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Description

ABRASION RESISTANT COMPOSITION

Technical Field

Technical Field This patent disclosure relates generally to hardfacing treatments and, more
particularly, to compositions and methods for affixing abrasion resistant surface treatments to a
surface.

Background

Hardfacing refers to a process in which a surface of a metal work piece is melted or
subjected to a welding arc with a consumable electrode thereby causing a pool of molten material to
form at the surface. While the surface layer is in a molten state, particles of a wear resistant material
are delivered to the pool of molten material. The wear resistant particles and the molten material
blend to form a composite alloy having enhanced wear resistance relative to the underlying

substrate metal.

One approach to providing enhanced wear resistance to a metal work piece such as a digger
tooth or the like is set forth in United States patent 3,882,594 to Jackson et al., having an issue date
of 13 May 1975. This reference advocates applying a wear pad of cemented metal carbide within a
metal matrix. The cemented carbide particles are characterized by a diverse size range of about 6 to
about 30 U.S. Sieve. The carbide particles are irregularly shaped and the size range is sufficiently
broad that the carbide particles are present in the range of from about 70% to 85% by volume.

Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment, or any form of suggestion, that this prior art forms part of the common general
knowledge in Australia or any other jurisdiction or that this prior art could reasonably be expected

to be ascertained, understood and regarded as relevant by a person skilled in the art.

Summary

This disclosure describes, in one aspect, a surface covering composition of abrasion resistant
character adapted for disposition in overlying bonded relation to a metal substrate. The surface
covering composition includes metal carbide particles within a metal matrix at a packing factor of

not less than about 0.6 as measured by relative area occupancy of the carbide particles within a
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measurement zone of a specimen of the surface covering composition. The measurement zone
extends from the metal substrate to a position about 3 mm above the metal substrate. Not less than
about 40 percent by weight of the metal carbide particles are characterized by an effective diameter
in the range of +14 -32 mesh prior to introduction to the metal matrix. Not less than about 10% by
weight of said metal carbide particles being characterised by an effective diameter in the range of
+32 -60 mesh prior to introduction into the metal matrix. Not less than about 3 percent by weight of
the metal carbide particles are characterized by an effective diameter of +80 -120 mesh prior to

introduction to the metal matrix.

In another aspect there is disclosed a surface covering composition adapted for disposition in
overlying bonded relation to a metal substrate, the surface covering composition comprising a
plurality of tungsten carbide particles disposed within a steel matrix at a packing factor of not less
than about 0.6, as measured by average area occupancy ratio of the carbide particles within a
defined measurement zone within the surface covering composition, the defined measurement zone
extending from the metal substrate to a position about 3 mm above the metal substrate, at least 95%
by weight of said tungsten carbide particles being characterized by an effective diameter in the
range of +14-120 mesh prior to introduction to the steel matrix, at least 40 percent by weight of said
tungsten carbide particles being characterized by an effective diameter in the range of +14-32 mesh
prior to introduction to the steel matrix, at least 10 percent by weight of said tungsten carbide
particles are characterized by an effective diameter in the range of +32-60 mesh prior to
introduction to the steel matrix, and at least 3 percent by weight of said tungsten carbide particles

being characterized by an effective diameter of +80 mesh prior to introduction to the steel matrix.

In another aspect, this disclosure describes a method of hardfacing a metal work piece. The
method includes applying a surface covering composition in overlying bonded relation to a metal
surface of the work piece. The surface covering composition includes metal carbide particles within
a metal matrix at a packing factor of not less than about 0.6 as measured by relative area occupancy
of the carbide particles within a measurement zone of a specimen of the surface covering
composition. The measurement zone extends from the metal surface of the work piece to a position
about 3 mm above the metal surface of the work piece. At least 40 percent by weight of the metal
carbide particles are characterized by an effective diameter in the range of +14 - 32 mesh prior to
introduction to the metal matrix. Not less than about 10% by weight of said metal carbide particles
being characterised by an effective diameter in the range of +32 -60 mesh prior to introduction into

the metal matrix. At least 3 percent by weight of the tungsten carbide particles are characterized by
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an effective diameter of +80 -120 mesh prior to introduction to the metal matrix. The surface

covering composition is characterized by increased wear resistance relative to the metal surface.

Brief Description of the Drawings

Figure 1 is a diagrammatic side view of an exemplary machine.

(9]

Figure 2 is a diagrammatic view illustrating an exemplary hardfacing process for application

of a covering layer of wear resistant material to a surface of a work piece.

2009318054 23 Feb 2015
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Figure 3 is a diagrammatic view illustrating an exemplary pattern
for application of a hardfacing treatment to a surface of a work piece.

Figure 4 is a diagrammatic view of a cross-section of an applied
abrasion resistant surface covering overlying a work piece.

Figure 5 is a micrograph showing a section view of an applied
abrasion resistant surface covering incorporating particles characterized by a first
size distribution.

Figure 6 is a micrograph showing a portion of the section view of
Figure 5 at enhanced magnification.

Figurc 7 is a micrograph showing a scction vicw of an applicd
abrasion resistant surface covering incorporating particles characterized by a
second size distribution at the same magnification as Figure 5.

Figure 8 is a micrograph showing a portion of the section view of

Figure 7 at the same magnification as Figure 6.

Detailed Description

Reference will now be made to the drawings wherein, to the extent
possible, like clements arc designated by like reference numerals throughout the
various views. Figure 1 illustrates a machine 10 of an exemplary construction
having multiple systems and components that cooperate to accomplish a task.
The machine 10 may embody a fixed or mobile machine, including wheeled or
track-type machines, that perform some type of operation associated with an
industry such as mining, construction, farming, transportation, or any other
industry known in the art. For example, the machine 10 may be an earth moving
machine such as a dozer, an excavator, a loader, a backhoe, a motor grader, a
dump truck, or any other earth moving machine. The machine 10 may also be
substantially immobile such as a drilling apparatus or the like.

In the illustrated embodiment, the machine 10 may include a push
blade 11 including a cutting edge 12 adapted to engage the ground as material is

moved by pushing action. The machine 10 may also include an implement
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system 13 configured to move a work tool 14 such as a ripper arm, bucket, drill
or any other ground engaging tool. The machine 10 illustrated in Figure 1
includes a track 16 with an arrangement of track shoes 18 including outwardly
projecting grousers 20. The track shoes 18 are adapted to engage the ground
during operation. As will be appreciated, various components of the machine 10
including, without limitation, the cutting edge 12, the work tool 14 and the
grousers 20 may be subjected to substantial abrasion during operation. Of
course, any number of other components within the machine 10 may also be
subjected to abrasion. Such abrasion may lead to premature wear and the need
for replacement. Such wear may be particularly acutc in articles formed from
ductile material such as a plain machineable carbon steel or the like.

By way of example only, and not limitation, Figure 2 illustrates
one exemplary practice for application of an abrasion resistant surface covering
32 using a hardfacing treatment across a surface 34 of a work piece 36 such as a
grouscr bar 20, cutting cdge 12, work tool 14 or any other mctal structurc as may
be desired. As shown, during the exemplary hardfacing treatment, the surface 34
being treated may be positioned in generally opposing relation to a welding head
50 including an electrode 52 of consumable mild steel wire or the like. As an arc
is developed between the welding head 50 and the opposing surface 34, the
clectrode 52 is liqueficd and forms a liquid pool 53 across the surface 34. A
portion of the material forming the work piece 36 may also undergo melting to a
rclatively shallow depth, thercby providing additional liquid to the liquid pool 53.
The liquid pool may be developed progressively by moving the welding head 50
relative to the surface of the work piece 36 as indicated by the directional arrow.
Of course, it is also contemplated that the welding head 50 may remain stationary
with relative movement of the work piece 36 if desired.

Although thc usc of the welding head 50 with an clectrode 52 of
consumable character may be beneficial in many environments of use, it is

contemplated that virtually any localized heating technique may be used to form
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the liquid pool 53 across the surface 34 being treated. By way of example only,
the use the electrode 52 may be of a non-consumable character such that the
liquid pool 53 is formed exclusively from the material making up the work piece
36. Likewise, a torch or other heating device may be used in place of the welding
head 50 either with or without a consumable member. Accordingly, the
formation of the liquid pool 53 is in no way dependent upon the use of any
particular equipment or process.

Particles 56 of wear resistant material are delivered to the liquid
pool 53 for development of a wear resistant composite alloy upon resolidification
of the liquid pool 53 to form thc abrasion resistant surface covering 32. By way
of example only, one suitable material for the particles 56 is cemented tungsten
carbide bonded together with cobalt. One potentially useful source of suitable
particles 56 is cemented tungsten carbide of fractal dimensionality recovered
from ground drill bits used in machining operations. However, other materials
may likewisc be utilized if desired. Accordingly, it is contemplated that at lcast a
portion of the particles 56 may be formed from other materials including, without
limitation, cast tungsten carbide, macrocrystalline tungsten carbide as well as
carbides of other metals including molybdenum, chromium, vanadium, titanium,
tantalum, beryllium, columbium, and blends thereof characterized by enhanced
wear resistance relative to the substratc material forming the work picee 36.
Upon resolidification, the resultant abrasion resistant surface covering 32
includes the particles 56 of the wear-resistant matcrial within a bonding matrix of
steel or other base metal that previously formed the liquid pool 53.

As will be appreciated, during the hardfacing treatment, the liquid
pool 53 is disposed at a relatively localized position and remains in a liquid state
for a limited period of time before resolidification takes place. Thus, it is
advantagcous to dcliver the particles 56 in conjunction with formation of the
liquid pool. By way of example only, and not limitation, one exemplary particle

delivery practice may utilize a drop tube 58 of substantially hollow construction
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which moves along a path generally behind the welding head 50. The particles
56 are typically applied at a level of about of about 0.1 to about 0.3 grams per
square centimeter of the treatment zone, although higher or lower levels may be
used if desired.

The treatment zone width 60 provided by a pass of the welding
head 50 and the drop tube 58 may be controlled by the pattern of movement of
the welding head 50. By way of example, in the event that a relatively narrow
treatment zone width 60 is desired, the welding head 50 may move in a
substantially straight line with the drop tube 58 following directly behind. Such a
straight linc pattcrn may typically be uscd to yicld a trcatment zonc width 60 of
about 15 millimeters or less. In the event that a wider treatment zone width is
desired, the welding head may be moved in a generally zigzag pattern 62 such as
is shown by the solid line in Figure 4 with the drop tube 58 trailing in a
substantially straight path 63 generally along the middle of the zigzag pattern 62
as shown by the dotted linc in Figure 4. The zigzag pattern 62 provides a wider
liquid pool for acceptance of the particles 56 which may be deposited at the
midpoint of the formed pool. In the event that a more extensive treatment zone
width is desired, the welding head 50 may make multiple passes in adjacent
relation to one another to substantially cover any portion of the surface 34 as may
be desired.

It has been found that incorporating a significant weight
pereentage of relatively small particles in combination with larger particles may
promote an enhanced packing factor of such particles in the final abrasion
resistant surface covering 32 and may enhance performance. In this regard, it is
to be understood that the term “packing factor” refers to the ratio of the volume
of the composite alloy occupied by the applied particles in the solidified state
within a defined region relative to the volume of the abrasion resistant surface

covering 32 within that defined region. Thus, a region of the abrasion resistant
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surface covering 32 in which the applied particles occupy 50% of the total
volume in the solidified state will have a packing factor of 0.5.

According to one practice which may be used to evaluate packing
factor, one or more cross-sections may be cut through the abrasion resistant
surface covering 32 and the underlying work piece 36 as shown diagrammatically
in Figure 4. As shown, the cross section includes a portion of the work piece 36
with the overlying abrasion resistant surface covering 32. The particles 56 are
concentrated in a band extending away from the work piece 36. At the time of
formation, an outer zone 65 having very few particles may be disposed at the
cxtreme outer surface. This outer zone 65 is formed substantially from the matrix
material generated by the melting electrode 52. As will be appreciated, when
subjected to an abrasive environment, the outer zone 65 may tend to exhibit
initial rapid wear until a concentrated zone of the particles 56 becomes exposed.
Thereafter, wear is substantially reduced. Figures 5-8 present micrographs of
applicd abrasion resistant surface coverings showing representative orientations
corresponding substantially to Figure 4. The boxes in Figures 5 and 7 extend
generally from the underlying work piece to the lower edge of the outer zone,
thereby illustrating the concentration of particles in that region.

The cross sections may be etched and polished to display the
particles 56 within the matrix. A mcasurcment zonc 66 may then be defined
within the etched and polished surface. The ratio of the surface area occupied by
the particles 56 within the mcasurcment zonc 66 to the total arca of the
measurement zone 66 defines an arca occupancy ratio which may be used as a
measurement of the packing factor. By way of example only, evaluating the
surface area occupied by the particles 56 in a standardized measurement zone
extending from the surface of the work piece 36 to a position about 3 millimeters
abovc the surface of the work picce 36 may be uscful in cvaluating the packing
factor in portions of the abrasion resistant surface covering 32 near the work

piece 36 having high concentrations of particles 56. Although a single sample
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may be used, enhanced accuracy may be achieved by evaluating multiple samples
and averaging the area occupancy ratios in those samples.

According to one exemplary practice, the particles 56 of wear
resistant material may be characterized by an effective diameter in the range of
about +14 -120 mesh. That is, the particles will be small enough to pass through
a U.S. Standard 14 mesh screen (1410 microns) and will be blocked from passing
through a U.S. Standard 120 mesh screen (125 microns). Within this broad
range, it may be desirable for significant percentages of particles to occupy sub-
ranges to provide a diverse population of particle sizes. Such a diverse particle
siz¢ distribution permits smaller particles to cooperatively fill spaces between the
larger particles to enhance the overall packing factor. By way of example only,
one exemplary size distribution for the applied particles 56 is set forth in Table I

below.

Tablc I
Effective Diameter Wt. %
(Mesh)
+14 -22 40% - 70%
+22 -32 10% - 25%
+32 - 60 10% - 25%
+60 — 120 3% -10%

Utilization of such particle size distributions may yield final packing factors of
about 0.6 to about 0.7. For some applications, it may be desirable for at least 3%
and morc desirably about 5% to about 10% to havce an cffcctive diameter of +80

mesh such that those particles pass through an 80 mesh screen.



WO 2010/059287 PCT/US2009/057630

10

15

20

25

30

If desired, it is contemplated that the particle size distribution may
be adjusted to substantially reduce or eliminate particles in the +14 — 22 mesh
range thereby shifting the distribution towards smaller effective diameters
corresponding to higher mesh numbers. However, in general, it may be desirable
for many applications that at least 40% by weight of the particles have an
effective diameter large enough to be blocked by a 32 mesh screen. The presence
of such larger particles may provide additional stability in highly abrasive
environments such as may be present if the work piece 36 engages igneous rock,
quartz, slag or other similar media. It is also contemplated that minor percentage
of particlcs having an cffective diamcter greater than 14 mesh or smaller than 120
mesh may be applied if desired. However, it may be desirable for about 95% or
more by weight of the particles to be within the +14 — 120 mesh range.

By way of example only, a size distribution for applied particles of
wear resistant material which may be particularly desirable for some applications

18 sct forth in Tablc II below.

Table 11
Effective Diameter Wt. %
(Mesh)
+14 -22 63%
+22 -32 15%
+32 - 60 15%
+60 — 80 0%
+80 - 120 5%

Utilization of such a particle size distribution yields a final packing factor of

about 0.7.
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As will be appreciated, during the hardfacing procedure, surface
tension characteristics cause the melted material to form a generally convex
raised bead across the surface 34 of the work piece 36. The introduction of the
particles 56 may tend to enhance the volume of this raised bead. This raised bead
structure is generally retained upon resolidification of the composite alloy. By
way of example only, the final solidified composite alloy may be raised about 4
millimeters relative to the plane of the surface 34 being treated and extend to a
depth of about 2 millimeters below the plane of the surface 34 being treated due
to melting of the base material. However, these levels may be increased or
decrcascd as desired.

Features consistent with the present disclosure may be readily

understood through reference to the following non-limiting examples.

EXAMPLE 1

Figures 5 and 6 are cross-sectional micrographs of an abrasion
resistant surface covering of tungsten carbide particles within a steel matrix
utilizing cemented tungsten carbide particles with a size range of +14 -120 mesh.
Approximately 64% by weight of the applied particle mass was in the size range
+14 — 22 mesh. Approximatcly 16% by weight of the applicd particle mass was
in the size range +22 — 33 mesh. Approximately 16% by weight of the applied
particlc mass was in the size range +33 — 60 mcsh. Approximatcly 4% by
weight of the applied particle mass was in the size range +60 — 120 mesh. The
particles were applied in a hardfacing procedure at a drop rate of 250 grams per
minute using a weld head with a wire speed of 350 inches per minute, a travel
speed of 10.8 inches per minute and a voltage of 29 volts. Based on relative area
occupancy, the packing factor of the tungsten carbide particles was in the range

0f 0.6t0 0.7.
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EXAMPLE 2 (Comparative)

Figures 7 and 8 are cross-sectional micrographs of an abrasion
resistant surface covering of tungsten carbide particles within a steel matrix
utilizing cemented tungsten carbide particles with a size range of +14 -24 mesh.
The test procedures as outlined in Example 1 were repeated in all respects except
that the abrasion resistant material utilized cemented tungsten carbide particles
with a size range of +14 -24 mesh. Based on relative area occupancy, the

packing factor of the tungstcen carbide particles was in the range of 0.4 to 0.5.

Industrial Applicability

A work picce including an abrasion resistant surfacce covering
consistent with the present disclosure may find application in virtually any
environment of use wherein metal articles are subjected to abrasive wear. Such
environments may include mining, construction, farming, hydrocarbon
extraction, transportation, or any other industry known in the art. By way of
cxamplc only, such an abrasion resistant surfacc covering may be applicd in
bonded relation to surfaces of a cutting edge or work tool in a mobile or fixed
machine.

According to one exemplary use, an abrasion resistant surface
covering consistent with the present disclosure may be applied across one or
more surfaces of a grouser bar on a track shoe for a track-type vehicle. Such
track-type vehicles may include crawler-type bulldozers, rippers, pipelayers,
loaders, excavators and the like. The track shoe defines a ground-engaging
surface at the exterior of a track. The abrasion resistant surface covering provides
enhanced abrasion resistance thereby prolonging useful life and enhanced

machine productivity.
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1. A surface covering composition adapted for disposition in overlying bonded relation
to a metal substrate, the surface covering composition comprising a plurality of metal carbide
particles disposed within a metal matrix at a packing factor of not less than about 0.6 as measured

5 by area occupancy ratio of the carbide particles within a defined measurement zone within the
surface covering composition, the defined measurement zone extending from the metal substrate to
a position about 3 mm above the metal substrate, at least 40 percent by weight of said metal carbide
particles being characterized by an effective diameter in the range of +14-32 mesh prior to

introduction to the metal matrix, at least 10 percent by weight of said metal carbide particles are

2009318054 23 Feb 2015

10  characterized by an effective diameter in the range of +32 - 60 mesh prior to introduction to the
metal matrix, and at least 3 percent by weight of said metal carbide particles being characterized by

an effective diameter of +80 -120 mesh prior to introduction to the metal matrix.

2. The surface covering composition as recited in claim 1, wherein at least a portion of

said metal carbide particles include tungsten carbide particles.

15 3. The surface covering composition as recited in claim 2, wherein at least a portion of

said tungsten carbide particles are cemented with cobalt.

4. The surface covering composition as recited in claim 1, wherein at least a portion of
said metal carbide particles include tungsten carbide particles cemented with cobalt and said metal

matrix is steel.

20 5. The surface covering composition as recited in any of claims 1 through 4, wherein at
least 10 percent by weight of said metal carbide particles are characterized by an effective diameter

in the range of +22 - 32 mesh prior to introduction to the metal matrix.

6. The surface covering composition as recited in any of claims 1 through 5, wherein at
least 5 percent by weight of said metal carbide particles are characterized by an effective diameter

25  of +60 mesh prior to introduction to the metal matrix.

7. The surface covering composition as recited in any of claims 1 through 4, wherein at
least 50 percent by weight of said metal carbide particles are characterized by an effective diameter

in the range of +14 - 32 mesh prior to introduction to the metal matrix.
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8. The surface covering composition as recited in claim 7, wherein at least 10 percent
by weight of said metal carbide particles are characterized by an effective diameter in the range of

+22 - 32 mesh prior to introduction to the metal matrix.

9. The surface covering composition as recited in claim 8, wherein at least 5 percent by
5 weight of said metal carbide particles are characterized by an effective diameter of +60 mesh prior

to introduction to the metal matrix.

10.  The surface covering composition as recited in claim 1, wherein at least 70 percent
by weight of said metal carbide particles are characterized by an effective diameter in the range of

+14-32 mesh prior to introduction to the metal matrix.

2009318054 23 Feb 2015

10 11.  The surface covering composition as recited in claim 10, wherein at least 10 percent
by weight of said metal carbide particles are characterized by an effective diameter in the range of

+22-32 mesh prior to introduction to the metal matrix.

12. The surface covering composition as recited in claim 11, wherein at least 5 percent
by weight of said metal carbide particles are characterized by an effective diameter of +60 mesh

15  prior to introduction to the metal matrix.

13. A surface covering composition as recited in claim 4, wherein at least 95% by
weight of said tungsten carbide particles are characterized by an effective diameter in the range of
+14 - 120 mesh prior to introduction to the steel matrix, at least 40 percent by weight of said
tungsten carbide particles being characterized by an effective diameter in the range of +14 - 32

20  mesh prior to introduction to the steel matrix.

14.  The surface covering composition as recited in claim 13, wherein at least 5 percent
by weight of said tungsten carbide particles are characterized by an effective diameter of +80 mesh
prior to introduction to the steel matrix and wherein at least 70 percent by weight of said tungsten
carbide particles are characterized by an effective diameter in the range of +14 - 32 mesh prior to

25 introduction to the steel matrix.

15. A surface covering composition adapted for disposition in overlying bonded relation
to a metal substrate, the surface covering composition comprising a plurality of tungsten carbide
particles disposed within a steel matrix at a packing factor of not less than about 0.6, as measured by

average area occupancy ratio of the carbide particles within a defined measurement zone within the
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surface covering composition, the defined measurement zone extending from the metal substrate to
a position about 3 mm above the metal substrate, at least 95% by weight of said tungsten carbide
particles being characterized by an effective diameter in the range of +14-120 mesh priorto
introduction to the steel matrix, at least 40 percent by weight of said tungsten carbide particles being
5 characterized by an effective diameter in the range of +14-32 mesh prior to introduction to the steel
matrix, at least 10 percent by weight of said tungsten carbide particles are characterized by an
effective diameter in the range of +32-60 mesh prior to introduction to the steel matrix, and at least
3 percent by weight of said tungsten carbide particles being characterized by an effective diameter

of +80 mesh prior to introduction to the steel matrix.

2009318054 23 Feb 2015

10 16.  The surface covering composition as recited in claim 15, wherein at least 50 percent
by weight of said tungsten carbide particles are characterized by an effective diameter in the range

of +14-32 mesh prior to introduction to the steel matrix.

17.  The surface covering composition as recited in claim 15, wherein at least 5 percent
by weight of said tungsten carbide particles are characterized by an effective diameter of +80 mesh

15  prior to introduction to the steel matrix.

18.  The surface covering composition as recited in claim 15, wherein at least 70 percent
by weight of said tungsten carbide particles are characterized by an effective diameter in the range

of +14-32 mesh prior to introduction to the steel matrix.

19.  The surface covering composition as recited in claim 18, wherein at least 5 percent
20 by weight of said tungsten carbide particles are characterized by an effective diameter of +80 mesh

prior to introduction to the steel matrix

20.  The surface covering composition as recited in claim 15, wherein at least 65 percent
by weight of said tungsten carbide particles are characterized by an effective diameter in the range

of +14-32 mesh prior to introduction to the steel matrix.

25 21. A method of hardfacing a metal work piece, the method comprising:
applying a surface covering composition in overlying bonded relation to a metal
surface of the work piece, the surface covering composition comprising a plurality of metal carbide
particles disposed within a metal matrix at a packing factor of not less than about 0.6 as measured
by average area occupancy ratio of the carbide particles within a defined measurement zone within

30 the surface covering composition, the defined measurement zone extending from the metal surface
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of the work piece to a position about 3 mm above the metal surface of the work piece, at least 40

percent by weight of said metal carbide particles being characterized by an effective diameter in the

|

said metal carbide particles are characterized by an effective diameter in the range of +32 - 60 mesh

W

prior to introduction to the metal matrix, and at least 3 percent by weight of said tungsten carbide
particles being characterized by an effective diameter of +80 -120 mesh prior to introduction to the
metal matrix, wherein the surface covering composition is characterized by increased wear

resistance relative to the metal surface.

2009318054 23 Feb 2015
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