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WELDABLE, CRACK-RESISTANT CO-BASED ALLOY

FIELD OF THE INVENTION

[0001] The present invention relates generally to a
Co-based alloy. More particularly, the invention relates
to a ductile Co-based alloy that provides wear and
corrosion resistance and a method for applying such an
alloy as an overlay surface treatment on substrates. The
invention is especially applicable to application by weld
build up on large surfaces where cracking is a risk due to

thermal phenomena during cooling.

BACKGROUND OF THE INVENTION

[0002] Cobalt-based alloys are used in many wear Or
abrasion-intensive applications because of their excellent
wear resistance and ability to alloy well with many
desirable alloying elements. One potential problem with
Co-based alloys is their corrosion resistance when exposed
to a corrosgsive medium, such as seawater, brackish water,
mineral oil-based hydraulic fluids, acids, and caustics.
One way that Co-based alloys have been designed to display
improved corrosion resistance is by including Mo and Cr.
But the simultaneous presence of C in many Co-based alloys
can reduce the efficacy of these alloying elements by
forming carbides. Therefore, the C concentration in Co-
based alloys traditionally has been decreased to allow the
Mo and Cr additions to impart improved corrosion resistance
to the alloy. The lowered C concentration, however, has
the undesirable effect of lowering the alloy's overall
hardness, thereby reducing the alloy's wear resistance.

[0003] Further, Co-based alloys are particularly
useful in high temperature applications because of Co's

high melting point. But forming entire components using
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Co-based alloys is cost prohibitive. For example, it is
cost prohibitive to form a 500 lb. component from a Co-
based alloy, whereas forming a Co-based overlay on a Fe-
based substrate is much cheaper. Therefore, to still take
advantage of Co-based alloys' desirable properties, one
common use of Co-based alloys is as a surface treatment,
e.g., a coating or overlay, on substrates. Because of the
high heat involved in applying Co-based alloys as a surface
treatment, preheating the substrate is often required to
avoid cracking of the overlay as it cools. Preheating is
difficult or commercially impractical when the Co-based
alloy is being applied to large substrates. Furthermore,
substrates made of heat treated metals may not be heat-
treatable at all because such a procedure would cause
distortion or degradation of intended substrate properties.
Therefore, to successfully treat a substrate surface with a
Co-based alloy without preheating, the alloy must have
sufficient flow characteristics in molten form and
ductility during and after solidification. It must also
have thermal characteristics compatible with deposition
onto a relatively‘cooler substrate without preheating.
[0004] U.S. Pat. No. 6,479,014 discloses Co-Cr-Mo and
Co-Cr-Mo-W alloys for saw tooths. U.S. Pat. No. 5,002,731
discloses a Co-Cr-Mo-W alloy with C and N for improved

corrosion and wear resistance.

SUMMARY OF THE INVENTION

[0005] Among the objects of the invention, therefore,
igs the provision of a Co-based alloy that has sufficient
ductility to be applied via a weld overlay operation, while
also having improved corrosion and wear resistance.

[0006] Briefly, therefore, the invention is directed

to a Co-based alloy and method for deposition thereof. The
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alloy comprises, by approximate wt%, 0.12-0.7% C, 20-30%
Cr, 10-15% Mo, and 1-4% Ni.

[0007] Other objects and features of this invention
will be in part apparent and in part pointed out

hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is photomicrograph of the
microstructure of an alloy of this invention.

[0009] Figure 2 is a photograph of a rod with an
alloy overlay thereon.

[0010] Figure 3 is a photograph of a rod with an
alloy overlay thereon.

[0011] Figure 4 is a photograph of a rod with an
alloy overlay thereon after testing in accordance with ASTM
E dye penetrant test.

[0012] Figure 5 is a table comparing the wear
coefficient of the invention's alloy with a commercial
alloy.

[0013] Figure 6 is a table comparing the wear
coefficient of the invention's alloy with a commercial
alloy.

[0014] Figure 7 is a photomicrograph of the

microstructure of an alloy of this invention when cast.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] In accordance with this invention, a Co-based
alloy is provided that has improved corrosion and wear
resistance and can be applied via a surface treatment
operation without requiring preheating the substrate.
Despite the absence of preheating, the alloy does not

fracture, nor do the properties otherwise degrade, during
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solidification. The Co-based alloy is suitable for weld
overlay applications on large scale substrates. 1In one
aspect, therefore, the invention is a Co-Cr-Mo wear- and
corrosion-resistant overlay on a metallic component such as
a hydraulic cylinder or other large-surface industrial
component. The overlay surface area is typically greater
than about 1 m?, such as between about 1 m? and about 10 m?.
The thickness of the overlay is at least about 50 microns,
such as between about 50 microns and about 10 mm.

[0016] In another aspect, the invention is an alloy
in the form of a rod, casting, consumable electrode, or
wire used to form the overlay of the invention.

[0017] The invention involves build-up with Co-based
alloys because Co-based alloys display resistance to heat,
abrasion, corrosion, galling, oxidation, thermal shock, and
wear, which are desirable properties for many applications.
Further, Co alloys well with several desirable alloying
elements and tends to form a tough matrix.

[0018] The invention is, therefore, in one aspect a
Co-based alloy for a weld overlay process. This alloy
composition, in a preferred form, comprises the following,

[

by approximate weight %:

c 0.12-0.7

Cr 20-30

Mo 10-15

Ni 1-4

Si up to about 1
Mn up to about 1
Fe up to about 1
W up to about 1
B + Cu up to about 3

Co Balance
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[0019] The microstructure of an overlay using the
alloy of this invention is shown in Figure 1. The alloy's
microstructure is hypoeutectic, having Co-Cr phase
particles as the major constituent. These particles are
the first to solidify as the alloy cools, doing so as
dendrites to form a Cr-rich region. Further, secondary
carbides also begin to form as the alloy cools. These
carbides are mostly the Cr-rich M,,C, and Mo-rich M,C
eutectic carbides. As the alloy continues to cool, a
eutectic structure forms in between the dendrites and
carbides in a lamellar fashion, and which is a Mo-rich
region. The carbides are very finely dispersed in the
alloy's eutectic regions. Little or no primary carbides
(e.g., M,C;), which appear when the concentration of C is
high (i.e., between about 0.8-3.5 wt%), are present in the
alloy because of the carefully controlled C concentration.
These primary carbides have higher C concentrations, are
bulky and angular in shape, and typically increase an
alloy's brittleness while reducing the alloy's corrosion
resistance. 1In one embodiment, at least about 80% of the
carbides in the alloy are secondary carbides. For example,
at least about 90% of the carbides in the alloy are
secondary carbides. In one preferred embodiment,
substantially all of the carbides formed in the alloy are
secondary carbides.

[0020] According to this invention, C is employed in
the alloy to improve the final alloy's wear resistance.
This is accomplished by reacting with other alloying
elements to form hard carbides, such as Cr or Mo carbides.
The concentration of C is closely controlled because
excessive amounts can cause brittleness and diminish the
efficacy of Cr or Mo. In one embodiment, the concentration

of C in the alloy is between about 0.12 wt% and about 0.7
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wt%. For example, the C has a concentration between about
0.15 wt% and about 0.45 wt%. In one such embodiment, the C
has a concentration between about 0.2 wt% and about 0.4
wt%. In one preferred embodiment, the C concentration is
about 0.3 wt%. -

[0021] Chromium is provided in the alloy of the
invention to enhance the corrosion resistance and to form
hard carbides to improve wear resistance. High Cr
concentrations can cause the molten alloy to be sluggish or
have poor flow properties, while also causing the final
alloy to be brittle. 1In one embodiment, the concentration
of Cr in the alloy is between about 20 wt% and about 30
wt%. For example, the concentration of Cr is between about
25 wt% and about 30 wt%. In one such embodiment, the
concentration of Cr is between about 27 wt% and about 29
wt%. In one preferred embodiment, the concentration of Cr
is about 28 wt%.

[0022] Molybdenum is employed in the alloy to enhance
abrasion resistance by forming hard carbides. Also, Mo is
employed to improve the alloy's corrosion resistance,
especially in pitting environments, e.g., seawater. Though
prior art alloys rely heavily on W to improve wear
regsistance, Mo atoms are much smaller than W atoms, and
with an atomic weight roughly half the atomic weight of W,
there are roughly twice as many Mo atoms for a given weight
percentage. Molybdenum has a greater affinity for C than
does W, and diffuses much more quickly due to its smaller
size, thereby favoring the formation of carbides to impart
abrasion resistance. Furthermore, Mo imparts greater
corrosion resistance than does W in acidic environments of
a reducing nature. While the corrosion resistance imparted
by Mo is believed to be imparted by Mo in solid solution,

the wear resistance is imparted primarily by the formation
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of Mo carbides. However, high Mo concentrations will lower
the alloy's ductility, thereby reducing the alloy's utility
as a weld overlay on substrates that have not been
preheated. Also, high Mo concentrations lower the fluidity
of the molten alloy. In one embodiment, the concentration
of Mo in the alloy is between about 10 wt% and about 15
wt%. For example, the concentration of Mo is between about
11 wt% and about 14 wt%. In one such embodiment, the
concentration of Mo is between about 11 wt% and about 13
wt%. In one preferred embodiment, the concentration of Mo
is about 12 wt%.

[0023] Nickel is included in the alloy to stabilize
the ductile face-centered cubic phase of the Co-based alloy
during cooling. In doing so, the alloy transforms to the
harder hexagonal close-packed phase. The amount of Ni is
limited because high Ni concentration can reduce the
alloy's wear resistance. In one embodiment, the
concentration of Ni in the alloy is between about 1 wt% and
about 4 wt%. For example, the concentration of Ni is
between about 1.2 wt% and about 3.5 wt%. In one such
embodiment, the concentration of Ni is between about 1.2
wt% and about 3 wt%. In one preferred embodiment, the
concentration of Ni is about 1.5 wt%.

[0024] Iron is a tolerated tramp element at a closely
controlled concentration. An excessive amount of Fe has a
detrimental effect on both the alloy's corrosion and wear
resistance. Therefore, the concentration of Fe is no more
than about 1 wt%. In one preferred embodiment, the
concentration of Fe is no more than about 0.2 wt%.

[0025] Silicon may be incorporated in the alloy to
facilitate melting and act as a deoxidizer. ' The
concentration of Si should be high enough such that these

advantageous affects can be realized in the alloy, but low
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enough such that brittle silicides do not form. For
instance, if the Si concentration is too high, Si may
combine with Mo to form brittle molybdenum silicides. 1In
one embodiment, the Si concentration in the alloy is no
more than about 1 wt%. In one preferred embodiment, the Si
concentration is no more than about 0.7 wt%.

[0026] Other elements such as B and Cu can be present
as incidental impurities or as intentional additioms.

Boron can be incorporated in the alloy to lower the alloy's
melting temperature, thereby facilitating complete melting
of the alloy and increasing the fluidity or flow
characteristics of the molten alloy. Boron also promotes
fusion of the alloy powder in spray-and-fuse methods.
Copper can be included in the alloy to promote resistance
to corrosion from micro-organisms in the alloy's
environment, such as when the alloy is exposed to seawater.
In particular, up to about 3 wt%, preferably up to about
1.5 wt%, of these elements cumulatively are included in the
alloy.

[0027] In accordance with,the invention, the alloy is
prepared in a form suitable for surface-treatment
applications. For example, the alloy can be prepared in
powder form, as rods, as castings, as consumable
electrodes, or as solid or tubular wires.

[0028] In one embodiment, in order to overlay the
foregoing alloy composition as an overlay on a substrate,
the inventors have developed a mechanism of a Co-based
sheath with alloying constituents in the form of metal
powder or particulates therein. In one such embodiment,
the Co-based sheath is at least about 95 wt% Co, with the
remainder comprising Fe and Ni. Other alloying elements,
such as C, Cr, Mo, Ni, and perhaps additional Co, are in

powder form held within the sheath. The powder alloying
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elements are present in a proportion such that, when
coalesced with the Co-based sheath during the overlay
operation, an overall alloy composition as described above
is attained. 1In one embodiment, a wire fabricating machine
is used to form the sheath and powder into a tubular wire.
Here, the alloy powder mixture is fed onto the flat Co-
based sheath as a narrow strip. The sheath is then formed
into a tubular wire with the powder therein. The tubular
wire is further formed by at least one additional rolling
or drawing operation. These subsequent forming operations
reduce the outer diameter of the tubular wire and compact
the powder therein.

[0029] The Co-based sheath is engineered to have a

wall thickness and diameter such that it is readily
formable and provides an interior volume of the correct
size to hold a volume of powder which, when all are
coalesced, yields the desired final alloy composition. The
specific powder composition is calculated for a particular
sheath as a function of the sheath's wall thickness. For
sheaths with thicker walls, an additional amount of non-Co
alloying elements are included in the powder to avoid a
coalesced alloy composition that has excess Co content.
For sheaths with thinner walls, either (1) a lower amount
of non-Co alloying elements or (2) additional Co in the
form of powder or particles is included in the powder to
avoid a coalesced alloy composition that is Co-deficient.
In one embodiment, the outer diameter of the wire is
between about 0.9 mm and about 4 mm. In another
embodiment, possibly in conjunction with the previous
embodiment, the sheath's wall has a thickness between about
0.15 mm and about 0.5 mm.

[0030] In one aspect of this invention, the alloy may

be used in an overlay process. Here, any welding or
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similar technigue suitable for use in an overlay
application can be used. For example, plasma transferred
arc welding (PAW), gas tungsten arc welding, gas metal arc
welding, laser cladding, and spray-and-fuse methods can be
used to apply the alloy as an overlay. In any of the above
techniques, localized heat is generated near the surface of
the substrate to be treated, having been optionally
preheated. The Co-based alloy is then brought near the
heat source to sufficiently melt the alloy, forming a weld
pool on the substrate comprising the molten Co-based alloy
and some molten substrate material. As the weld pool
solidifies, a Co-based alloy overlay is formed, which is
substantially free of thermél stress-induced fractures.

[0031] Another general method of applying a coating
is by a spray-and-fuse coating method, which involves first
melting the Co-based alloy, spraying the molten alloy onto
a substrate, then fusing the sprayed alloy coating with a
heat source. Typical heat sources include, e.g., induction
heating, a laser, an infrared heat source, and a
non-transferred plasma arc. Alternatively, the whole work
piece could be placed in a furnace to achieve fusion of the
coating.

[0032] 1In one preferred embodiment, PAW is employed
to form the overlay. Here, heat is generated by an arc
formed between the substrate and a nonconsumable tungsten
electrode. This heat produces coalescence of the Co-based
alloy and between the Co-based alloy and the substrate. A
nozzle is in place around the arc, increasing the arc
temperature and further concentrating the heat pattern
compared to other techniques. A gas is used for shielding
the molten weld metal. Using tungsten electrodes is
preferred because of tungsten's high melting temperature

and because it is a strong emitter of electrons.
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[0033] Advantageously, the substrate does not have to
be preheated in accord with the invention to achieve a
coating or overlay that is substantially free of thermal
stress-induced fractures, regardless of the specific

technique employed.

EXAMPLES
[0034] The following non-limiting examples are

provided to further illustrate the present invention.

EXAMPLE 1- Forming a weld overlay on a solid rod

[0035] A powder comprising about 0.3 wt% C, 28 wt%
Cr, 12 wt% Mo, 1.5 wt% Ni, and the balance Co was prepared
using standard powder metallurgy techniques. The powder
was then applied to a solid rod via PAW. The rod had a
diameter of about 60 mm and a length of about 700 mm.
Figures 2 and 3 show the rod with the alloy overlay
thereon.

[0036] The alloy overlay's hardness was subjected to
a standard Vicker's hardness test and found to be 440 HV.
Further, no cracks in the overlay were observed using a
standard dye penetrant test specified in ASTM E165-02,
ngtandard Test Method for Liquid Penetrant Examination." A

photograph of the overlay surface is shown in Figure 4.

EXAMPLE 2 - Comparison of Physical and Chemical Properties

[0037] Three samples were formed using conventional
casting techniques and tested to compare the physical and
chemical properties of the alloy of this invention with
other known alloys. Their compositions are given in the
table below, with Sample A being the alloy of this

invention, Sample B being an existing commercial alloy sold
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under the name Stellite 21, and Sample C being an existing

commercial alloy sold under the name Ultimet.

Cr Mo c Si Ni W Fe
Sample A 28 12 0.3 0.5 1.5 - 0.2
Sample B | 28 5.5 0.3 1.5 3.0 - 0.5
Sample C 26 5.5 0.06 (1.0 9.0 2.0 3.0

[0038] To compare the corrosion resistance between
Samples A and B, cast specimens were tested at room
temperature for 72 hours under ASTM G31 corrosion testing
method. This test showed no measurable loss of mass for
Sample A, whereas Sample B suffered loss at a rate of 0.89
mm per year.

[0039] To compare the wear resistance between the
three samples, a sliding wear test was conducted on a
pin-on-disc tribometer for each Sample. Under this test, a
ball made of 94% WC and 6% Co, with the hardness of HV
1534, was pressed against the specimen surface while it was
spinning at a rotational speed of 319 RPM, resulting in a
wear track or pit. Samples A and B were tested for 10,000
seconds under 10 N and for 4,000 seconds under 4 N using a
ball with a 5 mm diameter. Samples A and C were tested for
2,000 seconds under 4 N using a ball with a diameter of 6
mm. The cross-section profiles of the wear track left in
each sample were recorded. Based on these profiles, the
wear volume loss was evaluated. The results are shown in
Figures 5 and 6, which show that Sample A has higher

sliding wear resistance than either Sample B or C.

EXAMPLE 3 - Microstructure
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[0040] The microstructure of a cast specimen of the
invention's alloy having the composition of Sample A from
Example 2 was examined. A back scattered electron image of
the alloy is shown in Figure 7. Analysis revealed a
microstructure consisting of solid solution dendrites (dark
areas) and eutectic regions (light areas) without primary
carbide particles. The light eutectic regions indicate
that they are rich in heavy elements, e.g., molybdenum.
Since the specimen was cast, the microstructure is the
result of slow cooling. With PTA welding, the overlay is
usually cooled at a faster rate, creating a finer
microstructure, e.g., Figure 1.

[0041] When introducing elements of the present
invention or the preferred embodiment (s) thereof, the
articles "a," "an," "the," and "said" are intended to mean
that there are one or more of the elements. The terms
"comprising," "including," and "having" are intended to be
inclusive and mean that there may be additional elements
other than the listed elements.

[0042] In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

[0043] As various changes could be made in the above
methods and products without departing from the scope of
the invention, it is intended that all matter contained in
the above description and shown in the accompanying
drawings shall be interpreted as illustrative and not in a

limiting sense.
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WHAT IS CLAIMED IS:

1. A Co-Cr-Mo wear- and corrosion-resistant overlay
which is an alloy comprising between about 0.12 wt% and
about 0.7 wt% C, between about 20 wt% and about 30 wt% Cr,
between about 10 wt% and about 15 wt% Mo, between about 1
wt% and about 4 wt% Ni, and balance of Co, and which is

adhered to a metallic component substrate.

2. The overlay of claim 1 comprising between about
0.15 wt% and about 0.45 wt% C.

3. The overlay of claim 1 comprising between about
0.2 wt% and about 0.4 wt% C.

4. The overlay of claim 1 comprising about 0.3 wt% C.

5. The overlay of any of claims 1-4 comprising

between about 25 wt% and about 30 wt% Cr.

6. The overlay of any of claims 1-4 comprising

between about 27 wt% and about 29 wt% Cr.

7. The overlay of any of claims 1-4 comprising about

28 wt% Cr.

8. The overlay of any of claims 1-7 comprising

between about 11 wt% and about 14 wt% Mo.

9. The overlay of any of claims 1-7 comprising

between about 11 wt% and about 13 wt% Mo.
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10. The overlay of any of claims 1-7 comprising about
12 wt% Mo.

11. The overlay of any of claims 1-10 comprising

between about 1.2 wt% and about 3.5 wt% Ni.

12. The overlay of any of claims 1-10 comprising

between about 1.2 wt% and about 3 wt% Ni.

13. The overlay of any of claims 1-10 comprising
about 1.5 wt% Ni.

14. The overlay of any of claims 1-13 further

comprising, by approximate wt %:

Si up to about 1
Mn up to about 1
Fe up to about 1
W up to about 1
B + Cu up to about 3.

15. The overlay of claim 1 consisting essentially of,

O,

by approximate weight %:

C 0.12 - 0.7
Cr 20 - 30
Mo 10 - 15
Ni 1 - 4
Si up to about 1

Mn up to about 1

Fe up to about 1

B + Cu up to about 3

Co Balance.
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16. The overlay of any of claims 1-15 wherein the

alloy has a microstructure that is hypoeutectic.

17. The overlay of any of claims 1-16 wherein the
alloy microstructure comprises Co-Cr phase particles and

secondary carbides.

18. The overlay of any of claims 1-17 wherein the
secondary carbides are comprised of Cr-rich M,,C; and

Mo-rich M,C eutectic carbides.

19. The overlay of any of claims 1-18 wherein the
alloy microstructure comprises carbides, at least about 80%

of which are secondary carbides.

20. The overlay of any of claims 1-18 wherein the
alloy microstructure comprises carbides, at least about 90%

of which are secondary carbides.

21. The overlay of any of claims 1-18 wherein the
alloy microstructure comprises carbides, substantially all

of which are secondary carbides.

22, The overlay of any of claims 1-21 wherein the
alloy microstructure comprises a Cr-rich dendritic region

and a Mo-rich eutectic region.

23. The overlay of claim 1 consisting essentially of
about 0.3 wt% C, about 28 wt% Cr, about 12 wt% Mo, about
1.5 wt% Ni, and the balance being Co.

24. The overlay of any of claims 1-23 wherein the

overlay has a thickness of at least about 50 microns.
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25. The overlay of any of claims 1-24 wherein the
overlay has a thickness of between about 50 microns and

about 10 mm.

26. The overlay of any of claims 1-25 wherein the

overlay has a surface area of greater than about 1 m?.

27. The overlay of any of claims 1-26 wherein the
overlay has a surface area of between about 1 m? and about
10 m?.

28. An alloy in a form selected from the group of
forms consisting of powder, rods, castings, consumable
electrodes, solid wires, and tubular wires for use to form

the overlay of claims 1 - 27.

29. A tubular wire for use to form the overlay of
claims 1 - 27 wherein the tubular wire comprises a Co-based
sheath and metal powder of the elements C, Cr, Mo, and Ni
within the Co-based sheath in proportions which provide the

overlay alloy of any one of claims 1 - 27.

30. The tubular wire of claim 29, wherein the wire

has an outer diameter between about 0.9 mm and about 4 mm.

31. The tubular wire of either of claims 29 or 30,
wherein the Co-based sheath has a thickness between about

0.15 mm and about 0.5 mm.

32. A method for applying the overlay of claims 1 -

27 to a metallic substrate surface comprising:
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melting the overlay alloy to form a weld pool that
solidifies as the overlay on the metallic substrate

surface.

33. The method of claim 32 wherein the substrate
surface is not preheated before forming the weld pool

thereon.

34. The method of either of claims 32 or 33 wherein

the melting employs a heat source that is an electric arc.

35. The method of claim 34 wherein the melting is
according to a technique selected from the group of
techniques consisting of plasma transferred arc welding,
gas tungsten arc welding, gas metal arc welding, laser

cladding, and spray-and-fuse methods.

36. The method of claim 34 wherein the melting is

accomplished by plasma transferred arc welding.

37. The method of any of claims 32 - 36 wherein the
alloy is in a form selected from the group of forms
consisting of powder, rods, castings, consumable

electrodes, solid wires, and tubular wires.

38. The method of any of claims 32-36 wherein the

alloy is in the form of the tubular wire of claims 29-31.

39. An industrial component for use in an environment
characterized by exposure to one or more corrosive media
selected from among seawater, brackish water, mineral oil-

based hydraulic fluids, acids, and caustics, wherein the
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component comprises the overlay and the metallic component

of one of claims 1 - 27.

40. The industrial component of claim 39 wherein the

industrial component constitutes a hydraulic cylinder.
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