
EP 0 331 499 B1 Description The invention relates to Improved tungsten
carbide-cobalt coatings for various substrates In which the coated articles
exhibit improved fatigue characteristics over similar articles coated with
a commercial 6  tungsten carbide-cobalt coating. 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 cms (one inch). Generally a mixture of
oxygen and acetylene is fed Into the gun along with a comminuted coating
material. The oxygen- 10 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 73152 cm/sec (2400
it/sec) and heated is  to a temperature about 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, such as, for example, producing tungsten carbide-cobalt based
coatings, it was 20 found that improved coatings could be obtained by
diluting the oxygen-acetylene fuel mixture with an inert gas such as, for
example, nitrogen or argon. The gaseous diluent has been found to 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 25  applications based on the coating obtainable.
Generally, acetylene has been used as the combustible fuel gas because it
produces both temperatures 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
products much hotter than desired. As stated 3o  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. 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 35
diluting inert gas to the oxygen-acetylene fuel mixture, the peak, pressure
of the combustion reaction decreases faster than does the combustion
temperature. 



In EP-A- 0313176 (priority: 21.10.87; publication date: 26.04.89), a novel
fuel-oxidant mixture for use with an apparatus for flame plating using
detonation means. is disclosed. Specifically, that Specification discloses
that the fuel-oxidant mixture for use in detonation gun applications should
comprise: 40   (a) an oxidant and (b) a fuel mixture of at least two
combustible gases selected from saturated and unsaturated hydrocar- bons.
The invention thereof also relates to 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 45
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 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 6o fuel-oxidant mixture could be introduced into the mixing and
ignition chamber while a comminuted coating 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 oxygen, nitrous oxide and mixtures
thereof and the like and the combustible fuel mixture is at least two gases
selected from acetylene (C2H2), 55  propylene (C3H6), methane (CH4),
ethylene (C2 H4), methyl acetylene (C1H4), propane (C3Hs), ethane (C2Hs),
butadienes (C4H6), butylenes (C4Ha), butanes (C4H o). cyclopropane (C3H6),
propadiene (C3H4), cyclobutane (C4Hs) and ethylene oxide(C2H4O). The
preferred fuel mixture recited is acetylene gas along with at least one
other combustible gas such as propylene.    EP 0 331 499 B1 Plasma coating
torches are another means for producing coatings of various compositions on
suitable substrates. Lke 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 5  many layers of overlapping thin lenticular
particles or splats. This process is also suitable for producing tungsten
carbide-cobalt based coatings. Although good tungsten carbide-cobalt based
coatings can be obtained from the above processes, it is not apparent upon
examining the coated articles how they will react when subjected to cyclic
loading. It has been found that coated articles when subject to cyclic
loading can fall due to what Is called fatigue. Fatigue 10  Is the
progressive phenomenon of failure that occurs In materials when they are
subjected to cyclic loading 



at stresses having a maximum value less than the tensile strength of the
materials. Fatigue can generally culminate in fracture after a sufficient
number of cyclic loadings. Since fatigue causes materials to fall sooner
and/or at lower loads than would be expected, Its net effect has been to
either shorten the useful life period of materials at the same load or
reduce the allowable load for the same life period. 15    It has now been
found possible to provide tungsten carbide-cobalt based coatings for
various substrates such that the coated articles exhibit good fatigue
characteristics. It has also been found possible to provide tungsten
carbide-cobalt based coatings having high strain-to- fracture values that
result in good fatigue characteristics for articles coated with the
coatings. It has further been found possible to provide an improved
tungsten carbide-cobalt based coating on an 20  article in which the
coating is peened by the deposition process and which coated article
exhibits improved fatigue characteristics. It has still further been found
possible to provide an improved tungsten carbide-cobalt based coating on a
substrate that has been peened so that some compressive residual stresses
are introduced into the surface of the substrate and which coated article
exhibits improved fatigue characteristics. 25     According to the present
invention there is provided a coated article comprising a substrate coated
with a tungsten carbide-cobalt based layer having a strain-to-fracture of
greater than 4.3x10-3 cm per cm (Inch per inch) and a Vickers hardness of
greater than. 875 HV0;, Preferably, the strain-to-fracture should be from
about 4.5x10-3 cm per cm (inch per inch) to 1 0x1 0-3 cm per cm (inch per
inch) with the Vickers hardness greater than 900 HV0.3, and most
preferably, the strain-to-fracture should be greater than 5.3x10-3 with the
30  Vickers hardness greater than 1000 HVo.3.- Document US-A-4 626 476
already discloses a coated article comprising a substrate coated with a
tungsten carbide-cobalt based layer,.said coating layer having a Vickers
hardness in excess of 1000 HVO.3. Whereas there is no explicit mention in
said document of a-parameter such as the "strain-to-fracture", its
technical teaching as a whole (see, in particular, the indications. on col.
6, line 39 ff.) lets conclude that the 35  strain-to-fracture of the known
coated. article .does not satisfy, the constraint given in the present
application. The tungsten carbide-cobalt based layer of. the present
invention preferably comprises from 7 to 20 weight percent cobalt, from 0.5
to 5 weight percent carbon,,and from 75 to 92.5 weight percent tungsten.
Preferably the cobalt should be from.8 to 18 weight percent, the carbon
from 2 to 4 weight percent and the tungsten from 78 to 90 weight percent.
The most preferred coating would comprise from 9 to 15 weight 40  percent
cobalt, from 2.5 to 4.0 weight percent carbon, and from 81 to 88.5 weight
percent tungsten. The tungsten carbide-cobalt coatings. of this invention
are ideally suited for coating substrates made of materials such as, for
example, titanium, steel, aluminium, nickel, cobalt, alloys thereof and the
like. The tungsten carbide-cobalt coating material for the invention may
include chromium in an amount from a minimum up to 6 weight percent, more
preferably from about 3 to about 5 weight percent and most 45  preferably
about 4 weight percent. The addition.of chromium is to improve the
corrosion characteristics of the coating. 



Preferably the thickness of the tungsten carbide-cobalt layer is from about
0.0127 to about 2.54 mm (about 0.0005 to 0.1 inch), more preferably from
about 0.0254 to about 0.508 mm (about 0.001 to about 0.02 inch). 50     The
powders of the coating material for use in obtaining the coated layer are
preferably powders made by the cast and crushed process. In this process,
the constituents of the powders are melted and cast into a shell-shaped
ingot. Subsequently, this ingot is crushed to obtain the desired particle
size distribution. The resulting powder particles contain angular carbides
of varying size. Varying amounts of metallic phase are associated with each
particle. This morphology causes the individual particles to have non- 55
uniform melting characteristics. in fact, under some coating conditions
some of the particles containing some of the larger angular carbides may
not melt at all. The preferred powder produces a coating having a polished
metallographic appearance consisting of approximately 2-20% angular WC
particles, generally in the 1-25 am (micron) size range, distributed in a 3
EP 0 331 499 B1 matrix consisting of W2C, mixed carbides such as Co3W3C,
and Co phases. The substrate can be peened to impart or produce residual
compressive stresses in the substrate. This will effectively improve the
fatigue characteristics of the article since the article can be subjected
to more cyclic loading in tension before it will fall. This is due to the
fact that the Initial cyclic loading in tension to 5  the article will have
to reduce the residual compression stress in the substrate to zero before
it imparts any tensile stress in the substrate. The strain-to-fracture of
the coatings in the examples was determined using a four point bend test.
Specifically, a beam of rectangular cross-section made of 4140 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, 0.635 cm (0.25 10  inch)
thick and 25.4 cm (10 inches) long. The coating area is 1.27 cm (0.50 inch)
by 5.25 cm (6 inches), and is centred along the 25.4 cm (10 inch) length of
the substrate. The coating thickness is typically 0.381 mm (0.015 inch),
'although the applicability of the test is not affected by the coating
thickness in the range from 0.254 to 0.508 mm (0.010 to 0.020 inch). An
acoustic transducer is attached to the sample, using a couplant such as,
for example, Dow Corning high vacuum grease, and masking tape. The acoustic
15 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 which passes the signal to an amplifier with its gain set at 30
dB. Thus the total system gain is 70 dB. The amplifier is attached to a
counter which counts the number of times the signal exceeds a 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. 



20     The coated beam is placed in a bending fixture. 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) apart on the opposite
side of the substrate. This test geometry places the middle 6.985. cm
(2-3/4 inches) of.the coated 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 26 bending of the test sample at the centre. The
sample is bent so that the coating is convex, 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 gauge
attached to the sample. If the load is measured, engineering beam theory is
used to calculate the strain in the coating. During bending, the acoustic
counts the peak amplitude are also recorded. The data, are simultaneously
collected with a three pen chart recorder 30 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 104 counts per event and a peak amplitude of 100 dB relative
to 1 millivolt at the transducer. The strain present when cracking begins
expressed in cm per cm (inch per inch), is, recorded as the
strain-to-fracture of the coating. The residual stress of the coatings in
the examples was determined using a blind hole test. The specific 35
procedure is a modified version of ASTM Standard E-387. Specifically, a
strain gauge rosette is glued onto the sample to be tested. The rosette
used is sold, by Texas Measurements, College Station, Texas, and is gauge
No. FRS-2. This device consists of three gauges oriented at 0, 90 and 225
degrees to each other and mounted on a foil backing. The centreline
diameter of the gauges is 5.12 mm (0.202 Inch), the gauge length is 1.5 mm
(0.059 inch), and the gauge width is 1.4 mm (0.055 inch). The procedure to
attach the 40  rosette to the sample is as recommended in Bulletin B-127-9
published by Measurements Group Inc., Raleigh, North Carolina. A metal mask
is glued onto the strain gauge to help position the hole at the time of
drilling. The mask has an annular geometry, having an outer diameter equal
to 9.703 mm (0.382 inch), an inner diameter equal to 4.064 mm (0.160 inch),
and a thickness of 1.232 mm (0.0485 inch). This mask is positioned to be
concentric with the strain gauges, using a microscope at 6X. When it is
centered, a drop of 45 glue is applied at the edges and allowed to dry,
fixing the mask in place. The three gauges are hooked up to three identical
signal conditioners, which provide a reading in units of strain. Prior to
starting a test, all three units are adjusted to give zero readings. The
test equipment includes a rotating grit blast nozzle mounted on a plate
which can travel vertically and in one direction horizontally. The grit
blast nozzle is made by S.S. White of Piscataway, New Jersey, 50 and has an
inner diameter of 0.660 mm (0.026 inch) and an outer diameter of 1.920 mm
(0.076 inch). The nozzle is offset from its centre of rotation, so the
result is a trepanned hole of diameter 2.438 mm (0.096 inch). The sample to
be drilled is placed in the cabinet, and the strain gauge is centered under
the rotating nozzle. Positioning of the part is accomplished by rotating
the nozzle with no flow of either abrasive media or air, and manually
adjusting the location of the sample so that the nozzle rotation is
concentric with the 55 mask. The standoff between the nozzle and the part
is set at 0.508 mm (0.020 Inch). The location of the 



plate is marked by stops. The abrasive used to drill the holes is. 27 um
(micron) alumina, carried in air at 413.7 kPa (60 psi). The erodent or
abrasive media is used at a rate of 25 grams per minute (gpm). The abrasive
is dispensed by a conventional powder dispenser. The hole is drilled for 30
seconds, at which time 4    EP 0 331 499 B1 the flow of the abrasive and
air is stopped. The nozzle is moved away from the part. The positions of
the top of the strain gauge and the bottom of the hole are measured with a
portable focusing microscope and the difference recorded. The depth Is the
difference minus the thickness of the strain gauge. The strain released
around the hole is indicated by the signal conditioners, and these values
are also recorded. The 5 sample is not moved during the recording of the
data, so the nozzle can be brought back to its initial starting point and
the test continued. The test is repeated until the hole depth is greater
than the thickness of the coating, at which time the test is terminated.
The strain released in an incremental layer at a given hole depth Is
related to the stress in that layer empirically, using data from a
calibration sample of mild steel loaded to a known stress state. 10 From
this data the residual stress is determined. The correlation between the
strain-to-fracture and the residual stress of a coating is as follows. When
a material Is under a combined set of loads, the stresses and stains from
each of the loading conditions may be calculated, and the total stress and
strain map may be determined by superimposing the stresses resulting from
each load. Applying this fact to coatings, the residual stress In the
coating must be added to 15 the stress applied during the four point bend
test to determine the actual stress state of the coating at the time that
fracture occurs. The four point bend test is run such that the coating Is
placed in tension. Thus, using the fact that stress and strain are related
by a constant, the total stress in a coating at failure is actually given
by 20  a1 = Eef + ar  (eq.1) et   = total stress E    = coating elastic
modulus ff    = strain-to-fracture from four point bend test 25    or   =
coating residual stress, measured from blind hole test (by convention
compressive stresses are negative values) In general, the coating will
crack at a constant value of stress, regardless of whether that stress came
about as a result of residual or applied stress or a combination of the
two. A coating with a given compressive residual stress must be subjected
to an equal amount of applied tensile stress before the 30 coating is
placed in tension. Rearranging eq.1 to express the strain-to-fracture as a
function of residual 



stress, it is apparent that an increased compressive stress, in a coating
will result in an increased strain-to- fracture of the coating. 35
(err) Thus, the stress or strain which can be applied before the coating
fractures is affected by the amount of 40 residual stress or strain present
in the coating. Additional information on the blind hole test for measuring
residual stress can be found in the publication titled Residual Stress in
Design, Process and Materials Selection, published by ASM Interna- tional,
Metals Park, Ohio. This publication contains an article given by L.C. Cox
at the ASM Conference of the same title on April 27-29, 1987 in Cincinnati,
Ohio. 45     In the examples, the fatigue life of tungsten carbide-cobalt
based coated titanium substrates were determined. Test bars of cylindrical
section were made from Ti-6AI-4V. The bars were about 8.89 cm (3.5 inches)
long and threaded at both ends for about 20.32 mm (0.8 inch). The threaded
lengths had a diameter of about 16.00 mm (0.63 inch). Each gauge section
was 6.35 mm (0.250 inch) diameter by 19.05mm (0.75 inch) long. 2.54 cm (one
inch) radius transition sections connected both ends of each gauge section
to the 50 threaded ends. The entire gauge section of each bar was coated
with a tungsten-carbide based coating along with a portion of the
transition sections adjacent to the gauge section. Fatigue testing was
conducted at room temperature by applying a cyclic tensile stress axially
with ratio of the minimum to maximum stress of 0.1. In this testing, an
individual bar is loaded with a cyclic tensile stress until either the bar
breaks or 107 cycles are completed. Different bars are loaded to different
stress 55  values until several sets of data are obtained. Some bars with
high stress levels break before 107 cycles and other bars with low stress
levels do not break before 107 cycles. A plot of the stress versus the
number of cycles to failure was constructed by drawing a line through the
data points. The point on the line at 107 cycles is defined as the run out
stress and indicates the maximum stress that the test bar can withstand 5
EP 0 331 499 B1 and still endure at 107 cycles. The present invention will
now be further described with reference to, but is in no manner limited to,
the following Examples. In these Examples, coatings were made using the
following powder compositions shown in Table 1. 5 TABLE 1 :   Coating
Material Powders to    Sample Powder            Composition -wt %
Powder Size 



Co       C          Fe      Other W    % thru Mesh*  Max. % of Min. size A
Cast & Crushed 9.0 to 10.0 4.3 to 4.8  1.5 max 0.3 max Bal. 95% thru 325
10% less than 5 microns B Cast & Crushed 10 to 12   3.9% to 4.3 2.0 max 0.2
max Bal. 98% thru 325 10% less than 5 microns 7 U.S.Standard Mesh size -
325 corresponds to a sieve opening of 0.043 mm (0.0017 In). EXAMPLE 1 20
The gaseous fuel-oxidant mixtures of the compositions shown In Table 2 were
each introduced to a detonation gun to form a detonatable mixture having an
oxygen to carbon atomic ratio as shown in Table 2. Sample coating powder A
was also fed into the detonation gun. The flow rate of each gaseous
fuel-oxidant mixture was 0.38 cubic metres per minute (13.5 cubic feet per
minute-cfm) and the feed rate of each 25  coating powder was 53.3 grams per
minute (gpm). The gaseous fuel-mixture in volume percent and the atomic
ratio of oxygen to carbon for each coating example are shown in Table 2.
The coating sample powder was fed into the detonation 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 to form a dense, adherent coating of
shaped microscopic leaves 30  interlocking and overlapping with each other.
The percent by weight of the cobalt and carbon in the coated layer were
determined along with the hardness of the coating. The hardnesses of most
of the coating examples in Table 2 were measured using a Rockwell
superficial hardness tester and Rockwell hardness numbers were converted
into Vickers hardness numbers. The Rockwell superficial hardness method
employed Is per ASTM standard method E- 35  18. The hardness is measured on
a smooth arid flat surface of the coating itself deposited on a hardened
steel substrate. The Rockwell hardness numbers were converted into Vickers
hardness numbers by the following formula: HV0.3 = -1774 + 37.433 HR45N
where HV0.3 designates a Vickers hardness obtained with 0.3 kgf load and
HR45N designates the Rockwell superficial hardness obtained on the N scale
with a diamond penetrator and a 45 kgf load. 40     The strain-to-fracture
values and the residual stress values were obtained as described above and
the data obtained are shown in Table 2. As evident from this data, all the
coatings provided the characteristics of the present invention which is
expressed in a strain-to-fracture greater than 4.3x10-3 cm per cm (inch per
inch) and Vickers hardness of greater than 875 HVo.3. All of the tungsten
carbide-cobalt coatings were obtained using an oxidant and a fuel mixture
of at least two combustible gases in the detonation gun 45 process. 50 55



EP 0 331 499 B1 (err) (err) 10 (err) . (err) 20 25 5 EXAMPLE 2 45 The
gaseous fuel-oxidant mixture of the compositions shown in Table 3 were each
introduced into a detonation gun at a flow rate, powder feed rate, and an
atomic ratio of oxygen to carbon as shown in Table 3. The coating powder
was Sample A. As in Example 1, the Vickers hardness, strain-to-fracture and
residual stress data were determined and these data are shown in Table 3.
The hardnesses of the coatings of lines 50  1 and 7 to 16 in Table 3 were
measured directly on a Vickers hardness tester. The Vickers hardness method
employed is substantially per ASTM standard method E-384, with the
exception that only one diagonal of the square indentation was measured
rather than measuring and averaging the lengths of both diagonals. A load
of 0.3 kgf was used (HVo.3). The detonation gun process in this example
used nitrogen as a diluent gas. Using the conventional 55 detonation
process with an amount of nitrogen of 45 volume percent or less at a
conventional flow rate of 0.31 to 0.38 cubic metres per: minute- (11 to
13.5 cubic feet per minute-cfm) and powder feed rate of 53.3 grams per
minute (gpm) did not prod uce a tungsten carbide-cobalt coating having a
strain-to-fracture value greater than 4.3x10-3 cm per cm (inch per inch).
However when the nitrogen was increased to above 45 7    EP 0 331 499 B1
volume percent and/or the powder feed rate was sufficiently lowered, a
tungsten carbide-cobalt coating having the required strain-to-fracture
value of above 4.3x1O-3 cM per cm (inch per inch) was obtained. This was
unexpected since nitrogen in excess of 45 volume percent and/or
sufficiently lower powder feed rates are not conventionally employed in
commercial practice. 5 (err) 
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fuel-oxidant mixtures of the compositions shown in Table 4 were each
introduced into a detonation gun at a flow rate of 0.38 cubic metres per
minute (13.5 cubic feet per minute) to form a 5  detonatable mixture having
an atomic ratio of oxygen to carbon as also shown in Table 4. The coating
powder was Sample A and the fuel-oxidant mixtures and powder feed rates are
as also shown in Table 4. As In Example 1, the Vickers hardness,
strain-to-fracture and residual stress were determined and these data are
shown in Table 4. As evidenced from the data, not all the gaseous mixtures
will produce tungsten carbide-cobalt coatings having the defined
strain-to-fracture of greater than 4.3x10-3 cm per cm (inch per 10 inch)
with a Vickers hardness of greater than 875 HVo s. For example, the gaseous
mixtures containing CH4 or 04 Hio did not produce a tungsten carbide-cobalt
coating of this invention. 
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*                       a~~~~~~~~n 6in  in 4        , E,   IC 30
C,~~~~~~~0 60 ~   ~    ' The gaseous fuel-oxidant mixtures of the
compositions shown in Table 5were each introduced into a detonation gun to
form a detonatable. mixture having an atomic ratio of oxygen to carbon as
also shown in .2  ~       -4          -4   w.4   -i    -         -1    EP 0
331 499 B1 Table 5. The coating powder was sample B and the fuel-oxidant
mixture is as also shown in Table 5. The gas flow rate was 0.38 cubic
metres per minute (13.5 cubic feet per minute-cfm) except for sample
coating 17, which was 0.31 cubic metres per minute (11.0 cfm), and the feed
rate was 48.7 grams per minute (gpm). As in Examples 1 and 2, the Vickers
hardness, strain-to-fracture and residual stress were determined 5  and
these data are shown in Table 5. The data show that tungsten carbide-cobalt
coatings can be produced using the powder composition B in a detonation gun
process employing an oxidant and a fuel mixture of at least two combustible
gases to yield a coating having a strain-to-fracture value of greater than
4.3x10-3 cm per cm (inch per inch) with a Vickers hardness value of greater
than 875 HVo.3. 10 (err) 15 20 30 35 45 (err) 50 1 2    EP 0 331 499 B1
EXAMPLE 5 The gaseous fuel-oxidant mixtures of the compositions shown in
Table 6 were each introduced into a detonation gun to form a detonatable
mixture having an atomic ratio of oxygen to carbon as also shown In 



5  Table 6. The coating powder was Sample A for Sample Coatings 1 to 4 and
Sample B for Sample Coating 5. The gas flow rate in cubic metres per minute
(cubic feet per mlnute-cfm) and the feed rate In grams per minute (gpm) are
shown in Table 6. As in Example 1, the Vickers hardness, strain-to-fracture
and residual stress were determined and these data are shown in Table 8. In
addition, the run-out stress at 107 cycles was also determined using the
procedure described above In which 8.89 cm (3.5 Inch) long cylindrical bar
10 of TI-6AI-4V was coated with the sample powders. In a second set of
cylindrical bars, the bars before being coated were peened to an Almen
Intensity of 3A as outlined in the SAE Manual on Shot Peening, AMS 2430 and
MIL S-13165. The peened coated bars were then subjected to the same type of
cyclic tensile stress. The data for the run-out stress at 107 cycles for
the unpeened coated bars and peened coated bars are shown In Table 6. 15
The data in Table 6 show that in only some instances can tungsten
carbide-cobalt coatings be produced having the defined strain-to-fracture
greater than 4.3x10-3 cm per cm (inch per Inch) along with a Vickers
hardness of greater than 875 HVo.3. In addition, the peening of the bar
prior to coating resulted in a higher run-out stress at 107 cycles over the
unpeened coated bar. As evident from the data, as the strain- to-fracture
increases, the run-out stress also increases with sample coating 4
exhibiting run-out stresses 20  comparable to those of the uncoated bars,
peened and unpeened, respectively. 30 35 40 46 50 55 -13    EP 0331 499 B1
.5                         (err) 20 40 Claims 55 1. A coated article
comprising a substrate coated with a tungsten carbide-cobalt based layer,
said layer having a strain-to-fracture greater than 4.3 x 10-3 CM per cm
(inch per inch) and a Vickers hardness of greater than about 875 HVo.3. 14 



* C   L  M   S (err) (err) 15 20                             (err) 35 (err)
5    EP 0 331 499 B11                       (err) C   L  M  S* 2. A coated
article according to claim 1, wherein the tungsten cardide-cobalt layer has
a strain-to-fracture from 4.5 x 10-3 to 10 x 10-3 cm per an (inch per inch)
and a Vickers hardness of greater than about 900 HV0.3. 6  &  A coated
article according to claim 1 or 2, wherein the tungsten carbide-cobalt
layer has a strain-to- fracture greater than 6.3 x 10-3 cm per cm (Inch per
Inch) and a Vickers hardness of greater than about 1000 HVo.3. 4. A coated
article according to any of claims 1 to 3, wherein the tungsten
carbide-cobalt layer is from 10     0.0127 to 2.54 mm 0.0005 to 0.1 inch)
thick. 5. A coated article according to claim 4, wherein the tungsten
carbide-cobait layer is from 0.0254 to 0.508mm (0.001 to 0.02 inch) thick.
is  6. A coated article according to any of claims 1 to 5, wherein the
tungsten carbide-cobalt layer has a cobalt content of from 7 to 20 weight
percent, a carbon content from 0.5 to 5 weight percent and tungsten content
of from 75 to 92.5 weight percent. 7. A coated article according to claim
6, wherein the cobalt content is from 8 to 18 weight percent, the 20
carbon content is from 2.0 to 4.0 weight percent and the tungsten content
Is from 78 to 90 weight percent. 8. A coated article according to claim 6,
wherein the cobalt content is 9 to 15 weight percent, the carbon content is
2.5 to 4.0 weight percent and the tungsten content is 81 to 88.5 weight
percent. 25 9. A coated article according to any of claims 1 to 8, wherein
the layer contains up to 6 weight percent 



chromium. 10. A coated article according to claim 7, wherein said layer
contains from 3 to 5 weight percent chromium. 30 11. A coated article
according to claim 8, wherein the layer contains about 4 weight percent
chromium. 12. A coated article according to any of claims 1 to 11, wherein
the substrate Is selected from titanium, steel, aluminium, nickel, cobalt
and alloys thereof. 35 13 A coated article according to claim 12, wherein
the substrate is a titanium based alloy. Patentansprbche 40  1.
Beschichteter Gegenstand, der ein Substrat aufwelst, das mit einer Schicht
auf Wolframkarbid-Kobalt- Basis Uberzogen ist, wobel die Schicht eine
BruchformAnderung von Uber 4,3. 1Q-3 cm/cm (inchflnch) und eine
Vickers-Hirte von mehr als etwa 875 HV0,8 hat. 2. Beschichteter Gegenstand
nach Anspruch 1, bei dem die Wolframkarbid-Kobalt-Schicht eine Bruch- 45
formAnderung von 4,5.10-3 bis 10.10-3 cm/cm (inch/inch) und eine
Vickers-HArte von mehr als etwa 900 HVo*. hat. 3. Beschichteter Gegenstand
nach Anspruch 1 oder 2, bei dem die Wolframkarbid-Kobalt-Schicht eine
BruchformAnderung von Ober 5,3 * 10-3 cm/cm (inch/inch) und elne
Vickers-HArte von mehr ala etwa 50     1000 HV0,3 hat. 4. Beschichteter
Gegenstand nach einem der Ansprlche 1 bis 3, bei dem die
Wolframkarbid-Kobalt- Schicht von 0,0127 bis 2,54 mm (0,0005 bis 0,1 inch)
dick ist. 55  5. Beschichteter Gegenstand nach Anspruch 4, bei dem die
Wolframkarbid-Kobalt-Schicht von 0,0254 bIs 0,508 mm (0,001 bis 0,02 inch)
dick ist. 15    *EP 0 331 499-B1                 I!IIj IILI 11111 III II lI
*        L  M   S* 6. Beschichteter Gegenstand nach einem der AnsprUche 1
bis 5, bei dem die Wolframkarbid-Kobalt- Schicht einen Kobaltgehalt von 7
bis 20 Gewichtsprozent, einen Kohlenstoffgehalt von 0,5 bis 5
Gewichtsprozent und elnen Wolframgehalt von 75 bis 92,5 Gewichtsprozent
hat. 5  7. Beschichteter Gegenstand nach Anspruch 6, bei dem der
Kobaltgehalt von 8 bis 18 Gewichtsprozent, der Kohlenstoffgehalt von 2,0
bis 4,0 Gewichtsprozent und der Wolframgehalt von 78 bis 90 Gewichts-
prozent betragt. 8. Beschichteter Gegenstand nach Anspruch 6, bei dem der
Kobaltgehalt 9 bis 15 Gewichtsprozent, der 10     Kohlenstoffgehalt 2,5 bis
4,0 Gewichtsprozent und der Wolframgehalt 81 bis 88,5 Gewichtsprozent 



betragt. 9. Beschichteter Gegenstand nach elnem der Ansprlche 1 bis 8, be!
dem die Schicht bis zu 6 Gewichtsprozent Chrom enthilt. t5 10.
Beschichteter Gegenstand nach Anspruch 7, be! dem die Schicht 3 bis 5
Gewichtsprozent Chrom enth~lt. v    11. Beschichteter Gegenstand nach
Anspruch 8, bei dem die Schicht etwa 4 Gewichtsprozent chrom 20
enthait. 12. Beschichteter Gegenstand nach einem der AnsprUche 1 bis 11,
bel dem das Substrat aus Titan, Stahl. Aluminium, Nickel, Kobalt und
Legierungen derselben ausgewghlt !st. 25  13. Beschichteter Gegenstand nach
Anspruch 12, bei dem das Substrat eine Titanbasislegierung ist.
Revendicatlons 1. Article portant un rev~tement, comprenant un substrat
rev~tu d'une couche a base de carbure de 30    tungsthne-cobalt, ladite
couche ayant une diformation a la rupture supdrieure a 4,3 x 10-3 cm par cm
(inch par inch) et une durete Vickers sup~rieure & environ 875 .HVo9. 2.
Article portant un rev6tement suivant la revendication 1, dans lequel la
couche de carbure de tungstene-cobalt possbde une d6formation a la rupture
de 4,5 x 10-3 a 10 x 10-3 cm par cm (inch par 35     inch) et une durete
Vickers sup6rieure h environ 900 J-VO. 3. Article portant un revOtement
sulvant la revendicatlon 1 ou 2, dans lequel la couche a base de carbure K>
de tungstbne-cobalt possede une deformation a la rupture. superieure a 5,3
x 10-3 cm par cm (inch par inch) et une duret6 Vickers sup6rieure a environ
1000 HV0,3. 40 4. Article portant un rev8tement suivant l'une quelconque
des revendications 1 a 3. dans lequel la couche de carbure de
tungstene-cobalt possede une dpaisseur de 0,0127 a 2,54 mm (0,0005 & 0,1
inch). 5. Article portant un rev8tement suivant la revendication 4, dans
lequel la couche de carbure de 45    tungstbne-cobalt possede une epaisseur
de 0,0254 & 0,508 mm (0,001 A 0,02 inch). 6. Article portant un revetement
suivant l'une quelconque des revendications 1 a 5, dans lequel la couche de
carbure de tungstene-cobalt possede une teneur en cobalt de 7 & 20 pour
cent en poids, une teneur en carbone de 0,5 & 5 pour cent en polds et une
teneur en tungstene de 75 a 92,5 pour cent en poids. 50 7. Article portant
un revAtement suivant la revendication 6, dans loquel la teneur en cobalt
est comprise dans lPIntervalle de 8 a 18 pour cent en poids, la teneur en
carbone est comprise dans lPintervalle de 2,0 a 4,0 pour cent en poids et
la teneur en tungstene est comprise dans l'intervalle de 78 a 90 pour cent
en polds. 55 8. Article portant un rev~tement suivant la revendication 6,
dans lequel la teneur en cobalt est comprise 



dans l'intervalle de 9 & 15 pour cent en polds, la teneur en carbone eat
comprise dans lintervalle de 2,5 a 4,0 pour cent en poids et la teneur en
tungstbne est comprise dans l'intervalle de 81 a 88,5 pour 16    EP 0 331
499 BI                 I      1111111 111,11 11111 I!II * C   L   M   S *
cent en poids. *        9. Article portant un revetement suivant l'une
quelconque des revendications 1 a 8, dans lequel la couche K-'
contient jusqu'a 8 pour cent en poids de chrome. 5 10. Article portant un
rev~tement suivant la revendication 7, dans lequel la couche contient 3 a 5
pour cent en polds de chrome. 11. Article portant un revtement suivant la
revendication 8, dans lequel la couche contient environ 4 pour 10     cent
en poids de chrome. 12. Article portant un rev~tement suivant I'une
quelconque des revendications 1 & 11, dans lequel le substrat est choisi
entre le titane, I'acier, I'aluminium, le nickel, le cobalt et leurs
alliages. 15  13. Article portant un revitement sulvant la revendication
12, dans lequel le substrat est un alliage & base de titane. 20 25 30 35 40
45 50 65 17    


