
EP 0 430 618 B1 Description The present invention relates to improved
tungsten chromium carbide-nickel coatings for various substrates in which
the coatings exhibit improved wear characteristics over conventional
tungsten chromium 5  carbide-nickel coatings. Tungsten chromium
carbide-nickel coatings are well known in the art for their wear
resistance. They have properties similar to those of the more widely used
tungsten carbide-cobalt coatings, but, because of the presence of chromium,
have much better corrosion resistance. The use of nickel, rather than
cobalt, may also be advantageous in some corrosive environments. These
coatings are most frequently produced 10  by thermal spraying. In this
family of coating processes, the coating material, usually in the form of
powder, is heated to near its melting point, accelerated to a high
velocity, and impinged upon the surface to be coated. The particles strike
the surface and flow laterally to form thin lenticular particles,
frequently called splats, which randomly interleaf and overlap to form the
coating. The family of thermal spray coatings includes detonation gun
deposition, oxy-fuel flame spraying, high velocity oxy-fuel deposition, and
plasma 15  spray. Flame plating by means of detonation using a detonating
gun (D-Gun) has been used in industry to produce coatings of various
compositions for over a quarter of a century. Basically, the detonation gun
consists of a fluid-cooled barrel having a small inner diameter of about
2.54 cm (one inch). Generally a mixture of oxygen and acetylene is fed into
the gun along with a comminuted coating material. The oxygen- 20  acetylene
fuel gas mixture is ignited to produce a detonation wave which travels down
the barrel of the gun whereupon the coating material is heated and
propelled out of the gun onto an article to be coated. US-A- 2 714 563
discloses a method and apparatus which utilizes detonation waves for flame
coating. In general, when the fuel gas mixture in a detonation gun is
ignited, detonation waves are produced whereupon the comminuted coating
material is accelerated to about 732 m/sec (2400 ft/sec) and heated to 25
a temperature near its melting point. After the coating material exits the
barrel of the detonation gun a pulse of nitrogen purges the barrel. This
cycle is generally repeated about four to eight times a second. Control of
the detonation coating is obtained principally by varying the detonation
mixture of oxygen to acetylene. In some applications it was found that
improved coatings could be obtained by diluting the oxygen- acetylene fuel
mixture with an inert gas such as nitrogen or argon. The gaseous diluent
has been found to 30  reduce or tend to reduce the flame temperature since
it does not participate in the detonation reaction. US- A- 2 972 550
discloses the process of diluting the oxygen-acetylene fuel mixture to
enable the detonation- plating process to be used with an increased number
of coating compositions and also for new and more widely useful
applications based on the coating obtainable. Generally, acetylene has been
used as the combustible fuel gas because it produces both temperatures 35
and pressures greater than those obtainable from any other saturated or
unsaturated hydrocarbon gas. However, for some coating applications, the
temperature of combustion of an oxygen-acetylene mixture of about 1:1
atomic ratio of oxygen to carbon yields combustion temperatures much higher
than desired. As stated above, the general procedure for compensating for
the high temperature of combustion of the oxygen-acetylene fuel gas is to
dilute the fuel gas mixture with an inert gas such as nitrogen or argon. 40
Although this dilution lowers the combustion temperature, it also results
in a concomitant decrease in the peak pressure of the combustion reaction.
This decrease in peak pressure results in a decrease In the velocity of the
coating material propelled from the barrel onto a substrate. It has been
found that with an increase of a diluting inert gas to the oxygen-acetylene
fuel mixture, the peak pressure of the combustion reaction decreases faster
than does the combustion temperature. 45    In EP-A- 0313176, a novel
fuel-oxidant mixture for use with an apparatus for flame plating using
detonation means is disclosed. Specifically, this reference discloses that
the fuel-oxidant mixture for use in detonation gun applications should
comprise: (a) an oxidant and (b) a fuel mixture of at least two combustible
gases selected from the group of saturated and unsaturated 50
hydrocarbons. EP-A- 0313176 also discloses an Improvement in a process of
flame plating with a detonation gun which comprises the step of introducing
desired fuel and oxidant gases into the detonation gun to form a 



detonatable mixture, introducing a comminuted coating material into said
detonatable mixture within the gun, and detonating the fuel-oxidant mixture
to impinge the coating material onto an article to be coated 55  and in
which the improvement comprises using a detonatable fuel-oxidant mixture of
an oxidant and a fuel mixture of at least two combustible gases selected
from the group of saturated and unsaturated hydrocar- bons. The detonation
gun could consist of a mixing chamber and a barrel portion so that the
detonatable fuel-oxidant mixture could be introduced into the mixing and
ignition chamber while a comminuted coating 2    EP 0 430 618 B1 material
is introduced into the barrel. The ignition of the fuel-oxidant mixture
would then produce detonation waves which travel down the barrel of the gun
whereupon the comminuted coating material is heated and propelled onto a
substrate. The oxidant disclosed is one selected from the group consisting
of oxygen, nitrous oxide and mixtures thereof and the like and the
combustible fuel mixture is at least two gases 5  selected from the group
consisting of acetylene ([err]), propylene ([err]), methane ([err]),
ethylene ([err]), methyl acetylene ([err]), propane ([err]), ethane ([err),
butadienes ([err]), butylenes ([err]), butanes ([err]), cyclopropane
([err]), propadiene [err], cyclobutane ([err]) and ethylene oxide ([err]).
The preferred fuel mixture recited is acetylene gas along with at least one
other combustible gas such as propylene. 10     Plasma coating torches are
another means for producing coatings of various compositions on suitable
substrates. Like the detonation gun process, the plasma coating technique
is a line-of-sight process in which the coating powder is heated to near or
above its melting point and accelerated by a plasma gas stream against a
substrate to be coated. On impact the accelerated powder forms a coating
consisting of many layers of overlapping thin lenticular particles or
splats. This process is also suitable for producing 15 tungsten chromium
carbide-nickel based coatings. Another method of producing the coatings of
this invention may be the high velocity oxy-fuel, Including the so-called
hypersonic flame spray coating processes. In these processes, oxygen and a
fuel gas are continuously combusted forming a high velocity gas stream into
which powdered material of the coating composition is injected. The powder
particles are heated to near their melting point, accelerated, and 20
impinged upon the surface to be coated. Upon impact the powder particles
flow outward forming overlapping thin, lenticular particles or splats.
US-A- 3 071 489 discloses a flame spraying process for producing a coating
composition comprising about 70 weight percent of tungsten carbide, about
24 weight percent of chromium carbide, and about 6 weight percent of
nickel. 25     Although tungsten chromium carbide-nickel based coatings can
be obtained from the above processes, it is not apparent upon physically
examining the coated articles how they will react when subjected to various
hostile environments. It has been found that coated articles when subjected
to wear and erosion tests can fail due to various reasons. It has now been
found possible to provide tungsten chromium carbide-nickel based coatings
for various 30 substrates such that the coated articles exhibit good wear
and erosion resistance characteristics. It has also been found possible to
provide tungsten chromium carbide-nickel based coatings containing
particles having a chromium-rich phase. It has further been found possible
to provide tungsten chromium carbide- nickel based coatings having a matrix
with a substantial amount of amorphous phase. It has particularly been
found possible to provide a process for producing a tungsten chromium
carbide-nickel based coating 35 having chromium-rich particles and a matrix
having a substantial amount of amorphous phase. According to the present
invention there is provided a coated article which comprises a substrate
coated with a tungsten chromium carbide-nickel coating consisting
essentially of chromium-rich particles, wherein the amount of chromium in
the particles is at least 3.5 times greater by weight than the amount of
tungsten and wherein the chromium-rich particles consist essentially of at
least about 4.5 volume percent, 40 preferably above 5 volume percent of the
coating. Preferably, the amount of chromium in the chromium-rich particles
is from 3.5 to 20 times greater by weight than the amount of tungsten in
the chromium-rich 



particles and more preferably from 3.5 to 10 times greater by weight than
the amount of tungsten in the chromium-rich particles. The chromium-rich
particles of the coating of this invention have been observed using energy
46 dispersive spectroscopic analysis (EDS) to consist essentially of 10 to
20 weight percent tungsten, 70 to 90 weight percent chromium and 0 to 5
weight percent nickel. It should be appreciated that using energy
dispersive spectroscopic analysis (EDS) on a scanning electron microscope
(SEM) does not allow deter- mination of low atomic weight elements such as
carbon. In addition to chromium-rich particles, the coating was found to
also consist essentially of particles having at least 90 weight percent
tungsten, 1 to 10 weight so percent chromium and 0 to 2 weight percent
nickel; particles having 70 to 80 weight percent tungsten, 15 to 25 weight
percent chromium, and 0 to 5 weight percent nickel; and particles having 35
to 60 weight percent tungsten, 35 to 60 weight percent chromium and 0 to 10
weight percent nickel. The tungsten chromium carbide-nickel coating of this
invention also has a matrix with a large amount of amorphous phase.
Specifically at least 25 percent by volume of the matrix and preferably at
least 50 55 percent by volume of the matrix of the coating has an amorphous
phase. The matrix component of this coating is the non-carbide constituents
and at least 25% by volume of the matrix is amorphous. According to the
present invention there is also provided a process for the production of a
tungsten chromium carbide nickel coating on a substrate which comprises the
steps: 3    EP 0 430 618 B1 (a) preparing a powder mixture consisting
essentially of from about 55 to about 80 weight per cent tungsten, from
about 12 to about 26 weight per cent chromium, from about 3 to about 9
weight per cent carbide and from about 3 to about 10 weight per cent
nickel, (b) heat utilizing a combustible gas mixture not including an inert
diluting gas, to both heat the powder 5    mixture of step (a) to
substantially melt the powder mixture, and to propel it onto a substrate to
be coated, at a velocity and temperature such that (c) upon quenching the
molten mixture on the substrate, the tungsten chromium carbide nickel
coating will consist essentially of chromium rich particles in which the
weight of chromium In the particles is at least 3.5 times greater than the
weight of tungsten in the particles and wherein such chromium rich 10
particles will consist essentially of at least about 4.5 volume per cent of
the coating. Preferably the process for producing a tungsten chromium
carbide-nickel coating would comprise the steps: (a) introducing desired
fuel and oxidant gases into a detonation gun to form a detonatable mixture,
introducing the powder mixture containing tungsten, chromium, carbon and
nickel into the detonation gun 15   to provide a mixture of the powders
with the detonatable mixture; (b) detonating the fuel-oxidant mixture to
essentially melt the powders and impinge the particles while essentially in
the molten state onto a substrate to be coated; and (c) quenching the
molten powders on the substrate to produce a tungsten chromium
carbide-nickel coating as defined in the claims on the substrate. 20
Preferably, when using the detonatable process, the detonatable
fuel-oxidant mixture should comprise an oxidant and a fuel mixture of at
least two combustible gases selected from saturated and unsaturated
hydrocarbons such as, for example, a mixture of acetylene and propylene.
The process of this invention, whether or not it be by thermal spraying
techniques such as a detonation gun technique, should be repeated until the
desired thickness of the coating is obtained. Unlike prior 26  processes
for depositing tungsten chromium carbide-nickel coatings, the inventive
process propels the molten powders at a higher velocity and sufficiently
high temperature so that the powders are essentially in the molten state
but not significantly superheated when they contact the substrate. The
particles, as a result of their very high velocity on impact, flow
laterally into unusually thin splats. As a result of the low superheat and
thin splat structure, the quench rate (cooling rate) of the splats is
extremely high. It is believed that the 30  depositing of the powders while
essentially in the molten state onto the substrate combined with a high 



quench rate causes the higher volume of chromium-rich particles in the
coating. It is also believed, although not wanting to be bound by theory,
that the higher volume of chromium-rich particles contributes to the
enhanced wear resistance characteristics of the coating. In addition, it is
believed that the depositing of the particles while essentially in the
molten state onto the substrate combined with a high quench rate produces
35  a matrix for the coating that is at least 25 percent by volume in the
amorphous phase, preferably at least 50 percent by volume in the amorphous
phase. The large amount of amorphous phase in the matrix in the coating is
also believed to provide superior wear resistance characteristics of the
coating. As disclosed in EP-A- 0 313 176 acetylene is considered to be the
best combustible fuel for detonation gun operations since it produces both
temperatures and pressures greater than those obtainable from any 40  other
saturated or unsaturated hydrocarbon. To reduce the temperature of the
reaction products of the combustible gas, nitrogen or argon was generally
added to dilute the oxidant-fuel mixture. This had the disadvantage of
lowering the pressure of the detonation wave thus limiting the achievable
particle velocity. However, when a second combustible gas, such as
propylene, is mixed with acetylene, the reaction of the combustible gases
with an appropriate oxidant yields a peak pressure at any temperature that
is higher than 45  the pressure of an equivalent temperature nitrogen
diluted acetylene-oxygen mixture. If, at a given temperature, an
acetylene-oxygen-nitrogen mixture is replaced by an acetylene-second
combustible gas- oxygen mixture, the gaseous mixture containing the second
combustible gas will always yield higher peak pressure than the
acetylene-oxygen-nitrogen mixture. It is this higher pressure that
increases particle velocity while at the same time having a temperature
high enough to ensure that the particles are propelled 50 against the
substrate while still essentially in the molten state, but not
significantly superheated. The gaseous fuel-oxidant mixture when using
detonation gun techniques could have a ratio of atomic oxygen to carbon of
from about 0.9 to about 1.2 and preferably from about 0.95 to 1.1. The
tungsten chromium carbide-nickel based coating should consist essentially
of from about 55 to about 80 weight percent tungsten, from about 12 to
about 26 weight percent chromium, from about 3 to 55  about 9 weight
percent carbon and from about 3 to about 10 weight percent nickel.
Preferably the tungsten should be from about 60 to about 75 weight percent,
the chromium from about 16 to about 23 weight percent, the carbon from 4 to
8 weight percent, nickel from about 4 to about 9 weight percent. The
tungsten chromium carbide-nickel coatings of this invention are ideally
suited for coating substrates made of 4    EP0430618B1 materials such as,
for example, titanium, steel, aluminium, nickel, iron, copper, cobalt,
alloys thereof and the like. The powders of the coating material for use in
obtaining the coated layer of this invention are preferably powders made by
the sintered and crushed process. In this process, the constituents of the
powders are 5  sintered at high temperature and the resultant sinter
product is crushed and sized. Example 1 The gaseous fuel-oxidant mixture of
the composition shown as Sample Process A according to the 10  invention
and Sample Process B not according to the invention of Table 1 were
introduced to a detonation gun to form a detonatable mixture. Powder having
the composition of about 67 weight percent tungsten, about 22 weight
percent chromium, about 6 weight percent carbon and about 5 weight percent
nickel was also fed into the detonation gun. The flow rate of each gaseous
fuel-oxidant mixture was 5.2 to 6.1 [err]/sec (11 to 13 cubic feet per
minute (cfm)) and the feed rate of each coating powder was 140 grams per
minute 15  (gpm). The gaseous fuel-mixture in volume percent and the atomic
ratio of oxygen to carbon for each coating process is shown In Table 1. The
coating sample powder was fed into the detonating gun at the same time as
the gaseous fuel-oxidant mixture. The detonation gun was fired at a rate of
about 8 times per second and the coating powder In the detonation gun was
impinged onto a steel substrate while in the molten state to form a dense,
adherent coating of shaped microscopic leaves interlocking and overlapping
20  with each other. The coating produced using the Sample Process A is
referred to as Sample Coating A and the coating 



produced using the Sample Process B is referred to as Sample Coating B. The
Sample Coating A was found to have a matrix with an amorphous phase of at
least 25 percent by volume while the Sample Coating B was found to have a
matrix with an amorphous phase of less than 15 percent by volume as
determined 25  by using transmission electron microscopic analysis. Table 1
Nominal D-Gun Parameter      Applying the Coating 30 [err] Sample    Powder
Feed           Flow          Gaseous Fuel-          Atomic 35
Process        Rate              Rate          Mixture               Ratio
(gpm)       [err]  [err]      [err] A         140          6.1       13
8   60    32    1.05 40 B         140          5.2      11        35  32.5
32.5   0   1.00 45  Hardness Tests The hardnesses of the coatings were
measured using a Rockwell superficial hardness tester and a Vickers
hardness tester. The Rockwell hardness was measured on the surface of the
coating by ASTM Standard Method E-18. Superficial hardness scale 45N was
used. The Vickers hardness was measured on 50  cross section of the
coatings. [err] designates the Vickers hardness using a 0.3 kg load. Sand
Abrasion Test To test the coatings for resistance to scratching abrasion,
ASTM recommended practice G-65 was 55 followed. In this test, the coating
is abraded by a grit which is pressed against the coating by a rotating
rubber wheel. Specifically, a 50-70 mesh silica sand was used for the grit.
The rubber wheel was made of chlorobutyl rubber with a durometer hardness
A58-60. Wheel speed was 200 rpm. The wheel was forced against the 5    EP 0
430 618 B1 coating surface with a 13.6 kg (30 Ib) load for 6000
revolutions. Wear was measured by the loss of coating material per 1000
revolutions. Erosion Test 5 Erosion resistance of the coating was tested by
following ASTM recommended practice G-76. In this test, solid particles (27
[err] alumina) are entrained in a gas (argon) jet and impinge against the
coating surface usually at angles of [err] or [err] to the horizontal.
Erosion is measured by loss of coating per unit of particles. 10     The
average hardness, sand abrasion and erosion data are shown in Table 2 for
several coatings of Sample Coating A and Sample Coating B produced by
Sample Process A and Sample process B, respectively. 15
Table 2 Sample    Hardness   Hardness   Sand Abrasion
Erosion Coating   Vickers           Rockwell 20
(kg/[err)         (45N)        ([err]/1000  rev.)  (m/gm) A            998
75                 1.0            100  22 25 B           1042            72
1.4            175  27 30 Constituent Volume Test ASTM recommended practice
E-562 was used to determine the volume fraction of large chromium-rich
particles (approximate metallic content by energy dispersive spectroscopy:
10-20W, 70-90Cr, 0-5Ni) present in both Sample Coating A and Sample Coating
B. These particles are one of the most distinguishing 



35  features present In both microstructures. E-562 describes a manual
point counting method which statistically estimates the volume fraction of
a distinguishable microstructural constituent which in this case was the
volume fraction of the chromium-rich particles. The data obtained using the
E-562 test procedure for several samples of each type of coating are given
40 in Table 3. table 3 Volume Fraction of Chromium-Rich Particles 45 Sample
Average Vol. %    High Vol. %    Low Vol. % Coating 50              A
7.7                     13                 5.5 B                 3.1
4.3               1.8 55     This data shows that the coating with the
higher volume of chromium-rich particles (Sample Coating A) had better
abrasion and erosion resistance characteristics than the coating with the
lower volume of chromium-rich particles (Sample Coating B) as can be seen
from the data presented in Table 2. 6    EP 0 430 618 B1 Wear Loss Test
ASTM G-77 procedure was used to determine the wear loss of the coating.
Wear losses were determined by measuring the loss of block or ring material
in grams, the width of scar or crevices in the 5  surface measured in cm
(and inches) and the percent of pullout or pits in the surface as
determined by using the procedure of ASTM E-562. Specifically, coated rings
were pressed against 2024 aluminium blocks with a force of 40.8 kg (90 lb)
load. The rings were rotated at 180 rpm for 5400 revolutions. A lubricant
of 9% Tandemol R-91 (trademark for a lubricant made by E.F. Houghton and
Company) in water was fed between the ring and the block. The data obtained
are shown in Table 4. 10 Table 4 Sample    Block Scar
Ring           Ring Surface is       Coating         Width
wt.loss   (g)            % Pullout mm         in. A      4.06      .1599
1 X  [err]                      2.5 20           B       3.80      .1497
2 X  [err]                     9.1 The results of the ASTM G-77 test
demonstrate that the coating with the larger volume percent of
chromium-rich particles had less weight loss, and fewer pits (percent
pullouts) than the coating with the 25  lesser volume percent of
chromium-rich particles. Thus the chromium-rich particle coating of this
invention has much better adhesive wear resistance. Strain-to-Fracture Test
30     The strain-to-fracture of the coatings in the example was determined
using a four point bend test. Specifically, a beam of rectangular
cross-section made of 4130 steel hardened to 40-45 HRC is coated with the
material to be tested. The typical substrate dimensions are 1.27 cm (0.50
inch) wide, 0.38 cm (0.15 inch) thick and 25.4 cm (10 inches) long. The
coating area is 1.27 cm (0.50 inch) by 15.24 cm (6 Inches), and is centered
along the 25.4 cm (10 inch) length of the substrate. The coating thickness
is typically 0.038 35  cm (0.015 inch), although the applicability of the
test is not affected by the coating thickness in the range 0.0254 to 0.0508
cm (0.010 to 0.020 inch). An acoustic transducer is attached to the sample
using a couplant high vacuum grease, and masking tape. The acoustic
transducer is piezoelectric, and has a frequency response band width of
90-640 kHz. The transducer is attached to a preamplifier with a fixed gain
of 40 dB. The amplifier is attached to a counter which counts the number of
times the signal exceeds a 40 threshold value of 1 millivolt, and outputs a
voltage proportional to the total counts. In addition, a signal 



proportional to the peak amplitude of an event is also recorded. The coated
beam is placed in a four point bending fixture with the coating in tension.
The bending fixture is designed to load the beam in four point bending. The
outer loading points are 20.32 cm (8 inches) apart on one side of the beam,
while the middle points of loading are 6.985 cm (2 3/4 inches) of the
coated 45  beam in a uniform stress state. A universal test machine Is used
to displace the two sets of loading points relative to each other,
resulting in bending of the test sample at the center. The sample is bent
so that the coating is on the convex side of the bar; i.e., the coating is
placed in tension. During bending the deformation of the sample is
monitored by either a load cell attached to the universal test machine or a
strain gage attached to the sample. If the load is measured, engineering
beam theory is used to calculate 50 the strain in the coating. During
bending, the acoustic counts and peak amplitude are also recorded. The data
are simultaneously collected with a three pen chart recorder and a
computer. When cracking of the coating occurs, it is accompanied by
acoustic emission. The signature of acoustic emission associated with
through-thickness cracking includes about [err] counts per event and a peak
amplitude of 100 dB relative to 1 millivolt at the transducer. The strain
present when cracking begins is recorded as the strain-to-fracture of 55
the coating. The strain-to-fracture of the optimum coating with the larger
volume percent chromium-rich particles was 0.35% while the
strain-to-fracture of the coating with the smaller amount of chromium-rich
particles was 0.25%. 7    EP 0 430 618 B1 The data above clearly shows that
a tungsten chromium carbide-nickel coating having chromium-rich particles
of at least 4.5 volume percent and a matrix with an amorphous phase of at
least 25 percent by volume had fewer pits and therefore greater retention
of a smooth surface; superior adhesive wear characteristics; superior sand
abrasion characteristics; superior erosion resistance at 90; and superior 5
strain-to-fracture characteristics than a tungsten chromium carbide-nickel
coating having a volume percent of chromium-rich particles of less than 4.5
percent and a matrix with an amorphous phase of less than 25 percent by
volume. EXAMPLE 2 10 Coated articles were produced as in Example 1 and then
the microstructures were examined using an energy dispersive spectroscopic
analyzer on a scanning electron microscope. Many similar appearing
particles were analyzed and the results were combined to establish the
range of composition of four identifiable types of particles as shown in
Table 5. 15 TABLE 5 percent by weight 20               Particles A
90+          1-10         0-2 B                    70-80        15-25
0-5 C                    35-60        35-60         0-10 25
.   D                     10-20        70-90        0-5 These
identifications are not meant to rule out the possibility of additional
types of particles, but the shape and shading of these four types of
particles were most consistent throughout the many areas viewed. 30  Energy
dispersive spectroscopic analysis does not allow determination of low
atomic weight elements such as carbon. As shown in Table 5, Particles D
contain from 3.5 to 9.0 times more chromium than tungsten. EXAMPLE 3 35
Coated articles were produced as in Example 1 and the roughness of the
as-coated surface was measured. Sample Coating A produced by Sample Process
A has a surface roughness range of 381 to 508 x [err] (150 to 200
microinches) Ra while Sample Coating B produced by Sample Process B had a 



surface roughness range of 762 to 889 x [err] (300 to 350 microinches) Ra.
Thus the coating with the higher volume percent of chromium-rich particles
was about 50% smoother than Sample Coating B. In 40 addition, Sample
Coating A was free of nodules present on Sample Coating B. Further, after
finishing the coatings by grinding, Sample Coating A showed fewer pits or
pullouts than Sample Coating B. The tungsten chromium carbide-nickel
coating of this invention is ideally suited for use on such substrates as
turbine blades, metal working and processing rolls, processing and calender
rolls for paper, magnetic tape and plastic film; mechanical seals, valves
and the like. When the article is a roll, the 45 substrate is generally
made of steel and has a tungsten chromium carbide-nickel coating from
0.0254 to 0.508 mm (1 to 20 mils) thick, preferably from 0.0508 to 0.254 mm
(2 to 10 mils) thick. While the examples above use detonation gun means to
apply the coatings, coatings of this invention may be produced using other
thermal spray technologies, including, but not limited to, plasma spray,
high velocity oxy-fuel deposition, and hypersonic flame spray. 50 Claims 1.
A coated article which comprises a substrate coated with a tungsten
chromium carbide-nickel coating consisting essentially of chromium-rich
particles, wherein the weight of chromium in the chromium-rich 55
particles is at least 3.5 times greater than the weight of tungsten in the
chromium-rich particles and wherein the chromium-rich particles consist
essentially of at least about 4.5 volume percent of the coating. 8    The
data above clearly shows that a tungsten chromium carbide-nickel coating
having chromium-rich particles of at least 4.5 volume percent and a matrix
with an amorphous phase of at least 25 percent by volume had fewer pits and
therefore greater retention of a smooth surface; superior adhesive wear
characteristics; superior sand abrasion characteristics; superior erosion
resistance at 90 ; and superior 5  strain-to-fracture characteristics than
a tungsten chromium carbide-nickel coating having a volume percent of
chromium-rich particles of less than 4.5 percent and a matrix with an
amorphous phase of less than 25 percent by volume. EXAMPLE 2 10 Coated
articles were produced as in Example 1 and then the microstructures were
examined using an energy dispersive spectroscopic analyzer on a scanning
electron microscope. Many similar appearing particles were analyzed and the
results were combined to establish the range of composition of four
identifiable types of particles as shown in Table 5. 15 TABLE 5 percent by
weight 20               Particles                                Cr
Ni A                     90+          1-10         0-2 B
70-80        15-25        0-5 C                     35-60        35-60
0-10 25                    D                     10-20        70-90
0-5 These identifications are not meant to rule out the possibility of
additional types of particles, but the shape and shading of these four
types of particles were most consistent throughout the many areas viewed.
30 Energy dispersive spectroscopic analysis does not allow determination of
low atomic weight elements such as carbon. As shown in Table 5, Particles D
contain from 3.5 to 9.0 times more chromium than tungsten. EXAMPLE 3 35
Coated articles were produced as in Example 1 and the roughness of the
as-coated surface was measured. Sample Coating A produced by Sample Process
A has a surface roughness range of 381 to 508 x [err] (150 to 200
microinches) Ra while Sample Coating B produced by Sample Process B had a 



surface roughness range of 762 to 889 x [err] (300 to 350 microinches) Ra.
Thus the coating with the higher volume percent of chromium-rich particles
was about 50% smoother than Sample Coating B. In 40 addition, Sample
Coating A was free of nodules present on Sample Coating B. Further, after
finishing the coatings by grinding. Sample Coating A showed fewer pits or
pullouts than Sample Coating B. The tungsten chromium carbide-nickel
coating of this invention is ideally suited for use on such substrates as
turbine blades, metal working and processing rolls, processing and calender
rolls for paper, magnetic tape and plastic film; mechanical seals, valves
and the like. When the article is a roll, the 45 substrate is generally
made of steel and has a tungsten chromium carbide-nickel coating from
0.0254 to 0.508 mm (1 to 20 mils) thick, preferably from 0.0508 to 0.254 mm
(2 to 10 mils) thick. While the examples above use detonation gun means to
apply the coatings, coatings of this invention may be produced using other
thermal spray technologies, including, but not limited to, plasma spray,
high velocity oxy-fuel deposition, and hypersonic flame spray. 50 Claims 1.
A coated article which comprises a substrate coated with a tungsten
chromium carbide-nickel coating consisting essentially of chromium-rich
particles, wherein the weight of chromium in the chromium-rich 55
particles is at least 3.5 times greater than the weight of tungsten in the
chromium-rich particles and wherein the chromium-rich particles consist
essentially of at least about 4.5 volume percent of the coating. 8    EP 0
430 618 B1 *   C  L  M  S   * 2. A coated article according to claim 1,
wherein the chromium-rich particles consist essentially of at least about 5
volume percent of the coating. 3. A coated article according to claim 1 or
2, wherein the weight of the chromium in the chromium-rich 5      particles
is from 3.5 to 20 times greater than the weight of the tungsten in the
chromium-rich particles. 4. A coated article according to claim 3, wherein
the weight of the chromium in the chromium-rich particles is from 3.5 to 10
times greater than the weight of the tungsten in the chromium-rich
particles. 10  5. A coated article according to any of claims 1 to 4,
wherein the coating has a matrix with an amorphous phase of at least 25
percent by volume. 6. A coated article according to claim 5, wherein the
coating has a matrix with an amorphous phase of at least 50 percent by
volume. 15 7. A coated article according to any of claims 1 to 6, wherein
the coating consists essentially of from 55 to 80 weight percent tungsten,
from 12 to 26 weight percent chromium, from 3 to 9 weight percent carbon
and from 3 to 10 weight percent nickel. 20  8.  A coated article according
to claim 7, wherein the coating consists essentially of from 60 to 75
weight percent tungsten, from 16 to 23 weight percent chromium, from 4 to 8
weight percent carbon and from 4 to 9 weight percent nickel. 9. A coated
article according to any of claims 1 to 8, wherein the substrate is
selected from titanium, 26     steel, aluminium, nickel, iron, copper,
cobalt, and alloys thereof. 10. A coated article according to any of claims
1 to 9, wherein the article is a roll having a substrate of steel. 30  11.
A coated article according to claim 10, wherein the coating thickness is
from 0.0254 to 0.508 mm (1 to 20 mils). 12. A coated article according to
any of claims 1 to 9, wherein the article is a blade or a mechanical seal.
35  13. A process for the production of a tungsten chromium carbide nickel
coating on a substrate which comprises the steps: (a) preparing a powder
mixture consisting essentially of from about 55 to about 80 weight per cent



tungsten, from about 12 to about 26 weight per cent chromium, from about 3
to about 9 weight per cent carbide and from about 3 to about 10 weight per
cent nickel, 40       (b) utilizing a combustible gas mixture not including
an inert diluting gas, to both heat the powder mixture of step (a) to
substantially melt the powder mixture and to propel it onto a substrate to
be coated, at a velocity and temperature such that (c) upon quenching the
molten mixture on the substrate, a the tungsten chromium carbide nickel
coating will consist essentially of chromium rich particles in which the
weight of chromium in the 45       particles is at least 3.5 times greater
than the weight of tungsten in the particles and wherein such chromium rich
particles will consist essentially of at least 4.5 volume per cent of the
coating. 14, A process according to claim 13, wherein a detonation gun Is
used and wherein step (a) comprises introducing desired fuel and oxidant
gases into a detonation gun to form a detonatable mixture, 50
introducing the powder consisting essentially of tungsten, chromium, carbon
and nickel in amounts as defined in Claim 13 into the detonation gun to
provide a mixture of the powders with the detonatable mixture and wherein
step (b) comprises detonating the fuel-oxidant mixture to impinge the
powders onto the substrate while the powders are substantially in the
molten state. 55  15. A process according to claim 13 or 14, wherein the
steps (a), (b) and (c) are repeated at least twice to produce a desired
thickness of the coating on the substrate. 9    16. A process according to
any of claims 13 to 15, wherein the detonatable fuel-oxidant mixture
consists essentially of an oxidant and a fuel mixture of at least two
combustible gases selected from saturated and unsaturated hydrocarbons. 5
17. A process according to claim 16, wherein the fuel mixture consists
essentially of acetylene and propylene. 18. A process according to any of
claims 13 to 17, wherein the powders in step (a) consists essentially of
from 55 to 80 weight percent tungsten, from 12 to 26 weight percent
chromium, from 3 to 9 weight 10     percent carbon and from 3 to 10 weight
percent nickel. 19. A process according to any of claims 13 to 18, wherein
in step (c) the chromium-rich particles consists essentially of at least
3.5 to 20 times more chromium than tungsten and wherein the chromium-rich
particles comprise at least 5 volume percent of the coating. 15
Patentanspruche 1. Beschichtetes WerkstUck mit einem Substrat, das mit
einem Wolframchromkarbid-Nickel-Oberzug beschichtet ist, der Im
wesentlichen aus chromrelchen Teilchen besteht, wobei das Gewlcht an Chrom
20     In den chromreichen Teilchen mindestens 3,5mal gr8Ber als das
Gewicht an Wolfram In den chromrei- chen Tellchen ist und wobel die
chromreichen Tellchen im wesentlichen aus mindestens etwa 4,5 Vol.% des
Oberzuges bestehen. 2. Beschichtetes WerkstOck nach Anspruch 1, bei dem die
chromreichen Teilchen im wesentlichen aus 25     mindestens etwa 5 Vol% des
Oberzuges bestehen. 3. Beschichtetes WerkstUck nach Anspruch 1 oder 2, bel
dem  das Gewicht des Chroms in den chromreichen Tellchen 3,5 bis 20mal
groler als das Gewicht an Wolfram In den chromreichen Teilchen ist. 30 4.
Beschichtetes WerkstUck nach Anspruch 3, bei dem das Gewicht an Chrom in
den chromreichen Teilchen 3,5 bis 10mal grdl3er als das Gewicht des
Wolframs in den chromrelchen Tellchen ist. 5. Beschichtetes WerkstUck nach
elnem der AnsprUche 1 bis 4, bei dem der Oberzug eine Matrix mit 35
einer amorphen Phase von mindestens 25 Vol% aufweist. 6. Beschichtetes
WerkstUck nach Anspruch 5, bel dem der Oberzug elne Matrix mit einer
amorphen Phase von mindestens 50 Vol.% aufweist. 40  7. Beschichtetes
WerkstUck nach einem der AnsprUche 1 bis 6, bel dem der Oberzug im
wesentlichen 



aus 55 bis 80 Gew.% Wolfram, 12 bis 26 Gew.% Chrom und 3 bis 9 Gew.%
Kohlenstoff sowie 3 bis 10 Gew.% Nickel besteht. 8. Beschichtetes WerkstUck
nach Anspruch 7, bei dem der Oberzug im wesentlichen aus 60 bis 75 45
Gew.% Wolfram, 16 bis 23 Gew.% Chrom, 4 bis 8 Gew.% Kohlenstoff und 4 bis 9
Gew.% Nickel besteht. 9. Beschichtetes Werkstick nach einem der AnsprUche 1
bis 8, beil dem das Substrat aus Titan, Stahl, Aluminium, Nickel, Eisen,
Kupfer, Kobalt und Legierungen derselben ausgewahit ist. 50 10.
Beschichtetes WerkstUck nach einem der AnsprUche 1 bis 9, be! dem das
WerkstUck eine Walze mit einem Substrat aus Stahl ist. 11. Beschichtetes
Werkst~ck nach Anspruch 10, bei dem die Oberzugsdicke von 0,0254 bis 0,508
mm (1 55     bis 20 mils) betragt. 12. Beschichtetes Werkstick nach einem
der AnsprUche 1 bis 9, bei dem das Werksttck elne Schaufel oder eine
mechanische Dichtung ist. 10    EP 0 430 618 B1                  *   C   L
M   S    * 13. Verfahren zur Herstellung eines
Woiframchromkarbid-Nickel-Oberzugs auf elnem Substrat, bei dem: a) ein
Pulvergemisch zubereitet wird, das im wesentlichen aus etwa 55 bis etwa 80
Gew.% Wolfram, etwa 12 bis etwa 26 Gew.% Chrom, etwa 3 bis etwa 9 Gew.%
Karbid und etwa 3 bis etwa 10 Gew.% Nickel besteht, 5        b) ein
brennbares Gasgemisch, das kein inertes Verdlnnungsgas aufweist, benutzt
wird, um das Pulvergemisch des Verfahrensschrittes a) zu erhitzen, um das
Pulvergemisch Im wesentlichen zu schmeizen, und um es auf ein zu
beschichtendes Substrat mit einer solchen Geschwindigkeit und Temperatur zu
schleudern, daB c) beim Abschrecken des geschmolzenen Gemisches auf dem
Substrat der Wolframchromkarbid- 10        Nickel-Oberzug im wesentlichen
aus chromreichen Telichen besteht, wobei das Gewicht an Chrom in den
Teilchen mindestens 3,5mal gr6Ber als das Gewicht an Wolfram in den
Telichen Ist und wobei diese chromreichen Tellchen im wesentlichen aus
mindestens etwa 4,5 Vol.% des Oberzuges bestehen. t5  14. Verfahren nach
Anspruch 13, bei dem eine Detonationskanone benutzt wird und bei dem im
Verfah- rensschritt a) gewUnschte Brennstoff- und Oxidationsmittelgase in
eine Detonationskanone eingeleitet werden, um ein explosives Gemisch zu
bilden, das Im wesentlichen aus Wolfram, Chrom, Kohlenstoff und Nickel
bestehende Pulver In Mengen, wle sle in Anspruch 13 definiert sind, In die
Detonatlonskano- ne eingeleitet wird, um eln Gemrisch der Pulver mit dem
explosiven G3emisch zu bilden, und bei dem Im 20     Verfahrensschritt b)
das Brennstoff-Oxidationsmittelgemisch zur Explosion gebracht wird, um die
Pulver auf das Substrat auftreffen zu lassen, wahrend sich die Pulver im
wesentlichen im schmelzflUssigen Zustand befinden. 15. Verfahren nach
Anspruch 13 oder 14, bei dem die Verfahrensschritte a), b) und c)
mindestens zweimal 25     wiederholt werden, um eine gewUnschte Dicke des
Oberzuges auf dem Substrat zu erhalten. 16. Verfahren nach einem der
AnsprOche 13 bis 15, bei dem das explosive. BrennstoffOxidationsmittel-
Gemisch im wesentlichen aus einem Oxidationsmittel und einem
Brennstoffgemisch aus mindestens zwei brennbaren Gasen besteht, die aus
gesattigten und ungesfttigten Kohlenwasserstoffen ausgewghlt 30     sind.
17. Verfahren nach Anspruch 16, bei dem das Brennstoffgemisch im
wesentlichen aus Azethylen und Propylen besteht. 35  18. Verfahren nach
einem der AnsprUche 13 bis 17, bei dem die Pulver in dem Verfahrensschritt
a) im wesentlichen aus 55 bis 80 Gew.% Wolfram, 12 bis 26 Gew.% Chrom, 3
bis 9 Gew.% Kohlenstoff und 3 bis 10 Gew.% Nickel bestehen. 19. Verfahren
nach einem der AnsprOche 13 bis 18, bei dem im Verfahrensschritt c) die
chromreichen 



40     Teilchen im wesentlichen aus mindestens 3,5 bis 20mal mehr Chrom als
Wolfram bestehen und bei dem die chromreichen Telichen mindestens 5 Vol.%
des Oberzuges ausmachen. Revendications 45  1. Article rev~tu, qui comprend
un substrat portant un rev8tement de carbure de tungstbne et chrome et de
nickel essentiellement constitud de particules riches en chrome, dans
lequel le poids de chrome pr~sent dans les particules riches en chrome est
au moins 3,5 fois superieur au poids du tungstbne dans lea particules
riches en chrome et dans lequel les particules riches en chrome constituent
essentlellement au moins environ 4,5 pour cent en volume du rev~tement. 50
2. Article revetu sulvant la revendication 1, dans lequel les particules
riches en chrome constituent essentiellement au moins environ 5 pour cent
en volume du rev8tement. 3. Article rev8tu suivant la revendication 1 ou 2,
dans lequel le polds de chrome dans les particules riches 55     en chrome
est 3,5 a 20 fois sup~rieur au poids du tungstbne dans lee particules
riches en chrome. 4. Article revetu suivant la revendication 3, dans lequel
le poids de chrome dans les particules riches en chrome est 3,5 fois a 10
fois sup6rieur au polds de tungstbne dans les particules riches en chrome.
11    EP 0 430 618 B1 5. Article rev~tu suivant I'une quelconque des
revendications 1 a 4, dans loquel le rev~tement a une matrice pourvue d'une
phase amorphe d'au moins 25 pour cent en volume. 6. Article revitu suivant
la revendication 5, dans loquel le rev8tement a une matrice pourvue d'une
phase 5      amorphe d'au moins 50 pour cent en volume. 7. Article rev8tu
suivant I'une quelconque des revendications 1 a 6, dans lequel le
rev8tement est essentiellement constitue de 55 & 80 pour cent en poids de
tungstene, de 12 a 26 pour cent en poids de chrome, de 3 a 9 pour cent en
poids de carbone et de 3 a 10 pour cent en poids de nickel. 10 &  Article
rev8tu suivant la revendication 7, dans loquel le revitement est
essentlellement constitue de 60 a 75 pour cent en poids de tungstene, de 16
a 23 % en poids de chrome, de 4 & 8 pour cent en poids de carbone et de 4 a
9 pour cent en poids de nickel. i5  9. Article rev8tu suivant l'une
quelconque des revendications 1 & 8, dans lequel le substrat est choisi
entre le titane, l'acier, l'aluminium, le nickel, le fer, le cuivre, le
cobalt et leurs alliages. 10. Article revatu suivant l'une quelconque des
revendications 1 a 9, qui est un rouleau ayant un substrat en acier. 20 11.
Article rev8tu suivant la revendication 10, dans loquel l'4paisseur de
rev~tement est de 0,0254 & 0,508 mm (1 A 20 in/1000). 12. Article rev8tu
suivant l'une quelconque des revendications 1 & 9, dans lequel l'article
est une aube ou i5     un joint mecanique. 13. Procede de production d'un
rev~tement de carbure de tungsthne et chrome et de nickel sur un substrat,
qui comprend les etapes consistant: (a) & preparer un melange en poudre
essentiellement constitue d'environ 55 & environ 80 pour cent 30       en
poids de tungsthne, d'environ 12 & environ 26 pour cent en polds de chrome,
d'environ 3 a environ 9 pour cent en poids de carbure et d'environ 3 A
environ 10 pour cent en polds de nickel, (b) a utiliser un melange gazeux
combustible ne contenant pas de gaz diluant inerte, a la fols pour chauffer
le melange en poudre de l'etape (a) afln principalement de faire fondre ce
melange, et pour le propulser sur un substrat & revOtir, & une vitesse et &
une temperature cholsies de maniere que 35       (c) lors d'un
refroidissement brusque du melange fondu sur le substrat, le revatement de
carbure de tungsteme et chrome et de nickel soit essentiellement constitu6
de particules riches en chrome dans lesquelles le poids de chrome soit au
moins 3,5 fois sup~rieur & celui du tungstene dans les particules, et oO
ces particules riches en chrome constituent essentlellement au moins
environ 4,5 



pour cent en volume du rev8tement. y 40 14. Proced6 suivant la
revendication 13, dans loquel un canon A detonation est utilis4 et dans
lequel l'etape (a) comprend l'introduction de gaz combustible at comburant
d6sires dans un canon a detonafion pour former un melange apte & d6toner,
l'introduction de la poudre essentiellement constitute de tungstbne, de
chrome, de carbone et de nickel en quantites telles que definies dans la
revendication 13 dans le 45     canon a detonation pour produire un m~lange
des poudres avec le m~lange apte & detoner et dans lequel l'6tape (b)
comprend la detonation du melange combustible-comburant pour que les
poudres viennent heurter le substrat tandis qu'elles se trouvent
principalement a l'etat fondu. 16. Procddd sulvant la revendlcatlon 13 ou
14, dans lequel les dtapes (a), (b) et (c) sont rdpdtdes au molns 50
deux fois pour produire une 6paisseur desiree du revOtement sur le
substrat. 16. Proc~d6 suivant l'une quelconque des revendications 13 a 15,
dans lequel le m~lange combustible- comburant apte a ddtoner est
essentiellement constitud d'un comburant et d'un m~lange de combusti- bles
form6 d'au moins deux gaz combustibles choisis entre des hydrocarbures
saturds et non satures. 55 17. Proc~d6 suivant la revendication 16, dans
lequel le m~lange de combustibles est essentlellement constitue d'acetylene
et de propylbne. 12    18. Proced6 suivant l'une quelconque des
revendications 13 a 17, dans lequel la poudre dans l'6tape (a) est
essentiellement constitute de 55 a 80 pour cent en poids de tungstbne, de
12 a 26 pour cent en poids de chrome, de 3 & 9 pour cent en poids de
carbone et de 3 & 10 pour cent en poids de nickel. s 19. Proced6 suivant
l'une quelconque des revendications 13 A 18, dans l'6tape (c) duquel les
particules riches en chrome sont essentiellement constitu6es d'au moins 3,5
& 20 fois plus de chrome que le tungstene et dans lequel les particules
riches en chrome constituent au moins 5 pour cent en volume du revOtement.
10 15 20 25 30 35 40 45 50 55 13    


