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(57) Abréegée/Abstract:

A class of nickel based alloys having a fine grain structure resistant to stress corrosion cracking, and methods of alloy design to
produce further alloys within the class are presented. The alloys act as suitable welding materials in similar applications to that of
Alloy 622. The line-grained structure of these novel alloys may also be advantageous for other reasons as well such as wear,
Impact, abrasion, corrosion, etc. These alloys have similar phases to Alloy 622 In that they are composed primarily of austenitie
nickel, however the phase morphology iIs a much finer grained structure opposed to the long dendritic grains common to Alloy 622
when It Is subject to cooling rates from a liquid state inherent to the welding process.
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raln structure resistant to stress corrosion cracking, and methods of alloy

design to produce further alloys within the class are presented. The alloys act as suitable welding materials in similar applications to

that of Alloy 622. The line-g

rained structure of these novel alloys may also be advantageous for other reasons as well such as wear,

impact, abrasion, corrosion, etc. These alloys have similar phases to Alloy 622 in that they are composed primarily of austenitie

nickel, however the phase morphology 1s a much finer g

rained structure opposed to the long dendritic grains common to Alloy 622

when it 1s subject to cooling rates from a liquid state inherent to the welding process.
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FINE GRAINED NI-BASED ALLOYS FOR RESISTANCE TO STRESS
CORROSION CRACKING AND METHODS FOR THEIR DESIGN

Cross Reference to Related Applications

This application claims the benefit of U.S. Provisional Application No. 61/466,875, filed

on March 23, 2011, which 1s hereby incorporated in its entirety.

Technical Field

cd
o8 A%a% A% A%A

The present invention relates generally to corrosion resistant alloys typically used in
cladding operations to protect steel surfaces in power generation, chemical processing, oil and

gas, and other industries.

Description of the Related Art

In corrosion prone environments, nickel-based alloys are frequently employed as weld
overlays. Austenitic nickel 1s the desired phase for corrosion performance and thermal
expansion compatibility with mild steel. While the current offering of Alloy 622 or similar high
Cr and Mo Ni-based alloys offer good corrosion protection, they commonly fail in applications
subject to thermal fluctuations, such as boiler tubes. Such thermal fluctuations induce stress
corrosion cracking in Alloy 622 or similar alloys along the grain boundaries, which commonly
extend from the surface of a weld bead down to the weld/substrate interface. Along this path
there 1s no resistance to crack propagation, and it 1s a common failure mechanism in applications

under thermal cycling.

Dilution of the weld bead with the underlying steel is also a factor which must be
minimized 1f the corrosive performance of the weld overlay is to be maintained. The presence of
iron 1n the weld metal reduces corrosion performance with increasing concentration. In practice,
weld parameters are closely controlled and the weld is deposited in the vertical position so that
dilution 1s minimized below a certain level, such as 10-15% whereas typical weld overlay
conditions will create 30% dilution. A competing interest towards minimizing dilution is
increasing productivity. Increased amperage and wire feed rates allow the material to be

deposited faster and thus enable the cladding to be performed in a minimal time.
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Brief Summary of the Embodiments of the Invention

The present invention 1s directed toward a class of alloys having a fine grain structure
resistant to stress corroston cracking, and methods of alloy design to produce further alloys
within the class. The purpose of these alloys are to act as suitable welding materials in similar
applications to that of Alloy 622. The fine-grained structure of these novel alloys may also be
advantageous for other reasons as well such as wear, impact, abrasion, corrosion, etc. These
alloys have similar phases to Alloy 622 in that they are composed primarily of austenitic nickel,
however the phase morphology 1s a much finer grained structure opposed to the long dendritic
grains common to Alloy 622 when 1t 1s subject to cooling rates from a liquid state inherent to the
welding process. In one embodiment, the fine grained structure of the alloy class presented here
offer improved stress corrosion cracking resistance because there is no path of easy crack
propagation as there 1s in typical Alloy 622 or similar alloys. In another embodiment, the alloys
are manufactured into a form of cored wire which allows for improved productivity and minimal
dilution. These alloys may be employed in corrosion protection of boiler tubes in power

generation plants or a wide variety of other potential applications.

In one embodiment, a composition of matter is presented, comprising a balance of nickel;
between approximately 20.5 and 30 wt.% chromium; between approximately 5.5 and 18.5 wt.%
molybdenum; between 0 and approximately 1.75 wt.% boron; between 0 and approximately 3.5
wt.% silicon; between 0 and approximately 5 wt.% titanium; between 0 and approximately 17
wt.% niobium; and between 0 and approximately 15 wt.% tin. In a further embodiment, the
composition comprises a balance of nickel; between approximately 25 and 30 wt.% chromium;
between approximately 5.5 and 15.5 wt.% molybdenum; between approximately 0.3 and 1.6
wt.% boron; and between 0 and approximately 3.5 wt.% silicon; but does not include titanium,
niobium, or tin except as impurities. In a still further embodiment, the composition comprises a
balance of nickel; between approximately 26 and 29 wt.% chromium; between approximately 10
and 15.5 wt.% molybdenum; between approximately 0.4 and 1.2 wt.% boron; and between

approximately 1 and 3 wt.% silicon.

In a turther embodiment, the composition of matter is in the form of a cored welding
wire. The composition is present in the aggregate combination of the sheath and the core powder
materials. The weld bead formed using the welding wire is an alloy having the composition,
along with some inevitable dilution caused by the substrate. In particular, the sheath may be an

alloy also having a composition in the above ranges, but with a melting temperature less than the
.
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final weld bead. During welding, the sheath is melted and carries the powder components to the
substrate to form a weld pool. The powder components diffuse with the melted sheath to form a
liquid weld pool. Because the weld pool has a higher melting temperature than the sheath, the

weld pool cools rapidly, limiting dilution by the substrate and forming a fine-grained structure.

Brief Description of the Drawings

The present invention, in accordance with one or more various embodiments, is described
in detail with reference to the following figures. The drawings are provided for purposes of
tllustration only and merely depict typical or example embodiments of the invention. These
drawings are provided to facilitate the reader’s understanding of the invention and shall not be
considered limiting of the breadth, scope, or applicability of the invention. It should be noted

that for clarity and ease of illustration these drawings are not necessarily made to scale.

Figure 1 1llustrates a modeling diagram developed using compositional ranges of

chromium, nickel, and molybdenum.

Figure 2A 1llustrates a coarse grained dendritic microstructure typical of Alloy 622 type

weld overlays used in boiler tube corrosion protection.

Figure 2B 1s an optical micrograph, at the same scale as Figure 2A, illustrating the fine
grained microstructure of typical embodiments of the invention, specifically

NiBalCr27.35Mo10.71Fe0.23512.71B1.17 (in wt.%) produced in ingot form.
Figure 3A illustrates a weld trial using the stringer bead technique.
Figure 3B 1llustrates a weld trial using the oscillation technique.
Figure 4A 1s a commercially available Alloy 622.

Figure 4B 1llustrates an embodiment of the present invention, alloy

NigaCrz735Moi9.71Fep 23512 71B1 17

Figure 5 1s an optical micrograph (500x) of an embodiment of the invention, alloy

NipaCrag g6Moj5 17F €0 14511 13B0 47, welded on to flat steel plate showing image analysis used to

determine grain size.

Figure 6 1s a zoom-1in of Figure 5, showing detail of the 63pum grain.

3-
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Figures 7A and 7B are optical micrographs of Alloy 622 welded with GMAW technique.

Figure 8 is an x-ray diffraction spectrum of welded Nig,Crog seMois 19Feq 14511 13Bo 4
& J )47
showing a phase structure of entirely austenitic nickel, the desired phase for corrosion

performance and thermal expansion compatibility with mild steel.
Figure 9 1s a schematic detailing the manufacture and welding process of a cored wire.

The figures are not intended to be exhaustive or to limit the invention to the precise form
disclosed. It should be understood that the invention can be practiced with modification and

alteration, and that the invention be limited only by the claims and the equivalents thereof.

Detailed Description of the Embodiments of the Invention

The present invention 1s directed toward a class of alloys having a fine grain structure
resistant to stress corrosion cracking, and methods of alloy design to produce further alloys
within the class. The purpose of these alloys are to act as suitable welding materials in similar
applications to that of Alloy 622. The fine-grained structure of these novel alloys may also be
advantageous for other reasons as well such as wear, impact, abrasion, corrosion, etc. These
alloys have similar phases to Alloy 622 in that they are composed primarily of austenitic nickel,
however the phase morphology 1s a much finer grained structure opposed to the long dendritic
grains common to Alloy 622 when it is subject to cooling rates from a liquid state inherent to the
welding process. In one embodiment, the fine grained structure of the alloy class presented here
offer improved stress corrosion cracking resistance because there is no path of easy crack
propagation as there 1s in typical Alloy 622 or similar alloys. In another embodiment, the alloys
are manufactured into a form of cored wire which allows for improved productivity and minimal
dilution. These alloys may be employed in corrosion protection of boiler tubes in power
generation plants or a wide variety of other potential applications. As used herein the term “fine

grain structure” refers to alloys having grain lengths that are less than 150 pm.

In one embodiment, a method of designing fine grained weld materials comprises using
theoretical liquidus temperature calculations to design for alloy chemistries located on or near
deep eutectics, thus mnsuring a fine grained alloy microstructure under cooling rates common to
the welding process, 5000 K/s or less. Predicted liquidus temperatures of various experimental
compositional ranges may be developed using computer modeling. Figure 1 illustrates a

modeling diagram developed using compositional ranges of chromium, nickel, and molybdenum.

4-
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Compositions having the lowest predicted melting temperature will typically have finer grain
size. In the illustrated modeling diagram, the compositions 101 shown in red have the lowest
melting temperatures. In the described embodiment, the method further comprises establishing
constraints where certain elements are restricted to minimum values and given this constraint,
the alloy with the lowest melting temperature is selected. In the illustrated compositions, desired
corrosion performance requires at least 6 at.% molybdenum. Accordingly, in the illustrated
embodiment, alloys having low melting temperatures under these constraint 102, are investigated
further. Such further investigations, in some embodiments, may comprise production of alloy
ingots for property testing and welding wires for application testing. In the illustrated
embodiment, a mimmum amount of Cr may also be employed as a constraint, for example 20

wt.%.

Figure 2 illustrates a comparison between grain structures in commercial alloys and
embodiments of the invention. Figure 2A illustrates a coarse grained dendritic microstructure
typical of Alloy 622 type weld overlays used in boiler tube corrosion protection. This example is
27% Cr, 11% Mo, balance N1 (in weight percent) produced in ingot form. As can be seen, single
grains are greater than several millimeters in length. Figure 2B 1s an optical micrograph, at the
same scale as Figure 2A, tllustrating the fine grained microstructure of typical embodiments of

the invention, specifically NigyCra735Mo10.71Fe23512.71B1 17 (in wt.%) produced 1n ingot form.

Figure 3 tllustrates weld trials using alloys NigaCra735Mo19 71Fe 23812 71B; 17 (301) and
NipaCrag ssMoys 17F€0.14511 13Bo 47 (302). Figure 3 A illustrates a weld trial using the stringer bead
technique on alloy #301 and Figure 3B illustrates a weld trial using the oscillation technique on

alloys # 301 and #302.

Figure 4 1llustrates optical micrographs (500X) comparing commercially available alloys
and an embodiment of the current invention. Figure 4A is a commercially available Alloy 622.
Figure 4B 1illustrates an embodiment of the present invention, alloy
NipaCr2735Mo01071F€023512 71B1 17, Alloy 622 posses grain much larger than 100 um extending
across the entire field of view (>150 um 1n total height). Alloy NigyCry735Mo010.71Fe023S1, 71B1 17
possesses a fine grain structure with lengths 100 um or less. Both alloys were processed using
the conventional gas metal arc welding (GMAW) technique, a process which completely melts

the alloy and allows a cooling rate slower than 5000 K/s.
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Figure 5 1s an optical micrograph (500x) of an embodiment of the invention, alloy
NipaCrag ssMoys 17Feq 14511 13Bo .47, welded on to flat steel plate showing image analysis used to

determine grain size. Grain sizes between 36 pm and 63 pum are highlighted.

Figure 6 1s a zoom-in of Figure 5, showing detail of the 63um grain. The minimum
dimension of the grain (501) which is 4.5um and the maximum dimension of the grain (502)
which 1s 63um. For the purposes of this disclosure the maximum dimension of the grain is the
characteristic length of the grain. Grain length is critical to the stress corrosion cracking

behavior of the material.

Figures 7A and 7B are optical micrographs of Alloy 622 welded with GMAW technique.
Figure 7A 15 a 500x image showing detailed grains which extend out of field of view and cannot
be accurately measured along their maximum level at this magnification. Figure 7B 1s a 50x

image showing the full length of grains in Alloy 622 at 1250 um or greater.

Figure 8 1s an x-ray diffraction spectrum of welded NipyCrag ssMo1s 17Fen 14511 13Bo 47
showing a phase structure of entirely austenitic nickel, the desired phase for corrosion

performance and thermal expansion compatibility with mild steel.

Figure 9 1s a schematic depicting the welding process involving a cored wire
manufactured using the disclosed techniques. Powder feedstock (902) is inserted into a metallic
sheath material (901). During the welding process, the sheath and powder feedstock are melted
and alloyed together 1n the arc (903) and deposited as a weld pool (904) on the substrate (905).
In some embodiments, the melting temperature of the sheath material 1s controlled such that it is

below the melting temperature of the weld pool.

Table 1 List of alloy compositions

Alloy | Form Ni Cr Mo Fe C B Si Ti Nb Sn |alpha| T
1 | Ingot | 536 [2633[1104] 0 | 0 | 0 | 49 | 0 0 | 4.14 | 1.39 | 1361
2 Ingot | 4538 (26921225 0 | 0 | 0 [371] 0O 0 |11.74 ] 135 | 1361
3 Ingot | 44.13 1230911639 0 | 0 | 0 2741561209 0 | 139 | 1479
4 Ingot | 4132|2244 1848 0 | 0 | 0 [3731477] 925 | 0 | 134 | 1521
5 Ingot | 5858 | 27 [10.12] 0 | 0 | 12 |3.11] 0 0 | o0 1.31 | 1497
6 Ingot | 55.62 (2948 101 | 0 | 0 | 163317 0 0 0 | 127 | 1560
7 Ingot | 47.49 [ 2932|1068 0 | 0 |[1.15]298| o0 0 | 839 | 1.26 | 1518
8 Ingot |[3939 2058 | 7.7 | 0 | 0 [033]085| 0 |1683 | 1433 | 1.30 | 1497
9 Ingot | 5536 | 266 | 138 | 0 | 0 | 1.18]3.06| 0 0 0 | 129 [ 1542
10 | Ingot | 56.8 | 28751014 0 | 0 | 1.2 |3.11 | 0 0 0 | 1.32 | 1489
11 Ingot | 59.9 {2738 | 947 | © 0 | 1.19]1205]| 0© 0 1.37 | 1429
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Aoy [ Form | N T & T Mo [Fe € T8 ST 8 | 5o Taia] T
12 | Ingot 5573 | 27.84 13230 0 | 0 [117[203, 0 | 0 | 0 | 136 | 1470

13 | Ingot | 5647 [2732 (1241 0 | 0 [078[303| 0 | 0 0 | 1.38 | 1425
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Table 1 1s a list of alloys compositions in weight percent and corresponding melting
temperatures, T (in Kelvin), produced and evaluated as embodiments of the present invention.
Alloys 1-16 were produced 1n ingot form. These alloys were evaluated, and based on those
results, the alloys A,B,C, and D were manufactured in the form of welding wire. It should be
noted that the compositions of A, B, C, and D could not be made to replicate any of Alloy 1-16

due to manufacturing variations and restrictions. The alloys fall within the compositional range:

Nibalcrgggm;;QM.Oggﬂl3,589”1,7gsig_5Ti0*5Nb0,17San15, measured 1n W’@ight percent. Some

embodiments of the invention may fall within the compositional range: NipCras.30Mos s.155B0 3-
6510.3.5, measured in weight percent. Still further embodiments may fall within the
compositional range: NipyCrag.00Mo019.15 5B 4.1 25113, measured in weight percent. As understood
in the art, any composition may have certain impurities. Impurities common in embodiments of

the invention include Fe, Nb, and C.

One embodiment of the invention comprises a nickel-based alloy possessing phase
morphologies on the order of 150 microns or less in the longest dimension when cooled from a
liquid state at 5000 K/s or less. In a further embodiment the microstructure 1s primarily 90% or
greater formed of austenitic nickel. In a still further embodiment, the microstructure contains
silicide, boride, carbide, alumimde, or nitride precipitates. In one embodiment, the Nickel-based
alloy comprises one or a combination of Cr or Mo. In a second embodiment, the alloy further
comprises one or a combination of S1 or B. In a third embodiment, the alloy comprises one or a
combination of N, O, Mg, Ca, T1, Mn, Fe, Co, Cu, Zn, Nb, Ag, Sn, or W. In a fourth
embodiment of the invention, the alloy is given by the formula (in weight percent) Ni;9o-a-b-c-

CraMopSicBgFe. wherea=20t032.b=41t020,¢c=0to6, d=0to6,e=01t0 5.
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In a fifth embodiment of the invention, the alloy comprises one or a mixture of the
following compositions: NigyCray3sMojg71Feq 2351 1By 17 (Alloy A);
N 'iggi;(jfzg,géf\fimg;7‘?@{;,148&V;j_;B{},L;? (Alley B\) N"iggg;CFgg,?NfQ13578%1y{)B{}oq (An(}}? C).g
NipaCras 7sMos ¢5Bo 60Co.02 (Alloy D). In various embodiments, the alloy may be in the form of a
welding wire, whether solid, flux-cored, or metal-cored. The alloys may be used as a weld
overlay coating for corrosion protection. The alloys may be deposited using welding techniques
such as the gas metal arc weld technique or thermal spray techniques such as twin wire arc spray.
The alloys may be used to product boiler tubes and related assemblies in power generation
plants. In some embodiments, these alloys achieving higher deposition rates via the various
welding (gas metal arc weld or other) and thermal spray techniques (twin wire arc spray or other)

because of their lower melting temperatures.

Another embodiment of this invention corresponds to the manufacture of cored welding

wire to minimized dilution under conditions of high productivity.

Figure 9 illustrates the manufacture of a cored wire that involves a sheath material 901
which 1s wrapped into a cylinder and filled with a powder 902, whereas the melting and alloying
between both the sheath and powder material in the arc 903 results in the desired alloy. Cored
wire 1s used primarily for its ability to deliver higher current densities and thus higher levels of
productivity. Typically, the cored wire 1s manufactured using common alloys. In the case of Ni-
Cr-Mo alloys, pure nickel or nickel-chromium alloy strip 1s used to form the sheath material 901,
and the powder 902 contains an elevated molybdenum content. When the sheath and powder
materials are melted and combined 903 in a spray during the welding process, the desired Ni-Cr-
Mo alloy content is deposited in the weld bead 904. It 1s inherent although undesirable in this
process for some of the substrate material 905 to dilute the weld bead composition. Accordingly,
the weld bead 904 will comprise a weld component having a composition falling with one of the
disclosed compositional ranges and a substrate dilution component having a composition similar

to that of the substrate material 905.

In further embodiments, the cored wire may comprise a sheath 901 formed of a first alloy
falling within one of the compositional ranges disclosed herein and the powder material 902 may
comprise powder material components such that the weld bead formed forms a second alloy
falling within one of the compositional ranges disclosed herein. For example, a first alloy for the
sheath 901 and a second alloy for the weld bead 904 may be selected such that the different in

the melting temperatures between the two alloys is at least 50 °C, or preferably at least 100 °C.
8-
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For example, alloys 1 or 2 from Table 1 may be used as sheaths for welding wires with
appropriate powder cores to form alloys 7 or 8, respectively. Of course, any sheath and final
weld composition may be utilized. The upward shift in melting temperature of the weld pool as
the powder alloys with the sheath will cause the bead to solidify rapidly effectively lowering the
dilution further and allowing for highly controlled welding — for example, in the vertical
position. In addition to the processing advantages created by the disclosed manufacturing
techniques, this example will also contain the fine-grain structure designed to prevent stress

corrosion cracking in the weld

In this particular embodiment, the cored wire 1s manufactured in such a way that the
melting temperature of the sheath material is lower (>50°C) than the melting temperature of the
final composition in the weld bead. Design of such an article of manufacture can be achieved
with thermodynamic modeling techniques such as those shown in Figure 1. A cored wire, which
has a sheath material of lower melting temperature than the final composition of the weld bead,

allows for increased productivity and decreased dilution.

It is well known to those 1n the field that increased welding power, typically achieved
through increasing the amperage, results in higher material deposition rates and a higher level of
dilution. Thus, in operations such as boiler cladding where minimizing dilution is a critical
concern, productivity must be sacrificed. In a cored wire system the sheath carries the current in
the welding process and dictates the current density. Sheath materials of higher melting

temperature require more power to melt.

In the disclosed embodiment, a relatively low power level is required to weld the low
melting temperature sheath material. During the welding process the powder combines with the
molten sheath material forming a molten weld pool of a final desired composition. The alloying
of the powder with the molten sheath effectively raises the melting temperature of the final weld

bead composition causing the weld pool to solidify rapidly. .

The relatively low power input limits the dilution experienced in the welding process
because less heat 1s input into the substrate. Sheath materials with very low melting
temperatures allow the productivity to be increased while simultaneously lowering the dilution.
The rapid solidification of the weld pool 1s also advantageous in that it prevents the weld pool

from dripping down the substrate surface in vertical welding operations.
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Example 1: Manufacture of Wire of Alloy 9, using a sheath material composed of Alloy
1. Alloy 11 has a calculated melting temperature of 1429 K (1155°C) roughly 200°C below the
melting temperature of Inconel 622 (Tm — 1351-1387°C) and 200°C-300°C below the melting
temperature of pure Nickel and Ni-Cr alloys Tm=1345-1455"C). The melting temperature of
Inconel 622 1s relevant as that 1s a common feedstock used in solid wire cladding. The melting
temperature of pure Nickel and Ni-Cr alloys is relevant in that it is the sheath material used in
the manufacture of Ni-Cr-Mo cored wires. Thus, the Alloy 11 sheath requires less heat input
during the welding process and will provide the advantage of lower process dilution and higher
productivity over the other conventional solutions (solid Inconel 622 wire, cored wire of Ni or
Ni-Cr sheath). The powder feedstock in this manufacturing example is a mixture of Ni-Cr, Ni-
Mo, Ni-B, Ni-Si, B, and S1 powder components such that when alloyed together with the sheath
composed of Alloy 11 will form a weld bead with the composition of Alloy 9. The melting
temperature of Alloy 9 is 1542 K (1267°C), roughly 100°C above the melting temperature of the
sheath material. The upward shift in melting temperature of the weld pool as the powder alloys
with the sheath will cause the bead to solidify rapidly effectively lowering the dilution further
and allowing for highly controlled welding in the vertical position. In addition to the processing
advantages created by the disclosed manufacturing techniques, this example will also contain the

fine-grain structure designed to prevent stress corrosion cracking in the weld.

Although the invention 1s described above in terms of various exemplary embodiments
and implementations, it should be understood that the various features, aspects and functionality
described 1n one or more of the individual embodiments are not limited in their applicability to
the particular embodiment with which they are described, but instead can be applied, alone or in
various combinations, to one or more of the other embodiments of the invention, whether or not
such embodiments are described and whether or not such features are presented as being a part
of a described embodiment. Thus, the breadth and scope of the present invention should not be

limited by any of the above-described exemplary embodiments.

Terms and phrases used in this document, and variations thereof, unless otherwise
expressly stated, should be construed as open ended as opposed to limiting. As examples of the
foregoing: the term “including” should be read as meaning “including, without limitation™ or the
like; the term “example” 1s used to provide exemplary instances of the item in discussion, not an

exhaustive or imiting list thereof; the terms “a” or “an” should be read as meaning “at least

one,” “one or more” or the like; and adjectives such as “conventional,” “traditional,” “normal,”

-10-
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“standard,” “known” and terms of similar meaning should not be construed as limiting the item
described to a given time period or to an item available as of a given time, but instead should be
read to encompass conventional, traditional, normal, or standard technologies that may be
available or known now or at any time in the future. Likewise, where this document refers to
technologies that would be apparent or known to one of ordinary skill in the art, such
technologies encompass those apparent or known to the skilled artisan now or at any time in the

future.

The presence of broadening words and phrases such as “one or more,” “at least,” “but not
l[imited to” or other like phrases in some instances shall not be read to mean that the narrower
case 1s intended or required in instances where such broadening phrases may be absent.
Additionally, the various embodiments set forth herein are described in terms of exemplary
block diagrams, tflow charts and other illustrations. As will become apparent to one of ordinary
skill 1n the art after reading this document, the illustrated embodiments and their various
alternatives can be implemented without confinement to the illustrated examples. For example,

block diagrams and their accompanying description should not be construed as mandating a

particular architecture or configuration.
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Claims

A composition of matter, comprising:

a balance of nickel;

between approximately 20.5 and 30 wt.% chromium;
between approximately 5.5 and 18.5 wt.% molybdenum;
between 0 and approximately 1.75 wt.% boron;
between 0 and approximately 3.5 wt.% silicon;

between 0 and approximately 5 wt.% titanium;

between 0 and approximately 17 wt.% niobium; and
between 0 and approximately 15 wt.% tin.

The composition of claim 1, further comprising:

a balance of nickel;

between approximately 25 and 30 wt.% chromium;
between approximately 5.5 and 15.5 wt.% molybdenum:;
between approximately 0.3 and 1.6 wt.% boron; and
between 0 and approximately 3.5 wt.% silicon;

the composition not including titanium, niobium, or tin except as impurities.
The composition of claim 2, further comprising:

a balance of nickel;

between approximately 26 and 29 wt.% chromium;

between approximately 10 and 15.5 wt.% molybdenum:;

_12-
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between approximately 0.4 and 1.2 wt.% boron; and

#

between approximately 1 and 3 wt.% silicon.

4. The composition of claim 1, wherein the composition is in the form of an alloy.

= ¥

5. The composition of claim 1, wherein the composition is a component of a weld bead, the

weld bead further comprising a substrate dilution component.

6. The composition of claim 1, wherein the composition is a component of a weld overlay

coating, the weld overlay coating further comprising a substrate dilution component.
7. The composition of claim 1, wherein the composition is in the form of a welding wire.

8. The composition of claim 7, wherein the welding wire is a cored welding wire

comprising:
a sheath:; and
a powder material disposed within the sheath; and

wherein melting of the cored welding wire during welding results in a weld pool having a
composition comprising a dilution component and a weld component, the weld component
comprising a balance of nickel, between approximately 20.5 and 30 wt.% chromium, between
approximately 5.5 and 18.5 wt.% molybdenum, between 0 and approximately 1.75 wt.% boron,
between 0 and approximately 3.5 wt.% silicon, between 0 and approximately 5 wt.% titanium,

between 0 and approximately 17 wt.% niobium, and between 0 and approximately 15 wt.% tin.

9. The composition of claim 8, wherein the sheath has a melting temperature that is at least

50 °C less than a melting temperature of a weld bead formed by solidification of the weld pool.

10.  The composition of claim 1, wherein the composition is configured such that an alloy
formed from the composition posses phase morphologies of approximately 150 microns or less

in the longest dimension when cooled from a liquid state at 5,000 °K/s or less.
11.  The composition of claim 1, comprising a mixture of one or more of:

NigaCry735Mo1g971Fe 2351, 1By 17

13-
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NipaCrag ssMoys 17Feq 1451 13Bo 47
NipaCrag 1Mo 12 7511 ¢Bo 45 or
NipaCras 7sMos 65Bo 60Cq 02

12. A composition, comprising nickel as a primary component and possessing phase
morphologies on the order of 150 microns or less in the longest dimension when cooled from a

liquid state at 5000 K/s or less.

13, The composition of claim 12, wherein the composition is an alloy having a

microstructure form of at least 90% austenitic nickel.

14. T'he composition of claim 13, wherein the microstructure further comprises silicide,

boride, carbide, aluminide, or nitride precipitates.
15, A method, comprising:

welding a substrate to form a weld bead using a cored welding wire, the cored welding
wire comprising a sheath comprising nickel and having a sheath melting temperature and a

powder core disposed within the sheath; and

wherein the weld bead has a weld melting temperature at least 50 °C greater than the

sheath melting temperature.

16. The method of claim 15, further comprising applying a welding pool to the substrate to
form the weld bead, the welding pool comprising a substrate dilution component and a weld

component, the weld component comprising:
a balance of nickel:
between approximately 20.5 and 30 wt.% chromium;
between approximately 5.5 and 18.5 wt.% molybdenum:;
between 0 and approximately 1.75 wt.% boron;
between 0 and approximately 3.5 wt.% silicon;

between 0 and approximately 5 wt.% titanium;
-14-
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between 0 and approximately 17 wt.% niobium; and
between 0 and approximately 15 wt.% tin.
17. The method of claim 16, wherein:

the sheath is composed of an alloy having a composition comprising a balance of nickel,
between approximately 20.5 and 30 wt.% chromium, between approximately 5.5 and 18.5 wt.%
molybdenum, between 0 and approximately 1.75 wt.% boron, between 0 and approximately 3.5
wt.% silicon, between 0 and approximately 5 wt.% titanium, between 0 and approximately 17

wt.% niobium, and between 0 and approximately 15 wt.% tin.
18.  The method of claim 15, wherein the substrate comprises a boiler tube.

19.  The method of claim 15, wherein the weld bead is part of a weld overlay.

-15-
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