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actually a compromise between that which is ordinarily required for
corrosion resistance and Copending Applications
that which interferes with or diminishes the wear Copending EP-A1-0,143,342
and copending            and mechanical properties of the coating.
EP-A1--0,143,343, both filed on even date    5 herewith, disclose and claim
subject matter which    Summary of the Invention is related to the present
application.                It has now been surprisingly discovered in
accordance with the present invention that, con- Technical Field
trary to expectations, a higher chromium content The present invention
relates to wear and    to   can be employed if properly balanced with that
of corrosion resistant coatings and to a method for     both carbon and
cobalt to achieve improved producing such coatings. More particularly, the
coatings with low wear rates and capable of being invention relates to a
new family of W-Co-Cr-C       deposited at much higher deposition rates
with- coatings having improved strength and wear           out cracking or
spalling. resistance.                                    15     A coating
composition applied to a substrate by a thermal spray process in accordance
with the Background Art                                       present
invention consists of from 4.0 to 10.5 Coatings of W-Co-Cr-C are used in
those            weight percent cobalt, from 5.0 to 11.5 weight
applications where both superior wear and corro-     percent chromium, from
3.0 to 5.0 weight percent sion resistance are required. A typical composi-
20   carbon and the balance tungsten and incidential tion for these
coatings comprises about 8 to 10     impurities. weight percent cobalt,
about 3 to 4 weight percent     A method for coating a substrate wherein a
chromium, about 4.5 to 5.5 weight percent carbon     powdered coating
material is suspended within a and the balance tungsten. These coatings can
be      high temperature, high velocity gaseous stream successfully applied
to various substrates, e.g.,   25   and heated to a temperature at least
close to the iron base alloy substrates, using known thermal      melting
point thereof, said gaseous stream being spray techniques. Such techniques
include, for       directed against a surface of said substrate to example,
detonation gun (D-Gun) deposition as        deposit said powdered coating
material and form disclosed in U.S. Patent Nos. 2,714,563 and          a
coating thereon, in conformity with the present 2,950,867, plasma arc spray
as disclosed in U.S.   30   invention is characterized in that, a powdered
Patent Nos. 2,858,411 and 3,016,447, and other       coating material
having a composition such that so-called "high velocity" plasma or
"hypersonic"     the coating deposited onto said substrate consists
combustion spray processes.                          of from 4.0 to 10.5
weight percent cobalt, from 5.0 Although coatings of W-Co-Cr-C have been
to 11.5 weight percent chromium, from 3.0 to 5.0 employed successfully in
many industrial applica-   35   weight percent carbon and the balance
tungsten tions over the past decade or more, thee is an       and
incidential impurities, is used. ever increasing demand for even better
coatings       A powdered coating composition for applying a having
superior strength and wear resistance.        high strength, wear and
corrosion resistant coat- It is also desirable to deposit these coatings at
ing onto a substrate by a thermal spray process, faster deposition rates
than heretofore possible   40   in accordance with the present invention
consists and  thereby  coat  the  substrates  more            of from 8.0
to 11.0 weight percent cobalt, from 8.0 economically. A problem  with fast
deposition       to 11.0 weight percent chromium, from 4.0 to 5.5 rates,
however, has been that high residual          weight percent carbon and the
balance tungsten stresses tend to build up inside the coating.        and
incidential impurities. Unless the coating has sufficiently high strength
45 to resist these stresses, the coating may crack and  Description of the
Preferred Embodiments even spall.
The coatings of the present invention can be In EP-A1-0,143,342, filed on
even date             applied to a substrate using any conventional
herewith, there is disclosed a new family of W-Co-  thermal spray
technique. The preferred method of Cr-C coatings containing a high content
of cobalt  so   applying the coating is by detonation gun (D-Gun) and
having an improved strength. These coatings     deposition. A typical D-Gun
consists essentially of are ideally suited for use on gate valves, for
a water-cooled barrel which is several 30 cm (feet) example, in the
petrochemical industry for          long with an inside diameter of about
25 mm (1 handling highly corrosive fluids under high         inch). In
operation, a mixture of oxygen and a fuel hydraulic pressures. Although
these coatings are   55   gas, e.g., acetylene, in a specified ratio
(usually tough and strong enough to resist the high          about 1:1) is
fed into the barrel along with a residual stresses that develop as a result
of fast  charge of powder to be coated. The gas is then deposition rates,
the wear resistance of the coat-  ignited and the detonation wave
accelerates the ings is not better than that of conventional coat-  powder
to about 730 m/s (2400 ft./sec.) while ings.
60   heating the powder close to or above its melting As is generally
known, coatings of W-Co-Cr-C       point. After the powder exits the
barrel, a pulse of derive their wear resistance from the presence of
nitrogen purges the barrel and readies the system complex carbides of W,
Co, and Cr. Corrosion        for the next detonation. The cycle is then
repeated resistance is derived, on the other hand, from the  many times a
second. presence of chromium. The chromium content is   65    The D-Gun
deposits a circle of coating on the 2  



3                  0 143 344                      4 substrate with each
detonation. The circles of    into the high thermal content effluent nozzle
and coating are about 25 mm (1 inch) in diameter and   is depositied onto
the surface to be coated. This a few microns (ten thousandths of an inch)
thick.  process, which is described in U.S. Patent No. Each circle of
coating is composed of many         2,858,411, supra, produces a deposited
coating overlapping microscopic splats corresponding to    5    which is
sound, dense and adherent to the sub- the individual powder particles. The
overlapping   strate. The applied coating also consists of irregu- splats
interlock and mechanically bond to each     larly shaped mciroscopic splats
or leaves which -other and the substrate without substantially     are
interlocked and mechanically bonded to one alloying at the interface
thereof. The placement of  another and also to the substrate. the circles
in the coating deposition are closely   10    In those cases where the
plasma arc spray controlled to build-up a smooth coating of uni-    process
is used to apply the coatings in the form thickness and to minimize
substrate heating   present invention, powders fed to the arc torch and
residual stresses in the applied coating.      may have essentially the
same composition as The powder used in producing the coating of     the
applied coating itself. With some plasma arc the present invention is
chosen to achieve the   15   or other thermal spray equipment, however,
particular coating composition desired using a     some change in
composition is to be expected given set of deposition parameters.
Preferably,    and, in such cases, the powder composition may the
oxygen-fuel gas mixture ratio employed in the  be adjusted accordingly to
achieve the coating D-Gun process is maintained at about 1.0. It is
composition of the present invention. also possible to use other operating
conditions   20  The coatings of the present invention may be with a D-Gun
and still obtain the desired coating  applied to almost any type of
substrate, e.g., composition  if the powder composition  is
metallic substrates such as iron or steel or non- adjusted accordingly.
Moreover, other powder       metallic substrates such as carbon, graphite
or compositions may be used with other thermal        polymers, for
instance. Some examples of sub- spray coating devices to compensate for
changes   25   strate material used in various environments and in
composition during deposition and obtain the    admirably suited as
substrates for the coating of desired coating composition of the present
inven-  the present invention include, for example, steel, tion.
stainless steel, iron base alloys, nickel, nickel base The powders used in
the D-Gun for applying a     alloys, cobalt, cobalt base alloys, chromium,
coating according to the present invention are   30   chromium base alloys,
titanium, titanium base preferably cast and crushed powders. However,
alloys, aluminum, aluminum base alloys, copper, other forms of powder such
as sintered powders     copper base alloys, refractory metals and refrac-
can also be used. Generally, the size of the       tory-metal base alloys.
powders should be about 0.044 mm or smaller         Although the
composition of the coatings of the (-325  mesh). Powders produced  by other
35   present invention may vary within the ranges methods of manufacture
and with other size        indicated above, the preferred coating composi-
distributions may be used according to the        tion consists of from 5.5
to 7.5 weight percent present invention with other thermal spray dis-
cobalt, from 5.5 to 7.5 weight percent chromium, position techniques if
they are more suited to a  from 3.0 to 5.0 weight percent carbon and the
particular spray device and/or size.         40   balance tungsten and
incidental impurities. It is A typical powder composition for depositing a
preferred in the practice of the present invention coating according to the
present invention con-   that the ratio of cobalt to chromium be about 1:1.
sists of from 8.0 to 11.0 weight percent cobalt,    The microstructure of
the coatings of the from 8.0 to 11.0 weight percent chromium, from
present invention are very complex and not com- 4.0 to 5.5 weight percent
carbon and the balance   45   pletely understood. However, the major and
tungsten and incidental impurities. Some of the    some of the minor phases
of both the powder and carbon may be uncombined carbon, e.g., up to
coating composition have been identified using about 1.0 weight percent,
which may be lost in the  essentially three techniques: (1) X-ray
diffraction, deposition process. The feed rate of both oxygen   (2)
metallography, and (3) scanning electron and fuel gas (e.g., acetylene)
should be adjusted   50   microscopy (SEM). X-ray diffraction identifies
the with this powder to provide an oxygen-fuel gas     phases and gives an
estimate of their volumetric ratio of about 1.0. This is the same ratio
that has  amounts. However, some of the phases present in been used to
deposit conventional coatings of the  smaller amounts are not observed with
X-ray prior art.                                        diffraction. The
following phases were identified Alternatively, the coating of the present
inven-   55   with X-ray diffraction. tion can be applied to a substrate by
plasma arc spray or other thermal spray techniques. In the     Powder
plasma arc spray process, an electric arc is estab-  Major: [ERR] lished
between a non-consumble electrode and a      Minor: Hexagonal WC, [ERR]
second non-consumable electrode spaced there-   60 from. A gas is passed in
contact with the non-      Coating consumable electrode such that it
contains the      Major: W2C arc. The arc-containing gas is constricted by
.a    Minor: Cubic WC nozzle and results in a high thermal content
effluent. Powdered coating material is injected   65 



3    5                   0 1 43 344                      6 Coatings of the
present invention exhibit both     percent improvement in toughness and
strength improved strength and wear resistance as corn-       over that of
prior coatings while at the same time pared to conventional coating of the
prior art.      significantly increasing wear resistance. Although Because
of their improved strength, they are         the exact reasons for improved
strength and wear ideally suited for use on gate valves employed in    5
resistance are notclearly understood, it is believed well service equipment
for handling highly corro-   that they result from a change in chemistry
and sive fluids (e.g., solutions containing chlorides,   accompanying phase
changes in the coating. carbon monoxide, carbon dioxide, hydrogen sul-
In addition to improved strength and wear [ERR] salts, etc.) under
moderately high    resistance, the present invention offers the advan-
hydraulic pressures, typically about 69,000 kPa    10   tage in that the
coatings can be applied to a (10,000 psi), and temperatures above [ERR]
[ERR].  substrate at a faster deposition rate than hereto- In the past,
conventional coatings failed under     fore possible without cracking or
spalling. This is, these conditions mostly due to their relatively low  of
course, made possible by the fact that the tensile strength.
coating of the present invention possesses suffi- The mechanisms of these
failures is believed to   15   cient strength to withstand the build-up of
high be as follows: At high pressures and at sufficiently  residual
stresses that result when the coating is high temperatures, the pressurized
fluid slowly      deposited at high rates. The use of high deposition
diffuses through the thickness of the coating and   rates significantly
reduces the cost of producing a accumulates within the porosity of the
coating.     coating since less equipment and operator time is During this
phase, the coating is in compression    20   required. and resists quite
well the ambient pressure. After a  Another advantage of the present
invention is certain time, the pressure within the porosity      that the
coating exhibits a smooth "as-deposited" reaches avalueequal to theambient
pressure, and     surface which requires less grinding to finish the the
inward diffusion of fluid stops. As long as the  coating as compared to the
coatings of the prior pressure is maintained, the coating is not sub-   25
art. Stated in other words, coatings of the present jected to any unusual
stresses.                      invention require less coating material to
be Once the ambient pressure is released, how-        deposited onto the
substrate in order to achieve ever, the pressure within the porosity is no
longer  the same finish coating surface and thickness as balanced by the
ambient pressure. Before the        that of prior coatings without,
however, lowering pressurized fluid within the porosity has had time    3o
the coatings requirements of resistance to abra- to diffuse out of the
coating,thecoating is stressed  sion and corrosion. Moreover, since less
coating or loaded from within itself. If the internal specific  material
needs to be deposited, the coating pro- load in the coating exceeds the
fracture stress of  cess isfar more efficientand lesscostlythan that of the
coating, the coating will fail outwardly from   the prior art. within the
coating.                            35     The following examples will
serve to further To satisfy the stringent requirements for gate
illustrate the practice of the present invention. valves subjected to high
pressures and tempera- tures, it is imperative that stronger coatings be
Example I provided while still maintaining all of the normal    Specimens
of AISI 1018 steel were cleaned and requirementsforgatevalvecoatings,such
aswear   40   prepared for coating as follows. The surface on and corrosion
resistance.                           one side of each specimen was ground
smooth Typically, coatings containing tungsten carbide,   and parallel to
the opposite side. The surface was cobalt or nickel, and chromium have
shown a low     then grit blasted with 0.25 mm (60 mesh) A1203 to a
resistance to the type of failures described above  surface roughness of
about 3 [ERR] (120 micro-inch) andalowstrengthwhenloadedhydraulicallyinan
45    RMS. Three specimens were set aside and pre- outward direction from
the interface. However,      pared for hydraulic pressure test as follows.
On the these coatings have shown a good resistance to      side to be
coated, eight small holes, 0.51 mm wear and corrosion. On the other hand,
coatings      (0.020 inch) in diameter, were drilled in the speci-
containing tungsten carbide and cobalt but devoid   men substrate
perpendicular to its surface to a of any chromium have shown a good
resistance to   50   depth of a few mm (few tenths of an inch). The failure
and a high strength when subjected to high  holes were then enlarged so as
to accommodate internal pressures. Because of their lack of        leak
tight couplings. Piano wires, 0.51 mm (0.020 chromium, however, these
coatings provide little    inch) in diameter, were then inserted through
the or no resistance to corrosion. The addition of      couplings into the
small holes and firmly secured chromium  to the coating may increase its
55   so their ends were even and provided a smooth resistance to corrosion
but at the cost of lowering  continuation with the surface to be coated.
All the the strength of the coating to the point where the  specimens were
then coated according to the prior coating will fail when subjected to high
internal   art using a detonation gun (D-Gun) and a sintered pressures.
powder of the following composition: 10 weight Coatings of the present
invention represent a    60   percentCo,4weightpercentCr,5.2weightpercent
significant and unexpected improvement over the     C, and the balance W.
The size of the powders was prior art. The coatings incorporate not only
about 0.044 mm or smaller (-325 mesh). Acety- enough chromium to provide
corrosion resistance     lene was used as the fuel-gas. The oxygen-fuel gas



but also enough cobalt, tungsten and carbon in      ratiowas0.98.Thefeed
ratewas75gramspermin. appropriate relative proportions to provide a 50   65
A chemical analysis of the coating showed the    7                   0  143
344                      8 following composition: 8 weight percent Co, 3.2
powder of the following composition: 14.1 weight weight percent Cr, 4.7
weight percent C and the     percent Co, 4.8 weight percent Cr, 3.2 weight
balance W. The chemical analysis was carried out    percent C and the
balance W. The powder size principally by two methods. Carbon was analyzed
was 0.044 mm or smaller (-325 mesh). Acetylene by a combustion analysis
technique using a Leco    5    was also used as the fuel gas. The
oxygen-fuel Carbon Analyzer and volumetric determination of     gas ratio
in the D-Gun was 0.98. The feed rate was gaseous output. Cobalt and
chromium  were           100 grams per minute. analyzed by first fusing the
sample in [ERR] and       A chemical analysis of the coating was per-
separating the cobalt and chromium, then deter-       formed using the same
methods described in mining the amount of each potentiometrically.  10
Example I. The anlysis showed the following The mechanical strength of the
coating was        composition: 16.5 weight percent Co, 4.9 weight
determined by an hydraulic pressure test as         percent Cr, 3.7 weight
percent C and the balance follows. After coating the specimen prepared for
W. this test in the manner described above, the piano    The mechanical
strength of the coating was wires were carefully removed providing cavities
15   determined using the same hydraulic pressure directly under the
coating. By means of the         test. The failure pressure for this
particular coat- couplings, the cavities were then connected to an   ing
was 192,400 kPa (27,900 psi) at a thickness of hydraulic pressure system
and the cavities filled   0.173 mm (0.0068 inch). with an hydraulic fluid.
The fluid was then           Abrasive wear tests were also carried out
using pressurized, loading the coating from the inter-   20   the ASTM
Standard G65-80, Procedure A. The face outward until failure of the coating
occurred.  average volume loss for the coated specimens Eight measurements
were made on each coating        was 1.8 mm3 per 1,000 revolutions. and the
average value defined as the failure          The hardness of the coatings
was also pressure. The failure pressure was taken to be a    measured and
found to be 1000 [ERR]. measure of the coating's mechanical strength for
25  This example illustrates a coating prepared the  specific coating
thickness. The failure       according to EP-A1-0,143,342, supra, contain-
pressures can then be used to rank different        ing a high content of
cobalt, i.e., 11.0 to 18.0 coatings of basically the same thickness. The
weight percent, and having an improved tough- failure pressures for the
three coatings were       ness and strength. The wear resistance of this
37,200 kPa (5,400 psi) at a thickness of 0.112 mm    30   particular
coating is approximately equivalent to (0.0044 inch), 71,000 kPa (10,300
psi) at a thick-  the coatings of the prior art as represented by ness of
0.211 mm (0.0083 inch) and 91,000 kPa       Example I. (13,200 psi) at
0.267 mm (0.0105 inch). Linear regression predicts a failure pressure of
57,200                     Example Ill kPa (8,300 psi) at 0.170 mm (0.0067
inch) thick   35  Specimens of AISI 1018 steel, including one coating.
specimen for the hydraulic pressure test, were Abrasive wear properties of
the applied coating   prepared in the same manner as described in were also
determined using the standard dry         Example I. The specimen surfaces
were then sand/rubber wheel abrasion test described in        coated using
a D-Gun and a cast and crushed ASTM Standard G65-80, Procedure A. In this
test,   40   powder of the following composition: 12.0 weight the coated
specimens werer loaded by means of a     percent Co, 2.1 weight percent Cr,
4.9 weight lever arm  against a rotating wheel with a          percent C
and the balance W. The powder size chlorobutyl rubber rim around the wheel.
An         was 0.044 mm or smaller (-325 mesh). Acetylene abrasive (i.e.,
(0.21 mm to 0.30 m) 50-70 mesh      was also used as the fuel gas. The
oxygen-fuel Ottawa Silica Sand) was introduced between the    45   gas
ratio in the D-Gun was 0.98. The feed rate was coating and the rubber
wheel. The wheel was         150 grams per minute. rotated in the direction
of the abrasive flow. The    A chemical analysis of the coating was per-
test specimen was weighed before and after the      formed using the same
methods as described in test and its weight loss was recorded. Because of
Example I. The analysis showed the following the wide differences in the
densities of different   5o   composition. 17.9 weight percent Co, 2.8
weight materials tested, the mass loss is normally con-    percent Cr,.4.1
weight percent C and the balance verted to volume loss to evaluate the
relative      W. ranking of materials. The average volume loss for     The
same  hydraulic  pressure  test was the coated specimens tested
(conventional W-Co-     employed to determine the mechanical strength Cr-C
coating) was 1.7 [ERR] per 1,000 revolutions.   ss   of the coating. The
failure pressure for this par- The hardness of the coatings was also
ticular coating was 182,700 kPa (26,500 psi) at a measured by standard
methods. The average           thickness of 0.170 mm (0.0067 inch).
hardness was found to be 1100 DPH300.                 Abrasive wear tests
were also carried out using the ASTM Standard G65-80, Procedure A. The
Example II                   60   average volume loss for the specimens was
3.6 Specimens of AISI 1018 steel, including one       [ERR] per 1000
revolutions. specimen for the hydraulic pressure test, were        The
hardness of the coatings was also 



prepared in the same manner as described in         measured and found to
be 1000 DPH300. Example I. The specimen surfaces were then            This
example also illustrates a coating prepared coated using a D-Gun and a cast
and crushed    65   according to EP-A1-0,143,342, supra, having a 5    9
0 143  344                     10 high strength, but in which the wear
resistance     thickness of 0.175 mm  (0.0069 inch). Seven was less than
that of the prior art coating for     measurements were made on this
coating instead Example I.                                          of
eight. Abrasive wear tests were also carried out using Example IV
5    the ASTM Standard G65-80, Procedure A. The Specimens of AISI 1018
steel, including one       average volume loss for the coated specimens
specimen for the hydraulic pressure test, were     was 9.3 mm3 per 1000
revolutions. The wear prepared in the same manner as described in
properties of this coating were poor even when Example I. The specimen
surfaces were then          compared against the wear properties of the
coated using a D-Gun and a cast and crushed    10   conventional D-Gun
coatings of Example 1. This is powder of the following composition: 9.6
weight    to be expected in the case of plasma spray percent Co, 9.5 weight
percent Cr, 4.9 weight      coatings which do not wear as well as D-Gun
percent C and the balance W. The powder size       coatings. was 0.044 mm
or smaller (-325 mesh). Acetylene       The hardness of the coatings was
also was also used as the fuel gas. The oxygen-fuel   15   measured and
found to be 687 DPH300. gas ratio in the D-Gun was 0.98. The feed rate was
150 grams per minute.                                               Example
VI A chemical analysis of the coating was per-         Specimens of AISI
1018 steel, including the formed using the same methods as described in
specimen for the hydraulic pressure test, were Example I. The anlysis
showed the following   20    prepared in the same manner as described in
composition: 6.9 weight percent Co, 6.9 weight      Example I. The specimen
surfaces were then percent Cr, 4.2 weight percent C and the balance
coated using a plasma spray torch and a cast and W.
crushed powder of the following composition: 9.6 The  same  hydraulic
pressure  rest was          weight percent Co, 9.5 weight percent Cr, 4.9
employed to determine the mechanical strength   25   weight percent C and
the balance W. This was the of the coating. The failure pressure for this
par-  same powder composition used in preparing the ticular coating was
89,600 kPa (13,000 psi) at a    coatings of Example IV. The powder size was
also thickness of 0.173 mm  (0.0068 inch). This         the same, i.e.,
0.044 mm or smaller (-325 mesh). represents a 50 percent improvement in
strength      A chemical analysis of the coating was per- as compared to
the coated specimen tested in   30   formed using the same methods as
described in Example I.                                          Example I.
The analysis showed the following Abrasive wear tests were also carried out
using   composition: 8.7 weight percent Co, 8.1 weight the ASTM Standard
G65-80, Procedure A. The          percent Cr, 3.8 weight percent C and the
balance average volume loss for the specimens was only     W. 1.0 mm3 per
1000 revolutions.                 35     The  same  hydraulic  pressure
test was The hardness of the coatings was also             employed to
determine the mechanical strength measured and found to be 1209 DPH300.
of the coating. The failure pressure for this par- This example illustrates
a coating prepared       ticular coating was 64,100 kPa (9,300 psi) at a
according to the present invention having a        thickness of 0.163 mm
(0.0064 inch). moderately ghigh strength and a superior wear   40
Abrasive wear tests were also carried out using resistance. The coating.
was applied at a fast     the ASTM Standard G65-80, Procedure A. The
deposition rate, i.e., 150 grams per minute, but no  average volume loss
for the coated specimen was cracks or spalling occurred.
6.7 mm3 per 1000 revolutions. The wear rate for this coating was about
one-third less than that for Example V                    45   the plasma
spray coating of the previous example Specimens of AISI 1018 steel,
including one       using a conventional sintered powder. specimen for the
hydraulic pressure test, were       The hardness of the coated specimen was
also prepared in the same manner as described in        measured and found
to be 775 DPH300. Example I. The specimen surfaces were then           It
will be seen from the foregoing that the coated using a plasma spray torch
and a conven-   50   present invention provides a new family of W-Co-
tional sintered powder of the following composi-   Cr-C coatings having
improved strength and tion: 10 weight percent Co, 4 weight percent Cr,
superior wear resistance. The D-Gun coatings of 5.2 weight percent C and
the balance W. The        this invention  are capable of withstanding
powder size was 0.044 mm or smaller (-325          hydraulic pressures in
excess of about 89,600 kPa mesh).                                       55
(13,000 punds per square inch) at a coating A chemical analysis of the
coating was per-      thickness of about 0.15 mm (0.006 inch) and formed
using the same methods as described in      exhibit a wear rate of only
about 1.0 mm3 per 1000 Example I. The analysis showed the following
revolutions. Even plasma coatings of this inven-. composition: 9.2 weight
percent Co, 3.5 weight     tion have lower wear rates than plasma coatings
percent Cr, 5.0 weight percent C and the balance   60   of the prior art.
Moreover, the coatings can be 



W.                                                 applied at fast
deposition rates without cracking The  same  hydraulic  pressure  test was
or spalling. employed to determine the mechanical strength        Although
the powder and coating compositions of the coating. The failure pressure
for this par-  have been defined herein with certain specific ticular
coating was 66,200 kPa (9,600 psi) at a   65   ranges for each of the
essential components, it 6    11     0 143 344                  12 will be
understood that minor amounts of various   such that the coating deposited
onto said sub- impurities may also be present. Iron is usually the  strate
consists of from 5.5 to 7.5 weight percent principal impurity in the
coating resulting from   cobalt, from 5.5 to 7.5 weight percent chromium,
grinding operations and may be present in         from 3.0 to 5.0 weight
percent carbon and the amounts up to about 1.5 and in some cases 2.0    5
balance tungsten and incidential impurities. weight percent of the
composition.                   9. A method according to claim 7 or 8
wherein Although the foregoing examples include only     the powdered
coating material is suspended D-Gun and plasma spray coatings, it will be
within a high temperature, high velocity gaseous understood that other
thermal spray techniques     stream produced by a detonation device. [ERR]
as "high velocity" plasma, "hypersonic"   10     10. A method according to
claim 9 wherein a combustion spray processes or various other
mixture of oxygen and a fuel gas is fed to the detonation devices may be
used to produce coat-    barrel of a detonation gun along with the pow-
ings of the present invention.                     dered coating material;
and the oxygen and fuel gas mixture is ignited to produce a detonation
Claims                                       15   wave along said barrel
which accelerates said powdered coating material in said high tempera- 1. A
coating composition applied to a substrate  ture, high velocity gaseous
stream. by a thermal spray process which consists of from    11. A method
according to claim 10 wherein the 4.0 to 10.5 weight percent cobalt, from
5.0 to 11.5  ratio of oxygen to fuel gas in said mixture is weight percent
chromium, from 3.0 to 5.0 weight   20   approximately 1.0. percent carbon
and the balance tungsten and          12. A method according to any one of
claims 7 incidential impurities.                           to 11 wherein
the powdered coating material has 2. A coating composition according to
claim 1    a composition consisting of from 8.0 to 11.0 consisting of from
5.5 to 7.5 weight percent       weight percent cobalt, from 8.0 to 11.0
weight cobalt, from 5.5 to 7.5 weight percent chromium,   25   percent
chromium, from 4.0 to 5.5 weight percent from 3.0 to 5.0 weight percent
carbon and the      carbon and the balance tungsten and incidential balance
tungsten and incidential impurities.       impurities. 3. A coating
composition according to claim 1      13. A method according to claim 7 or
8 wherein or 2 having a mechanical strength sufficient to   the powdered
coating material is suspended withstand an hydraulic pressure in excess of
30   within a high temperature, high velocity gaseous about 90,000 kPa
(13,000 pounds per square inch)   stream produced to plasma arc torch. at a
coating thickness of about 0.15 mm (0.0060      14. A method according to
claim 13 wherein the inch).
powdered coating material has a composition 4. A coating composition
according to any one    which is substantially the same as the composi- of
claims 1 to 3 having a hardness value in excess   35   tion of said
coating. of 1000 [ERR].                                     15. A  powdered
coating composition for 5. A coating composition according to any one
applying a high strength, wear and corrosion of claims 1 to 4 wherein the
substrate is a metallic  resistant coating onto a substrate by a thermal
material selected from the group consisting of     spray process consisting
of from 8.0 to 11.0 steel, stainless steel, iron base alloys, nickel,  40
weight percent cobalt, from 8.0 to 11.0 weight nickel base alloys, cobalt,
cobalt base alloys,     percent chromium, from 4.0 to 5.5 weight percent
chromium, chromium  base alloys, titanium,         carbon and the balance
tungsten and incidential titanium base alloys, aluminum, aluminum base
impurities. alloys, copper, copper base alloys, refractory       16. A
powdered coating composition according metals, and refractory-metal base
alloys.    45   to claim  15 consisting of cast and crushed 6. A coating
composition according to any one    powder. of claims 1 to 4 wherein the
substrate is a non- metallic material selected from the group consist-
Patentanspruche ing of carbon, graphite and polymers. 7. A method for
coating a substrate wherein a   so  1. Auf ein Substrat durch einen
thermischen powdered coating material is suspended within a    SpruhprozeB
aufgebrachte Beschichtungszusam- high temperature, high velocity gaseous
stream     mensetzung bestehend aus 4,0 bis 10,5 Gewichts- and heated to a
temperature at least close to the  prozent Kobalt, 5,0 bis 11,5
Gewichtsprozent melting point thereof, said gaseous stream being   Chrom,
3,0 bis 5,0 Gewichtsprozent Kohlenstoff, directed against a surface of said
substrate to   ss   Rest Wolfram und beilaufige Verunreinigungen. deposit
said powdered coating material and form     2.
Beschichtungszusammensetzung   nach a coating thereon, characterised in
that, a pow-   Anspruch 1 bestehend aus 5,5 bis 7,5 Gewichts- dered coating
material having a composition such   prozent Kobalt, 5,5 bis 7,5
Gewichtsprozent 



that the coating deposited onto said substrate     Chrom, 3,0 bis 5,0
Gewichtsprozent Kohlenstoff, consists of from 4.0 to 10.5 weight percent
cobalt,  60   Rest Wolfram und beilgufige Verunreinigungen. from 5.0 to
11.5 weight percent chromium, from      3.  Beschichtungszusammensetzung
nach 3.0 to 5.0 weight percent carbon and the balance   Anspruch 1 oder 2
mit einer ausreichenden tungsten and incidential impurities, is used.
mechanischen Festigkeit, um bei einer Beschich- 8. A method according to
claim 7 wherein the     tungsdicke von etwa 0,15 mm (0,0060 inch) einem
powdered coating material has a composition   65   hydraulischen Druck von
mehr als etwa 90.000    11                  0 143  344
12 will be understood that minor amounts of various    such that the
coating deposited onto said sub- impurities may also be present. Iron is
usually the  strate consists of from 5.5 to 7.5 weight percent principal
impurity in the coating resulting from    cobalt, from 5.5 to 7.5 weight
percent chromium, grinding operations and may be present in           from
3.0 to 5.0 weight percent carbon and the amounts up to about 1.5 and in
some cases 2.0    5    balance tungsten and incidential impurities. weight
percent of the composition.                    9. A method according to
claim 7 or 8 wherein Although the foregoing examples include only      the
powdered coating material is suspended D-Gun and plasma spray coatings, it
will be         within a high temperature, high velocity gaseous understood
that other thermal spray techniques       stream produced by a detonation
device. [ERR] as "high velocity" plasma. "hypersonic"   10     10. A method
according to claim 9 wherein a combustion spray processes or various other
mixture of oxygen and a fuel gas is fed to the detonation devices may be
used to produce coat-      barrel of a detonation gun along with the pow-
ings of the present invention.                       dered coating
material; and the oxygen and fuel gas mixture is ignited to produce a
detonation Claims                                         15   wave along
said barrel which accelerates said powdered coating material in said high
tempera- 1. A coating composition applied to a substrate   ture, high
velocity gaseous stream. by a thermal spray process which consists of from
11. A method according to claim 10 wherein the 4.0 to 10.5 weight percent
cobalt, from 5.0 to 11.5  ratio of oxygen to fuel gas in said mixture is
weight percent chromium, from 3.0 to 5.0 weight   20   approximately 1.0.
percent carbon and the balance tungsten and           12. A method
according to any one of claims 7 incidential impurities.
to 11 wherein the powdered coating material has 2. A coating composition
according to claim 1      a composition consisting of from 8.0 to 11.0
consisting of from  5.5 to 7.5 weight percent        weight percent cobalt,
from 8.0 to 11.0 weight cobalt, from 5.5 to 7.5 weight percent chromium,
25   percent chromium, from 4.0 to 5.5 weight percent from 3.0 to 5.0
weight percent carbon and the        carbon and the balance tungsten and
incidential balance tungsten and incidential impurities.        impurities.
3. A coating composition according to claim 1        13. A method according
to claim 7 or 8 wherein or 2 having a mechanical strength sufficient to
the powdered coating material is suspended withstand an hydraulic pressure
in excess of   30    within a high temperature, high velocity gaseous about
90,000 kPa (13,000 pounds per square inch)    stream produced to plasma arc
torch. at a coating thickness of about 0.15 mm (0.0060       14. A method
according to claim 13 wherein the inch).
powdered coating material has a composition 4. A coating composition
according to any one      which is substantially the same as the composi-
of claims 1 to 3 having a hardness value in excess   35   tion of said
coating. of 1000 DPH300.                                       15. A
powdered coating composition for 5. A coating composition according to any
one      applying a high strength, wear and corrosion of claims 1 to 4
wherein the substrate is a metallic  resistant coating onto a substrate by
a thermal material selected from the group consisting of      spray process
consisting of from  8.0 to 11.0 steel, stainless steel, iron base alloys,
nickel,   40   weight percent cobalt, from 8.0 to 11.0 weight nickel base
alloys, cobalt, cobalt base alloys,     percent chromium, from 4.0 to 5.5
weight percent chromium, chromium  base alloys, titanium,          carbon
and the balance tungsten and incidential titanium base alloys, aluminum,
aluminum base       impurities. alloys, copper, copper base alloys,
refractory        16. A powdered coating composition according metals, and
refractory-metal base alloys.      45   to claim  15 consisting of cast and
crushed 6. A coating composition according to any one      powder. of
claims 1 to 4 wherein the substrate is a non- metallic material selected
from the group consist-  Patentansprache ing of carbon, graphite and
polymers. 7. A method for coating a substrate wherein a    so  1. Auf ein
Substrat durch einen thermischen powdered coating material is suspended
within a     SpruhprozeI aufgebrachte Beschichtungszusam- high temperature,
high velocity gaseous stream      mensetzung bestehend aus 4,0 bis 10,5
Gewichts- and heated to a temperature at least close to the   prozent
Kobalt, 5,0 bis 11,5 Gewichtsprozent melting point thereof, said gaseous
stream being    Chrom, 3,0 bis 5,0 Gewichtsprozent Kohlenstoff, directed
against a surface of said substrate to   55    Rest Wolfram und beildufige
Verunreinigungen. deposit said powdered coating material and form       2.
Beschichtungszusammensetzung   nach a coating thereon, characterised in
that, a pow-    Anspruch 1 bestehend aus 5,5 bis 7,5 Gewichts- 



dered coating material having a composition such    prozent Kobalt, 5.5 bis
7,5 Gewichtsprozent that the coating deposited onto said substrate
Chrom, 3,0 bis 5,0 Gewichtsprozent Kohlenstoff, consists of from 4.0 to
10.5 weight percent cobalt,   60   Rest Wolfram und beiliufige
Verunreinigungen. from 5.0 to 11.5 weight percent chromium, from        3.
Beschichtungszusammensetzung   nach 3.0 to 5.0 weight percent carbon and
the balance    Anspruch 1 oder 2 mit einer ausreichenden tungsten and
incidential impurities, is used.       mechanischen Festigkeit, um bei
einer Beschich- 8. A method according to claim 7 wherein the
tungsdicke von etwa 0,15 mm (0,0060 inch) einem powdered coating material
has a composition    65   hydraulischen Druck von mehr als etwa 90.000 7
13                  0 143 344                       14 kPa (13.000 Pfund
pro Quadratinch) zu wider-        11, wobei das pulverformige
Beschichtungs- stehen.                                             material
aus 8,0 bis 11,0 Gewichtsprozent Kobalt, 4.  Beschichtungszusammensetzung
nach           8,0 bis 11,0 Gewichtsprozent Chrom, 4,0 bis 5,5 einem der
Anspruche 1 bis 3 mit einem Hartewert     Gewichtsprozent Kohlenstoff, Rest
Wolfram und von Ober 1000 DPH300.                         s    beilaufige
Verunreinigungen, besteht. 5.  Beschichtungszusammensetzung   nach
13. Verfahren nach Anspruch 7 oder 8, wobei einem der Anspr0che 1 bis 4,
wobei das Substrat     das  pulverformige  Beschichtungsmaterial in eir
metallischer Werkstoff ist, der aus der aus     einem mittels eines
Plasmalichtbogens erzeugten Se , rostfreiem  Stahl, Eisenbasislegierungen,
Hochtemperatur-Hochgeschwindigkeit-Gasstrom Nickel, Nickelbasislegierungen,
Kobalt, Kobalt-   70   suspendiert wird. basislegierungen, Chrom,
Chrombasislegierun-          14. Verfahren nach Anspruch 13, wobei das gen,
Titan, Titanbasislegierungen, Aluminium,       pulverf6rmige
Beschichtungsmaterial im wesent- Aluminiumbasislegierungen, Kupfer,
Kupferbasis      lichen die gleiche Zusammensetzung wie die legierungen,
feuerfesten Metallen und Feuerfest-    Beschichtung hat.
metall-Basislegierungen  bestehenden  Gruppe   15     15. Pulverformige
Beschichtungszusammenset- ausgewAhlt ist.
zung zum  Aufbringen einer hochfesten, ver- 6.
Beschichtungszusammensetzung   nach           schleiB- und
korrosionsbestandigen Beschich- einem der Anspruche 1 bis 4, wobei das
substrat    tung auf einem Substrat durch einen thermischen ein
nichtmetallischer Werkstoff ist, der aus der    Spruhprozel3, bestehend
aus 8,0  bis  11,0 aus Kohienstoff, Graphit und Pdlymeren beste-   20
Gewichtsprozent Kobalt, 8,0 bis 11,0 Gewichts- henden Gruppe ausgewihlt
ist.                       prozent chrom, 4,0 bis 5,5 Gewichtsprozent Koh-
7. Verfahren zum Beschichten eines Substrats,     lenstoff, Rest Wolfram
und beilaufige Verunreini- bei dem  ein  pulverf6rmiges Beschichtungs-
gungen. material in  einem   Hochtemperatur-Hochge-           16.
Pulverformige Beschichtungszusammenset- schwindigkeits-Gasstrom
suspendiert und auf   25   zung nach Anspruch 15 bestehend aus gegosse-
eine mindestens nahe seinem  Schmetzpunkt           nem und zerkleinertem
Pulver. liegende Temperatur erhitzt wird, und der Gas- strom  gegen elne
Oberfliche des Substrats          Revendications gerichtet wird, um des
pulverf6rmige Beschich- tungsmaterial abzulagern und auf der Oberfliche
30  1. Composition de revetement appliquee a un eine Beschichtung
auszubilden, dadurch gekenn-      substrat par un proc6de de projection
thermique, zeichnet, daB ein pulverf6rmiges Beschichtungs-     qui est
constituee de 4,0 a 10,5% en poids de material solcher Zusammensetzung
verwendet          cobalt, de 5,0 A 11,5% en poids de chrome, de 3,0 wird,
daB die auf dem  Substrat abgelagerte         A 5,0%  en poids de carbone
et le reste de Beschichtung aus 4,0 bis 10,5 Gewichtsprozent   35
tungstene et d'impuretes accidentelles. Kobalt, 5,0 bis 11,5
Gewichtsprozent Chrom, 3,0      2. Composition de revetement selon la
revendi- bis 5,0 Gewichtsprozent Kohlenstoff, Rest Wol-      cation 1,
constituee de 5,5 A 7,5% en poids de fram und beilaufige Verunreinigungen,
besteht.      cobalt, de 5,5 a 7,5% en poids de chrome, de 3,0 a 8.
Verfahren nach Anspruch 7, wobei des pul-      5,0% en poids de carbone et
le reste de tungstene verf6rmige Beschichtungsmaterial eine solche   40
et d'impuretes accidentelles. Zusammensetzung hat, daB die auf dem Substrat
3. Composition de revitement selon la revendi- abgelagerte  Beschichtung
aus 5,5  bis 7,5         cation 1 ou 2, ayant une solidite mecanique
Gewichtsprozent Kobalt, 5,5 bis 7,5 Gewichtspro-    suffisante  pour
supporter  une  pression zent Chrom, 3,0 bis 5,0 Gewichtsprozent Kohlen-
hydraulique superieure a environ 90 000 kPa stoff, Rest Wolfram und
beilaufige Verunreini-   45   (13 000 pounds per square inch) A une
epaisseur gungen, besteht.                                    de revetement
d'environ 0,15 mm (0,0060 inch). 9. Verfahren nach Anspruch 7 oder 8, wobei
das      4. Composition de revetement selon I'une quel- pulverformige
Beschichtungsmaterial in einem        conque des revendications 1 A 3,
ayant une valeur Hochtemperatur-Hochgeschwindigkeits-Gas-            de
durete superieure A 1000 DPH300. strom suspendiert wird, der mittels einer
Detona-   50  5. Composition de revetement salon l'une quel-
tionsvorrichtung erzeugt wird.                      conque des
revendications 1 A 4, dans laquelle le 10. Verfahren nach Anspruch 9, wobei
ein          substrat est-une matiere m6tallique choisie dans Gemisch aus
Sauerstoff und einem Brenngas der      le groupe constitute de l'acier, de
I'acier inoxy- Trommel einer Detonationspistole zusammen mit       dable,
d'alliages a base de fer, de nickel, d'alliages dem   pulverfdrmigen
Beschichtungsmaterial   55   a base de nickel, de cobalt, d'alliages A base
de 



zugefuhrt wird und das Sauerstoff-Brenngas-         cobalt, de chrome,
d'alliages a base de chrome, Gemisch gezundet wird, um entlang der Trommel
de titane, d'alliages A base de titane, d'aluminium, eine Detonationswelle
zu erzeugen, welche das       d'alliages a base d'aluminium, de cuivre,
d'al- pulverfdrmige Beschichtungsmaterial in dem         liages A base de
cuivre, de metaux refractaires et Hochtemperatur-Hochgeschwindigkeits-Gas-
60   d'alliages A base de metaux refractaires. strom beschleunigt.
6. Composition de revetement solon l'une quel- 11. Verfahren nach Anspruch
10, wobei das         conque des revendications 1 a 4, dans laquelle le
Verhaltnis von Sauerstoff zu Brenngas in dem        substrat est une
matiere non metallique choisie Gemisch naherungsweise 1,0 betragt.
dans le groupe constitu6 du carbone, du graphite 12. Verfahren nach einem
der Anspruche 7 bis   6S   et de polymeres. 8~~~~~~)il 1fll Hlll Hillli",,,
......   _    15                  0  143 344                      16 7.
Procede pour revetir un substrat dans lequel   ladite matiere de revetement
en poudre dans ledit une matiere de revetement en poudre est mise en
courant gazeux a haute temperature, haute suspension dans un courant gazeux
a haute           vitesse. temperature, haute vitesse et chauff6e A une
11. Procede selon la revendication 10, dans temperature au moins. proche de
son point de    5    lequel le rapport de l'oxygene au gaz combustible
fusion, ledit courant gazeux 6tant dirigb contre    dans ledit melange est
d'environ 1,0. une surface dudit substrat pour y d6poser ladite      12.
Procede selon l'une quelconque des reven- mat[&re de revetement en poudre
et y former un      dications 7 A 11, dans lequel la matiere de revete- rq
Atement, caracterise en ce qu'une matiere de    ment en poudre possede une
composition consti- rMAetement en poudre ayant une composition    10   tuee
de 8,0 a 11,0% en poids de cobalt, 8,0 A telle que le revetement depose sur
ledit substrat   11,0% en poids de chrome, 4,0 A 5,5% en poids de est
constitue de 4,0 b 10,5% en poids de cobalt, de  carbone et le reste de
tungstene et d'impuretes 5,0 a 11,5% en poids de chrome, de 3,0 a 5,0% en
accidentelles. poids de carbone et le reste de tungstene et          13.
Proc6de selon la revendication 7 ou 8, dans d'impuretes accidentelles, est
utilis6e.      is   lequal la matiere de revetement en poudre est 8.
Proced6 selon la revendication 7, dans lequel  mise en suspension dans un
courant gazeux a la matiere de revetement en poudre possede une      haute
temperature, haute vitesse produit par une composition telle qua le
revetement depos6 sur      torche a arc sous plasma. ledit substrat est
constitue de 5,5 a 7,5% en poids   14. Procede selon la revendication 13,
dans de cobalt, de 5,5 a 7,5% en poids de chrome, de   20   lequel la
mwatibre de revetement en poudre pos- 3,0 A 5,0% en poids de carbone et le
reste de       sede une composition qui est sensiblement la tungstene et
d'impuret6s accidentelles.             meme que la composition dudit
revetement. 9. Procede selon la revendication 7 ou 8, dans      15.
Composition de revetement en poudre pour lequel la matiere. de revetement
en poudre est     l'application d'un revetement A haute resistance, mise en
suspension dans un courant gazeux a   25   resistant A l'usure et A la
corrosion, sur un haute temperature, haute vitesse, produit par un
substrat par un procede de projection thermique, dispositif a detonation.
constituee de 8,0 A 11,0% en poids de cobalt, de 10. Procede selon la
revendication 9, dans        8,0 A 11,0% en poids de chrome, de 4,0 A 5,5%
en lequel un melange d'oxygene et d'un gaz corn-       poids de carbone et
le reste de tungstene et bustible alimente le canon d'un pistolet a detona-
30   d'impuretes accidentelles. tion, en meme temps que la matiere de
revete-         16. Composition de revetement en poudre ment en poudre; et
le mblange d'oxygene et de       selon la revendication 15, constitutee
d'une pou- gaz combustible est allume pour produite une        dre coulee
et broyee. onde detonante le long dudit canon, qui accelere 35 40 45 50 55
60 65 -    


