not
frnited o, improved corrosion resistance andfor mechanica! propertiss, Certain
smbodiments may axhibil improved mechanical properties, without any reduction in

corrosion resisiance, for example. Cerlain embodimenis megy exhibit improved
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impact properties, weldability, resisiant 1o corrosion fatigue, galbng andfor hedrogen

2 C:e

ambrittfement relalive to conventional alloys.

0044} Inovarious embodiments, the alioys desaribed hersin 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 herain may exhibit higher tensile sirength dus fo
an improved response (o strain hardening from deformation, while also relaining high
corrosion resistance. Strain hardening or oold working may be used o harden
materizls that do not generally respond well 1o heat realmeni. A person skilled in
the arl, however, will appreciate that the exact naturs of the cold worked structure
may depend an the matarial, the steamy, 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 desoribed herein may morg
afficiently produce an alloy exhititing improved corrosion resistance andior

riechanical properties than certain conventional alloys,

B8] According o various non-imiting smbodiments, an austenitic alloy
accovding to the prasent disclosurs may comprise, consisi assentially of, or consist
of, chromium, coball, oopper, ron, manganese, moivbdenum, nicksl, sarbon
sitengen, and tungsten, and may, bl nead nod, include one or mors of aluminum,
siticon, Hlanium, boron, phosphorous, sullur, niohium {(Le., columbium), tantalum,
ritherium, vanadium, and zirconum, sither as race siements or incidents!

fnpuniies.

TOOI8l 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 an fotal alioy weight, up tn 0.2 carbon, up 1o 20 manganesse, ¢
o 1.0 silicon, 14.0 10 28.0 chromium, 15.0 o 38.0 nickel, 2.0 v 8.0 malybdenum, .4
1o 3.0 oopper, 8.08 o 8.9 nitrogen, 0.1 o 5.0 ungsien, 0.5 5.0 cobsit up o 1.0
tHardum, up o 0.08 boron, up o .05 phosphorous, up 1o 0.05 sulfur, ron, and

incidental impuritiss.
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7] in addition, sceording o various nondimiting embaodiments, an austenit
alioy sccording to the present disclosures may comprize, consist sssentially of, or
conalst of, in weight percentages based o iofal alloy weight, up to 8.05 carbon, 1.0
fo 8.0 manganese, 0.1 0 1.0 sificon, 18.0 to 28.0 chrormium, 18.0 fo 37.0 nicksl, 3.0
7.0 molybidenum, 0.410 2.5 copper, 801 to .58 nitrogen, $.2 o 3.0 ungsten, 0.8
o 3.5 coball, up o 0.6 tlanium, a combined weight perceniage of columbium and
lantaium no greater than 8.3, up to 8.2 vanadium, up to 8.1 aluminum, up 1o 0.05

boren, up to 0.08 phosphorous, up to .05 sulfur, ron, and incidenial impurities.

00181 Alse, zocording to various nondimiting embodimeantis, an austeniiic alloy
according 1o the presant disclosurs may comprise, consist esseniially of, or consist
of, In weight percentages based on total alloy weight, up 10 0.05 carbon, 2.0 8.0
manganese, §.1 {0 0.5 silicon, 19.0 fo 25.0 chremdum, 20.0 0 35.0 nickel, 3.0 0 8.5
molybdenum, 8.5 to 2.0 copper, 0.2 to 0.8 nitrogen, 0.3 0 2.5 ungsten, 1.0t 3.5
oobalt, up lo 0.8 Hanium, a combined weight perceniage of columbium and tantalum
no greater than 0.3, up to 0.2 vanadium, up to 0.1 aluminum, up o .05 boron, up o

(.05 phosphorous, up to 0.05 sulfur, iron, and inciderdal impurities.

G081 In various non-limiling embediments, an alloy scoording o the presend
disclosure may comprise carbon in any of the following weight percentage ranges:
Wple 20 upto 08, wp e 0.2, uplo 008 up io 005 up 0 .03, L0510 3.0 0.0t o
28 0.0 10 1.0, 0.01 10 0.8, 0.01 {0 0.08; 0.09 to (.08, and (L0053 (0 Q.01

0281 In various norelimiting embodiments, an alloy sccording 1o the present
disclosure may comprise manganese i any of the following weight percentage
ranges: WA upio WNH I 200100101080 8088, 20m7.D
2080 3588 and 40188

(00211 In varibus non-iimiting embodiments, an alloy sccording © the presaent
disclosure may comprise slicon in any of the foliowing weight pare n‘iage FANGES:
Uup TG 0t I 08kt 0 and 010 05,

0321 Invarious non-imiling embodiments, an alloy aocording o the present

disclosure may comprise chramium in any of the following welght percentags

ranges. 1401028018 00250 180 Wwa 1800380 200 240, 2004
232100280 and 17 Qo 21 0

.y’
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{00331 I various non-dimiting embodimants, an alioy according o the present
disclosure may comprise ruckel in any of the following welght percentage ranges:

150w 8.0 100t 370, 20010 384 and 210 0 320,

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

28030 THI3I0WEE 551085 angd 8.0 AE.

[O02R]  Inwarious non-imiting smbodiments, an alloy sccording o the pressnt
disclosure may comprise copper i any of the following weight percertage rangses:

0103804025 05020 and 1.0 1.5

[08287  In various non-imiting embodiments, an alioy according o the present
disclosure may a:(‘smpréw pitrogen it any of the following weight percentage ranges:
0081009008003, 0100850205 and 021003 Incertain
smbodiments, nitrogen may be limited 1o 0,38 weight peroent or .3 weight percent

o address its imited solubility i the alloy.

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

DSl 802030021008 and 03 2.5

{8628] Invaricus non-limiting embodiments, an alioy according o the presant
disclosure may compriss cobalt in any of the fullowing weight perceniage rangss) up
HLOLHWEL 051008304103 and 1030 In

ceriain smbediments, cobalt unexpectedly Improved mechanioal properties of the

alloy. For example, i osrlan smbodiments of the alloy, sddiions of cobal may
ovide up to a 20% increass i1 toughness, up to g 20% increase in elongation,

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

theory, i is believed thal coball may increasse ihe resisiancs o detrimenial sigmsy

shase precipitalion 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 non-limiting embodiments, an alloy according to the pregsent
disclosurg may comprise a cobaltiungsten weight parcentage ratio of from &1 fo

1 oeriain emboadiments, for example, the cobaittungstian

3

1, grfrom 21 o4

o
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wedght percentage ratic may be about 41, The use of coball and ungsten may

impart improved solid solution strengthening to the alloy.

{00381 Invarious nonimiting embodiments, an alloy aocording to the present
disclosure may comprise tlanium in any of the lollowing weight percesiage ranges:

el )

upto 1O up e 08 us o O up o 001, S.005 0 1.0, and 0.1 10 0.8,

(0031 Iy various non-limfting embodiments, an alloy acoording o the prosent
disciosure may comprise zirconium in any of the foliowing weight parcentage ranges:

uptotS upto B8 upto 0 wp o G0L 00 LI and 0110 0.8

(D032} In various nondlimiting embodiments, an alloy according to the presant

disglosure may comprise columbilum {rioblum} ardior tantalum in any of the

folowing weight percentage ranges: upio 1.0 w08 un o 0.3, 0.01 o 1.0, .01

o 05 007 o 0y and 01 o 0.5, In varous non-limiting embodiments, an alfoy

according fo the present disclosure may comprise a combinad weight pereeniags of

columbiunt and tantalum in any of the following ranges: up o ?.G; up to 0.5 up to
03,001 180005 00T and 8o 5

$

(0033] I various non-limiting smbodiments, an alioy according to the present
disclosurs may comprise vanadium in any of the following welght percantage ranges:

Uplo T up 8 uwh i 00T 10, 00T w5 00510 0.2 and B 1o 05

[0034]  In various non-limiting embodiments, an ailoy according to the present

disclosure may comprise aluminum in any of the following weight percentage ranges:
up et up vt Lupeddh il 01008 and 005 0L

TBO3E]  In varlous non-iimiling embodiments, an alioy according to the present
disclosyre may comuprise boron in any of the following weight psreentags ranges: u
o .08 up o 0L up 1o 8008, up to 0.001; up o B.0008.

5

{B038]  In various nonHlimiting embodiments, an alloy according to the present
digclosure may comprise phosphorous i any of the following weight percentags

ranges: up to §.05; up o 0025 up to 8.07; and up o 0.ODE.

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

10 .05 up o D025, up o Q.01 and up o G005,

00381 In various non-imiting embadiments, the balance of an alloy scoording 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 50, 20 10 48; 35 tu 45; 30 {o 50, 48 to 84,

40t 50; 40 o 45 and &0 1o 80,

{0038]  In cerlain non-limiting embodimeants of an alloy acoording to the present
disclosurs, the alloy may include one or more race slements. As used hersin, "trace
glements” refers to slements that may be prasant in the slloy a3 a result ot the
cornpesiion of the raw malerials andfor the msll methed employed and which are
not present iy concantrations that do not significantly negatively affect imporiant
orageriies of the aliny, as those properties are generslly described herein. Trace
alements may includs, for example, one or more of laniure, Zirconium, columbium
{miobiam), lanialum, vanadiom, aluminum, and boron in any of the concentrations
desoribed harein, In carlain non-limiting 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 olal concentration of trace slements in any of the
foliowing weight percentage ranges: uplo S0 win Lo uplo 08w DL Gt io
SO 0Tt and8tioDB

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

7

]

foitowing weight perceniage ranges: uplo S0 wie T w oS wh Ll

58,07t end 0110 0.5 As generally used hergin, the term "incidental

i

impunties” refers 1o one or more of Sismuth, calclum, cerlum, anthanum, lead,
oxygan, phosphorous, ruthenium, silver, selenium, sulfur, tellurium, fin and
siroonium, which may be presant in the alloy inminer conoerdrations. In various

non-iveling embodiments, individua!l incidental impurities In an alloy according to the

9



16

15

fo
o,
2

25

3G

WO 2013/130139 PCT/US2012/066705

oresent disclosure do not excesd the following maximurm weight perceniages:
00,0008 bismuth; 0.1 calelam, 81 cerunt G1 lanthanum §.001 lead; .01 tin, .01

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

ndfor lanthanum and caloium present in the alloy may be up o 0.1, In various non-
iimaiéng embodiments, the combined waight parcentags of any cerium andfor
anthanum present in the slioy may be up o 0.1, Other elements thal may be
prasent as mcidental mpurilies in the alloys desoribead hersin will be apparent fo
those having ordinary skit in the arl. In various non-imiting embodiments, an alioy
according o the present discipsure may include a tolgl conceniration of trace
giements and incidental impurities in any of the following weight percentage ranges:
up o 10.0, Wil wiotlluwicldsS upic 01 100 011050, 010 1.0
and 01005

{8041} In various non-limiting embodiments, an austenitic alioy sccording to the
present disclosure may be non-magnetic. This characteristic may facilitate use of
the alioy in which norn-magnetic properties are important including, for sxample, use
it cerialn ol and gas drlll string component applications. Certain nonimiting
smbodiments of the austeritic alloy deseribad hersin way be charanterized by a
magnetio permeability value (o) within a particudar rangs.  In various embodiments,
the magnetic parmeability value of an alioy aacording 1o the present disciosurs may
be iess than 1.0, less than 1.008, andfor less than 1.081. By varous embodimeanis,

the alloy may be substantially free rom farrite.

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

perceriages are weight percentages based on slloy weight

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

10
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N

n various non-imiting embodiments, an alfoy according to the present disdosure

£

may have a PREN« value In any of the following rangses: up 10 80; up to 58,
greater than 30 grester than 40; grealer than 45; greater than 48; 30 ¢ 80, 30
B&; 34 1o 5O 40 1o 60; 440 to 58; 40 10 50; and 48 to 81, Without wishing to be
bound o any particular theory, itis belisved that & higher PREN ¢ value may indicate
7 higher likelihood that the afloy will exhibit sufficient corrosion resistance in
ervironmerts such as, for example, highly corrosive environmaents, high femperature
snvirgnmeants, and low lemperalure ervironments, Aggressively corasive
gnvironments may existin, for sxample, chemical processing squipment and the
down-hole environment lo which a drill string is sublected in ofl and gas drilling
applications, Aggressively comosive environments may subject an alloy o, for
axampie, alkaline compounds, acidified chloride solulions, acidified suifide solutions

£

peroxides, andfor CO;,, along with extrame temperatures,

{80437 in vadous non-imiting embodiments, an sustenitic alloy according to the
sresent disclosure may be charactenzed by a cosfficient of sensilivity to avold
precipitations value {CP) within a parficudar rangs, The CF value {5 desaribed in, for
axample, UGS Patent No. 5,494 638, entitiad “Ausienitic Stainless Siesl Haviﬁg
High Properties”. The CF value is a ralalive indication of the kingtic
m&cipitatmn of irtermetallic phases inan ailoy. A OF valus may be caloulsted using
following formuuda, wherein the perceniages are weigh! percerdages based on
alioy weight

CP = 20{%Cr) + 0.3{%N1 + 30{% Mo} + BI%W) + 10(%Mn) + 500360} - 200(%8)

Without wishing o be bound to any parlicular theory, it s belisved that alloys
having a CP value less than 710 will axbibit advaniagecus austenile stalulity which
helps to minimize HAZ (heatl affscied zone) sensitization from intermetallic phases

during welding, In various non-imiling embodiments, an alloy desoribed hersin

ol

may have a CF in any of the following ranges: up o 800; up i 750 fess than 75O,

ups o 71 tess than 710; up 1o G80; and 880-750.

{8044]  In varivus nondimiting smbodiments, an sustenilic alloy according o the
fth

oty

prasent disclosure may be characterized by a Critfoal Pltting ’Ee*’rp@mh ra {OPT}
gndior a Unitl

ceriainy applications, OPT and CCOT values may mors accuralsly indicats corrosion

cat Crevice Corrosion Temperature {TOCT y within particutar ranges. In

11
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resigtance of an aliny than the alloy's PREM value, CFT and CCCT may be
maasured scoording o ASTM G48-11, entitled "Standard Test Msthods for Fitting
and Crevice Corrosion Resistance of Stainless Sesls and Related Allovs by Use of
Ferric Chioride Soludion”. In various nomimiting embodimeants, the CPT of an alloy
accarding to the present disclosure may be gt least 45°C, or move preferably is at
feast 8070, and the COCT may be at least 28%C, or more preferably is af 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 Cracking
Resistancs {300} value within a particular range. The 8CC value is desoribed in,
for example, A J. Sedricks, "Corrosion of Siainiess Sleels™ (. ¥ and Song
1878} I various non-limiting embodiments, the SCC value of an alloy according o
the present disciosure may be measured or particuiar applications accerding to one
or moare of ASTM G30-97 (2008, entitlied “Slandard Practics for Making and Usin
U-Bend Siress-Corrosion Test Specimensg”;, ASTM G36-84 {2006), entitied *Standard

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

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

for Preparation and Use of Bent-Beam Stress-Corrosion Test Speaimens™, ASTM
G48-85 (2011, “Standard Practice for Preparation and Use of Direst Tension Siress-
Corrosion Test Specimens”, and ASTM G122-00 (2011, "Standard Tesi Method for
Evalualing Stress-Corrosion Cracking of Sainless Alloys with Different Nicket
Cornant in Bolling Acidified Sodium Chioride Sefution.” I vavrious non-limiting
embpdiments, the 8CC value of an alley according to the pressnt disclosure iz high
annugh 1o indioaie that the alloy can suilably withstand bolling scidified sodium
ohloride solution for 1000 hours withoul experiencing unacceptable stress corosion

cracking, pursuant 1o svaluation under ASTRM G128-00 (2011}

S The alloys desoribed herein may be fabricaied o or included in various
arlicies of manufaclure, Such arlicles of manufadture may comprise, for exampie
and without imitation, an austenitic alloy according 1o the present disclosure
comarising, cunsisting egset‘:tia%iy of, or consisting of, In weighi percentages bazead
oo fotal alloy weighl up lo 8.2 carbom, up o 20 manganese; L1 1o 1.0 silicon 140
to 28.0 chromium; 15.0 {o 38.0 mokel 2.8 t© 8.0 molvbdanum,; 8.1 {o 3.0 coppen,

12
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.08 10 0.9 nitroger; 8.1 1o 5.0 lungstery 8.8 1 5.0 cobalt up to 1.0 Hanium; up fo
(.05 boron; up o 008 phesphorous; up o 0.08 sulfur; ron; and incidental impurities.
Articies of manufgoture thal may include an alloy sccording o the present disclosure
may be selected from, for example, parls and componeants for use in the chemical
industry, petrochamical induslry, mining industry, ol industy, gas industry, paper
ndusiry, food processing indusiry, pharmaceutical indusiry, andfor waler sarvice

mdusiry.  Norlimiting examples of specific articles of menufacture that may include

an shoy according o the present discloswrs inchude: @ pipe; a shest; a plate; a bar &
rod; & forging: & tank; a pipeling component; piping, condsnsers, and heat
exchangers intended Tor uss with chemicals, gas, orude oll, seawater, service watsr,
andfor corresive Huids (g, alkaline compounds, acidified chioride solutions
geidified sulfide solutions, andior peroxides); filter washers, vats, and prass rolls in
pulp blaaching plants: service water piping systems for nuclear power plants and
power pant fue gas scrubbar snviconmaents; components for process systems for
offshure off and gas platforms; gas wall components, inciuding tubes, valves,
hangers, landing nipples, ool icints and packers, turbine engine components:
dezalination compaonsnts and pumps; i off distillalion columns and packing; articles
for marine environments, such 5, for example, transformer casses; valves! shafting;
Hanges; reaciors; oolieclors; separalorns; axchangers, PUMPS; COMPrassons;
fasteners; flavible connaciors; bellows; chimney liners; flue liners; and certain dil
siring componenis such as, for example, sisbillzers, rotary steerable drilling
componenis, drill collars, integral blade stahilizers, stabiiizer rnandrels, driting and
measurament Wwbidars, measuremenis-while-drilling housings, logging-while-drilling
housings, non-magnetic drill collars, mmmagn@tia drili pipe, int&grai blade non-

magneatic stabliizers, non-magnetic flex coliars, and comprassive service drili pipe.

{00471 Alloys sooording o the present disclosurs mgy be mads asoording to
techniques known fo those having ardingry skill upon reviewing the composition of
the alloy describad in the present disclosure. For example, a method for produaing
an austerstic alloy r&t;\;{"!i’jiﬂg o the praserd disclosure may generally compris

i

stenilic alloy having any of the cempositions described in the

(?.e

providivgg 3
pragent disclosurs;] and strain hardening the alloy. In various non-limiting
ambaodiments of the method, the austenitic slioy comprises, consisls essentialiy of,

or consst of, i weight perosntages: up 1o 0.2 carbon; up o 20 manganese; 4.1 o

Y
(o
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1.0 gilicon; 14.0 0 28.0 chromium; 150 to 38.0 nickel; 2.0 {0 8.0 molvhdenum, 01
2.0 copper; .08 to 0.9 nitrogen; 8.1 {o 5.0 lungstery 0.5 {0 5.0 cobait, up te 1.0
Higrdumy up I Q.08 borony up © 0.05 phosphorous; up 1o 0L.08 sulfur ron; and
incdental impurities. In various non-imiting embodiments of such a method, strain
Rardening the alioy may be conducted in a conventional manner by deforming the
alioy using one or muore of rolling, forging, plercing, extruding, shot biasting, peening,
and/or banding the alloy, In varous norklimiting embodiments, strain hardening may

nompnse oold working the alloy,

{B048]  The step of providing an sustenitic alloy having any of the compuositions
ascribed in the present disclosure may comprise any suilable conventional
techrigue known in the art for producing metal glloys, such as, for example, melt
praciices and powder melallurgy practices. Non-imiting exampies of conventional
el practices include, withaut limitation, practices wiilizing corsumable melting
tachnigues {ge.g., vacuum arc remelling (VAR and electrosiag remelting {E8R)), non-
sonsumabie melting technicuss {g.g., plasma cold hearth melting and slectron beam
cold hearth melting), and a combination of two or morg of these technique&. As
krrown i the art, cerlain powdered medallurgy oractices for preparing an alloy
generaily involve producing powdsrad alloy by the following steps: A0D, VOD, or
vacuum industion melling ingrediants to provide a mell having the desired
composiiion; alomizing the meif using a conventiona! atomization techninuss v
provide 3 powdered alltyy; and pressing and sintering all or a portion of the powdered
atioy, In one cohventional atomization technique, & stream of the meltis contadisd
vith the spinning blade of an alomizer, which breaks up the stream nfo small
droplets. The droplsts may be rapidly solidified in a vacuum or inert gas

atmosphere, providing small solid alloy particles.

{08481  Whether preparing an alioy using mell or povdsr metallurgy prastices, the
ingredients used to produce the alioy (which may includs, for exampls, pure
elemental slaring materials, master alloys, semirafined materials, andior serap)
may be combingd in & conventional manner in deslred amounts and ratios, and
nfreduced inte the selected melting appavatus. Through appropsiate selsction of

fead materals, race slements andfor incidental impurnities may be held o acceplabls

evels o oblain desired mechanics! or other propertiss in the final slloy. The

4
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setaction and manner of addition of sach of the raw ingredients o form the melt may
be carefully controlled because of the sffect these sdditions have on the properfies
of the alivy in the finished form, Also, refining lechnigques known in the art may be
applied o reducs o aliminate the presence of undesirable slemeants andior
nclusions i the alioy. When malted, the materisls may be consclidated inlo s

genersily homogenous form vig cenventional melting and processing techniques.

{0088 Various embodiments of the auslenitic stes! alloy desaribed herein may
have improved corrosion resisiance andfor mechanical properties relative o
conventions alfoys. Certain of the alloy embodiments may have ultimste lensile
strength, vield strength, percent glongstion, and/or hardness greater comparable to
or better than DATALLOY 28 alloy andior AL-GXNS atfoy. Also, oerlain of the alioy
senbodiments may have a PREN, CF, CPT, CCCT, andfor SCC values comparable
to or grester than DATALLOY 2® alioy andior AL-BXN@ alloy. In addition, cerlain of
the alloy embodiments may have improved fatigue strength, microsiructural stability,
oughness, thermal cracking resistance, piting corresion, galvanic corrasion, SCC,
machinability, andfor galling resistance relative o DATALLOY 28 alioy andfor AL~
GXNE aglioy. As known to those having ordinary skill in the art, DATALLOY 268 alloy
5 a Cr-Mn-N slainiess stea having the following nominal composition, in weaight
reamtages: .03 carbon; .30 silicon; 151 manganese; 15.3 chromium; 2.1
;‘neiw’”‘eﬁ ury; &3 nickel; 0.4 nitrogen; balancs ron and impurities. As also known o
those having ordinary skill in the arl, AL-GXNE alioy {UNS NOR3BY ) s &
superausienitic stainless sisel having the following tyvplcal composition, in waight
poroentages: .02 carbon; .40 manganese; 0020 phosphorus; §5.001 suifur; 205
chromium; 24.0 nickal 6.7 molybdenurn, 022 nitrogen; 0.2 copper; balancs fron.
DATALLOY 2® alloy and AL-GXN® alioy sre avallsble from Allegheny Technologies

incorporated, Pitishurgh, PA USA

{0811 In cerlain nondimiting smbodiments, an alioy scoording o the prasent
dizclosura exhibits, at room lemperalure, ulimate tensile strength of at least 110 ksi,
yield sirength of at least 50 ks, and/or percent siongation of at least 15%. v various
other non-imiing smbodiments, an alioy accwrding © the present disclosurs, iy an
annogind state, exhibils, al room lemperaturs, sltimate tensile strength in the range

of 80 ksi to 150 ksi, vield strength in the range of 50 ksl to 120 ksi, andfor perosnt

rah
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slongation in the rangs of 20% o 658%. in various norvlimiting embodiments, after
atrain hardening the alloy, the alloy exhibils an uimats tensiie strength of al least

55 kel a yield strength of at least 100 ki, andfor a percent longation of at feast
9%, In certain othey non-imiting embodimends, afisr strain hardening the alioy, the
alloy exhibilz an ultimate iensile in the range of 100 ksi te 240 ksi, a vield strengih i
the range of 110 ke {o J20 ksl andior a percant elongation in the range of 18% 1o
3%, In other nonelimiting embodiments, after strain hardening an alloy according to
the present disclosure, the aliey exhibiis g vield sirength up fo @80 ksl andior an

uttimate lensile siv SHEis] th up o 308 ksi,
P
EXAMPLE

{0082]  The various embodiments described hereln may be beiler undersiood when
read in comunction with ong or more of the following representative examples. The

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

fH083]  Several 300 pound heals were prepared by VIM having the compositions

Hated in Table 1, wherein blanks indicate that no valus was determingd for the

element, Heat Numbers WT-78 to WT-81 represent non-imiting embodiments of
LA

alloys according 1o the present disclosure. Heat Numbers WT- &e, SOFE.TY, and

GOFE-B1 represent smbodimants of DATALLOY 2@ alloy. Heat Number WT-83

"“5

sprasents an embodimeant of AL-GXNE alioy, The heats wers cast inte ingots, and
samples of he ingots were used o esiabiish a suitable warking rangs for ingot

reali-down. ingots were forged al 2150°F with sullable rehests fo oblain 2.75 inch

g

v 1.75 inch rectanguiar bars from each heat.

[H354]  Sections about § inches long were taken from the rectangular bars
praduced from several of the hesls and forged to about 5 20% o 35% reduction to
strain harden the seclions. The sirain hardened sections ware tensile tested to
determing mechanical proparties, which are listed In Table 2. Tensils and magnstic
parmeabilily testing were conducied using standard tensiie tes! procedures.
Corroston resistance of oach seclion was evaiuated using the procadure of Practios
O of ASTM G48-11, "Stendard Test Methods for Pitting and Crevice Corrosion
Rasistancs of Stainleas Siesls and Relaled Alfoys by Use of Ferric Chioride

Sofution”. Corrosion resistance siso was estimated using the PREN formula

16
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provided above. Table 2 provides the temperature at which the sections wers
forged. As indicated in Tabls 2, duplicale tests were conducted o each of the
sampies. Table 2 also lisls the percent reduction n thickness (deformation %7 of
the sechions achisved in the forging step for each section. Each of the tesisd
sections inifially was evaluated for mechanical properties at room temperaturs ('RT7)

prio © forging (0% deformation).

{0058]  As shown in Tabls 1, Heat Numbers WT-78 10 WT-B1 had higher PREN,
values and OF values ralative o Heat Number W82, and improved CP values
redative (o Heal Numbers 80FE-T1 and 80FE-BY, Referring to Table 2, the ductility
of the cebalt-containing alloys producad in Heat Numbers WT-80 and WT-81
unexpectediy was significantly belter than the measured ductility of the alloys
produced in Heal Numbers WT-78 and WT-77, which are generally corresponding
afioys lacking cobalt, This observation suggests that there is an advantsge
inetuding cobalt in alloys of the present disclosure. As discussad above, without
wizhing t© be bound to any particular theory, | s believed that cobiall may increass
the resistance o detrimental sigma phase precipitation In the alloy, thereby
improving ductiiity. The data in Table 2 also indicates that the addition of
manganess 1o Heat Number WT-83 increassd sirangth after deformation, All of the
exprerimental alloys weare non-magnetic (having a magnetic permeabiiity of about
1.001) when evaluated using the test procedure conventionally used 1o measurs

magnatic permeabiiity of DATALLOY 2@ alioy.

[B086]  This spedfication has been written with refersnce o various non-limiting
and non-exhaustive embodiments. Howsver, i will be recognized by persons having
ordinary skil in the agrt that various substitulions, modifisations, or combinations of
any of the disclosed embodimenis {or porticns thereof) may be made within the
scope of this spacification. Thus, it is contempiated and understond thai this
specification supparts additional embodimants not expressly sef forth herelin, Such
pmbodiments may be obtained, for example, by combining, modifving, or
recrganizing any of the disclosed steps, components, alemaents, features, aspecls,
charactenstics, imitations, and the like, of the various non-imiting embodiments
desoribad in this spacification. In this mannsr, Applicants reserve the right 1o amend

oL
the claims during prossoution o add features as variously desoribed in thig

-
bt
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spacification, and such amendments comply with the requirements of 35 US L §

3 e

112, first paragraph, and 35 US.C § 13 a)
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CLAIMS

An austenitic alloy comprising, in weight percentages:
up to 0.2 carbon;

3.5 to 10.0 manganese;

up to 1.0 silicon;

14.0 to 28.0 chromium;

15.0 to 38.0 nickel;

2.0 to 9.0 molybdenum,;

0.1 to 3.0 copper;

0.08 to 0.9 nitrogen;

0.1 to 5.0 tungsten;

up to 5.0 cobalt;

up to 1.0 titanium;

up to 0.05 boron;

up to 0.05 phosphorus;

up to 0.05 sulfur;

a combined weight percentage of columbium and tantalum up to 0.3;
up to 0.2 weight percent vanadium;

up to 0.1 weight percent aluminum;

a combined weight percentage of cerium and lanthanum no greater than 0.1;
up to 0.5 weight percent ruthenium;

up to 0.6 weight percent zirconium; and

balance iron and incidental impurities.

The alloy of claim 1, wherein the iron is up to 60 weight percent.

The alloy of claim 1 comprising a cobalt/tungsten ratio, based on weight

percentages, from 2:1 to 4:1.

The alloy of claim 1 having a PREN; value of greater than 40.

The alloy of claim 1 having a PRENg value from 40 to 60.

The alloy of claim 1, wherein the alloy is hon-magnetic.
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The alloy of claim 1 having a magnetic permeability value of less than 1.01.

The alloy of claim 1 having an ultimate tensile strength of at least 758 MPa (110
ksi), a yield strength of at least 345 MPa (50 ksi), and a percent elongation of at
least 15%.

The alloy of claim 1 having an ultimate tensile strength in the range of 621 MPa to
1034 MPa (90 ksi to 150 ksi), a yield strength in the range of 345 MPa to 827 MPa
(50 ksi to 120 ksi), and a percent elongation in the range of 20% to 65%.

. The alloy of claim 1 having an ultimate tensile strength in the range of 689 MPa to
1655 MPa (100 ksi to 240 ksi), a yield strength in the range of 785 MPa to 1517
MPa (110 ksi to 220 ksi), and a percent elongation in the range of 15% to 30%.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

The alloy of claim 1 having a critical pitting temperature of at least 45°C.

The alloy of claim 1 comprising 3.5 to 8.0 weight percent manganese.

The alloy of claim 1 comprising 19.0 to 25.0 weight percent chromium.

The alloy of claim 1 comprising 20.0 to 35.0 weight percent nickel.

The alloy of claim 1 comprising 3.0 to 6.5 weight percent molybdenum.

The alloy of claim 1 comprising 0.5 to 2.0 weight percent copper.

The alloy of claim 1 comprising 0.3 to 2.5 weight percent tungsten.

The alloy of claim 1 comprising 1.0 to 3.5 weight percent cobalt.

The alloy of claim 1 comprising 0.2 to 0.5 weight percent nitrogen.

The alloy of claim 1 comprising 20 to 50 weight percent iron.

The alloy of claim 1, wherein the manganese is 3.5 to 7.0 weight percent.

The alloy of claim 1, wherein the manganese is 3.5 to 6.5 weight percent.
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23. The alloy of claim 1, wherein the manganese is 4.0 to 6.0 weight percent.

24. The alloy of claim 1, wherein the silicon is 0.1 to 1.0 weight percent.

25. The alloy of claim 1, wherein the cobalt is 0.5 to 5.0 weight percent.

24
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