
facing compositions are the most common type of overlays that are used in
abrasive environments. A variety of welding techniques are used to deposit
these materials, but oxygen- acetylene welding or flace spraying using
wire, rod or powder is probably the most widely used. A common technique is
to deposit the materials in one or more welding passes and then
subsequently remelt or fuse the deposit with the same or a different
welding torch or, in some cases, by furnacing. All of the welding
techniques involve some 10     melting of the substrate surface and hence
dilution of the deposit with substrate metal. The most commonly used hard
facing compositions are tabulated by the American Society for Metals (ASM)
in Metal Progress, Vol. 112, No. 6, Nov. 1977, p.49.  The ASM class 5 hard
facing materials containing .75 to 96 weight percent (all compositions
hereinafter are given in weight percent) tungsten carbide as unmelted
crystals or grains in a cobalt-base alloy are the most wear resistant, but
are generally very brittle with poor mechanical shock resistance 20     and
are difficult to apply without cracking, excessive oxi- dation, etc.  The
next most abrasion resistant hard facing materials are the ASM class 4
alloys consisting of Ni (nickel) and Co (cobaLt) base alloys. The Co-base
alloys of sub-class 4A contain W (tungsten) and C (carbon) in solution and
hence may form a limited volume fraction of tungsten carbide by
precipitation during cooling. These overlays, as well as 



those of class 5, are usually applied using a flux covering,    inert gas
shroudir.g or some other means to minimize oxidation during deposition and
subsequent fusing. The Ni-base alloys of subclass 4B are known as
"self-fluxing" alloys and contain B (boron) and Si (silicon) to form their
own flux. During initial deposition or post deposition remelting, most of
these fluing elements combine with the metal oxides and float to the
surface of the deposit forming a. slag. Although the self-fluxing alloys
are normally used by them- selves, they are occasionally combined in a
mixture with un- 10     melted tungsten carbide grains to improve the
toughness of the class 5 hard facing alloys. A recent example is that of
Patel, U. S. Patents 4,013,453 and 4,075,371, in which a nickel-base alloy
containing 0.5 to 5 B and 0.5 to 6 Si is mixed'with a WC-Ni agglomerate and
flame sprayed. Patel intentionally avoids significant reaction between the
WC particles and the metallic matrix to preserve the initial powder. size
and distribution of WC grains. The most commonly used self-fluxing alloys
-contain up to 3.5 B and up to 4.5 Si. Ni-base alloys with up to 6 B 20
and Si are taught by Tour in U. S. Patent 2,875,043 for the    - special
case of the alloys of his inventicn which contain, in addition, 3 to 10 Mo
(molybdenum) and 3 to 8 Cu, (copper). 



The latter presumably increases the fluidity of these other- wise
conventionally used self-fluxing alloys. He does not teach the use of these
alloys with a carbide hard phase or for any other purpose than
oxygen-acetylene spray welding including remelting. Quass in U. S. Patent
3,341,337 teaches the    admixture of boric acid to Ni, Co or Fe (iron)
base flame spray powder (oxygen-acetylene hard facing), with or without an
admixture of tungsten carbide grains, to prevent oxidation during
deposition.  Most of the boric acid is intentionally lost by vaporization
or as slag. It is not intended to re- act with or form part of the deposit.
Schrewelius in U. S. Patent 3,025,182 teaches the production of a nonporous
corrosion resistant coating by oxygen acetylene flame spraying of a mixture
of a metal 10      and 2 to 40 B or boron containing compound.  He
specifically teaches that both components have a melting point greater than
[err] and that most of the boron is volatized as boric acid as a result of
its fluxing action.  This is particularly *       important, he teaches,
since B is often detrimental to the final deposits. Noguchi, et al. in
Nippon Tungsten Review, Vol. 1 (Sept. 1974) pages 54 to 58 have described a
variant of the 



normal WC (tungsten carbide) self-fluxing mixture for. oxygen- acetylene
spraying, namely a prealloyed powder containing 20      greater than 25 WC,
8 to 12 Cr (chromium), 2 to.4 Fe, 5 to 6 (B + Si + C), balance Ni. The
specific amount of B, Si and C is unspecified and presumably could be zero
for any one. Although dense coatings are reported with better wear re-
sistance than self-fluxing alloys blended or mixed with WC, the hardness of
the coatings (less than 1000 [err]) (all 2 hardness values hereinafter
given in kg/[err]   as measured on the diamond pyramid hardness scale with
a 300 g load), is still    lower than conventional detonation gur. (d-gun)
WC-Co coatings. In spite of all the effort that has been expended on
weld-deposited hard facing overlays or coatings, none have approached the
sintered tungsten carbides in wear resistance. Nonetheless they are widely
used where the sintered products cannot be applied. Another type of
material, plasma and d-gun coat- ings, has been used for many years for
wear-resistant appli- cations requiring only relatively thin coatings,
usually 10      0.002 to 0.020 inches thick, and moderate hardness, up to
about 1200 [err] but usually less than 1000 [err]  One of the most useful
classes of compositions for this purpose 



has been the family of tungsten carbide-cobalt coatings (usually with 10 to
25 wt% cobalt). As with all as-coated plasma and detonation gun coatings,
these tungsten carbide- cobalt coatings have some interconnected porosiry.
This porosity reduces the corrosion resistance of the coating and, to some
degree, its wear resistance, particularly its abrasive wear resistance.
Thus, while these coatings 20     are used very successfully in a wide
variety of adhesive wear situations, they have been used with much more
limited success in severe abrasive environments. Compositions similar to
the self-fluxing hard facing alloys have been adapted for plasma deposition
where they are generally used without post deposition fusion of the
coating.  They simply increase the fluidity of the molten powder particles
as they impact on the surface being    coated and potentially facilitate
particle-to-particle bonding through a localized fluxing action. the result
is pressurably a denser, stronger coating with less interconnected
porosity. Typical compositions for this kind of an application contain
boron, silicon or phosphorus both to act as a reductant (fluxing agent) and
to lower the melting point and increase the fluidity of the metals used as
in the case of hard facing self-fluxing alloys. Boron is usually present up
to about 



3.5 wt.% and silicon up to about 4 wt.%.  Phosphorus is 10     used less
frequently than boron or silicon. While some success has been achieved in
plasma deposition in increasing. the density and strength of the deposits
by using these so- called self-fluxing compositions, complete sealing has
not been achieved and no substantial strengthening due to the formation of
new phases containing silicon or boron has been noted. The use of the same
self-fluxing alloys mixed with a tungsten carbide-cobalt powder for plasma
deposition of a i coating is also known in the art. As in the case of use
of 20   i self-fluxing alloys by themselves, the plasma sprayed mixed
coatings are not remelted or fused after deposition, and again the purpose
of the self-fluxing component is to increase fluidity in an attempt to
reduce porosity and to act as a localized reductant. A particularly complex
plasma sprayed coating is taught by Cromwell, et al., in U. S. Patent
3,936,295 that consisrs of a tungsten carbide- Co component (15 to 39
wt.%), nickel-aluminium (0 to 10.5 wt.%)    and nickel-molybdenum (26.7 to
85 wt.%) alloys and a self - fluxing alloy (0 to 47.8 wt.%). The basis of
this invention is the inclusion of the exothermically reacting Ni-Al and
Ni-Mo ccmponents. Although a non-essential component of 



the invention, the self-fluxing alloy, when used, contains 2.75 to 4.75 B
and 3.0 to 5.0 Si with these elements per- forming their usual self-fluxing
action. A variety of methods have been attempted in an effort to fill or
infiltrate the porosity of various coat- 10     ings or other porous
bodies.  For example, the porosity in plasma or d-gun coatings has been
filled with various organic compounds (such as epoxies) to improve
corrosion resistance at low temperature; however, at about [err] or less,
these.- materials decompose and lose their efficacy as a sealant. -  .
Moreover, these sealants can only.penetrate the coating with-difficulty and
seldom completely seal the full thick-. ness of the coating. They add very
little, if any, mechanical strength to the coating and have been shown to
add virtually nothing to the abrasion resistance of the coating. 20
Goetzel, et al., in U. S. Patents 2,942,970, 2,581,252 and 2,752,666
teaches a method of producing a carbide structural body (not a coating) by
first producing a very porous skeleton (30 to 70 percent porosity, higher
than can be obtained by plasma or d-gun) of the carbide with a low fraction
of metallic binder and then infiltrating this skeleton with a ductile, heat
and corrosion resistant Ni, Co or Fe base alloy.  There is no mention in
the    



reference of the use of 3, Si, or P (phosphorus) In the infiltrant and, by
necessity, they must be excluded in any substantial amount to satisfy the
requirement of heat resistance and high ductility. Goetzel, et al., in U.
S. Patent 2,612,442 teaches a corrosionn resistant coating of Cr, Zr
(zirconium), Al (aluminum) or Si, for the preceding, fully infiltrated
carbide bodies, principally by pack cementation. In another method of
coating these fully infiltrated bodies, Goetzal et al, in U. S. Patent
2,899,338 lo     teaches a coating made by first coating the fully dense,
infiltrated carbide body with an undercoat or bond coat of an Fe, Co or Ni
base alloy with 0-20 Mg (magnesium), 0-5 B, 0-12 P, 0-4 Si, 0-2 Mn
(manganese) 0-2 C, the alloying elements not exceeding 20 percent of the
total composition. This bond coat is then overcoated with a primary coating
of the Ni-Cr type 4 to 10 times as thick as the undercoat, and the coated
part heat treated to diffuse the bond coating into both the' primary
coating and the base material.  B, Si and P are used primarily to lower the
melting point of the 20     bond coat to allow diffusion/infiltration of
the primary coating without melting it. No reaction with the primary
coating or base material is taught or the use of 3, Si or P as other than a
melting point depressant and there is no criticality of B, Si or P content
other than enough to depress the melting point. Breton,. U. S. Patent
3,743,556, uses a somewhat 



similar technique in that be first deposits an Fe,  Xi or Co base alloy on
a substrate, then a layer of "filler" material (diamond, WC, TaC, hard
alloys, borides, etc.), both layers being held in place with an organic
binder. On heating, the organic binder decomposes and the first layer melts
and infuses the outer layer. Breton does not disclose any data
characterizing his end product in terms of hardness or wear resistance. We
have found that using techniques similar to those taught by Breton result
in coating having a hardness 10      less than 1000 [err] It is also known
in the art-that porous metal structures (not coatings) can be infiltrated
with a lower melting metal; e.g., Gebaurer, U. S. Patent 1,342,801, who
simply used a metal of lower melt 'ng point or Bourne., in U. S. Patent
2,401,221, who teaches the infiltration of porous compacted iron briquettes
with copper presaturated with iron to minimize reaction. None of the
preceding methods have, however, either 20      singly or in combination
provided completely satisfactory methods or materials to greatly improve
the abrasive wear and corrosion resistance of coatings. It is the intent,
therefore, of this invention to provide a. unique coating system that is
completely seated, to provide corrosion 



protection, and has excellent wear resistance, approaching or equaling that
of sintered solid tungsten carbide.    10 The invention is based on the
discovery that such extremely wear and corrosion resisant coatings can be
made by reacting unique Ni-base alloys with a variety of carbide based
coatings in situ, and on the further discovery that the structure and
hardness of the coating is dependent on a critical relationship of density
to boron content, as more fully described hereinafter. One embodiment of
the invention resides in a 10     method for producing wear and corrosion
resistant coatings. There are two principal methods of producing the
coatings of this invention although those skilled in the art may develop
useful variants within the scope of the invention. One method, for
convenience, designated the two-layer method, consists of first depositing
by plasma or d-gun a layer of a metal carbide (with or without a metal
binder), then depositing by a variety of means a second layer of a reactive
Ni-base alloy and finally heat treating the coated article to cause the
second layer to melt, penetrate the first 20     layer and react with it.
The second method, for convenience designated the one-layer method,
consists of depositing, by 



plasma or d-gun, a mixture of a metal. carbide (with or without a metal
binder) and a Xi-base reactive metal and then heat treating the coated
article to cause the reactive metal to melt and react with the metal
carbide component. Either method can be used with Fe, Ni or Co base
substrates. A    limited amount of diffusion and/or reaction with the
substrate occurs and increases the bond strength of the coating. It should
be noted that the plasma or d-gun deposition tech- niques result in a layer
having a density greater than 75 percent of theoretical. Another embodiment
resides in a novel powder as starting materials for providing the wear and
corrosion- resistant coating of the invention. In the two-layer method of
the invention, the first layer consists of a metal carbide 10      which
may be a tungsten, chromium, vanadium, hafnium, titanium, zirconium,
niobium, molybdenum or tantalum carbide or mixtures or compounds thereof.
The metal carbide may be used with up to 25 wt.Z of a metal binder such as
Co, Ni, Fe or their mixtures or alloys.  The reactive metal of the second
layer is a novel nickel base alloy with an unusually high boron content.
The specific composition varies with the specific metal carbide, method of
deposition and heat treatment time and temperature, but falls within the
range 



of 6.0 to 18.0 B, 0 to 20 Cr, 0 to 6.0 Si, 0 to 5 Fe, 20      balance Ni,
when the density of the first layer in the two-layer method as deposited is
greater than 95 percent of theoreticar. The range of boron is 6.0 - 18.0
when.the density is between 75 to 95 percent of .theoretical. The metal
carbide comprises 40 to 75 wt.% of the total com- position of the two
layers. In the one-layer method the novel starting powder consists of a
mixture of the metal carbide listed above and    the reactive metals. (The
metal carbide comprises 75 to 40 wt.7% of the total composition.) Another
embodiment of the invention resides in a coating on a substrate produced in
accordance with the in- 5  vention which has a hardness greater than 1000
[err] and has no interconnected porosity. According to the present
invention, therefore, there is provided a coating on a metallic substrate,
said coating consisting of an outer zone having a hardness 10   of 1000 to
2200 [err]    and an interdiffusion zone between the outer zone and the
substrate, said outer zone consisting of a metallic matrix including dis-
persed particles of metallic borides, carbides and intermetallics selected
from tungsten,  chromium, 



15   vanadium, hafnium, titanium, zirconium, niobium, molybdenum and
tantalum carbides, borides and compounds thereof in combination with cobalt
and nickel, said outer zone having a composition in weight percent of 1.5
to 10.8 percent boron, 0 to 3.6 percent silicon, 20   12.75 to 75.15
percent iron, nickel and cobalt with the balance being selected from
tungsten, chromium, vanadium, hafnium, titanium, zircoaium, niobium,
molybdenum, tantalum and carbon. The use of plasma or d-gu  deposition for
the 25   first-layer in the two-layer method is critical because it is
necessary that this first layer have a density greater than 75 percent of
theoretical (much -reater than the porous bodies taught by Goetzel or the
layer technique taught by    13 Breton) to achieve a virtually fully dense
final coating.  The second layer in the two-layer method may be applied by
plasma or d-gun deposition, as well, but may alternatively be applied by
other methods such as slurries, electrophoresis, physical 5      vapor
deposition or sputtering.  In the one-layer method plasma or d-gun
deposition is critical to achieve an initial density of greater than 75
percenc, again to insure a final structure that is substantially pore free
and has requisite 



hardness.  Standard powder methods such as slurries or 10
electrophoresis cannot achieve this high  a density.  Physical vapor
deposition cannot deposit carbides and sputtering tech- niques, though
perhaps technically possible, would be im- practical.  This  invention can,
therefore, be distinguished from much of the prior art on the basis of the
density of an 15       initial layer alone. 'The microstructures of the
resulting coatings are    very complex and depend on the specific
composition and proportion of metal carbide, reactive metal and substrate.
They are not fully understood.  It is generally observed that the reactive
metals of this invention not only wet the metal carbides (and penetrate the
pores of the first layer in the two-layer method), but that they react with
the metal carbides, drastically changing the composition and morphology of
the total coating. This reaction may take the form of dissolution of the
metal carbide followed by precipitation 10      of new phases or, to some
extent, the same phase in a new morphology, or it may involve a solid state
reaction.  Not only does a uniform distribution of carbides result, but a
uniform distribution of borides and/or complex metal boro- carbides.  In
addition, the coating becomes virtually fully -  dense with any remaining
small volume fraction of porosity 



completely encapsulated.  As a result, the substrate is completely
protected from corrosion, and corrosion of the coating is limited to the
exterior surface. The discovery that such reactions are useful is 20
surprising in view of the established art of 'infiltrating porous bodies or
coatings while deliberately trying to avoid or minimize reactions; e.g., as
in Goetzel, Breton, Patel, Gebaurer and Bourne.  The reactive metals of
this invention are also distinctly different than the self-fluxing alloys
used in combir.ation with metal carbides for plasma deposition, or even
oxygen-acetylene spraying (Noguchi, ASM, Gcetzel, etc.) in that the boron
content is much higher for the    15 plasma coatings (as deposited density
75 to 95 percent of theoretical).  Retention and utilization of a high con-
centration of boron is distinctly different than the teachings of
Schrewelius and Quass who tried to ensure the removal of the boron durin.g
deposition to prevent detrimental effects.  It is also distinctly different
than the teaching and practice of self-fluxing alloys, since the boron in
the reactive metals of this invention are intended to form bard phases such
as borides and complex 10     borocarbides and not be consumed as a flux. 



The coating thicknesses in the two-layer method seem to be limited to those
normally encountered in. plasma or d-gun deposition; i.e., about 0.020 to
0.030 inches.  This limitation is a function of specific composition,
coating parameters, and substrate geometry and is due to the cumulative
residual stresses generated during deposition. In the one-layer method,
however, it has surprisingly been found that extremely thick coatings,
often exceeding 0.100 inches, can be deposited.  This significant advantage
of the 20      one-layer over the two-layer method is counterbalanced to
some degree by the slightly harder coatings obtained with the same
compositions with the two-layer method. One of the major compositional
embodiments of this invention utilizes tungsten carbide as the metal
carbide. When the two-layer method is used it consists of first apply- ing
a coating of tungsten carbide-cobalt by plasma or det- onation gun
deposition and then applying a second coating of    16 a nickel-base
reactive metal by plasma or d-gun deposition or by slurry, electrophoresis,
etc., and finally heating the coated article in a vacuum or inert gas to a
temperature sufficient (for example, about 950 - [err]) for the second
coating to melt, penetrate the first coating and react with 



it. The composition of powder for the first coating is the equivalent of
tungsten carbide and 0 to 25 cobalt. The specific carbon content may range
from about 4.60 to 6.13 when stoichiometric WC is used or about 3.20 to
6.13 when 10     part of the carbide is nonstoichiometric.  It may contain
up to 2.0 Fe and, a reasonable amount of trace impurities. Thus, the first
coating of tungsten carbide-cobalt may consist of a mixture of phases of
WC, [err] and [err] etc.) with the balance of the cobalt in a metallic
form. The composition of the powder for the second coating is 6.0 to 18.0
B,. 0 to 6.0 Si, 0 to 20 Cr, 0 to 5.0 Fe and the balance Ni. The preferred
ranges for the two coatings are for the first coating the equivalent of
tungsten carbide- 10 to 25 Co and for the second coating 6.0 to 11.0 B for
20     plasma or for d-gun, 2.0 to 4.0 Si, 3.0 to 15.0 Cr, 0 to 2.0 Fe and
the balance Ni. It should be recognized that some shift in composition is
possible during plasma or d-gun deposition.  The ratio of the second
ccating to the first coating is a function of the specific alloy com-
positions used for each coating. In thickness, the ratio ranges from about
0.2 to 1.2 with a preferred range of 0.3 to 1.0. This corresponds to a
weight ratio of about    17 



0.09 to 0.65. The substrate composition for any of these coating systems
may be any iron, nickel or cobalt base alloy. When the metal carbide chosen
is tungsten carbide and the one-layer method is used, the invention
consists of depositing by plasma or d-gun deposition a coating composed- of
a mixture of two or more components. One component consists of essentially
tungsten carbide-0 to 15 Co. This component may consist of a mixture of
phases of WC, W2C and [err] with the balance of the cobalt in a 10
metallic form.  A small amount of iron or other elements may be present in
this component.  The specific carbon content may range from about 4.60 to
6.13 when stoichiometric WC is used to about 3.20 to 6.13 when part of
the...carbide is nonstoichiometric.  It may contain up to 2.0 Fe and a
reason- able amount of trace impurities. The second component may be a
single alloy or a mixture of alloys with a total composition of 6.0 to 18.0
B, 0 to 6.0 Si, 0 to 20.0 Cr, 0 to 5.0 Fe. An example of a mixture of
alloys would be 40 to 60 wt.% of an alloy 20     of 14.0 to 19.0 B, 0 to
3.5 Fe, 0 to 1.0 Si, balance nickel and 60 to 40 wt.% of an alloy of 2.0 to
4.0 B, 2.0 to 6.0 Si, 1.0 to 5.0 Fe, 0 to 20.0 Cr, balance nickel. The
mixture of components consists of 75 to 55 percent of the first (tungsten
carbide) component and 25 to 45 percent of the second (re- active metal)
component. The coating may be applied to any iron, nickel or cobalt base
alloy substrate. 



After the coating is applied, the component is heat    18 treated at a
temperature of greater than [err] for a time sufficient to cause reaction
and/or diffusion between the components of the coating. A limited, but
important amount of diffusion/reaction occurs with the substrate. The
microstructures of the resulting coatings after heat treatmenr are very
complex and are not fully understood. Coatings made by the two-layer method
consist generally of four zones. The outermost zone contains some large,
angular particles in a metallic matrix with a fine dispersion of 10    very
small particles, the second zone contains somewhat smaller angular
particles than the outer zone and again a dispersion of very fine particles
in a metallic matrix, the third zone consists of a gradient of particles in
a metallic matrix, increasing from the substrate outward, and finally the
fourth zone is a narrow band of interdiffusion/reaction with the substrate.
X-ray analysis suggests that the predominate phases in the first three
zones are as shown in Table I below.    



Table I Hardness, Zone          Major Phases    Minor Phases          [err]
Outer         [err]              WC             1300-2200 Second        WC
[err]              1200-2000 Third         [err]                   WC
300- 700 where          [err] [err] [err] 10                    [err]
Typical hardnesses of the various zones are also shown in Table I. The
microstructures of coatings made by the one- layer method are also very
complex and not completely under- stood.  The outer major portion of the
coating, consists of a dispersion of fairly coarse angular hard particles,
presumably WC, and a very dense finer dispersion of several types of
particles, all in a metallic matrix.  A narrow inner zone 20     consists
of a substantial amount of a hard phase which may be present as large
blocks of almost continuous particles or a fine dispersion of particles,
depending on the specific composition and heat treatment used. Finally,
there is a narrow interdiffusion zone between the coating and the
substrate.  Typical hardnesses of the outermost zone are 1000 to 1800 [err]
A wide variety of other carbide systems can, of 



course, be used to advantage with this invention.  For example, excellent
microscructures and hardness have been obtained with the TiC and VC/WC
systems.  The optimum choice of a given carbide will depend on the specific
wear and 5 corrosion environment of use and the relative economics of the
coating systems. Several examples of this invention follow for the purpose
of teaching one skilled in the art how to practice the invention. The
examples are not in any way intended to 10   limit the scope of the
invention. Example 1 Specimens 1/2 x 1/2 x 1 inch of AISI 1018 steel
(nominally 0.18 C; 0.75 Mn; Bal Fe) were first coated on a 1/2 x 1 inch
face with Alloy 1 to a thickness of .005 to 15   .020 inches as shown in
Table II. Alloy 1  W-11 Co - 4.1 C (Tungsten carbides + cobalt) Alloy 2 was
then plasma sprayed over the first coating to various thicknesses as shown
in Table II. Alloy 2= Ni -9.3 B - 2.7 Si - 3.2.Cr - 2.3 Fe 20   These
coatings were then heat treated in vacuum for either one hour at [err],
or.e hour at [err] or five minutes at [err]. The coatings after heat
treatment had the hardnesses shown in Table II. It was found that the ratio
of the second 



coating to the first coating is very important in developing 25   the best
microstructures in the final coating.  If the amount    of the second
coating relative to the first coating is in- sufficient, the first coating
will not be fully penetrated and the total coating not well bonded to the
substrate.  This occurred in the test specimens of all but the thinnest
first coatings when the ratio was 0.30 or less by weight. Good
microstructures were developed when the ratio was :35 or .40, although the
.40 ratio was preferred since the .35 ratio tended to exhibit bands of
metal-rich material that were softer than the balance of the coating.  The
hardness of the 10    coatings with a ratio of .45 was lower than those
with .35 or .40 except at the lower heat treatment temperature.  The
coatings heat treated at either 1100 or [err] for one hour were similar
with the exception of the .45 ratio coatings while those held at the
shorter time for five minutes at 1160 C had somewhat lower hardnesses.  A
review of 'the microstructures and the hardnesses indicate that the ratio
by weight of .30 to .45 is useful, but that the ratio of about .35 to .40
is preferred. See table II on the following page 21.   



22 [err]    23 Example 2 Specimens 1/2 x 1/2 x 1 inch of AISI 1018 steel
were first coated on 1/2 x 1 inch face with Alloy I to the thicknesses
shown in Table III with a plasma spray torch. A second coating was then
applied over the first to the thicknesses shown in Table III also by plasma
spray. The compositions used for the second coating layer were: Alloy 3
Ni- 7.0 Cr -3.5 B -4.5 Si -3.0 Fe 4   Ni- 15.6 B 10                     5
i -3.8 Cr -6.  B -2.5 Si 6   Ni -3.8 Cr- 9.4 3 Various ratios of thickness
cf second coating to first coat- ing were used as shown in Table III.  The
coated specimens were then heat treated at 1100 to [err] for 1 hour in
-vacuum.  Because the heat treatment had not been optimized, there were
some areas of high metallic content and low hardness; however, the
predominant hardnesses are shown in Table III. The specific microstructures
were found to be a function of the ratio of the second coating to the first



20    coating. In the case of Alloy 3 it was found that all of the coatings
had a porous outer layer and, under the conditions used, that the residual
stress of the final coating was such that those coatings with a thickness
ratio of second coating to first coating of greater than .8 lifted during
coating Those with a lower ratio exhibited some porosity in the outer zone
of the coating.. When Alloy 4 was used for the second coating, a much
higher reactivity with the first coating and the substrate was observed..
When a high ratio of second    coating to first coating was used,
extraordinarily large particles were found in the outer zone accompanied by
a fairly wide range of hardness values in this zone. With lower ratios, or
heat treatment temperature, however, more uniform microstructures were
obtained with quite high uniform hardnesses. The use of Alloy 5 resulted in
generally acceptable microstructures but with occasional high
concentrations of infiltrant in the inner half of the coating at high
second coating to first coating ratios. 10    Alloy 6 when used as a second
coating resulted in acceptable microstructures at all ratios, thus the
presence of any significant amount of Si is not necessary. See Table III on
the following page 24.  



25. 0 [err]    26 Examole 3 Specimens 1/2 x 1/2 x 1 and 1/2 x 1 x 3 inches
of AISI 1018 steel were coated on a 1/2 x 1 or 1 x 3 inches face with alloy
1 by plasma deposition to a thickness of about .009 inches and then a
second coating with a total composition of Alloy 2 in Example 1, but
consisting of a mixture of 50 percent Alloy 3 and 50 percent Alloy 4 was
applied, also by plasma deposition, to a thickness corresponding to a
thickness ratio of the second coating to the first coating of 0.81, 10
0.85, 0.90.  These coatings were then heat treated for 60 or 120 minutes at
1100 or 60 minutes at [err].  The resulting microstructures for all the
coatings were generally acceptable with hardnesses ranging from 1478 to
1597 DPH300 except for the .9 ratio heat treated at [err].f6r 60 min. (1304
[err]) There was little difference between the specimens except that those
heat treated at [err] were slightly softer than those heat treated at
1100C.  In all cases on the basis of the 



microstructures and the hardnesses of the coatings these specimens would be
expected to have extremely good wear 20       resistance. Example 4 The
plungers used in stimulation pumps for oil well applications to pump sand
slurrys undergo severe abrasion and normally have an extremely short
service life. To determine the performance of the coatings of this
invention vis-a-vis prior art coatings, the three plungers in a triplex
pump    27 were coated with three different materials:  Colmonoy 6, a
trade- name of Wall-Colmonoy, Inc. (14 Cr - 3.0 B - 4.5 Si - 4.5 Fe - 0.7 C
- balance  nickel) applied by standard oxygen-acetylene hard facing
techniques, L-15 (WC-lOCo-4Cr) a detonation gun coating applied by Union
Carbide Corporation and a coating of this invention "COLMIONOY" is a
registered Trade Mark.  The plungers were 3.75 inches in diameter, about
19.inches long with a coated length of about 14 inches. The specific
coating of this invention used for this test was produced by applying a
first coating 10    of Alloy 1 to a thickness of 0.011 inches.  A second
coating 0.0085 inches thick of 50 wt.% Alloy 3 + 50 wt.% of Alloy 4 was
then applied.  Both of these coatings were applied by plasma deposition.
The plunger was then heat treated at 



[err] in vacuum for 120 minutes. The coating was then ground and lapped
leaving a final coating thickness of about 0.012 inches. The pump was
assembled and run in typical field service until the Colmonoy 6 coating
failed. At this point in time, the Lw-15 appeared to be significantly worn,
but in better condition than the Colmonoy 6. The coating of this 20
invention, on the other hand, showed only an insignificant amount of wear
and was assembled into another pump with two new Colmonoy 6 plungers. Again
the pump was run until the Colmonoy 6 coating failed and again inspection
revealed that the coating of this invention was still very serviceable.
This sequence was repeated and it was- found that the coating of this
invention lasted four to six times as long as plungers. coated with
Colmonoy 6.    Example 5 Specimens of a variety of sizes, shapes and
compositions as shown in Table IV(b) were coated with a first coating of
Alloy 1 and a second coating of a mixture of 50 wt.% of Alloy 3 + 50 wt.%
of Alloy 4 to the thicknesses shown in Table IV(a). These coatings were
then heat treated in vacuum at 1100 to [err] for 15 to 120 minutes.  Micro-
structures similar to those obtained previously with this coating system
were obtained on all of the samples with 



10     the exception of minor differences in the diffusion zone, depending
on the specific composition of the substrate. It has thus been demonstrated
that these coatings are applicable to a wide variety of steel substrates.
See Tables IV(a) and IV(b) respectively on the following pages 28 and 29
respectively.    29 [err]    30 [err] [err] [err]    Example 6 Specimens
112 x 1 x 3 inches of AISI 1018 steel were plasma sprayed on a 1 x 3 inch
surface with Alloy I to a thickness of .011 inches, then with a second
coating of a 50:50 mixture of Alloys 3 and 4 to a thickness of .009 inches.



The specimens were then heat treated at [err] for-60 min. in vacuum. The
coated surface was ground smooth and a dry sand abrasion test run. The
coating of this invention lost 10     slightly less volume of material than
did Carboloy 883 (WC-6- Co, a tradename of General Electric Company), a
sintered tungsten carbide material, and about one-fourth that of LW- 1N30,
a d-gun tungsten carbide-13 cobalt coating applied by Union Carbide
Corporation. Example 7 Specimens of AISI 1018 steel 1 x 112 x 2-3/4 inches
were coated 0.010 to 0.012 inches thick of Alloy 7 Alloy 7 - W - 9.50 Co -
4.55 C (tungsten carbides + cobalt) with a d-gun on the I x 2-3/4 inches
faces.  Separate samples 20     were then overcoated with a layer of Alloy
2 to thickness   - ratios of 0.3, 0.4, 0.5 and 0.6 or weight ratios of
about .16, .21, .26 and .32, respectively.  The test specimens were then
heat treated in vacuum at 1110 to [err] for two hours.  The resultant
microstructures were as previously described. The hardness of the coating
was found to vary with the thickness ratio, being 1252, 1483, 1407 and 1249
for the 0.3, 0.4, 0.5 and 0.6 ratio coatings, respectively.    Example 8
Specimens of 1 x 3 x l/Z inches steel (AISI 1018) 



were plasma sprayed with mixtures of alloys 1, 3 and 4 as shown in Table V.
The specimens were then heat treated in vacuum at temperatures ranging from
1065 to [err] for times ranging from 5 to 240 min. The microstructure of
coating A was quite porous and that of coating C not very uniform. Coating
B, however, had a very uniform microstructure, minimal closed porosity and
a hardness of 1200 to 1500 in the 10     outer zone and 1113 to 1374 in the
inner zone.  These coatings could be applied to unusual thicknesses on a
flat surface (greater than .030 inch) without lifting.  A dry sand abrasion
test of coating B resulted in about half the wear rate of a d-gun WC-Co
coating and slightly greater than the wear rate of Carboloy 883, a pressed
and sintered WC-Co, Table V Coating                        Composition A.
677. Alloy 1 16.57. Alloy 3 20
16.5% Alloy 4 B                          63.5% Alloy 1 18.25% Alloy 3
18.25% Alloy 4 C                          60.0%  Alloy 1 20.0% Alloy 3
20.07. Alloy 4   



3,3 Examole 9 Specimens of AISI 1018 steel were plasma sprayed with
mixtures of Alloy 1 and Alloy 2 in the ratios shown in Table VI to
thicknesses of .060 to .063 inches. They were then heat treated in vacuum
to 1050 to [err] for 30 min. The hardness of the outer zone of the coatings
is shown in Table VI.  Coating D was somewhat porous, E less so and F, G,
and H had only a very few small pores (all the pores were closed). 10
Table VI Comoosition, wt.%            Hardness Coating         Alloy 1
Alloy 2              [err] D           73                27
1452 E               70                 30                1435 67
33                1265 G               65                35
1133 H      63.5                     36.5               1189 Example 10
Specimens 1/ x 1 x 3 inches of 1018 AISI steel 20     were coated on one 1
x 3 inches face with a mixture of 63.5%. Alloy 1and 36.5% Alloy 6 to a
thickness of 0.030 inches. The specimens were then heat treated in vacuum
at [err] for 30 min. The resulting hardness was 1542 [err] This
demonstrates that, as in the case of the two-layer system, 



Si is not necessary in the one-layer system either.    3+ Example 11
Specimens of AIS  1018 steel tubes 4 inches in diameter, 6 inches long were
coated with mixtures of Alloys 1, 3 and 4 to a thickness of .064 to .078
inches as shown in Table VII. The specimens were then heat treated in
vacuum at [err] for 30 min. The hardnesses of the outer zone of the
resulting coatings is shown in Table VII. Table VII Composition, wt.%
Hardness 10      Coating     Alloy 1      Alloy 4        Alloy 3
[err] I          63.5      14.6             21.9         1278 J
63.5       18.25           18.25         1241 X          63.5        21.9
14.6         1117 Example 12 Specimens 1/2 x 1 x 3 inches of AISI 1018
steel were plasma coated on a I x 3 inch face with a mixture of 18.25
percent of Alloy 3, 18.25 percent of Alloy 4 and the balance WC (a
stoichiometric compound of W-6.13 C with no 20      metal binder). A dense
microstructure was obtained when the specimens were heat treated at [err]
for one hour in vacuum. The hardness of the coating was 1010 [err] 



Example 13 Specimens 1/4 x 1 x 2 inches of a nickel base alloy (Ni - 22 Cr
- 18.5 Fe - 9 Mo - 1.5 Co - 0.6 W - 1.0 Si - 1.0 En - 0.10 C) and a cobalt
base alloy (Co - 22 Cr - 22 Ni - 14.5 W - 1.25 Mn  - 0.35 Si - 0.10 C - 3.0
Fe - 0.9 La) were    plasma coated on al x 2 inch face with a mixture'of
18.25 percent Alloy 3, 18.25 percent Alloy 4 and the balance Alloy 7.
Specimens were heat treated in vacuum at [err] for 30 min., [err] for 10
min., and [err] for 30 min. Hardness values were 1160, 1177 and 1126 [err],
respectively for the coatings on the nickel base alloy and 1219, 1187 and
1228 [err] respectively on the cobalt base alloy.  The microstructure was
similar to those obtained on steel sub- strates. 10
Example 14 Seamless steel tubing 1 inch O.D x 6.5 inches long x 0.120
inches wall thickness was coated on the O;D. with 0.010 inches of Alloy 1,
followed by 0.7 to 0.8 thickness ratio (0.35 to 0.40 weight ratio) of Alloy
2 or a 50:50 wt.% mixture of Alloys 3 and 4. After heat treatment in vacuum
for 2 hours at [err] the tubes were cut into rings 0.5 in. long, and the
steel substrate removed. The resultant rings of coating, 0.5 inches long by
1.0 inches 



O.D., were subjected to- corrosive attack by submersion in 20     aqueous
solutions of each of the following media, 50 wt.7. NaOH, 5 wt% [err] 5 wt.%
[err] and 20 wt.% HCl.  Tests were conducted at room temperature and at the
respective boiling points of the solutions for a period of 5 to. 9 days. in
most cases, little or no corrosive attack [err] on the external surface of
the coating could be observed. The most severe attack was observed in
boiling [err] solution, where a uniform scale of corrosion products 0.004
in. thick    36 had developed after 7 days exposure.  There was no evidence
of internal corrosive attack leading frcm the external coated surface in
any of the samples tested. Example 15 5             Specimens of 1/2 x 1 x
3 inches AISI 1018 steel were plasma deposited with blended mixtures of
(75/25 VC/WC) + 2 Ni + 2 Mo and a mixture of 50 wt.% Alloy 3 and 50 wt.%
Alloy 4, then heat treated at various times and temperatures. Coatings that
contained 50-55 wt.7. of the mixture of Alloys 10    3 and 4 resulted in
relatively fine microstructures and hard- ness values of 1150 to 1250 [err]
when heat treated at 1050 or 1060C for 10 minutes. Examole 16 



Specimens of 1/2 x 1 x 3 inches AISI 1018 steel 15    were plasma deposited
with blended mixtures or TiC and a mixture of 50 wt.% Alloy 3 and 50 wt.%
Alloy 4. Coatings that contained 45 or 50 wt..% TiC and were heat treated
at 1020 or [err] for 1/2 hour in vacuum yielded hardness values of
1050-1200 [err] 20               Attention is directed to our copending
patent application 7917719 which claims a powder composition for deposition
by a method producing a coating having an as-deposited density greater than
75 percent theoretical on a metal substrate, 25    such coatins having high
wear and corrosion resistance; said composition comprising two or more
components    (a)  the first component consisting of 0 to 25 wt.% of at
least one binder taken from cobalt, iron, nickel and alloys thereof and 100
to 75 wt.% of at least one metal carbide taken from tungsten, 5   chromium,
vanadium, hafnium, titanium, zirconium, niobium, molybdenum and tantalum
carbides, and com- pounds thereof; (b) the second component consisting
essent- ially of a single alloy or a mixture of alloys with 



10   a total composition of 6.0 to 18.0 wt.% boron; 0 to 6 wt .% silicon; 0
to 20 wt.* chromium; 0 to 5 wt.% iron; balance nickel; said first component
comprising 40 to 75 wt. % of the entire composition. 15          The
copending application also claims methods of producing a coating on a
metallic substrate. which comprise depositing the components of the above
composition on the substrate, heating the deposited coating and cooling the
coating, allowing the form- 20 ation of borides, carbides and intermetallic
phases. resulting in a coating having a hardness greater than 1000 [err]
CLAIMS 1. A coating on a metallic substrate, said. coating consisting of an
outer zone having a hardness of 1000 to 2200 [err] and an interdiffusion
zone 5  between the outer zone and the substrate, said outer zone
consisting of a metallic matrix including dis- persed particles of metallic
borides, carbides and intermetallics selected from tungsten,  chromium,
vanadium, hanum, titanium, zirconium, niobium., 10  molybdenum and tantalum
carbides, borides and compounds 



thereof in combination with cobalt and nickel, said outer zone having a
composition in weight percent of 1.5 to 10.8 percent boron, 0 to 3.6
percent silicon, 12.75 to 75.15 percent iron, nickel and cobalt with 15
the balance being selected from tungsten, chromium,. vanadium, hafnium.,
titanium, zirconium niobium, molybdenum, tantalum and carbon. 2 A coating
as claimed in claim I wherein the outer zone, in part or in whole, has a
gradient 20  in iron, nickel and/or cobalt concentration, with the
concentration being higher near the interdiffusion zone and lower at the
outer surface. 3. A coating as claimed in claim I or 2 wherein the outer
zone, in part or in whole, has a gradient 25  in the particle size of
carbides, borides.or compounds thereof, with the size being smaller near
the inter- diffusion zone and larger near the outer surface. 4. A coating
as claimed in claim 3 wherein the    metal in the metallic carbides,
borides or compounds thereof is predominantly tungsten. 5. A coating as
claimed in claim 3 wherein the metal in the metallic carbides, borides or
compounds 5 thereof is predominantly titanium. 



6. A coating as claimed in claim 3 wherein the metal in the metallic
carbides, borides or compounds thereof is predominantly vanadium. 7. A
coating as claimed in claim 3 wherein the 10  metals in the metallic
carbides, borides or compounds thereof are a mixture and/or compound of
predominantly vanadium and tungsten. 8. A coating as claimed in claim 3
wherein the metal in the metallic carbides, borides or compounds 15
thereof is predominantly chromium. 9. A coating as claimed in any one of
claims I to 8 wherein the metallic substrate is steel. 10. A coating as
claimed in claim 1 and substantially as hereinbefore described with refer-
20  ence to the Examples. The text of the specification has been reproduced
by photocopying the applicants original typescript.    It may contain a few
amendments which are difficult to read.  The original typescript containing
these amendments may be inspected on the premises of the Patent Office    


