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(54) CHROMIUM-FREE THERMAL SPRAY COMPOSITION, METHOD, AND APPARATUS

(57) A composition, method for depositing the com-
position on a downhole component, and a downhole tool.
The composition includes about 0.25 wt% to about 1.25
wt% of carbon, about 1.0 wt% to about 3.5 wt% of man-
ganese, about 0.1 wt% to about 1.4 wt% of silicon, about
1.0 wt% to about 3.0 wt% of nickel, about 0.0 to about

2.0 wt% of molybdenum, about 0.7 wt% to about 2.5 wt%
of aluminum, about 1.0 wt% to about 2.7 wt% of vanadi-
um, about 1.5 wt% to about 3.0 wt% of titanium, about
0.0 wt% to about 6.0 wt% of niobium, about 3.5 wt% to
about 5.5 wt% of boron, about 0.0 wt% to about 10.0 wt%
tungsten, and a balance of iron.
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Description

Cross-Reference to Related Applications

[0001] This application claims priority to U.S. Provisional Patent Application having Serial No. 61/871,143, which was
filed on August 28, 2013. The entirety of this provisional application is incorporated herein by reference.

Background

[0002] Tools are attached to casing strings, drill strings, or other oilfield tubulars, to accomplish a variety of different
tasks in a wellbore. Such tools may include centralizers, stabilizers, packers, cement baskets, hole openers, scrapers,
control-line protectors, turbulators, and the like. Each tool may have a different purpose in a downhole environment, and
each may have a different construction in order to accomplish that purpose. However, each is generally attached around
the outer diameter of the oilfield tubular.
[0003] When deployed into the wellbore, the tools may abrade or spall by engagement with a surrounding tubular
(e.g., a casing, liner, or the wellbore wall itself). Further, the tools may engage foreign bodies in the well, such as cuttings
or other bodies, as are known in the art, which may also wear the tools. Accordingly, wear-resistance and a low coefficient
of friction may be valuable characteristics for the downhole tools.
[0004] One way to enhance the material properties of the exterior of the tools is to weld another material thereto. This
is referred to as "hardbanding." Hardbanding, however, generally includes the application of intense heat for the welding
process, which may damage the underlying tool structure. Thermal spraying is thus sometimes used for the coating
process. Thermal spraying may include melting and spraying a material onto the tool (or another substrate) to be coated.
Thermal spraying, however, generally results in poor bonding and poor structural characteristics when built up to thick
layers. Furthermore, thermal spraying often employs materials that include high levels of chromium, which presents
health and safety issues and may require special handling procedures and equipment.
[0005] Furthermore, connecting the tools to the tubular may present challenges. The tools may be connected directly
to the tubular, or a "stop collar" may be fixed to the tubular, e.g., between the pipe joints, which may be configured to
engage the tool. One way to connect the tool or stop collar to the tubular is by welding it to the tubular. As with hardbanding,
however, the strong hold of a weld may come at the expense of damaging the tubular and/or the tool, e.g., by creating
a heat-affected zone (HAZ) in either or both. The HAZ may represent an area of the tubular where the metallurgical
properties are altered, which may translate into diminished strength, corrosion resistance, or certain other characteristics.
Accordingly, in some applications, an HAZ may be avoided.
[0006] Set screws and/or adhesive are thus sometimes used to attach a tool to a tubular, since these attachment
methods do not create an HAZ. However, set screws and adhesives may not provide adequate holding force for the
tubular, and/or may not be sufficiently corrosion or heat resistant.

Summary

[0007] Embodiments of the disclosure may provide a composition, e.g., for spraying on a substrate. The composition
includes about 0.25 wt% to about 1.25 wt% of carbon, about 1.0 wt% to about 3.5 wt% of manganese, about 0.1 wt%
to about 1.4 wt% of silicon, about 1.0 wt% to about 3.0 wt% of nickel, about 0.0 to about 2.0 wt% of molybdenum, about
0.7 wt% to about 2.5 wt% of aluminum, about 1.0 wt% to about 2.7 wt% of vanadium, about 1.5 wt% to about 3.0 wt%
of titanium, about 0.0 wt% to about 6.0 wt% of niobium, about 3.5 wt% to about 5.5 wt% of boron, about 0.0 wt% to
about 10.0 wt% tungsten, and a balance of iron.
[0008] Embodiments of the disclosure may also provide a method for applying a layer of a material to a downhole
component. The method may include feeding one or more wires into a sprayer, wherein the one or more wires provide
the material, and melting a portion of the one or more wires by applying an electrical current to the one or more wires,
to melt the material in the portion. The method may also include feeding a gas to the sprayer, such that the material is
projected through a nozzle of the sprayer, and depositing the material onto the downhole component, such that the
material solidifies and forms into a layer of material. Further, the material, at least prior to melting, includes about 0.25
wt% to about 1.25 wt% of carbon, about 1.0 wt% to about 3.5 wt% of manganese, about 0.1 wt% to about 1.4 wt% of
silicon, about 1.0 wt% to about 3.0 wt% of nickel, about 0.0 to about 2.0 wt% of molybdenum, about 0.7 wt% to about
2.5 wt% of aluminum, about 1.0 wt% to about 2.7 wt% of vanadium, about 1.5 wt% to about 3.0 wt% of titanium, about
0.0 wt% to about 6.0 wt% of niobium, about 3.5 wt% to about 5.5 wt% of boron, about 0.0 wt% to about 10.0 wt%
tungsten, and a balance of iron.
[0009] Embodiments of the disclosure may also provide a downhole tool. The downhole tool includes a layer of material
extending outwards from a downhole tubular. The layer of material includes about 0.25 wt% to about 1.25 wt% of carbon,
about 1.0 wt% to about 3.5 wt% of manganese, about 0.1 wt% to about 1.4 wt% of silicon, about 1.0 wt% to about 3.0
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wt% of nickel, about 0.0 to about 2.0 wt% of molybdenum, about 0.7 wt% to about 2.5 wt% of aluminum, about 1.0 wt%
to about 2.7 wt% of vanadium, about 1.5 wt% to about 3.0 wt% of titanium, about 0.0 wt% to about 6.0 wt% of niobium,
about 3.5 wt% to about 5.5 wt% of boron, about 0.0 wt% to about 10.0 wt% tungsten, and a balance of iron.

Brief Description of the Drawings

[0010] Embodiments of the present disclosure may best be understood by referring to the following description and
accompanying drawings that are used to illustrate several example embodiments. In the drawings:

Figure 1 illustrates a side schematic view of a sprayer apparatus, according to an embodiment.
Figure 2 illustrates a flowchart of a method for depositing a composition on a substrate, according to an embodiment.
Figures 3-8 illustrates side perspective views of several centralizers, according to some embodiments.
Figure 9 illustrates a quarter-sectional view of a guide ring installed on a tubular, according to an embodiment.

Detailed Description

[0011] The following disclosure describes several embodiments for implementing different features, structures, or
functions of the invention. Embodiments of components, arrangements, and configurations are described below to
simplify the present disclosure; however, these embodiments are provided merely as examples and are not intended to
limit the scope of the invention. Additionally, the present disclosure may repeat reference characters (e.g., numerals)
and/or letters in the various embodiments and across the Figures provided herein. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a relationship between the various embodiments and/or configurations
discussed in the Figures. Moreover, the formation of a first feature over or on a second feature in the description that
follows may include embodiments in which the first and second features are formed in direct contact, and may also
include embodiments in which additional features may be formed interposing the first and second features, such that
the first and second features may not be in direct contact. Finally, the embodiments presented below may be combined
in any combination of ways, e.g., any element from one exemplary embodiment may be used in any other exemplary
embodiment, without departing from the scope of the disclosure.
[0012] Additionally, certain terms are used throughout the following description and claims to refer to particular com-
ponents. As one skilled in the art will appreciate, various entities may refer to the same component by different names,
and as such, the naming convention for the elements described herein is not intended to limit the scope of the invention,
unless otherwise specifically defined herein. Further, the naming convention used herein is not intended to distinguish
between components that differ in name but not function. Additionally, in the following discussion and in the claims, the
terms "including" and "comprising" are used in an open-ended fashion, and thus should be interpreted to mean "including,
but not limited to." All numerical values in this disclosure may be exact or approximate values unless otherwise specifically
stated. Accordingly, various embodiments of the disclosure may deviate from the numbers, values, and ranges disclosed
herein without departing from the intended scope. In addition, unless otherwise provided herein, "or" statements are
intended to be non-exclusive; for example, the statement "A or B" should be considered to mean "A, B, or both A and B."
[0013] Embodiments of the present disclosure may provide a composition, which may be used in a thermal spraying
operation, for example, in combination with a downhole component such as a downhole tool and/or an oilfield tubular.
The downhole component may thus act as a substrate upon which the composition is deposited. One or more (e.g.,
many) layers of the composition may be deposited onto the substrate, such that the composition protrudes outwards
therefrom.
[0014] The composition may be free from chromium. The composition being "free from chromium" means the com-
position includes at most trace amounts of chromium. In other words, chromium may be present in a composition that
is "free from chromium" in amounts less than would be seen if intentionally included in the composition.
[0015] Furthermore, the composition may be deposited such that the depositing process does not raise the nominal
temperature of the substrate to an extent that would alter the metallurgical properties of the substrate. For example, the
depositing may not raise the nominal temperature of the substrate (e.g., the average temperature in a region proximal
to, and heated by heat from, the deposited material from the thermal sprayer) to an extent that would alter the metallurgical
properties of the substrate. In an embodiment, this may be accomplished at least in part by the composition being melted
and sprayed in fine droplets, such that the thermal energy contained in the droplets, as the droplets collide with the
substrate, is insufficient to raise the nominal temperature of the substrate to a degree sufficient to substantially alter the
metallurgical properties of the substrate. In other embodiments, however, the material may be used as part of processes
at higher temperatures, which may create a heat-affected zone.
[0016] In some embodiments, the composition may include about 0.25 wt% to about 1.25 wt% of carbon, about 1.0
wt% to about 3.5 wt% of manganese, about 0.1 wt% to about 1.4 wt% of silicon, about 1.0 wt% to about 3.0 wt% of
nickel, about 0.0 to about 2.0 wt% of molybdenum, about 0.7 wt% to about 2.5 wt% of aluminum, about 1.0 wt% to about
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2.7 wt% of vanadium, about 1.5 wt% to about 3.0 wt% of titanium, about 0.0 wt% to about 6.0 wt% of niobium, about
3.5 wt% to about 5.5 wt% of boron, about 0.0 wt% to about 10.0 wt% tungsten, and a balance of iron.
[0017] As the term is used herein "a balance of iron" (or equivalently, "the balance being iron") means that the balance
of the percentage composition by weight, after considering the other listed elements, is iron, either entirely or entirely
except for trace elements of one or more other materials.
[0018] Other specific embodiments of the composition are contemplated. For example, the composition may include
about 0.5 wt% to about 1.0 wt% of carbon, about 1.5 wt% to about 2.5 wt% of manganese, about 0.3 wt% to about 1.0
wt% of silicon, about 1.5 wt% to about 2.5 wt% of nickel, about 0.0 wt% to about 0.5 wt% of molybdenum, about 1.5
wt% to about 2.0 wt% of aluminum, about 1.5 wt% to about 2.1 wt% of vanadium, about 1.8 wt% to about 2.8 wt% of
titanium, about 0.0 wt% to about 4.0 wt% of niobium, about 4.0 wt% to about 5.0 wt% of boron, about 0.0 wt% to about
3.0 wt% of tungsten, and the balance being iron.
[0019] Still other, alternative embodiments are also contemplated for the composition. For example, the composition
may include from about 0.05 wt%, about 0.10 wt%, or about 0.20 wt% to about 1.0 wt%, about 1.5 wt%, or about 2.0
wt% of carbon. In some embodiments, the composition may include from about 0.01 wt%, about 0.05 wt%, or about
0.10 wt% to about 3.0 wt%, about 3.5 wt%, or about 4.0 wt% of manganese. In some embodiments, the composition
may include from about 0.01 wt%, about 0.10 wt%, or about 1.0 wt% to about 3.0 wt%, about 3.5 wt%, or about 4.0 wt%
of nickel. In some embodiments, the composition may include from about 0.1 wt%, about 0.3 wt%, or about 0.5 wt% to
about 2.5 wt%, about 3.0 wt%, or about 3.5 wt% of titanium. In some embodiments, the composition may include from
about 0.01 wt%, about 0.05 wt%, about 0.10 wt%, or about 0.20 wt% to about 5.0 wt%, about 6.0 wt%, or about 7.0 wt%
of niobium. In some embodiments, the composition may include from about 2.0 wt%, about 2.5 wt%, or about 3.0 wt%
to about 5.0 wt%, about 6.0 wt%, or about 7.0 wt% of boron. In some embodiments, the composition may include from
about 0.01 wt%, about 0.10 wt%, or about 1.0 wt% to about 8.0 wt%, about 10.0 wt%, or about 12.0 wt% of tungsten.
In some embodiments, a balance of the composition may be iron.
[0020] In another example, the composition may include about 0.1 wt% to about 1.5 wt% of carbon, at most about 3.0
wt% of manganese, at most about 1.5 wt% of silicon, about 0.5 wt% to about 4.0 wt% of nickel, at most about 2.0 wt%
of molybdenum, about 1.3 wt% to about 6.0 wt% of aluminum, about 0.6 wt% to about 3.0 wt% of vanadium, about 0.6
wt% to about 3.0 wt% of titanium, at most about 6.0 wt% of niobium, about 3.0 wt% to about 5.5 wt% of boron, at most
about 10 wt% of tungsten, at most about 0.30 wt% of chromium, which may be included incidentally in the composition,
e.g., without intentionally being added to the composition. A balance of the composition may be iron.
[0021] In an embodiment, the composition may include about 0.6 wt% to about 1.3 wt% of carbon, about 2.4 wt% to
about 3.0 wt% of manganese, at most about 1.0 wt% of silicon, about 1.6 wt% to about 2.2 wt% of nickel, about 0.2 wt%
to about 0.5 wt% of molybdenum, about 1.4 wt% to about 2.0 wt% of aluminum, about 1.7 wt% to about 2.4 wt% of
vanadium, about 0.6 wt% to about 3.0 wt% of titanium, at most about 4.0 wt% of niobium, about 3.0 wt% to about 5.5
wt% of boron, at most about 3.0 wt% of tungsten, and a balance of iron.
[0022] In another embodiment, the composition may include about 0.75 wt% to about 1.25 wt% of carbon, about 2.4
wt% to about 3.0 wt% of manganese, at most about 1.0 wt% of silicon, about 1.6 wt% to about 2.2 wt% of nickel, at most
about 0.5 wt% of molybdenum, about 1.4 wt% to about 2.0 wt% of aluminum, about 1.9 wt% to about 2.4 wt% of vanadium,
about 2.0 wt% to about 2.5 wt% of titanium, at most about 4.0 wt% of niobium, about 4.0 wt% to about 4.8 wt% of boron,
at most about 3.0 wt% of tungsten, and a balance of iron.
[0023] In some embodiments, the composition may be deposited using a twin-wire thermal sprayer, although other
types of thermal sprayers may be employed without departing from the scope of the present disclosure. Figure 1 illustrates
a schematic view of such a twin-wire thermal sprayer 100, according to an embodiment. The sprayer 100 may include
a nozzle 102, a first wire feeder 104, and a second wire feeder 106. The first wire feeder 104 may receive a first wire
108 and the second wire feeder 106 may receive a second wire 110. The wire feeders 104, 106 may include rollers,
wheels, gears, drivers, etc., such that the wire feeders 104, 106 are operable to selectively draw in a length of the wires
108, 110, respectively, at a generally controlled rate. For example, the wires 108, 110 may be drawn in at substantially
the same rate, but in other examples, may be drawn in at different rates, e.g., independently. The wires 108, 110 may
be made from the same material, which may be or include one or more of the compositions discussed above.
[0024] Further, the sprayer 100 may also include a positive electrical contact 112 and a negative electrical contact
114. The positive electrical contact 112 may be electrically connected with the first wire 108 and the negative electrical
contact 114 may be electrically connected with the second wire 110. Accordingly, the sprayer 100 may apply a DC
voltage differential to the first and second wires 108, 110.
[0025] The first and second wires 108, 110 may be brought into close proximity to one another, e.g., nearly touching,
at a discharge end 116 of the sprayer 100. Accordingly, an arc 117 between the oppositely charged wires 108, 110 may
form, thereby melting the portions of the wires 108, 110 proximal to the discharge end 116.
[0026] The nozzle 102 may be coupled with a source of gas 119, which may be a compressed gas. Although sche-
matically illustrated as being positioned within the sprayer 100, it will be appreciated that the source of gas 119 may be
external to the sprayer 100 (e.g., a tank, compressor, or combination thereof). Furthermore, the gas may be compressed
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air. In other embodiments, other types of gas, such as one or more inert gases, nitrogen, etc. may be employed in
addition to or instead of compressed air. The nozzle 102 may direct the gas toward the melted ends of the wires 108,
110, thereby atomizing and expelling the molten material of the wires 108, 110 into a stream of droplets 118.
[0027] The stream of droplets 118 may be sprayed toward a substrate 120, which may be a downhole component
such as a downhole tool, an oilfield tubular, or a combination thereof. Examples of the downhole tools that may be
employed as the substrate 120 (or a portion thereof) include, but are not limited to, centralizers, stabilizers, packers,
cement baskets, hole openers, scrapers, control-line protectors, turbulators. Examples of oilfield tubulars for use as the
substrate 120 (or a portion thereof) include, but are not limited to, drill pipe and casing, and/or any other generally
cylindrical structure configured to be deployed into a wellbore.
[0028] When the droplets 118 collide with the substrate 120, some of the droplets 118 may solidify rapidly in place on
the substrate 120, forming a layer of material 122. Other droplets 118 may flow off of the substrate 120, e.g., as an
overspray 124. The overspray 124 may be collected and recycled, or may be discarded.
[0029] As mentioned above, the depositing process, such as using the sprayer 100, may form droplets 118 that deposit
on the substrate 120 without creating a heat-affected zone, in at least one embodiment. Without being bound by theory,
the droplets 118 may have insufficient heat capacity, for example, because of their relatively small size, to transfer
enough heat to raise the temperature of the substrate 120 to a point where the metallurgical properties of the substrate
120 change.
[0030] The droplets 118 may be applied as the substrate 120 and/or the sprayer 100 move, relative to one another,
e.g., so as to define a generally sweeping path. After being deposited in a first sweep, the droplets 118 may rapidly cool
and solidify to begin the layer 122, and then a second sweep (and, e.g., many subsequent sweeps) may be conducted
such that the layer 122 grows thicker with each sweep. The resultant layer 122 may be generally homogeneous or may
include identifiable strata representing the successive sweeps.
[0031] In at least some embodiments, the rate at which the sprayer 100 sweeps and/or the rate at which the droplets
118 are deposited on the substrate 120 may be controlled. The rate at which the sprayer 100 sweeps may be controlled
by adjusting the speed at which the sprayer 100 is moved, or the speed at which the substrate 120 is moved relative to
the sprayer 100, or both. Further, the rate at which the material is melted and projected from the sprayer 100 may also
be adjusted, e.g., by adjusting the feed rate of the wires 108, 110 and/or the pressure or flowrate of the gas through the
nozzle 102.
[0032] In some embodiments, a maximum temperature for the substrate 120 may be determined based on the char-
acteristics of the substrate 120. For example, the maximum temperature may be set to a value that is less than the
tempering temperature of the substrate 120. The sweep rate and/or deposition rate may be adjusted such that the
substrate 120 does not exceed this temperature. In a specific embodiment, the substrate 120 may have a tempering
temperature of about 400°F (204°C). Thus, the deposition process may have a lower maximum temperature it may be
allowed to impart on the substrate 120, e.g., about 375°F (191°C). Accordingly, the speed of the sweep may be controlled
to ensure that the nominal temperature of the substrate 120 proximal to the deposition location (i.e., the location of the
layer 122) does not reach or exceed the maximum temperature. In other examples, the tempering temperature may be
lower. For example, the substrate 120 may be aluminum, and may have a tempering temperature of about 300°F (149°C).
In turn, the maximum temperature for the substrate 120 during the deposition process may be set to 275°F (135°C),
with the sweep rate being controlled accordingly. It will be appreciated that the foregoing temperatures are merely
illustrative examples, and the actual maximum and tempering temperatures (and/or others) may vary widely according
to the material from which the substrate 120 is made.
[0033] In some embodiments, the temperature of the substrate 120 may be further controlled, e.g., by using a cooling
medium (e.g., a flow of gas), so as to further transfer heat from the substrate 120 during the deposition process.
[0034] In other embodiments, the substrate 120 may be configured for high-temperature use, and thus the composition
of material may be employed in a welding operation, such as stick-and-wire welding, MIG and TIG welding, plasma arc,
welding, etc.
[0035] Figure 2 illustrates a flowchart of a method 200 for depositing a composition on a substrate, according to an
embodiment. The method 200 may be best understood with reference to the foregoing description of the sprayer 100,
which may be employed in the implementation of the method 200; however, it will be understood that the method 200
is not limited to any particular spraying apparatus or type of substrate, or any other structure, unless otherwise expressly
stated herein.
[0036] The method 200 may begin by feeding one or more wires of a material to a sprayer, as at 202. The material
may include one or more of the compositions discussed above. The method 200 may further include melting the material
of the one or more wires, proximal to ends thereof, as at 204. For example, melting at 204 may be implemented by
applying a voltage differential to two or more wires, and bringing the wires into proximity of one another at a discharge
end of the sprayer. The voltage differential may cause an electrical arc to form between the wires, causing the wires to melt.
[0037] The method may also include projecting the material from the sprayer onto a substrate, as at 206. For example,
the sprayer may receive a supply of compressed gas, such as air, through a nozzle directed at the molten ends of the
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wires. This flow of gas from the nozzle may atomize the molten material (e.g., produce relatively small droplets of the
material), and propel the molten material through the discharge end of the sprayer. Thereafter, the molten material (e.g.,
atomized into droplets) may be deposited onto the substrate to form a layer of material.
[0038] In some embodiments, the method 200 may optionally include controlling (e.g., while projecting at 206) a
temperature of the substrate, as at 208. For example, projecting the material at 206 may include sweeping the sprayer
across an area of the substrate, e.g., multiple times, so as to build layer upon layer of the material. In this manner, for
example, one or more projections of any dimension up to about 3.00 inches may be created. In various embodiments,
the dimension may range from a low of about 0.010 inches, about 0.10 inches, or about 1.00 inches, to a high of about
2.50 inches, about 2.75 inches, or about 3.00 inches. In several specific embodiments, the dimension may be about
0.025 inches, about 0.050 inches, about 0.075 inches, about 0.10 inches, about 0.25 inches, about 0.50 inches, about
0.75 inches, about 1.00 inches, about 1.25 inches, about 1.50 inches, about 1.75 inches, about 2.00 inches, about 2.25
inches, about 2.50 inches, or about 2.75 inches.
[0039] Further, the sweep distance, time, rate, etc. may be controlled, as may be the deposition rate (e.g., wire feed
rate, compressed gas feed rate, or both), so as to maintain the substrate at a temperature that is below a maximum
temperature. In some embodiments, the temperature of the substrate may additionally or instead be controlled by
providing a heat transfer (cooling) medium to the substrate, so as to remove heat therefrom. The maximum temperature
may be predetermined, and may be lower than a tempering temperature, or another metallurgically significant temper-
ature, of the substrate.
[0040] In some embodiments, the composition may be applied to a downhole component acting as the substrate. In
one example, the downhole component may be an oilfield tubular (e.g., a casing or drill pipe). Figures 3 and 4 illustrate
side perspective views of two embodiments of a centralizer 300, which may be at least partially formed in this way. It
will be appreciated that the illustrated centralizer 300 is but one type of downhole tool that may be employed with the
compositions and methods of the present disclosure, and is described herein for illustrative purposes only.
[0041] Continuing with the illustrative example, the centralizer 300 has blades 302, which are disposed on an oilfield
tubular (hereinafter, "tubular") 304. The blades 302 may be constructed from an embodiment of the composition discussed
above. The blades 302 may thus be formed from the layer 122 (Figure 1), and may be coupled directly to and extend
outwards from the tubular 304. In other embodiments, the blades 302 may be formed as structures separate from the
tubular 304, and may be coated with an embodiment of the composition discussed above, such that the blades 302 of
the centralizer (or another portion of another tool) may provide the substrate. In either example, i.e. where the layer 122
forms the blades 302 (or another structure), or is formed as a coating on the blades 302, the layer 122 may be considered
to be extending outwards from the tubular 304.
[0042] In some embodiments, the blades 302 may extend radially outwards from the tubular 304 by a distance of
between about 0.010 inches and about 3.0 inches, although other distances are contemplated and may be employed
without departing from the scope of the present disclosure. Moreover, the distance need not be constant along the blades
302, and in some embodiments may vary.
[0043] The blades 302 may be configured to engage a surrounding tubular in a wellbore. For example, such surrounding
tubulars may include a casing, liner, or the wellbore wall itself. The blades 302, which may or may not extend to the
same radial height, may provide a generally annular gap between the tubular 304 and the surrounding tubular.
[0044] In Figure 3, the blades 302 are shown extending generally straight in the axial direction, e.g., along the tubular
304. In Figure 4, the blades 302 extend circumferentially as well as in the axial direction, e.g., in a partial helix. In other
embodiments, the blades 302 may extend helically around the tubular 304 more than once (e.g., at least one time around
plus any fraction of a second time). In still other embodiments, the blades 302 may include multiple curves, bends, etc.
and may take any shape.
[0045] Figures 5 and 6 illustrate side perspective views of two embodiments of another centralizer 500, in accordance
with the disclosure. An example of the centralizer 500 shown in Figure 5 may be constructed according to one or more
embodiments of the centralizer discussed in U.S. Patent Publication No. 2014/0096888, which is incorporated by refer-
ence herein in its entirety. In other embodiments, the centralizer 500 may have other constructions. The centralizer 500
may be received around an oilfield tubular 502, e.g., by sliding the centralizer 500 over an end of the tubular 502 or by
opening (e.g., as with a hinge) the centralizer 500 and receiving the tubular 502 laterally into the centralizer 500. Further,
the centralizer 500 may be positioned axially between or "intermediate" of two stop collars 504, 506, which may be
formed from an embodiment of the composition discussed above, e.g., using an embodiment of the method 200. The
centralizer 500 is illustrated by way of example and may be substituted with any other type of tool (e.g., a stabilizer,
packer, cement basket, hole opener, scraper, control-line protector, turbulator, and/or the like).
[0046] Continuing with the illustrated example, in some embodiments, the centralizer 500 may include one or more
blades 508, which may extend radially outward from the tubular 502, and may be configured to engage a surrounding
tubular in a wellbore. The surrounding tubular may be a casing, liner, or the wellbore wall itself. The blades 508 may be
formed in any suitable fashion, such as by welding, fastening, using one or more thermal spray compositions such as
those discussed above, or otherwise attaching ribs to collars, may be integrally formed from a tubular segment, and/or
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the like. In some embodiments, the blades 508 may be coated with an embodiment of the thermal spray composition
discussed above. The blades 508 may extend helically, partially helically, straight, or in any other geometry.
[0047] The centralizer 500 may be free to rotate with respect to the tubular 502. Further, the centralizer 500 may have
a range of axial movement, e.g., between the two stop collars 504, 506, which may be disposed on either axial side of
the centralizer 500, and spaced apart by a distance that is greater than an axial dimension of the centralizer 500. The
stop collars 504, 506 may be fixed to the tubular 502, and may thus engage the centralizer 500, so as to limit the axial
range of motion of the centralizer 500 with respect to the tubular 502 to the distance between the stop collars 504, 506.
[0048] Furthermore, the stop collars 504, 506 may be tapered, e.g., proceeding from a smaller, outboard outer diameter
at sides 510, 512 facing away from the centralizer 500 to a larger, inboard outer diameter at sides 514, 516 facing toward
the centralizer 500. Thus, the stop collars 504, 506 may present a more gradual positive outer diameter increase, as
proceeding along either direction of the tubular 502, so as to reduce collisions with wellbore obstructions, cuttings, etc.
[0049] Figure 7 illustrates a side perspective view of another centralizer 700, according to an embodiment. Again, the
centralizer 700 is depicted for purposes of illustration, and may be readily substituted with other tools, depending, e.g.,
on the application. The centralizer 700 may have two end collars 702, 704, which may be received around an oilfield
tubular 706. A plurality of ribs 708, which may be rigid, semi-rigid, or flexible bow-springs, may extend between the end
collars 702, 704.
[0050] Furthermore, the centralizer 700 may straddle a stop collar 710, with the centralizer 700 having its end collars
702, 704 on either axial side of the stop collar 710, such that the end collars 702, 704 are prevented from sliding past
the stop collar 710. The stop collar 710 may be formed from one or more embodiments of the composition discussed
and disclosed above, e.g., using a thermal spray depositing process, as also discussed above. The stop collar 710 may
thus serve to limit the axial range of motion to the distance between the end collars 702, 704. In addition, in some
embodiments, the ribs 708 and/or the end collars 702, 704 may be coated with the thermal spray composition.
[0051] Figure 8 illustrates a side perspective view of yet another centralizer 800, according to an embodiment. Here
again, the centralizer 800 is depicted for purposes of discussion, and may be readily substituted with other tools, e.g.,
depending on the application. In this embodiment, the centralizer 800 may include two end collars 802, 804 (although
embodiments with a single end collar are contemplated), which may be received around an oilfield tubular 805. The
centralizer 800 may include protrusions 814, 816, which may be coupled directly to the tubular 805, e.g., by an embodiment
of the method 200 and/or may include one or more embodiments of the composition described above.
[0052] The centralizer 800 may include ribs 807, which may be rigid, semi-rigid, or, as shown, flexible bow springs,
which may extend axially between the end collars 802, 804. The centralizer 800 may also include one or more anchor
segments (two are shown: 806, 808), which may be disposed on the tubular 805 so as to engage opposing axial ends
of the end collars 802, 804. In some embodiments, however, the anchor segments 806, 808 may be omitted.
[0053] In embodiments in which the anchor segments 806, 808 are provided, the anchor segments 806, 808 may
define windows 810, 812 through which the one or more protrusions 814, 816 extend. Bridges 818, 820 of the anchor
segments 806, 808 may be defined circumferentially between adjacent windows 810, 812. Further, the protrusions 814,
816 may bear on anchor segments 806, 808 so as to restrict axial and/or rotational movement of the centralizer 800
relative to the tubular 805. The protrusions 814, 816 may be or include one or more embodiments of the composition
described above, and may be formed using the thermal spray depositing process also described above.
[0054] In embodiments in which the anchor segments 806, 808 are omitted, the end collars 802, 804 may bear directly
on the protrusions 814, 816, which may be segmented, as shown, or continuous. The protrusions 814, 816 may thus
provide a function similar to that provided by the stop collars discussed above. Further, the protrusions 814, 816 may
be tapered on at least one side thereof (e.g., an outboard side 822, 824), and generally square, proceeding generally
straight in a radial direction, on another side thereof (e.g., an inboard side 826, 828). The tapered side 822, 824 may
deflect or otherwise avoid engagement with other objects in the wellbore, while the square side 826, 828 may provide
an engagement surface for engaging the anchor segments 806, 808 (or the end collars 802, 804).
[0055] In an embodiment, the windows 810, 812 or the protrusions 814, 816 may be sized to allow movement in a
longitudinal and/or circumferential (rotational) direction. For instance, in an embodiment, the protrusions 814, 816 may
be sized axially smaller than the windows 810, 812, circumferentially smaller than the windows 810, 812, or both axially
and circumferentially smaller than the windows 810, 812 through which they extend. When the protrusions 814, 816 are
axially smaller than the windows 810, 812, and, e.g., are generally aligned, the protrusions 814, 816 may allow for a
range of axial motion of the centralizer 800 with respect to the tubular 802. The range may be, for example, the difference
between the axial dimensions of the protrusions 814, 816 and the windows 810, 812. When the protrusions 814, 816
are smaller than the windows 810, 812 in the circumferential direction, the protrusions 814, 816 may allow for a range
of rotational movement of the centralizer 800 with respect to the tubular 802. The range may be, for example, the
difference between the circumferential dimensions of the protrusions 814, 816 and the windows 810, 812. Allowing axial
and/or rotational movement of the centralizer 800 relative to the tubular 802 may help prevent damage to the centralizer
800 as the centralizer 800 passes through the wellbore (e.g., through a close-tolerance restriction and/or the like).
[0056] Figure 9 illustrates a side, quarter-sectional view of a guide ring 900 installed on a tubular 902, according to
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an embodiment. The guide ring 900 may be constructed at least partially from one or more embodiments of the composition
discussed above. Further, the guide ring 900 may be formed using one or more embodiments of the method 200
discussed above.
[0057] In an embodiment, the tubular 902 may be a casing, and the guide ring 900 may be positioned adjacent to an
end 904 of the tubular 902. The tubular 902 may be connected to a casing connection collar 906 at the end 904, e.g.,
via a threaded engagement, as shown. In other embodiment, such a threaded connection may be tapered. In still other
embodiments, the connection between the tubular 902 and the casing connection collar 906 may be non-threaded. In
embodiments where the end 904 is threaded, the guide ring 900 may be positioned away from the threaded region, so
as to not interfere with the threaded engagement, while still being "adjacent" to the end 904.
[0058] In some embodiments, the end 904 of the tubular 902 may be received into the casing connection collar 906.
Thus, the casing connection collar 906 may be radially larger than the tubular 902, i.e., may extend radially outward
from the tubular 902. As such, the casing connection collar 906 may define an upset in a string of the tubulars 902,
connected together end-to-end by such casing connection collars 906. The square shoulder of casing connection collar
906 may be prone to hanging-up on obstacles when being run into wellbore, e.g., in high-angle wells where a larger
portion of the weight of a string of the tubulars 902 may rest on the low side of the wellbore. This hanging-up may damage
to the casing connection collar 906 and/or may damage to the internal seats and seal areas of the well head, liner
hangers and such.
[0059] The guide ring 900 may prevent or at least mitigate such damage. The guide ring 900, connected to the tubular
902, may thus define part of the outer surface of the tubular 902 as it extends outward from the tubular 902. An outer
surface 908 of the guide ring 900 may, in turn, define a ramp shape. The outer surface 908 of the guide ring 900 may
increase in diameter, as proceeding towards the end 904, from slightly larger than the outer diameter of the tubular 902
to substantially equal (e.g., within about 10%) the outer diameter of the casing connection collar 906. As such, the ramp
shape may be inclined with respect to the tubular 902 at an angle of from a low of about 1°, about 5°, about 15°, about
25°, to a high of about 35°, about 45°, about 55°, or about 60°. Thus, the guide ring 900 may provide a more gradual
transition from the smaller, outer diameter of the tubular 902 to the larger, outer diameter of the casing connection collar
906, e.g., across all or at least a portion of the axial dimension of the guide ring 900.
[0060] It will be appreciated that the description of the guide ring 900 in the context of a casing tubular 902 and the
casing connection collar 906 is merely an example. In other embodiments, the guide ring 900 may be employed in any
other application for providing a tapered transition from a smaller diameter structure to a larger diameter structure.

Examples

[0061] An understanding of the foregoing description may be furthered by reference to the following non-limiting
examples.
[0062] Specimens were prepared within the composition ranges of the embodiments of the composition described
above. These specimens were tested for abrasive wear rate, shock impact, cracking and spalling from cylindrically-
induced stress, and hardness.
[0063] Three examples of the specimens are as follows:

TABLE 1: Specimen Compositions

Element Specimen 1 Specimen 2 Specimen 3

C 0.83 0.77 0.62

Mn 2.52 2.40 2.39

P 0.016 0.015 0.015

S 0.020 0.022 0.020

Si 0.70 0.68 0.81

Ni 1.71 1.78 1.80

Mo <0.02 <0.02 <0.02

Cr 0.17 0.16 0.19

Cu 0.04 0.04 0.04

Al 0.72 2.00 2.33

V 1.80 1.72 1.95
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[0064] The elements P, S, Mo, Cr, Cu, Nb, Co, Zr, W, and Sn may be considered present in trace amounts in the
example specimens above. Thus, any one or more of these elements may be included, e.g., in the amounts listed above,
in embodiments of the composition in which the balance is Fe and one or more of these elements are not listed.
Furthermore, the amounts listed above are not to be considered limiting on the disclosure, except as otherwise indicated
in the claims. That is, in various examples, one or more of these elements may be present in greater relative amounts
than the minimal amounts listed, while still being considered to be trace elements.
[0065] An abrasive wear rate test was performed using these specimens, according to the ASTM G-65 Dry Sand
Rubber Wheel Test specification. The term "wear rate" refers to the rate at which an element degrades during a physical
operation. The wear rate may be a function of a material’s weight loss due to abrasive forces, at least in this test. Several
ASTM G-65 Dry Sand Rubber Wheel Tests were conducted, and the average wear rate was 0.30 grams of weight loss
after 6,000 revolutions. In particular, the specimens performed as follows:

[0066] A drop test was also performed, for determining shock-impact resistance. Specimen 3, as disclosed above,
was prepared as a ©" (0.0127m) thick band of material on a 4" (0.102m) diameter section of pipe. The specimen was
impacted by a free-falling 100 pound (45.36 kg) weight with a 2" (0.051m) diameter round bar on the bottom. This test
simulates two joints of pipe hitting each other during handling. The specimen withstood the impacts from an increasing
drop height, at ambient temperatures and at 100°F (37.8°C), without cracking until a height of 60 inches was reached.
[0067] A cyclical pressure test was used to test for spalling and cracking. The test included applying a layer of the
material to an oilfield casing having a length of 10 feet (3.05m) and a diameter of 9-5/8" (0.244m). This test piece had
end caps welded on and was subjected to increasing pressures, each of which was cycled five times, and then inspected
for cracks. The purpose of the test was to compare the integrity of the material for cracking and spalling with increasing
cyclical strain. The test was taken to burst and destruction of the casing. The material survived without noticeable spalling
or cracking prior to the burst of the casing.
[0068] The hardness of the material was tested under procedures applicable for Rockwell Hardness, such as described
in ASTM E18-08a, entitled "Standard Test Methods for Rockwell Hardness of Metallic Materials," among other sources.
The Rockwell C Hardness ("HRc") was generally between 52 and 61 for the specimen.

[0069] Furthermore, the fumes exhibited during thermal spraying were noticeably low, and the efficiency of deposition
(e.g., the amount of material that develops into a layer on the substrate as compared to the entire amount of material
sprayed) was relatively high.
[0070] The present application is a divisional application stemming from EP14839839.9. The original claims of

(continued)

Element Specimen 1 Specimen 2 Specimen 3

Ti 2.22 2.02 2.53

Nb 0.04 0.08 0.08

Co <0.02 <0.02 <0.02

B 4.32 4.38 4.87

W <0.02 0.64 0.49

Zr <0.02 <0.02 <0.02

Sn <0.02 <0.02 <0.02

Fe Balance Balance Balance

TABLE 2: Specimen Wear Rate Tests Results

Specimen 1 Specimen 2 Specimen 3

Wear Rate (g/6,000rev) 0.387 0.303 0.406

TABLE 3: Specimen Hardness

Specimen 1 Specimen 2 Specimen 3

HRc 54 60 61
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EP14839839.9 are included as numbered statements below and form part of the present disclosure.

Statement 1. A composition for applying to a substrate, the composition comprising:

about 0.25 wt% to about 1.25 wt% of carbon;
about 1.0 wt% to about 3.5 wt% of manganese;
about 0.1 wt% to about 1.4 wt% of silicon;
about 1.0 wt% to about 3.0 wt% of nickel;
about 0.0 to about 2.0 wt% of molybdenum;
about 0.7 wt% to about 2.5 wt% of aluminum;
about 1.0 wt% to about 2.7 wt% of vanadium;
about 1.5 wt% to about 3.0 wt% of titanium;
about 0.0 wt% to about 6.0 wt% of niobium;
about 3.5 wt% to about 5.5 wt% of boron;
about 0.0 wt% to about 10.0 wt% tungsten; and
a balance of iron.

Statement 2. The composition of statement 1, wherein the composition is chromium-free.
Statement 3. The composition of statement 1, wherein the composition comprises:

about 0.5 wt% to about 1.0 wt% of carbon;
about 1.5 wt% to about 2.5 wt% of manganese;
about 0.3 wt% to about 1.0 wt% of silicon;
about 1.5 wt% to about 2.5 wt% of nickel;
about 0.0 wt% to about 0.5 wt% of molybdenum;
about 1.5 wt% to about 2.0 wt% of aluminum;
about 1.5 wt% to about 2.1 wt% of vanadium;
about 1.8 wt% to about 2.8 wt% of titanium;
about 0.0 wt% to about 4.0 wt% of niobium;
about 4.0 wt% to about 5.0 wt% of boron;
about 0.0 wt% to about 3.0 wt% of tungsten; and
the balance being iron.

Statement 4. The composition of statement 1, wherein the balance comprises trace amounts of sulfur and phos-
phorous.
Statement 5. The composition of statement 1, wherein the composition has a Rockwell Hardness C of between
about 50 and about 65.
Statement 6. The composition of statement 1, wherein the composition has a wear rate of between about 0.20 grams
per 6,000 rotations and between about 0.40 grams per 6,000 rotations in a Dry Sand Rubber Wheel Test.
Statement 7. A method for applying a layer of a material to a downhole component, comprising:

feeding one or more wires into a sprayer, wherein the one or more wires provide the material;
melting a portion of the one or more wires by applying an electrical current to the one or more wires, to melt the
material in the portion;
feeding a gas to the sprayer, such that the material is projected through a nozzle of the sprayer; and
depositing the material onto the downhole component, such that the material solidifies and forms into a layer
of material,
wherein the material, at least prior to melting, comprises:

about 0.25 wt% to about 1.25 wt% of carbon;
about 1.0 wt% to about 3.5 wt% of manganese;
about 0.1 wt% to about 1.4 wt% of silicon;
about 1.0 wt% to about 3.0 wt% of nickel;
about 0.0 to about 2.0 wt% of molybdenum;
about 0.7 wt% to about 2.5 wt% of aluminum;
about 1.0 wt% to about 2.7 wt% of vanadium;
about 1.5 wt% to about 3.0 wt% of titanium;
about 0.0 wt% to about 6.0 wt% of niobium;
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about 3.5 wt% to about 5.5 wt% of boron;
about 0.0 wt% to about 10.0 wt% tungsten; and
a balance of iron.

Statement 8. The method of statement 7, wherein depositing the material on the downhole component comprises
raising a temperature of the downhole component to less than a tempering temperature of the downhole component.
Statement 9. The method of statement 7, wherein the downhole component comprises a tubular.
Statement 10. The method of statement 9, wherein the layer of material defines a ramp shape and is disposed
proximal to an end of the tubular.
Statement 11. The method of statement 9, wherein the layer of the material forms a protrusion extending outwards
from the tubular.
Statement 12. The method of statement 11, wherein the protrusion extends between about 0.10 inches and about
3.0 inches outward from the tubular.
Statement 13. The method of statement 11, wherein the protrusion comprises at least a portion of a stop collar
configured to engage a downhole tool.
Statement 14. The method of statement 11, wherein the protrusion comprises at least a portion of a downhole tool.
Statement 15. The method of statement 14, wherein the downhole tool comprises a centralizer, and wherein the at
least a portion of the downhole tool comprises a blade of the centralizer.
Statement 16. The method of statement 7, wherein the downhole component comprises a downhole tool, wherein
the layer of the material comprises a wear-resistant coating on at least a portion of the downhole tool.
Statement 17. The method of statement 7, wherein the one or more wires comprise a first wire and a second wire,
and wherein melting the one or more wires comprises applying a voltage difference between the first wire and the
second wire, such that the electrical current arcs therebetween.
Statement 18. The method of statement 7, wherein the material comprises:

about 0.5 wt% to about 1.0 wt% of carbon;
about 1.5 wt% to about 2.5 wt% of manganese;
about 0.3 wt% to about 1.0 wt% of silicon;
about 1.5 wt% to about 2.5 wt% of nickel;
about 0.0 wt% to about 0.5 wt% of molybdenum;
about 1.5 wt% to about 2.0 wt% of aluminum;
about 1.5 wt% to about 2.1 wt% of vanadium;
about 1.8 wt% to about 2.8 wt% of titanium;
about 0.0 wt% to about 4.0 wt% of niobium;
about 4.0 wt% to about 5.0 wt% of boron;
about 0.0 wt% to about 3.0 wt% of tungsten; and
the balance being iron.

Statement 19. The method of statement 18, wherein the material is chromium-free.
Statement 20. A downhole tool, comprising:

a layer of material extending outwards from a downhole tubular, wherein the layer of material comprises:

about 0.25 wt% to about 1.25 wt% of carbon;
about 1.0 wt% to about 3.5 wt% of manganese;
about 0.1 wt% to about 1.4 wt% of silicon;
about 1.0 wt% to about 3.0 wt% of nickel;
about 0.0 to about 2.0 wt% of molybdenum;
about 0.7 wt% to about 2.5 wt% of aluminum;
about 1.0 wt% to about 2.7 wt% of vanadium;
about 1.5 wt% to about 3.0 wt% of titanium;
about 0.0 wt% to about 6.0 wt% of niobium;
about 3.5 wt% to about 5.5 wt% of boron;
about 0.0 wt% to about 10.0 wt% tungsten; and
a balance of iron.

Statement 21. The tool of statement 20, wherein the material comprises:
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about 0.5 wt% to about 1.0 wt% of carbon;
about 1.5 wt% to about 2.5 wt% of manganese;
about 0.3 wt% to about 1.0 wt% of silicon;
about 1.5 wt% to about 2.5 wt% of nickel;
about 0.0 wt% to about 0.5 wt% of molybdenum;
about 1.5 wt% to about 2.0 wt% of aluminum;
about 1.5 wt% to about 2.1 wt% of vanadium;
about 1.8 wt% to about 2.8 wt% of titanium;
about 0.0 wt% to about 4.0 wt% of niobium;
about 4.0 wt% to about 5.0 wt% of boron;
about 0.0 wt% to about 3.0 wt% of tungsten; and
the balance being iron.

Statement 22. The tool of statement 20, wherein the layer of material comprises a blade of a centralizer or a stabilizer,
wherein the blade is coupled directly to the tubular.
Statement 23. The tool of statement 20, wherein the layer of material forms a shoulder extending from the tubular,
the shoulder being configured to engage and resist a movement of a downhole tool relative to the tubular.
Statement 24. The tool of statement 20, wherein the layer of material comprises a coating on a downhole tool.
Statement 25. The tool of statement 20, wherein the layer of material is defines a ramp-shaped outer surface and
is positioned generally adjacent to an end of the tubular.
Statement 26. The tool of statement 25, wherein the layer of material extends to a maximum outer diameter that is
substantially the same as an outer diameter of a casing connection collar coupled with the end of the tubular.

[0071] The foregoing has outlined features of several embodiments so that those skilled in the art may better understand
the present disclosure. Those skilled in the art should appreciate that they may readily use the present disclosure as a
basis for designing or modifying other processes and structures for carrying out the same purposes and/or achieving
the same advantages of the embodiments introduced herein. Those skilled in the art should also realize that such
equivalent constructions do not depart from the spirit and scope of the present disclosure, and that they may make
various changes, substitutions, and alterations herein without departing from the spirit and scope of the present disclosure.

Claims

1. A downhole tool, comprising:

a layer of material extending outwards from a downhole tubular, wherein the layer of material comprises:

about 0.25 wt % to about 1.25 wt % of carbon;
about 1.0 wt % to about 3.5 wt % of manganese;
about 0.1 wt % to about 1.4 wt % of silicon;
about 1.0 wt % to about 3.0 wt % of nickel;
about 0.0 to about 2.0 wt % of molybdenum;
about 0.7 wt % to about 2.5 wt % of aluminum;
about 1.0 wt % to about 2.7 wt % of vanadium;
about 1.5 wt % to about 3.0 wt % of titanium;
about 0.0 wt % to about 6.0 wt % of niobium;
about 3.5 wt % to about 5.5 wt % of boron;
about 0.0 wt % to about 10.0 wt % tungsten; and
a balance of iron.

2. The downhole tool of claim 1, wherein the material comprises:

about 0.5 wt % to about 1.0 wt % of carbon;
about 1.5 wt % to about 2.5 wt % of manganese;
about 0.3 wt % to about 1.0 wt % of silicon;
about 1.5 wt % to about 2.5 wt % of nickel;
about 0.0 wt % to about 0.5 wt % of molybdenum;
about 1.5 wt % to about 2.0 wt % of aluminum;
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about 1.5 wt % to about 2.1 wt % of vanadium;
about 1.8 wt % to about 2.8 wt % of titanium;
about 0.0 wt % to about 4.0 wt % of niobium;
about 4.0 wt % to about 5.0 wt % of boron;
about 0.0 wt % to about 3.0 wt % of tungsten; and
the balance being iron.

3. The downhole tool of claim 1, wherein the layer of material comprises a blade of a centralizer or a stabilizer, wherein
the blade is coupled directly to the tubular.

4. The downhole tool of claim 1, wherein the layer of material forms a shoulder extending from the tubular, the shoulder
being configured to engage and resist a movement of a downhole tool relative to the tubular.

5. The downhole tool of claim 1, wherein the layer of material comprises a coating on a downhole tool.

6. The downhole tool of claim 1, wherein the layer of material defines a ramp-shaped outer surface and is positioned
generally adjacent to an end of the tubular.

7. The downhole tool of claim 6, wherein the layer of material extends to a maximum outer diameter that is substantially
the same as an outer diameter of a casing connection collar coupled with the end of the tubular.

8. The downhole tool of claim 1, further comprising an anchor segment and a tool body positioned axially adjacent to
the anchor segment, wherein the anchor segment comprises one or more windows, the layer of material being
positioned in the one or more windows, and wherein a movement of the anchor segment with respect to the tubular
is limited by the anchor segment engaging the layer of material.

9. The downhole tool of claim 8, wherein the anchor segment and the tool body are integrally formed.

10. The downhole tool of claim 8, wherein the layer of material comprises a protrusion extending radially outward from
the tubular.

11. The downhole tool of claim 10, wherein the protrusion is circumferentially smaller than the window such that the
anchor segment, the tool body, or both are configured to move in a circumferential direction, an axial direction, or
both with respect to the tubular.

12. The downhole tool of claim 10, further comprising:

a plurality of protrusions, including the protrusion, wherein the plurality of protrusions extend radially-outward
from the tubular and are circumferentially-offset from one another; and
a plurality of windows, including the window, wherein the plurality of windows are circumferentially-offset from
one another, each of the plurality of windows having one of the protrusions extending therein.

13. The downhole tool of claim 10, wherein an outer surface of the protrusion is tapered such that a diameter of the
outer surface increases proceeding toward the tool body.

14. The downhole tool of claim 8, wherein the anchor segment prevents movement of the tool body with respect to the
tubular in an axial direction, a circumferential direction, or both.

15. A method of forming a downhole tool comprising applying the layer of material of any of the preceding claims onto
a tubular using a thermal-spray process.
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