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BACKGROUND OF THE TECHNOLOGY
FIELD OF THE TECHNOLOGY

18§ {0801] The present disclosure selates to high strength, corrosion resistant alloys.
The afioys according fo the present disclosure may {ind application in, for exampls
and without Emitatiosn, the chamical industry, the mining industry, and the off and gas

industries.
DESCRIPTION OF THE BACKGROUND OF THE TECHNOLORY

20 {00021 Metal alioy parls used in chemical processing facilities may be in contact
with highly corrosive and/or erosive compounds under demanding oonditions, These
conditions may subjsct metai alloy parts to high stresses and aggressively promote
erosion and corrosion, for example. T i is necessary b replace damaged, warm, or
corroded metallic parts, operations may need 10 be entirely suspended for a time at a

N

chemical processing faciity. Exiending the useful service iife of melal alloy parts in
faciities used fo process and convey chemicals may be achievad by improving the

rechanical properties andfor corrosion resistance of the alioys, which may reduce

oosis associated with chemical processing.

f6803]  Similarly, in ofl and gas drilfling operations, drill string componenis may

30 degrade due lo mechanical, chemical, andfor envirvonmenial conditions. The dril
string compenents may be subject o impact, abrasion, friction, heat, wear, erosion,
corrosion, andior deposits. Conventional maierials used for drill skring componenis
may suffer from one or move limitalions, For exampie, conventional malerials may
tack sufficient mechanics properties (for example, visid strength, tensile strengih,
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andfor fatigue strengih), corrosion resistance (for sxample, pitting resistance and
stress corrasion cracking}, and non-magnetic properties. Also, eonverntionai
materials may limit the size and shape of the drilll string components. These
mitations may reduce the useful ife of the components, complicating and increasing

the cost of oif and gas drilling.

{3004] Tharefore, # wouild be advaniageous t© provide novel alfovs having

fmproved corrosion resistance andior mechanical propertias.
SUMMARY

{0008}  According to an aspect of the present disclosure, non-imiling smboediments
of an austenitic alloy comprise, i weight percentages based on {otal alioy weight
up o 0.2 carbon; up 10 20 manganess; 0.1 to 1.0 silicon; 14.0 10 28.6 chromiuny;
15.0 to 38.0 rickel; 2.0 to 8.0 molybdenum; 0.1 tv 3.0 copper; 0.08 te 0.8 nifrogen;
0.1 to 5.0 wngsten; 0.5 to 5.0 cobalt; up to 1.0 titaniumy; up o 6,05 boron, up to 8.05

phospharous, up © 0,08 sulfur, iron; and incidental impurities,

{0006} According o an additional aspsct of the present disclosure, non-imiting
eribodiments of an austenilic alloy according to the present disclosurs comprise, in
weight percentages based on {otal alloy weightt up to 8.05 narbon; 2.0 w0 8.0
manganess; 0.1 io 0.8 siicon; 19.0 to 25.0 chromium, 20.0 1o 35.0 nickel; 3.010 8.5
molybdenum; 0.5 1o 2.0 copper; 6.2 1o 0.5 nitrogen; 8.3 10 2.5 lungste, 1.0 3.5
coball; up to 0.6 tanium; a combined weight perceniage of columbium and fantalum
o greater than §.3; up 10 0.2 vanadium; up to 0.1 aluminum,; ug to 6.08 borory; up to
Q.08 phosphorous; up to 0.08 sullur, iron; and incidental impurities: wherein the stesl
has a PRENg value of at least 40, a critical pitling temperature of al least 45°C. and

a cosfiicient of sensilivity to avoid precipilations vaiue (CP) that is fess than 758.



1

o

(%4

3

o

0

(A1)

WO 2013/130139 PCT/US2012/066705

DETAILED DESCRIPTION OF CERTAIN NON-LIMITING EMBODIMENTS

{ﬂs{iiﬁ?} 1115 1o be understood that certain desoriplions of the smbodiments
sseribed herein have been simplified to iiusitrale only those elements, featurss, and
aspects thal are relevant (o a clear undsrstanding of the disclosed embodimenis,
white eliminating, for purposes of dlarity, other elemants, features, and aspects,
Parsons having ordinary skilf in the art, upon considering the present description of
the disciosed embodiments, will recognize that other slemenis andfor features may
be desirabie in & particular implemaentation or application of the disclossd
smbodiments. Howsver, because such cther glements andior features may be
readily ascerlgined and mplemented by persons having crdinary skill in the art upon
considering the present description of the disclosed embodiments, and are therefore
not necessary for a complete understanding of the disciosed embodiments, a
description of such slements and/or features is not provided hersin, Az such, iLis i
bra understood that the description set forth herein is merely exempiary and
Hustrative of the disclosed embodimerds and is nol intended to firmit the scope of the

rveniion as defined solely by the claims.

{0008]  Alst, any numericsl range recited hereln is intended o include aif sub~
ranges subsumed therein, For example, a range of "1 to 10" is intended o include
all sub-rangas between {and including) the recited minimum value of 1 and the
recited maximum value of 10, that is, having & minimum value sgual to or greater
tharn 1 and a maximum vaiue of equsl to or iess than 183, Any maximum numerica!
imitation recited herein is inlended {o include alf lowsr numerical imitations
subsumed thevsin and any minimum numerics! imitation recited haersin is imended o
inciude all higher numerical imitations subsumed therein. Accordingly, Appdicar
reserve the rght o amend the present disciosure, inciuding the claims, {o sxpressly
recite any sub-range subsumed withint the ranges expressly recited herein, Al such
ranges are intended 1o be inherentiy disclosed herein such that amending 1o
exuressiy recite any such sub-ranges would comiply with the reguirernents of 35
C. § 112 first paragraph, and 35 U.S.C. § 132{a).

{60081 The gremmatical articles "one”, "a", "an", and "the", as used hergin, are
inlendad {o include "al least one” or "one or more”, unfess othanwise indicated.

Thus, the anicies are used herein 1© refer 0 one or more than cas (L2, {o at least
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one} of the grammatical ebjects of the article. By way of example, “a component”
reans one or more components, and thus, possibly, mors than one component is
corampiated and may be employed or used iy an nplementation of the described

embodimesnts.

{010} Al percentages and ratios are calculsted based on the {ofal weight of the

alfoy composition, unless otherwise indicated,

{80111 Any palent, publication, or other disclosure material that is said o be
innorporated, in whole or in part, by reference harein is incorporated harein only to
the sxient that the incorporaiad material does not conflict with existing definilions,
siatements, or other disclosure material sel forth in this disciosure. Ag such, and 1o
he extent necéssary, the disclosurs as set forth herein supersedes any conflicting
material incorporaled herein Dy reference. Any malerial, or portion thereof, that is
saifd (o be incorporated by reference herein, but which conflicts with existing
definitions, statements, or other disciosure material st forth herein is only
incorporated to the extent that no conflict arises between thal incorporated material

and ihe sxisiing disclosure material,

{80121 The present disclosure includes descriptions of various embodimenis. itis
to be understood that all embodiments described herainy are exampiary, ilustrative,
and nondimiting. Thus, the invention iz not Himited by the description of the various
exemplary, filustrative, and non-imiting embediments. Rather, (e invention is
defined sciely by the claims, which may be amended (o racite any fealures expressly
or inherently described in or otherwise expressly or inherently supported by the

present disclosure.

{8013} Conventionai alioys used in chemical processing, mining, andfor ot and gas
anpiications may lack an oplimal isvel of corresion resistance andfor an optimal level
of one or more machanical properties. Various embodiments of the alioys descoribed
herain may have certain advaniages over conventional alioys, including, but not
lirmited 1o, improved corrosion resistance andfor mechanical propertiss. Certain
embodiments may exhibl improved mechanical properties, without any reduction in

corrosion resisiance, for example. Certaln embodimenis may exhitbit improved
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impact properties, weldability, resiatant to corrosion fatigus, galling and/or hwdrogen

embritlement relative to conventional afloys.

190141  In various embodiments, the alioys described herein may have substaniial
corrosion resisiancs and/or advantagecus mechanical properties suftable for use in
demanding applications. Without wishing o be bound to any particular theory, s
believed inat the alloys described herein may sxthibit higher tensile sirength due to
an improved response to strain hardening from deformation, while aiso retaining high
corrosion resistance. Strain hardening or cold working may be used 1o harden
materials thet do not generally respond well to heat treaimenl. A person skilled in
the art, however, will appraciate thal the exact nature of the cold worked structure
may depend on the material, the strain, strain rate, andior temperature of
deformation. Without wishing {o be bound o any pariicular theory, it is believed that
strain hardening an alloy having the composition described hersin may more
officiently produce an alioy exbititing improved corrosion rasisiance andior

mechanical properties than certain conventionat alloys.

{8018]  According to various non-imiting embodimenis, an austenitic alioy
accerding o the prasent disclosurs may comprise, consist essentialy of, or consist
of, chrormium, coball, copper, iron, manganess, molybdenum, nicksl, carbon,
nitrpgen, and fungsten, and may, but need not, include gne or more of alursinum,
siticon, Banium, boron, phosphorous, sulfur, niobium {fe., columbium), tantaium,
ridherniuam, vanadium, snag zircoruum, either as trace slements or incidental

impurilies.

F0018]  Alse, according o various embodiments, an ausienitic alloy according o
the present disclosure may comprise, consist essentially of, or consist of, in weight
percentages based on tolel alioy weight, up to 0.2 carbon, up 10 20 manganess, .1
10 1.0 silicon, 14.0 1o 28.0 chromium, 15.0 to 3%.0 nickel, 2.0 & 8.0 molybdenum, (.1
10 3.0 copper, 8.08 {0 0.9 nitregen, 0.1 w0 5.0 ungsien, 0.5 5.0 cobalt up o 1.0
titardum, up to 8.05 boren, up © 0.05 phosphorous, up o 0.05 sulfur, iron, and

incidental impuiriies
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{00177 In addition, according o various non-limiting embodiments, an austenitic
atioy steording to the present disclosure may comprise, consist essentially of, or
consiat of, in weight percentages based on lotal afloy weight, up {0 0.08 carbon, 1.0
fo 8.0 mangansss, 0.1 {0 1.0 silicen, 18.0 t0 256.0 chromium, 18.5 io 37.0 nickel, 3.0
o 7.0 molybdenum, 0.4 to 2.5 copper, 3.1 to §.55 nitrogen, 0.2 to 3.8 tungsten, 3.8
o 3.5 eobalt, up to 0.6 Hanlum, a combined weight percantage of columbium and
ianialum no greater than 0.3, up o 8.2 vanadium, up to 8.1 sluminum, up o 0.05
boron, up fo 8.05 phosphorous, up to 8.05 sulfur, iron, and incidental impurities,

{0018]  Also, according to various non-limiting embaodiments, an austenitic afioy
according io the presant disclosure may comprise, consist esssniially of, or consist
of, in weight percentages bazed on {olzl alfoy weight, up o 0.05 carbon, 2.0 10 8.0
rmanganese, 0.1 o 0.5 silicon, 18.0 to 25.0 chromium, 20.0 to 35.0 nicka!, 3.0 0 6.5
moiybdenum, 0.5 ta 2.0 copper, 0.2 to 0.5 nitrogen, 0.3 o 2.5 Wungsten, 1.0 to 3.5
cobaill, up {0 4.6 Hanium, a combined weight perceniage of columbium and fantalum
no greater than 0.3, up to 0.2 vanadium, up to 0.1 aluminum, up to 0.05 boron, up 1o

Z

0.05 phosphorous, up fo 0.05 sulfur, ron, and inciderdtai impurities.

(08181  In various non-limiling embediments, an alley according to the prasent
gisclostre may comprise carbon in any of the following weight percertage ranges:
up to 2.0; up to 0.8 up to 0.2, up to C.08; up 1o 0.05; up 1© 0.03; 6.005 10 2.0, 001 to
2.0, 0.01 10 1.0: 0.01 10 0.8; 0.01 10 0.08; 0.01 {0 0.05; and (.005 1o 0.01.

{0201  In various nondimiting embodiments, an alfoy according io the present
disclosure may comprise manganese in any of the folicwing weight percentage
ranges: Up 200 up WL 102001010 1080281680, 20w 7.0;
20080 351088, and 4.0t 8.0,

180211  In various nondimiting embodiments, an alloy secording o the present
disclosure may comprise silicon in any of the foliowing welght percentage ranges:
upto 1.0, 0.1 0 1.0, 0810 1.0 and 8.1 {0 0.5

[002R]  in wvarious non-imiling embodiments, an alloy acoording (o he present
disclosure may comprise chromium in any of the following weight percentage
ranges: 14.01028.0; 18.00 250, 1801w 26, 18.01025.0; 20010 24.5; 200 {0
220,21 010280, and 1700 210
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§0023}F  In various non-imiting embodimenis, an alioy according to the present
disclosure may conprise nickel in any of the following weight percentage ranges:

15010 38.0, 19010 37.0; 20.0 10 38.0; and 21.0 10 32.0.

[B024]  In various norlimiting embodimenis, an alloy according to the presart
disclosure may comprise molybdenum in any of the foliowing weight percentage
ranges. 20180, 3 00070381685, 851085, and 8.0 1085,

[0025]  Ir various non-iimiting embodiments, an alloy according o the present

disclosure may comprise copper in any of the following weight percertage ranges:
01903604025 051028 and 1.8 1.8,

{8026}  In various non-fimiling embodiments, an alioy according to the present
disclosure may comprise nitrogen in any of the following weight perosnlage ranges:
G.0B100.9: 008100303055, 02105 and 8.2100.3. incertain
smbodiments, nitrogen may be fimited to C.38 weight percent or 0.3 weight percent

to address is limited solubility in the alloy.

{0027}  in various non-limiting embodiments, an atloy according {o¢ the present
disciosure may comprise tungsten in any of the fcliowing weight percentage ranges:
010,01 to13, 020030021008 and 03285

{80281 in various non-limiting embaodiments, an alioy according 1o the present
disclosure may comprise cobalt in any of the following weight percentage ranges: up
WL 05WE0,051010, 0835104010103 8 and 101030 In
certain smbodiments, cobait unexpectedly improved mechanical properties of the
afloy. For examaple, in certain embodiments of the alloy, sdditions of coball may
srovide up fo a 20% increase i1 toughness, up to & 20% increase in elongstion,
andfor improved corrosian resisiance. Withoul wishing lo be bound o any padicular
theary, it ie believed that cobalt may increase {he resisiance to detrimental sigma
phase precipitation in the alloy reiative 1o non-cobalt bearing variants which exhibited

higher levels of sigme phase at the grain boundaries after hol working.

{8239 In various non-fimiting em b(}x‘ﬁﬂ?f’.‘ﬂES: an alloy aGCOngE'%f} to the presant
k4 <
déSCE»’SUf{;} Fray comprise @ cobaltiungsien weight aroaniags Faﬁ@ ‘-.ff from i to
¥ P ¥

5:1, or from 2:1 w0 411, In cerlain embodiments, for example. the cobaiitungsten
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wedght percentage ratic may de about 411, The uss of cohall and lungsten may

impart improved solid soiution strengthening 1o the alloyw.

{00301  In various non-limiting embaodiments, an afloy according 10 the present
discloaura may comprise Hanium in any of the following weight percentage ranges:
upto L up g6 u it up o 0.01, G005 10 1.0, and 8.1 1o Q.G

08311 i various non-limiting embodirnents, an ailoy according o the present
disciosure may comprise zirconium in any of the following weight percentage ranges:

upto 1.0 upto 0.6, up to 0.1; up ic 0.01; 0008 w 1.0, and 6.1 to 0.6

00321 In various non-imiting embodiments, an alloy accerding to the present
disclosure may comprise columbium (robium} arwior lanialum in any of the
following weight percentage ranges: up o 1.0 up 0 0.5 up 10 0.3, 0.01 {0 1.0, 6.1
0.8 60110 0.1 and 0.1 t0 0.5, In various nen-timiting embpdiments, an alloy
according to the present disclosure may comprise a combinad weighl perceniags of
columbium and tantalum in any of the following ranges: up 10 1.0; up 1o 0.5, up to
03, 00701.0; 0010008001001 and 8110 0.6

{00331  In varicus non-limiting embodiments, an alivy according to the present
disclosure may comprise vanadium in any of the folfowing weight percentage ranges:
W TG upd5uitolZ 001w 10,001 005005002 and 8.1 10 0.6,

f0034]  in various non-limiting embodimends, an alloy according o the present
disclosure may comprise aluminum in any of the following weight percentage ranges:
upto 1D upto S up 8. hupto0.01; 0.01101.0, 0.1 1o 0.8, and 0.05 10 0.1,

{80338 In various non-imiting embodiments, an alloy according to the present
disclosure may comprise horon in any of the following weight percentags ranges: up
o (.05 up to 8.0, up o 0008, up to 0.001; up to B.O00S.

{0038}  In various non-limiting embodiments, an alloy according to the present
distlosure may comprise phosphorous in any of the fellowing weight percentage
ranges: up to 0.08; up io 0.025; up to 0.0%; and up 1o 0.405.

=_[
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{00371 In various non-imiting embodiments, an alicy according to the present

disciosure may comprise suifur in any of the following weight percertage ranges: up

to 0.05; up o 0.028; up 10 0.01,; and up to G.008.

00381  In various non-iimiting embodiments, the balance of an alloy according to
the present disclosura may comprise ron and incdental impurities. In various
grmbodiments, the alloy may comprise iron in any of the foliowing weight percentage
ranges: up o 80 up to 5G; 20 in 8D; 20 to 50; 20 10 45; 35 10 45; 30 o 50, 4G to 80;

40 o 50, 40 1o 45; and 30 10 60.

{8638] In cerlain non-fimiting embodiments of an alloy according to the present
disciosure, the alloy may include one or more trace glemeants. As used herein, “trace
glements” refers fo slementis that may be presani in the alloy as a result of the
cornpasition of the rgw materials and/or the mell method smiployed and which arg
rot present in concentrations that do not significantly negatively affect imporiant
oraperies of the alloy, a3 those properties are gensrally described herein. Trace
elaments may include, for examyple, one or more of ifanium, zirconium, columbium
{reobiumy), lantalum, vanadium, aluminum, and boron in any of the concentrations
described herein. in certain non-limiting embodinents, trace alements may not be
present in glioys according to the present discloswre. As is known in the art, i
produsing alloys, trace elements typicaily may be largely or wholly efiminated by
satection of particular starting matlerials andior use of particular processing
technigues. In varicus non-imiting smbodiments, an alfoy according io the prasent
disclosure may comprise a tofal concentration of frace elemenis in any of the
foliowing weight percentage ranges: uplo 5.0, up o 1.6 wp o 5 upte 0.1 0110
5.0; 010 1.0 and 0.1 o DB

0401 In various non-imiting embodiments, an alioy according 1o the present
disclosure may cornprise a tolal concentration of incidents! impurities in anv of the
foitowing weight perceniage ranges: up o 8.0, upfe 1.0 up o Gl up o 0L 01 o
5.0 0.1 0 1.8 and 0.1 10 0.8, As generally used herein, the term incidental
impurities” refers 1D one or more of dismuih, calcium, cerlum, lanthanum, fead,
oxygen, phospharous, ruthenium, silver, seienium, sulfur, tellurum, fin and
zirconium, which may be presert in the alloy in minor concentrations.  in various

non-imiting embodiments, individual incidental impurities in an alloy ascorcing 1o the

2
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oresent disclosure do not exceed e following maximum weighi perceniages:
0.0005 bismuth; 0.1 calolum; 8.1 ceriuny, 0.1 lanthanum; 0.001 lead; 0.01 tin, .01
oxygen: 0.5 rutherdum; §.0008 siiver; 0.0008 sslenium; and 0.0008 teliurium. In
various non-imiting embodiments, the combined weight percentage of any cerium
ansd/or tanthanum and calcium present in the alioy may be up io 0.1, in various non-
firling embodiments, the combined weight percentage of any cerium sndfor
fanthanum present in the sfioy may be up to 0.1, Other elements that may be
present as incidental impurilies in the alioys described hersin will be apparent to
those having ordinary skiit in the arl. In various non-limiting embodiments, an alioy
according to the present disclosure may inciude a folal concentration of frace
alements and incidental impurities in any of the following weight perceniage ranges:
up o 0.0 upte 5.0 w10 uptc 05 up o0 10 100, 01 A0 01 1.0
and 0.1 to 0.5,

10041  In various nonimiting embodiments, an austenitic alloy gecording io the
present disclosure may be non-magneiic. This characieristic may facilitate use of
the alioy in which non-msgnetic properlies are important including, for sxample, use
in cerlain of and gas drill string component applications. Cenain non-limiting
embodiments of the austenitic alloy deseribed herein may be characterized by a
magnetic permeabiity value {u.) within a parlicular range. In various embodiments
the magnetic permeability value of an alloy according to the present disclosure may
ba less then 1.01, less than 1.008, andior less than 1.001. Iy various embodimenis,

the alioy may be substantially free from ferrite.

00421  in various nordlimiling embodiments, an auslenitic alloy according o the
present disclosure may be characterized by a pltlirg resislance sgulvalence number
{PREN]) within a parlicular range. As is understood, the PREN ascribes a relative
vaiug fo an slloy’s expacted resistance io pitling ctrrosion in a chioride-containing
ervironment. Generally, alloys having a higher PREN are expecied o have betler
sorrosion resistance than alloys having a fower PREN. QOne pariicular PREN
caiculation provides a PRENg value using the following formuda, wherein the

paroeniages are weight percentages based on alloy weight

PREN;g = %0r + 3.3(%Me} + 16{%N} + 1.83{%W)

14
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n various nor-limiting embodimants, an alloy accarding to the present disclosure
may have a PRENg value in any of the feliowing ranges: up io 80; up fo 58;
greater than 30; graster than 40; greater than 45; greater than 48; 30 10 80; 30 ¢
58&; 30 10 5% 44 1o 60; 40 to B8; 40 {p 50; and 48 {o 81, Without wishing 1o be
bound o any particular theory, i1is believed that a higher PRENg value may indicate
a higher likelihood that the alloy will exhibit sufficient corrosion resistance in
snvironments such as, for example, highiy corrosive environments, high femperature
snvironmernts, and low temperatire environments. Aggressively corrosive
envirgnmenis may exist in, for example, chemical processing equipment and tha
down-hole environment lo which a drill string is subjected in ofl and gas drifling
applications. Aggressively conosive environments may subleci an alloy to, for
exarnple, alkaline compounds, acidified chloride solutions, acidified suifide solutions,

peroxides, andfor COy, along with extrame temperatures.

{0043]  In various non-imiting embodiments, an sustenitic slfoy according to the
present disclosure may be characterized by a coefficient of sensitivity to avold
precipiiations value (CP) within a particuiar range. The CF value is described in, for
egxample, UGS, Palent No. 5,484,836, entited “Ausienitic Stainfess Stes] Having
High Properties”. The CF value is a refative indication of the kinetics of
precipitation of intermetallic phases in an aifoy. A OP value may be caloulated using
the following formuia, wherein the percentages are weighl percentages hased on
alioy weight

CP = 20{%Cr) + 0.3(%Ni) + 30(%Mo) + B{%W) + 1(%Mn) + 50(%C) - 200(%N)

Without wishing o be bound o any parlicular theory, itis beliaved that alloys
having a CP vaiue less than 710 will exhibit advantageous austenite stabifity which
helps to minimize HAZ (heal affscled zone) sensiization from intermetaliic phases
during welding. In varicus non-limiting embodiments, an alloy desoribed hersin
may have a CR in any of the following ranges: up to 800, up o 750 fess then 750,

L o 710 less than 710; up 1o 580; and 860-750.

{0044}  In varivus nendimiting embodiments, an austeniiic alloy according o the
prasent disclosure may be characterized by a Critical Pitiing Temperature {CPT)
and/or a Critical Crevice Corrosion Temperature {COCT) within pariicular ranges. I

seriain applications, SPT and CCOT values may more acouralely indicale corrosion

11
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resistance of an alioy than the atlloy's PREN vaiue. CPT and CCCT may be
measwad gccording o ASTM G48-11, entifed “Standard Test Methods for Fiiting
and Crevice Corrosion Resistance of Stainless Stecls and Related Alfoys by Use of
Ferric Chioride Soludion”. In various nomdlimiting embodiments, the CPT of an alloy
gecording to the prasent disclosure may be 8t least 45°C, or more preferably is al
least 50°C, and the COCT may be at least 28°C, or more preferably is af least

30°C.

{00451  In various non-limiting embodiments, an austenitic afloy according to the
present disclosure may be characterized by a Chioride Siress Corrasion Cracking
Resistance {STC} value within a particular range. The SCC value is described in,
for example, A, J. Sedricks, "Corrosion of Stainiess Steels” {J. Wilay and Sons
1879). in various non-imiting embodiments, the SCC value of an alloy according to
the present disciosure may be measured or particuiar applications according to one
or more of ASTM B30-97 (2008}, entitled “Standard Practice for Making and Using
U-Bend Siress-Corrosion Test Specimens™, ASTAM G36-04 {2006}, entifled “Standard
Practice for Evaiuating Stress-Corrosion~-Cracking Resistance of Metals and Alloys in
a Boiting Magnesium Chioride Solution”™, ASTM G38-88 (2011). "Standard Practice
for Preparation and Use of Bent-Beam Stress-Corrosion Test Specimens™, ASTWM
(G48-85 (2011), "Standard Practice for Preparation and Use of Direct Tension Stress-
Corrosion Test Specimens”, and ASTM G123-Q0 {2011), "Standard Test Method for
Evaiuaiing Stress-Corrosion Cracking of Stainless Alioys with Different Nickes
Content in Boliing Acidified Sodium Chicride Solution.” in various non-limiting
embpdiments, the SCC vaiue of an ailey sccording to the present disclosure is high
enough 16 ingivais that the ailoy can suitably withstand bolling soidified sodium
ohioride solution for 1000 hours withow! experiencing unaccegtable stress corrosion

cracking, pursuant io evaiuation under ASTM G123-0G {2011}

{a046] The alloys described herain may be fabricated into of included in various
arlicies of manufaclure, Such articles of manufacture may comprise, for example
and without iimitation, an austenitic ailoy according to the present disciosureg
comprising, consisting sssentielly of, or consisting of, in weigh! percertages based
on total alloy weight: up to 8.2 carbon; up to 20 manganese; 8.1 1o 1.0 silicon:; 14.0
to 28.0 chromium; 15.0 {o 38.0 nicksl; 2.0 to 8.0 molybdenum; 0.1 {0 3.0 copper;
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0.08 1 0.6 nitrogen; 0.1 to 5.0 lungsteny; 0.8 1 5.0 cobailty up to 1.0 fHanium; up o
.08 boron; up o 0,08 phesphorous; up 1 8.05 sulfur; ron; and ingidental impurities.
Articies of manufacture that may inciude an alloy scoording o the present disclosure
may be selected from, for example, parls and components for use in the chemical
industry, petrochemical industry, mining industry, ol industry, gas induslry, paper
industry, food provessing indusiry, pharmaceuticat industry, andi/or water sarvice
indusiry.  Non-limiting examples of specific articles of manufacture that may include
an alioy acconding o the present disciosurs includs: @ pipe; a sheei a plate; a bar; 2
rod; & forging: a tank; a pipeling componert; piping, condensers, and heat
exchangers infended for use with chermicais, gas, crude off, seawaisr, service water,
and/or corrosive fuids (e.9.. aikaline compounds, acidified chictide solutions,
scidified sulfids solutions, and/or peroxides}; fitter washers, vats, and press roils in
pulp bleaching plants; service water piping sysiems for auciear power plants and
power plant flue gas scrubber environmerts: components {or process sysiems for
offshore off and gas platforms; gas well components, inciuding tubes, valves,
hangers, landing nipples, oo} joints and packers; turbing engine components;
desalination components and pumps; tait ol distifation columns and packing; articles
for marine environments, such as, for example, transformer cases; valves; shafting;
Ranges; reaclors; colleciors; separalors; aXchangers, pLImps; CoOMpPrassors;
fasteners; flaxible comneciors; belfows; chimney liners; flue ners; and cerlain drill
string componentis such as, for examale, stabifizers, rotary steerable drilling
componenis, drill collars, integral blade stebilizers, stabilizer mandrels, drifling and
measurement Wwbidars, measuremenis-whiie-drilling housings, logging-white-drilling
housings, non-magnetic drill collars, non-magnetic drill pipe, integrat blade non-

magnetic siabilizers, non-magnetic fiex coliars, and compressive service drill pipe.

60471  Alioys sccording o the present disclosure may be mads according 1o
techniques known to those having ardinary skill upon reviewing the compaosition of
the alloy described in the present disclosure. For example, a method for producing
an austenttic slioy according o the present disclosure may generally comprise:
providing en sustenitic afioy having any of the comgpositions descrided in the
present disclosure; and strain hardeniny the glfoy. In various non-limiting
embodiments of the method, the austenitic alioy comiprises, consists essentially of,

or consist of, in weight percentagses: up io 0.2 carbon: up ¥ 20 manganese; 6.1 {0

13
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1.0 silicon; 14.0 to 28.0 chromium; 15.0 1o 38.0 nickel; 2.0 fo 8.0 molybdenum; 0.1 o
3.0 copper; 0.08 to 0.9 nitrogen; 0.1 {o 5.0 lungsten; 8.5 to 8.0 cobail, upte 1.0
tharium; up 1o 0.08 borony; up to 0.05 phosphorous; up 1o (.08 suifur; irom, and
incidental impurities, In vardous nondimiting embodimenis of such a mathod, straln
hardening the alioy may be condunted in a conventional manner by deforming the
alioy using one or more of rofling, forging, plercing, extruding, shot biasting. peening,
andfor bending the alioy. In various non-imiting embodiments, strain hardening may

sompnse cold working the aliny,

{63«38} The step of providing an austenitic alloy having any of the compositions

ascribed in the present disclosure may comgprise any suiiable convenliona
lechnigue Known in the art for producing metal slioys, such as, for example, meht
practices and powder melaliurgy practices. Non-iimiting exampies of conventional
eit practices include, without imifetion, practices wiilizing corsumable melting
technitguies {e.g., vacuum arc remelting (VAR] and slectrosiag remelting {ESR)}, non-
consumabie melting tachniques {e.g., plasma cold hearth melting and electron beam
cotd hearth meiting), and a combination of two or more of these techniques. As
kriown in the ard, certain powdered metaliurgy practices for pregaring an alioy
generaily involve producing powderad alloy by the foliowing steps: ADD, VOD, or
vacuurmn induction melting ingredierds 1o provide a melt faving ihe desired
composilion; alomizing the melf using a conventional atomization techniguies &
provide a powdered ailloy; and pressing and sintering all or a portion of the powdered

glioy. In ene conventional atomization technique, 2 siream of the melt is contacted

vith the spinning blade of an alomizer, which breaks up the stream into small
dropiets. The dropists may be rapidly solisified in a vacuum or inert gas

atmosphere, providing small solid alioy particies.

[0048]  Whether preparing an alioy using mell or powiler metaliurgy practicss, ihe
ingredients used o produce the glloy (which may include, for example, pure
giemental slaring materials, master alloys, semi-refined materiais, and/or sorap)
may be combined in 2 conventional manner in desired amounts and ralies. and
introduced inte the selected melting apparstus. Through appropriste selection of
feed matmiaia, rrace elements andior incidental impurniies may be held 10 acospiable

levels o oblain desired mechanical or other propertiss in the final alloy. The

14
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setection and manner of addition of sach of the raw ingredients o form the melt may
be carefully conirolied because of ihe effect these additions have on the properiies
of the slioy in the finishad form,  Also, refining techniques krown in the art may be
applied o reduce o sliminate the presence of undesirable slements andlor
inclusions iy the alioy. When melled, ihe malerisis may be consolidated into a

generaily homogenous form via conventional meling and processing tachniques.
Rt « ~

[0088] Varicus embodimeants of the austenifin sleel alloy describied herein may
have improved corrosion resisiance andfor mechanical properties relative (o
conventionst alloys. Certain of the alloy embodimants may have ultimate tensile
s¥rength, yield sirengih, percant elongation, end/or hardniess greater comparable to
or better than DATALLOY 28 siloy and/or AL-8XN® alfoy. Also, ceriain of the ajloy
embodimenis may have a PREN, CP, OPT, CCCTY, andior SCL vaiues comparable
to or grester then DATALLOY 2® alloy andior AL-BXN® allny. In addition, certain of
the ailoy embodiments may have improved fatigue strength, microstruciural stability,
toughness, thermal cracking resistance, pitiing corrosion, galvanic corosion, SCC,
machinabiiity, andfor galling resistance relative to DATALLOY 2® afioy andfor AL~
GXN@ alfoy. As known to {hose having ordinary skill in the art, DATALLOY 2@ alloy
is a Or-Mn-N stainiess steel having the following nominal composition, in weight
percentages: 0.03 carbon; 0.30 sificen; 15.1 mangansese; 18.3 chromium; 2.1
molytdenuny; 2.3 nickei; 0.4 nitrogen; balance iron and impurities. As aiso known {o
those having ordinary skill in the arl, AL-BXNG alioy {UNS N08387} s a
superaustenitic stainless sisel having the following tygical composition, in waight
parcentages: $.02 carbon; 8,40 manganese; 0.020 phosphorus; 8.001 sulfur; 20.5
chroavivm; 24.0 nickel; 6.4 moiybdenurm; (.22 nitrogen; 0.2 copper; balance fron.
DATALLOY 2@ alloy and AL-8XN® slioy are svailsbie from Allegheny Technoiogies

Incorporaied, Pitlsburgh, PA USA.

{0081} In cerlain non-imiting embodiments, an alioy according io the present
disclosura extubits, gt room temperalure, ultimale {ensite strength of at least 110 ksi,
yield strengih of at ieasl 50 ksi, and/or percent siongation of st isast 158%. In various
oiher nonyimiling embodiments, an alloy according (o the prasent disclosire, in an
annealed staie, exhibits, &t room ternperature, ullimate tensite strength in the range

of 80 ksi to 180 ksi, yield strength in the range of 50 ksi i 120 ksi, andfor percent
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elongation in the range of 20% o 88%. i various norklimiting embodiments, after
strain hardening the alloy, the alloy exhibils an ultimate tensile strength of al least
155 ksi, a yield strength of af least 100 ksi, andfor & percent slongation of at least
18%. In centain other non-Emiting embodiments, afier strain hardening the alioy, the

alioy exhibils an ultimate lensiie in the range of 100 ksi {o 240 ksi, a vield strength in

(931

the range of 110 ks to 220 ksi, and/or a percent elongation inthe range of 15% 1o
3%, in other nondimiting embodimerds, sfter strain hardening an alloy according fo
the present disclosure, the alioy exhibiis a yield strength up o 250 ksi andfor an

yitimats tensite strangth up to 300 kst
16 EXAMPLES

{00827 The various embodiments described herein may be beller undersiood when
read in conjunction with one or more of the foliowing representative examples. The

following exarnples ars included for purposes of Hustration and not Himitation.

f8083]  Several 300 pound heals were preparsed by ViM having the compositions

fisted in Tanle 1, wherein blanks indicate that no value was determined for the

—h
(43

element. Heat Numbers WT-78 to WT-81 represent non-imiting embodiments of
alloye according 1o the present disclosure. Heat Numbers WT-82, 80FE-T1, and
SOFE-B1 represent smbodimenis of DATALLOY 2® alicy. Meat Number WT-83
reprasents an embodimaent of AL-OXN® zalicy, The heats were cast nto ingots, and
20 samples of ihe ingols were used to eslablish a sullable working rangs for ingot
break-down. ingols were forged at 2150°F with sultable rehests to obtain 2.75 inch

by 1.75 inch rectanguiar bars from each heat.

{05841 Saclions about § inches long were taken from the rectangular bars
ST

produced from several of the hests and forged to about a 20% io 35% reduction to

strain harden the seclions. The sirain hardened seclions ware tensile tested to

N
[o3

detarmineg mechanical properties, which are listed in Table 2. Vensiie and magnstlic
permeabilily tesling were conducied using standard tensiie tesi procedurss.
Corrosion resistance of each seclion was evaiusted using the procedure of Praclice
C of ASTM 348-11, "Standard Test Methods for Piting and Crevice Corroston
3¢ Resistance of Stainicss Staels and Relaled Alloys by Use of Ferric Chioride
Solution”. Carrosion resistancs aiso was sstimaled using the PRENs formula

16
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provided above. Table 2 pravides the tomperature at which the sections were
farged. As indicated in Table 2, duplinale tests were conducted on each of the
samples. Table 2 aiso lisls the percent reduction in thickness (“deformation %7} of
the sections achisved in the forging steg for each section. Each of the tesied
sections inifally was evaiuated for mechanical properties at rcom temperature ("RT7)

prioy o forging (0% deformation).

{00581  As shown in Table 1, Heat Numbers WT-78 to WT-81 had higher PRENs
valugs and OF values relative (o Heat Number WT-82, and improved CP vaiues
refative fo Heal Numbers 80FE-T1 and G0FE-B1. Referring to Table 2, the ductilily
of the cobalt-containing alloys producead in Heal Numbers WT-80 and WT-81
unexpectediy was sighificantly better than the measured ductiiity of the alloys
produced in Heat Numbers WT-76 and WT-77, which are generally corresponding
slioys lacking cobait. This observation suggests that there is an advantage &
including coball in alfoys of the present disclosure. As discussed sbove, without
wishing o be bound 1o any particular theory, itis belleved that coball may increass
the resistance ¢ detrimental sigma phase precipitation in the alloy, thereby
improving ductifity. The data in Tatle 2 also indicates thet the addition of
manganess o Heat Number WT-83 increased sirength after deformation. All of the
exparimental alloys were non-magnetic (having a magnetic permeabiiity of sbowt
1.001) when evaluated using the test procedure conventionally used to measurs

magnetic parmeablily of DATALLOY 2@ alioy.

[6058]  This specification has been writlen with reference o various non-imiting
and nen-exhaustive embodiments. Howsver, i will be recogrized by persons having
ordirrary skilf int the art that varicus substifutions, modifications, or combinations of
any of the disclosed embodiments {or parions thereof} may be made within the
scope of ihis spacification. Thus, it is contemplated and undersived that this
specification supports additionad ermbodiments not expressly sel forth herein, Such
smbodimenis may be obtained, for example, by combining, modifying, or
reorganizing any of the disclosed steps, components, elements, features, aspecls,
characteristics, limitations, and the like, of the various non-limiting embodiments
described in this specificetion. In this manner, Applicants reserve the right 1o amend

the claims during prosecudion to add features as variously desgoribed in this

SN
~4
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specification, and such amandments comply with the requirements of 35 US.C. §

ke

J.

> 4

112, first paragrapgh, and 38 UL § 13

2
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Elpment rieat Heat Heat Heat Heat Heat Heal Heal tHeat Heal
WT.78 WY-77 WT-78 W1-7¢ WT-80 WT-51 W82 W1-92 SOFE.TY SHRFE-B1
> 0012 0.0%1 0011 6.011 3.007 C.012 0.02¢ ¢.016 0.628 0.280
Yig 75 3.94 4.04 2.00 8.09 405 14.84 0.01 14.97 14,92
i .33 .31 0.03 0.32 0.23 (.30 0.44 .32 .18 .16
Of 2278 2237 22.83 22.99 20.32 21.98 14,96 24.38 15.03 14,08
1o 6.38 .40 5,36 6.30 8.64 845 217 6.53 2.10 210
<o 3.04 .04 .04 0.04 2.03 2.00 <{3,01 $.08 002 0.0
[t 0.401 <0.01 <0.01 <301 <3034 <0.01 <(.01 <{1.01 <£.01 <3 431
| <(3.01 <301 <{3.01 Q.01 <301 <0.41 <Q.1 <101 <€}, {11 <{3.G1
Fa 4127 41,33 40 87 490,76 42.32 41,44 6528 45 30 55,22 85,32
 Cu 1.20 149 1.17 .17 1.18 119 302 0.20 .1 0.1
Wi 21.63 24047 33.92 28,09 272 21.20 243 25.34 2.5 2.28
b 6.4 301 .02 0.02 .02 0.01% (3,01 .01 .03 .03
Ta <3 131 <0 (34 <301 <{3.01 <0301 <{3 04 o .01
W 0.63 3.65 .62 (.64 .68 0.53 0.02 .90 <004 0.1
s .05 3.05 .05 0.08 4,08 3,05 <301 004 0.05 0.06
5 <G.001 <{3.001 <£3 (031 <001 <{3 {31 .00 00013 (4.003 =(.001
N (.312 0.298 (3,238 03.284 0.222 0.338 0.386 0.218 (.404 0,420
(e 0.006 0.005 03.005 (.005 8.004 0.004 3,003 G.004 0.018 0,018
Xy <{3 {1 «(.01 <001 <041 <5} 031 <(.01%
O D.0GD8Y
Ca <{0ppm | <1Gnpm | <18ppw | <10 ppm | <1€ pom
3 D.0048 0.0048 0.0083 0.0022 $.0028 $.0080 .0098 £.00234 $3.0003 <(3,04003
t.a
Hu
PRENw | 50 50 50 49 48 50 28 47
Cp 725 708 B8 $98 G85 390G 462 874

6€T0E1/€10T OM

0L990/210Z8SN/10d
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Hzat No Temp | Daformation UTs Y3 Ei RA
F) (%} {ksi; {ksi) (%} (%}
WT-76 RT it 138.0 588.3 39 40
138,68 1B 37 43
1200 2¢ 1833 155.4 16 33
478.7 1532 18 35
075 1 185.3 1505 12 3z
1557 163,58 14 a3
24 153.0 1871 14 31
1838 184.8 15 31
WT-77 ®Y 0 117.4 52.2 58 a1
118.5 52.8 48 %
1200 25 1684.9 1401 23 48
1078 29 1623 1371 23 5
184.8 138.8 21 5%
3 165.3 141.8 20 83
168.7 144 .4 18 45
WT-80 RY ¢ 119.6 58.4 58 &8
$18.5 57.8 58 72
1208 A 184.8 140.2 25 a1
165.3 134.8 23 55
1078 28 165.2 41.8 ¢ &3
1685, 1 143.2 20 53
28 165.8 142.2 23 60
188.1 143.2 21 33
WY.B1 RT 0 118.9 237 &2
117.4 &3.4 &
1250 25 157.9 $33.3 28
) 162, 138.9 a7

~,

o
Eval

1

144.3
132.2

ok wed P

145.2

I3 DI Gl ~d

“~d b
TR ED OO i (]t B

R
$4.0

&8 143.8 25

WY-H2 RY Q 1310.8 6.4 &9

1098.2 §54.2 88
1200 24 144.8 120.5 3G €9
142.8 118.5 37 39
1675 3¢ 1471 133.8 35 89
144.8 1224 36 i1
a5 146.0 1284 35 g6
147.8 123.2 36 7@
SOFE BT g 113.2 88.8 34 )
112.9 §0.3 &7 8
1260 26 152.3 130.% 3B k!
156.7 128 4 a7 i2
078 30 1943 1318 32 Al
38 154.0 131.8 24 71
154.5 13340 33 71
WT-83 RY G 12,8 4.8 86 73
112.2 48.8 5% 7
1200 27 153.0 1314 27 28
153.5 1308 2% 57
1975 3% 152.8 135.5 23 71
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Heat No Tamp Deformation Ura Y& £ RaA
.qz\ : - h A \: A \ )
"5} % {ksi} {ksi} (%} {%}
28 1608 127.1 3 70
18G.8 127.7 33 7
-2 .



CLAIMS

1. An austenitic alloy comprising, in weight percentages:
up to 0.2 carbon;
greater than 2.0 up to 10.0 manganese;
0.1 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;
0.5 to 5.0 cobalt;
up to 1.0 fitanium;
up to 0.05 boron;
up to 0.05 phosphorus;
up to 0.05 sulfur;
iron; and

incidental impurities.

2. The alloy of claim 1 further comprising at least one of columbium
and tantalum, wherein a combined_weight percentage of columbium and tantalum is up

to 0.3.

3. The alloy of claim 1 further comprising up to 0.2 weight percent vanadium.
4. The alloy of claim 1 further comprising up to 0.1 weight percent aluminum.
5. The alloy of claim 1 further comprising at least one of cerium and

lanthanum, wherein a combined weight percentage of cerium and lanthanum is no

greater than 0.1.
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6. The alloy of claim 1 further comprising up to 0.5 weight percent ruthenium.

7. The alloy of claim 1 further comprising up to 0.6 weight percent zirconium.
8. The alloy of claim 1, wherein the iron is up to 60 weight percent.
9. The alloy of claim 1 comprising a cobalt/tungsten ratio, based on weight

percentages, from 2:1 to 4:1.

10.  The alloy of claim 1 having a PREN+ value of greater than 40.
11.  The alloy of claim 1 having a PRENg value from 40 to 60.
12.  The alloy of claim 1, wherein the alloy is non-magnetic.

13.  The alloy of claim 1 having a magnetic permeability value of less than 1.01.

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

15.  The alloy of claim 1 having an uitimate tensile strength in the range of 80 ksi to 150
ksi, a vield strength in the range of 50 ksi to 120 ksi, and a percent elongation in the

range of 20% to 65%.

16.  The alloy of claim 1 having an ultimate tensile strength in the range of 100 ksi to
240 ksi, a yield strength in the range of 110 ksi fo 220 ksi, and a percent elongation in
the range of 15% to 30%.

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

18. The alloy of claim 1 comprising, in weight percentages based on

total alloy weight:
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up to 0.05 carbon;
greater than 2.0 up to 10.0 manganese;

0.1 to 1.0 silicon;

18.0 to 26.0 chromium;

19.0 to 37.0 nickel;

3.0 to 7.0 molybdenum;

4 1o 2.5 copper;

0.1 to 0.55 nitrogen;

0.2 to 3.0 tungsten;

0.8 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 phosphorus;

up to 0.05 sulfur;

iron; and

incidental impurities.

19.  The alloy of claim 18, wherein the manganese is greater than 2.0 up to 8.0 weight

percent.

20. The alloy of claim 18, wherein the chromium is 19.0 to 25.0 weight percent

21. The alloy of claim 18, wherein the nickel is 20.0 to 35.0

weight percent-nickel.
22.  The alloy of claim 18, wherein the molybdenum is 3.0 to 6.5 weight percent.

23.  The alloy of claim 18, wherein the copper is 0.5 to 2.0 weight percent.
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24. The alloy of claim 18, wherein the tungsten is 03 {o 2.5

weight percent.

25. The alloy of claim 18, wherein the cobalt is 1.0 to 3.5 weight percent.

26. The alioy of claim 18, wherein the nitrogen is 0.2 to 0.5 weight percent.
27. The alloy of claim 18, wherein the iron is 20 to 50 weight percent.

28. The alloy of claim 1 comprising, in weight percentages based on
total alloy weight:

up to 0.05 carbon;

greater than 2.0 up to 8.0 manganese;

0.1 to 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 phosphorus;

up to 0.05 sulfur;

iron;

{race elements; and

incidental impurities.
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20, The alloy of claim 28, wherein the manganese is greater than 2.0 up

to 6.0 weight percent.

30.  The alloy of claim 28, wherein the chromium is 20.0 to 22.0 weight percent.

31. The alloy of claim 28, wherein the molybdenum is 6.0 to 6.5 weight percent.

32. The alloy of claim 28, wherein the iron is 40 to 45 weight percent.

33. The alloy of claim 1, wherein the nitrogen is 0.1-0.55 weight percent.

34. The alloy of claim 1, wherein the nitrogen is 0.2 to 0.5 weight percent.

35. The alloy of claim 1, wherein the manganese is 3.5 to 10.0 weight percent.

36. The alloy of claim 1, wherein the manganese is 3.5 {0 6.5 weight percent.

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