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The present invention relates to a coated article
and a method of forming coating on a substrate.

More particularly the present invention relates
to an article having a wear and corrosion-resistant
coating and a method for forming a wear and corrosion
resistant coating on a substrate in which the coating
will not crack when quenched in oil along with its
substrate.

It is known to form a wear and corrosion resistant
coating on a metallic substrate by depositing at least
one coating of a metal carbide and binder, particularly
tungsten carbide and cobalt and a nickel based alloy
using a plasma, detonation gun or other thermal spray
technique followed by a heat treatment operation. This
method is described in detail in U.S. Patent 4,173,685
issued to M. H. Weatherly on November 6, 1979. The
coating, as taught in the Weatherly patent, may be
formed by depositing two successive layers (the two
layer method) on a metallic substrate followed by heat
treatment or by depositing a single layer (the one-
layer method) followed by heat treatment. In the two
layer method a metal carbide layer is initially formed
on the metallic surface preferably using a detonation
gun followed by the deposition of a nickel based alloy
or mixture of alloys containing boron. The range of
boron in the second layer for the two layer method
should be between 3 and 18 wt% when the density of the
first layer is above 95% theoretical and between 6 and
18 wt%¥ when the density of the first .layer is between
75 and 95% of theoretical. 1In the one layer method a
metal carbide powder containing a metal binder such as
cobalt and a nickel based alloy or mixture of alloys is
mixed and deposited as one laYer.. The content of the
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coALing and a nethod for formng a wear and corrosion resistant coating on
a-substrate in which the coating will not crack when quenched in oil along
witihh its substrate. It is known to forma wear and corrosion resistant
coating on a netallic substrate by depositing at |east one coating of a
metial carbide and binder, particularly tungsten carbide and cobalt and a
ni ckel based all oy
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metal carbide and binder is between 40 wt. % and 75 wt.
$ of the total composition and the boron content of the
nickel based alloy or mixture of alloys is above 6 wt
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$. Although suitable wear resistant coatings may be
formed in accordance with the teaching of the
aforementioned Weatherly patent on a wide variety of
steel substrates it is not recommended for use on
steels that have to be hardened by o0il quenching from
elevated temperatures and then optionally tempered to
achieve useful strengths and mechanical properties. If
hardened before cocating, such steels will be annealed
by the heat treatment that is required in the
aforementioned Weatherly process to develop the optimum
wear and corrosion-resistant properties of the coating
(hereinafter referred to as the "Weatherly Coating").
After the Weatherly coating has been heat-treated it
will crack if subjected to reheating and oil-quenching

to develop the most useful properties of the steel.
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depositing a single |layer (the one-
The present invention provides for forming an article

composed of a body and a superimposed coating that
exhibits high wear and corrosion resistance after heat
treatment.

This coating may be used on any body but is
3 especially intended for use on steel bodies that
- require heat treatment and oil-quenching after coating

because it will not crack when quenched into oil from

high temperature.

According to the present invention there is
provided a coated article comprising a body and a
superimposed coating with said ceoating having less
than 5% porosity and a composition comprising metal
carbides-binder fraction comprising one or more metal
carbides selected from the class of metal carbides
consisting of tungsten, chromium, vanadium, hafnium,
titanium, zirconium, niobium, molybdenum, and tantalum
carbides and compounds thereof along with a metal
binder selected from the class consisting of Co, Ni,
Fe and alloys thereof , and a fraction comprising a

nickel-based boron-containing alloy of such
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composition that boron constitutes 1.3 to 3 wt % of
the coating.

According to a further aspect of the present
invention there is provided a method for coating a
body to form a wear and corrosion resistant surface
coating, said method comprising the steps of:
preparing a powder composition comprising a metal
carbide-binder fraction comprising at least one metal
carbide selected from the class of metal carbides
consisting of tungsten chromium, vanadiﬁm, hafnium,
titanium, zirconium, niobium, molybdenum and tantalum

carbides and compounds thereof along with a metal
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a detflonation gun foll owed by the deposition of a nickel based alloy or

m xt gre of alloys containing boron. The range of boron in the second | ayer
for tthe two |ayer method should be between 3 and 18 wt % when the den5|ty of
the fjirst layer is above 95%theoretical and between 6 andr |

~—

TS L} & l
NN
ANV

Sheet Has Been Replaced

T

3 -4~

binder selected from the class consisting of cobalt,
nickel, iron and alloys thereof and a fraction
comprising a nickel-based boron containing alloy
having a boron content such that, upon deposition by a
method capable of producing a coating with less than
5% included porosity, the boron content of the coating
lies in the range of 1.3 to 3wt% of the total coating
composition, and depositing said powder composition by

said method.

The present invention will now be further

described by way of example, with reference to the

[P

accompanying single figure of drawings which shows the
relationship between the metal carbide-metal binder

fane Ay demeres

component and the boron content of the nickel-based

alloy in the powder formulation...
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The powder composition of the present invention
includes a metal carbide-binder fraction comprising
tungsten, chromium, vanadium, hafnium, titanium,
zirconium, niocbium, molybdenum or tantalum carbide or
mixtures or compounds thereof and up to 25 wt % of a
metal binder such as Co, Ni and Fe and a fraction
comprising a nickel-based alloy containing boron. The
preferred metal carbide is tungsten carbide and the
preferred metal binder is cobalt in a range of
preferably between above 0 and 15 wt #%.

The powder formulation must be applied to the body
by a method, preferably a thermal spray process,
capable of producing a coating with less than 5%
included porosity. The nickel alloy fraction of the
powder mix must have a boron content such that, upon
deposition by such method capable of producing a
coating with less than 5% porosity, the boron content
of the coating lies in the range of 1.3 to 3.0 wt% of
the total coating composition. Commercial thermal
spray processes which may be used to provide the
required high density coating include the detonation
gun, hypersonic combustion or high velocity oxy-fuel
'lpray coating processes and other "high velocity" spray
' batlng processes. The detonation gun process is the
rcferred process and is well known and fully described
"s, Patent No. 2,714,563, 4,173,685 and 4,519,840,
fgegtlvely In the detonation gun process oxygen,
cit;lene and nitrogen are fed into a gun barrel along
! e charge of material being coated and ignited.
cating it close to or above its melting point.
owder formulatlon is applled to the body
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‘ mix has a boron content such that the boron content of

the total powder mix is between 1.0 and 2.7 wtg.

It is crucial to the present invention that the
as-deposited coating have a porosity of less than 5%.
The powder composition of the present invention when
deposited with this low porosity using an appropriate
thermal spray process and subjected to a heat treatment
at above 950°C (hereinafter referred to as the "primary
heat treatment") forms a hard, ductile, impervious
coating that is able to survive, without cracking, oil-
gquenching from above 800°C. During the primary heat
treatment, the porosity will reduce to 0 to 90% of its
as-coated value and the original powder components will
convert to a mixture of carbides and borides dispersed
in a nickel alloy matrix. After primary heat
treatment,a coating with the specified as-deposited
composition and density will exhibit a hardness of
greater than 900kg/mm’ when measured by the Vickers
method with 300 gram load and will exhibit a total
porosity of less than 5%, preferably less than 2%, with

no through porosity, i.e. any voids are closed.
The coating resulting from the primary heat

treatment has excellent wear and corrosion resistance

—_——

and no further processing is needed to take advantage
of these properties, though the coating may be ground
or otherwise finished to favorably modify its surface
characteristics. 1In addition, the primary heat
treatment may be followed by a secondary heat treatment
designed to modify the mechanical properties of the
supporting body without detriment to the coating. This
3 heat treatment may be, for example, an aging heat '
treatment or an oil-quenching treatment appropriate to
the substrate. A third heat treatment, to temper the

quenched steel, as is common practice in heat treating,

-l 4

may also be applied without detriment to the coating.
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Each heat treatment may be carried out in a vacuum or
in an appropriate atmosphere. The secondary heat
treatment may be carried out as a continuation of the
primary heat treatment or separately from the primary
heat treatment. 1In fact, the coating can be cooled and
reheated and then quenched.

A relationship exists in the coating composition
between the metal carbide-metal binder component and
the boron content of the nickel-based alloy which in
concert with the method of application must be
satisfied to produce acceptable coating characteristics
in terms of high stress abrasive wear resistance, low
porosity and ability to sustain oil quenching without
cracking. Typically the interdependence between the
metal carbide-metal binder and the nickel based alloy
is shown in Figure 1 using a composition of a WC-CO
powder containing 4.4%C, 9.4%Co, 0.6%Fe, balance W and
a Ni-B alloy which is composed of a combination of two
nickel-based alloy components identified as Ni-B alloy
1 and Ni-B alloy 2, respectively. The nominal
composition of Ni-B alloy 1 is: 14 wt $ B, 2 wt. % Fe,
balance Ni, and the nominal composition of the Ni-B
alloy 2 is: 3% B, 3% Fe, 4% Si, 7% Cr, balance Ni. 1In
Figure 1, the ordinate represents the percentage of the
WC-Co powder in the powder mix and the abscissa the
percentage of Ni-B alloy 1. The proportions of Ni-B
alloy I and Ni-B alloy 2 control the boron content of
the powder formulation. The circled data points in
Figure 1 define the boundaries of a triangular-like
geometry and correspond to the data identified in the
following Tables I and II respectively. In Table I, the
boron content of each of the mixtures is specified as
the percentage of boron in the combined Ni-B alloy
independent of the wt. % of the metal carbide. Table
II shows the weight percent of boron in the powder and
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(hereifnafter referred to as the "Watherly Coating"”). After the Watherly
coatiffg has been heat-treated it will crack if subjected to reheating and
oi | -gdenching to devel op the nost useful properties of.the. steel
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coating from which it should be noted that the boron
content in the coating is not only retained but is
enhanced from that in the powder
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The. ¥ esent invention provides for formng an article conposed of a body
~and af superinposed coating that exhibits high wear and corrosion resistance
“afterfheat treatnment. This coating may be used on any body but is

espectal ly intended for use on steel bodies that require-heat. treatnent and
oi | -qpenching after coating because it wll rbot crack whehiigjieneched ;i p,to ;
oil fgom e r ; {
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--Mix Composition--
wt. percent

Ni-B Ni-B % B in
WC-Co Alloy 1 Alloy 2 Ni-B Alloys
75.0 6.0 19.0 5.64
65.0 6.0 29.0 4.88
50.0 6. 44.0 4.32
71.0 5.0 24.0 4.90
65.0 5.0 30.0 4.57
57.0 5.0 38.0 4.28
67.0 4.0 29.0 4.33
65.0 4.0 31.0 4,26
63.0 4.0 33.0 4.19
65.0 3.6 31.4 4.13
Table 11
--pPowder Mix Comp--

wt. percent

Ni-B Ni-B Percent Boron
wC-~Co Alloy 1 Alloy 2 In Pwdr In Ctng
75 6.0 19.0 1.4 1.9
65 6.0 29.0 1.7 2.2
50 6.0 44.0 2.2 2.6
71 5.0 24.0 1.4 1.8
65 5.0 30.0 1.6 2.0
57 5.0 38.0 1.9 2.3
67 4.0 29.0 1.5 1.9
65 4.0 31.0 1.5 1.9
63 4.0 33.0 1.6 2.0
65 3.6 31.4 1.5 1.9

The area within the triangle formed in Figure 1
deiineates the range of powder compositions which will
form a coating having propertigs of high wear
resistance, low porosity and the ability to withstand
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hi gh tgnperature. According to the present invention there is provided a
coat edfarficle which conprises a steel body and a superinposed coating with
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0il quenching without cracking. The optimum boron
content range is between 4 wt. % and 5 wt. $. A boron
content of above 6 wt % in the nickel boron alloy
powder formulation results in a coating which cracks
when quenched in oil. The range of the metal carbide-
metal binder is also limited to between 50 and 75 wt %
of the total mixture and preferably between 55 and 65
wt The percent of boron must be correlated to the
percent of the metal carbide-metal binder to remain
within the triangular region. The region above line A-
B of Figure 1 designates a region of high wear
resistance and a microhardness above 900 HV.3, whereas
in the region above line A-C the porosity will be too
high and the coating will exhibit interconnected
porosity. The content of boron in the coating should
be between 1.8 and 2.6 wt % in the case exemplified in
figure 1 and between about 1.3 to 3.0 wt % in the most
general case. When deposition of the coating is done
by means of a detonation gun, as is assumed in Tables 1
and 2 and figure 1, the content of the metal carbide
and binder must lie between 40 and 65 wt % and the

: percent of boron in the powder between 1.4 and 2.2 wt

E t. The article of the present invention is particularly

: suitable for high stress abrasive wear environments

such as, for example, a steel guide or work roll. The

coating formed in accordance with the present invention

is particularly suitable as a bearing surface for any
type of bearing and for use in providing a surface
coating for a valve seat or valve gate. .

The following are examples which illustrate the
invention and its advantage over the-pfior art:

Example T

A powder mix (Powder Mix 1) was prepared of a WC-
Co powder containing B86% W, 9.5% Co, 4.5% C with an
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Fe and plloys thereof and a fraction consisting of a nickel-based boron

cont ai n

ng all oy of such conposition that boron constitutes 1.3 and 3.0 Wt %

of the goating, said netal carblde (s) and netal binder fraction
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boron-cpntaining alloy in a range of between 4w % and 5w %
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of the conposition, mnth a boron content in said_ nlckeh ‘baded ;
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ﬂ mu Beplared wt % of the entire conposition, with

alloy containing 83% Ni, 14% B, 2% Fe (Ni-B Alloy 1)
and another alloy containing 83% Ni, 3% B, 7% Cr, 4%
si, 3% Fe (Ni-B Alloy 2) in such proportions ag g net
1.7% B in the mix. Powder Mix 1 was depositeg by means
of a detonation gun onto 1/2" x 3/4" x 2.711 blocks of
AISI 1018 steel. This detonation gun coating exhibited
an as-deposited porosity of less than 5%. The
resultant coating (Coating 11) had a microhardness
greater than 900 HV.3 and a porosity of less than 1%
after primary heat treatment to a temperature jn excess
of 1000°C. A coating made on a similar block of AISI
1018 steel using the same powder through a plasma torch
was less than 95% dense though otherwise appearing to
be of high quality in the as-deposited state, but was
found to contain more than 10% porosity after primary
heat treatment and its microhardness could not be
measured accurately because of the high porosity. Wwhen
deposited on the large faces of a 111 x 31, X 611 4140
steel block later heated to over 1000°C for 1 hr and
subsequently reheated to 850°C and quenched in oil,

P

Coating #1 did not crack. The plasma torch coating
could not be o0il gquenched without cracking.

Example II

3 It is an essential part of the concept of the

present invention that the boron be retained in the

coating at specific levels throughout the deposition
and heat treatment. Coating #1 was deposited onto a
211 diameter, 611 long aluminum tube from which. it was
broken off by crushing the tube. The chemical

] composition of this coating was determined by standard
methods of chemical analysis. Essentially identical
results were obtained when the coating was deposited on
a flat plate made of low carbon steel and again broken

off mechanically. Coating #1 .is made from Powder Mix



Acco-rdi“xg to a further aspect of the present invention there is provided a
met hod for coating a steel body to forman article with a wear and
corrosipn resi st tS urface conprising the steps of: preparing. a powder
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1, which contains 1.7% boron, but when removed from the
substrate and analyzed it was found to contain 2.1% B.
The apparent increase in B content is a result of
preferential loss of other constituents during coating.
In contrast, a coating made by the spray and fuse
process from Stellite SF6 powder, which also contains

1.7% B, was found by analysis to contain only 1.2% B.

Example TII
A 511 0.D., 3/4" wall tube made of AISI 4140 steel
was coated with 0.01611 of Coating #1 and primary heat-
treated, then subsequently reheated to 850°C, oil

quenched and tempered. The coating did not crack.

Example IV
Flat plates, 1.211 x 311 x 811, of AISI 4130 steel
were coated on the two large faces with 0.01411 -
0.01611 of Coating #1 and then subjected to the primary
heat-treatment for the coating. Following this, they
were oil quenched and tempered to harden the substrate

to 40 HRC at the surface (20 HRC at the center).

e

Fluorescent penetrant inspection of the coatings
revealed no cracking.

Example V
The foregoing experiment was repeated on two
plates of similar size made of AISI 4140 steel and on
a valve gate, 4" x 7" x 1.8" made of AISI 4130 steel.
No cracking of the coating was observed subsequent to
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oil quenching and tempering of any of these.

Example VI
A tube of AISI 52100 steel, 211 in outside
diameter x 611 long, with a 1/8" wall thickness, coated
with 0.01211 of Coating #1 and put through the usual




- 4- ®nder is selected fromthe class consisting of cobalt, nickel, iron
and al Ipys thereof, and the fraction consists of a nickel based

bor on- cpnt ai ni ng aIon in which the netal carbide and the netal binder in
t he power conposi kgﬂwﬁggg&hi_lggimeen 50 and 75wt % of the . powder: -~ .
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said frhction and vﬂlmﬂ L.

successive heat treatments also survived oil quenching

without the coating cracking.

Example VIT
Coating #1 was applied to the 0.D. of a
! centrifugally cast steel mill work roll of nominal
composition 1.7% C, 1.5% Ni, 1.1% Cr, 0.5% Mo, balance
Fe and impurities and given the primary heat-treatment
for the coating, but no secondary heat treatment. It
is inherent in the operation of such rolls that each
area of the surface is alternately heated and gquenched
as it moves into and out of contact with the hot steel.
The coating was then ground and the roll installed in
the finishing station of an I-beam shaping line. Three

hundred tons of product was successfully rolled before

the coating was penetrated. Penetration occurred in an
area where the grinding had substantially reduced the
coating thickness as a result of some out-of-roundness
that developed during heat-treatment. It was evident
from inspection of the coating on the remainder of the
roll that the coating had survived numerous impacts by
the leading edges of the beams that were being shaped.
Moreover, furrows observed in the coating indicated

that significant drag had developed between the coating
and the I-beam at times during rolling, but the coating
had neither cracked nor delaminated. It was also
observed that neither the coating nor the substrate
exposed by penetration of the coating exhibited the
typical thermal fatigue patterns (firecracking) .that
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usually degrade these rolls. The Weatherly coating,

by

i when applied to this substrate, blistered and cracked

during primary heat treatment.

Example VIII
Spray and fuse coatings awere prepared by an




& boron containing alloy representing the bal ance of the

wWith a boron content in said at | east one netal - based

aining alloy in a range of between 4wt % and 5w %_depositing said
€onposi tion byagthersml, Dl.2Y Process and heatldgwyhe~ yat || g ”‘1ayﬁr
nper ature abov ] produce ;g coated |gyer wi.th | %s “-ha
£l uded porosity E"Bn ﬁﬂ ! Ehe boron content of t-he. Lbatﬁngﬂlles nn
ge of 1.3wmt %'t total coating conmposition. The present
1on Wi ll now be further

outside source from Stellite SF6 powder and from
stellcar Composite 1 powder. The composition of the
former is nominally 1.7% B, 19% Cr, 13.5% Ni, 7.5% W,
2.3% si, 3% Fe, balance Co; Stellcar Composite 1 is a
pix of 60% WC and 40% of a Ni-base alloy. Both are
standard commercial spray and fuse coatings. These
coatings as supplied to us by a commercial vendor on
111 x 311 X 611 blocks of 4140 steel, were much more
porous than coatings of the subject invention. By
examination of mounted cross sections the porosity of
the Stellcar Composite 1 coating was estimated as being
15 - 25 percent, while that of the Stellite SF6 coating
was 6 8 percent. When subjected to oil quenching on
311 x 611 x 111 blocks of 4140 steel, the Stellite SF6
coating developed cracks just under the surface running
parallel to the surface. The Composite 1 coating
developed numerous cracks that ran completely through
the coating from the surface to the substrate. While
the cracking of the Stellite SF6 coating was relatively
minor, it should be noted that this coating is
significantly lower in hardness than the coatings of

"this invention, measuring only 450-500 HV.3.

Example IX

Samples of Coating #1 were prepared by coating
Powder Mix 1 onto low carbon steel substrates for wear
rate and mechanical property determinations and then
- tested in parallel with similarly prepared specimens
coated using a plasma torch with a coating composition
as taught in Weatherly containing tungsten carbide-~
- cobalt and a nickel based alloy with about 8.5 wt% B
. and having about 3.4 wt% B in the coating. The results
~» of these wear measurements are shown in Table III as
-~ indicated below where it is evident that the two
coatings are essentially equivalent in the properties
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tested. The Weatherly coating, however, cracked when

quenched in oil on pieces of the same size, shape, and
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composition as those on which Coating #1 survived.
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Coating of Weatherly

Test Invention Coating
High Stress Abrasion (a) 3.9 3.2 - 5.0
300 Erosion (A’203) (b) 19 19 - 25
900 Erosion (A’203) (b) 85 90 - 95
Ssand Abrasion (c) 1.7 - 1.8 1.3 - 2.0

(a) mil/min

(b) pmlg
(c) mm’/1000 revclutions

Example X

A coating containing roughly the same B, C, Ni,and
W content as Coating 11, of Example I, was prepared
from another powder mix, using a plasma torch instead
of the detonation gun used to deposit Coating #1. The
porosity in this coating ranged from 3% to 6% in
different samples, making it substantially inferior to

coating #1.

Example XI

Coatings were prepared by detonation gun
deposition of mixtures of the WC-CO powder described in
H Example I with varying amounts of Ni-B alloy 1 and Ni-B
alloy 2 on the two large faces of 1" x 3" x 6" blocks
of AISI 4140 steel, then heat treated first at over
1000°C to treat the coating and subsequently reheated
to about 850°C, quenched in oil, reheated again at a
lower temperature to temper the steel to about HRC 30
and examined for cracks using fluorescent penetrant.
No cracks were found in any of these coatings. The
specific compositions of these coatihgs are listed in
the following Table IV. Each of these coatings was not
measurably different from Coating #1 in resistance to
high stress abrasion and had no more porosity than

Coating II.




I netal carbide is tungsten carbide and the preferred netal binder
~in a range of preferably between above 0 and 15 wt % The powder _
|i.ion nust be applied to the body a thernal W
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gyt such that, upon

TABLE IV
----- Mix Composition—-----
Wt & B
Ni-B Ni-B in Ni-B Percent Boron

HC-Co aAllovy 1) aAlloy 2 Allovs In Pwdr In Ctng
*+65.0 6.0 29.0 4.88 1.7 2.2

65.0 5.0 30.0 4.57 1.6 . 2.0

62.0 5.0 33.0 4.45 1.7 2.2

60.0 5.0 35.0 4.38 1.8 2.3

57.0 5.0 38.0 4.28 1.9 2.3

67.0 4.0 29.0 4.33 1.5 1.9
* = This composition is designated Coating #1 in the text.
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1. A coated article which comprises a body and a
superimposed coating with said coating having an as-
deposited porosity of less than 5% and a composition
comprising a metal carbide and binder fraction
comprising one or more carbides selected from
tungsten, chromium, vanadium, hafnium, titanium,
zirconium, niobium, molybdenum and tantalum carbides
and compounds thereof along with a metal binder
selected from Co, Ni, Fe and alloys théreof and a
fraction comprising a nickel-based boron containing
i alloy of such composition that boron constitutes 1.3
i and 3.0 wt% of the coating.

: 2. An article as claimed in claim 1 wherein said
metal carbide (s) and metal binder fraction constitute
between 40 wt % and 65 wt % of the entire composition,
with said metal binder being up to 25 wt % of the
metal carbide plus binder fraction and with said
nickel based boron-containing alloy representing the
balance of the composition.

1 3. An article as claimed in claim 1 or claim 2,

' wherein said nickel-based boron-containing alloy

# comprises a first and second component with said first
component containing 13 to 14 wt % boron and
constituting 4 to 8 wt % of the coating composition
and with said second component containing 2 to 4 wt %
boron and alloying elements selected from the class
consisting of chromium, iron and silicon.

4. An article as claimed in any one of claims 1
to 3, wherein the coating upon heat treatment to above

a heat treatment temperature of at least 950°C forms a

nickel alloy matrix containing compounds of one or
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more carbide (s) and boride (s) with said heat treated
coating having a hardness above 900 Kg/mm? HV.3, being
metallurgically bonded to the said body, and having a
porosity of 0 to 90% of the as-deposited coating said
porosity being present only in the form of isolated
enclosed pores. .

5. An article as claimed in any one of the
preceding claims, wherein said body is selected from
the class consisting of a guide or work roll for use
in quiding steel, a bearing and a valve component.

6. A process for coating a body to form an
article with a wear and corrosion resistant surface
comprising the steps of: preparing a powder
composition comprising a metal carbide plus binder
fraction comprising at least one metal carbide
selected from tungsten, chromium, vanadium, hafnium,
titanium, zirconium, niobium, molybdenum and tantalum
carbides and compounds thereof and a metal binder
selected from cobalt, nickel, iron and alloys thereof,
and a fraction comprising a nickel based boron-
containing alloy and depositing said powder
composition by a method capable of producing a coating
with less than 5% included porosity and such that the
boron content of the coating lies in the range of 1.3
to 3.0% of the total coating composition.

7. A process as claimed in claim 6, wherein the
metal carbide and binder fraction in the powder
comprises between 50 and 75% of the powder composition
with the metal binder being up to 25 wt % of the
composition of such fraction and with said nickel
based boron containing alloy representing the balance
of the composition.

8. A process as claimed in claim 6 or claim 7,
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wherein deposition is by means of a detonation gun and
the boron content of the powder is between 1.0 and 2.7

wt %.
9. A process as claimed in any of one of claims

6 to 8, wherein said boron-containing alloy comprises

a first and second component with said first component

3 containing 13 to 14 wt % boron and constituting about
_5f 3.6 to 6 wt ¥ of the powder, and with said second

B component containing 2 to 4 wt % boron and also
containing alloying elements selected from the class

consisting of chromium, iron and silicon.

ineid "N

10. A process as claimed in any one of claims 6
to 9, further comprising the step of heat treating the
coated body at a temperature of at least 950°C to form

a nickel alloy matrix containing one or more carbides

and borides with said heat treated coating having a
hardness above 900 Kg/mm2? HV.3 and being
metallurgically bonded to the said body and having a
porosity of 0 to 90% that of the as-deposited coating,
said porosity being present only in the from of

isolated enclosed pores.
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ABSTRACT
A COATED ARTICLE AND A METHOD OF COATING SAID ARTICLE

} The present specification discloses a coated
article having a wear and corrosion resistant coating
which is formed by blending a powder formulation
having a metal carbide-metal binder component and a

nickel base boron containing alloy component. The

blend is deposited on a body of the article by a
method capable of producing a coating with an as-
deposited porosity of less than 5% and a boron content
of 1.3 to 3.0 wt % of the whole coating. Then the

coated article is preferably heat-treated to achieve

I L,

in the coating a microchardness above 900 Kg/mm2 HV.3
and the elimination of all interconnected porosity.
The coating thus produced will sustain oil quenching
without cracking.

. U PP
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ARTICLE WITH WEAR RESISTANT COATING AND METHOD
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Field of the Invention _ _
This invention relates to an article having a wear

and corrosion-resistant coating and a metﬁod for
forming a wear and corrosion resistant coating on a
substrate in which the coating will not crack when
quenched in oil along with its substrate.

Background of the Invention
' It is kxnown to form a wear and corrosion resistant

coating on a metallic substrate by depositing at least
one coating of a metal carbide and binder, particularly
tungsten carbide and cobalt and a nickel based alloy
using a plasma, detonation gun or other thermal spray
technique followed by a heat treatment operation. This
method is described in detail in U.S. Patent 4,173,685
issued to M. H. Weatherly on November 6, 1979. The
coating, as taught in the Weatherly patent, may be
formed by depositing two successive layers (the two
layer method) on a metallic substrate followed by heat
treatment or by depositing a single layer (the one-
layer method) followed by heat treatment. In the two
layer method a metal carbide layer is initially formed
on the metallic surface preferably using a detonation
gun followed by the deposition of a nickel based alloy
or mixture of alloys containing boron. The range of
boron in the second layer for the two layer method
should be between 3 and 18 wt% when the density.of the
s+« first layer is above 95% theoretical and between 6 ‘and
18 wt% when the density of the first_léyer is between
75 and 95% of theoretical. In the one layer method a
metal carbide powder containing a metal binder such as
cobalt and a nickel based alloy or mixture of alloys is
mixed and deposited as one layer. ' The content of the
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metal carbide and binder is between 40 wt. % and 75 wt.
% of the total composition and the boron content of the
nickel based alloy or mixture of alloys is above 6 wt
%$. Although suitable wear resistant coatings may be
formed in accordance with the teaching of the
aforementioned Weatherly patent on a wide variety of
steel substrates it is not recommended for use on
steels that have to be hardened by o0il quenching from
elevated temperatures and then optionally tempered to
achieve useful strengths and mechanical properties. If
hardened before coating, such steels will be annealed
by the heat treatment that is required in the
aforementioned Weatherly process to develop the optimum
wear and corrosion-resistant properties of the coating
(hereinafter referred to as the "Weatherly Coating").
After the Weatherly coating has been heat-treated it
will crack if subjected to reheating and oil-quenching
to develop the most useful properties of the steel.

Summary of the Invention
A method was discovered in accordance with the

present invention for forming an article composed of a
body and a superimposed coating that exhibits high wear
and corrosion resistance after heat treatment, and has
a porosity of less than 5%. This coating may be used
on any body but is especially intended for use on steel
bodies that require heat treatment and oil-quenching
after coating because it will not crack when gquenched
into oil from a high temperature. L

The article of the present invention comprises a
body and a superimposed coating with said coating
having less than 5% porosity and a composition
consisting essentially of a metal carbide-binder
fraction comprising one or more metal carbides selected
from the class of metal carbides consisting of
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zirconium, niocbium, molybdenum and tantalum carbides
and compounds thereof along with a metal binder
selected from the class consisting of Co, Ni, Fe and
alloys thereof, and a fraction comprising a nickel-
based boron-containing alloy of such composition that .
boron constitutes 1.3 to 3 wt % of the coating.

The method of the present invention for coating a
body to form a wear and corrosion resistant surface
coating comprises the steps of: preparing a powder
composition consisting essentially of a metal carbide-
binder fraction consisting of at least one metal
carbide selected from the class of metal cafbides
consisting of tungsten, chromium, vanadium, hafnium,
titanium, zirconium, niobium, molybdenum and tantalum
carbides and compounds thereof along with a metal
binder selected from the class consisting of cobalt,
nickel, iron and alloys thereof and a fraction
consisting of a nickel-based boron containing alloy
having a boron content such that, upon deposition by a
method capable of producing a coating with less than 5%
included porosity, the boron content of the coating
lies in the range of 1.3 to 3 wt% of the total coating
composition, and depositing said powder composition by
said method.

Brief Description of the Drawings
The following detailed description of the

invention should be read in conjunction with the
accompanying single Figure showing the relationship
between the metal carbide-metal binder component and
the boron content of the nickel-based alloy in the
powder formulation.
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Detailed Description of the Invention
The powder composition of the present invention

includes a metal carbide-~binder fraction comprlslng
tungsten, chromium, vanadium, hafnlum, titanium,
zirconium, niobium, molybdenum or tantalum carbide or
mixtures or compounds thereof and up to 25 wt % of a
metal binder such as Co, Ni and Fe and a fraction
comprising a nickel-based alloy containing boron. The
preferred metal carbide is tungsten carbide and the
preferred metal binder is cobalt in a range of
preferably between above 0 and 15 wt %.

The powder formulation must be applied to the body
by a method, preferably a thermal spray process,
capable of producing a coating with less than 5%
included porosity. The nickel alloy fraction of the
powder mix must have a boron content such that, upon
deposition by such method capable of producing a
coating with less than 5% porosity, the boron content
of the coating lies in the range of 1.3 to 3.0 wt% of
the total coating composition. Commercial thermal
spray processes which may be used to provide the
required high density coating include the detonation
gun, hypersonic combustion or high velocity oxy-fuel
spray coating processes and other "high velocity" spray
coating processes. The detonation gun process is the
preferred process and is well knownland fully described
in U.S. Patent No. 2,714,563, 4,173,685 and 4,519,840,
respectively. In the detonation gun process oxygen,
acetylene and nitrogen are fed into a gun barrel ‘along
with the charge of material being coated and ignited.
The resultant detonation wave accelerates the powder
while heating it close to or above its melting point.
When the powder formulation is applied to the body
using the detonation gun technique, it is most
advantageous if the nickel-alloy fraction of the powder
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mix has a boron content such that the boron content of

the total powder mix is between 1.0 and 2.7 wt%.

It is crucial to the present invention that the
as-deposited coating have a porosity of less than 5%.
The powder composition of the present invention when
deposited with this low porosity using an appropriate
thermal spray process and subjected to a heat treatment
at above 950°C (hereinafter referred to as the "primary
heat treatment") forms a hard, ductile, impervious
coating that is able to survive, without cracking, oil-
quenching from above g00°C. During the primary heat
treatment, the porosity will reduce to 0 to 90% of its
as-coated value and the original powder components will
convert to a mixture of carbides and borides dispersed
in a nickel alloy matrix. After primary heat
treatment,a coating with the specified as-deposited .
composition and density will exhibit a hardness of
greater than 900kg/mm’ when measured by the Vickers
method with 300 gram load and will exhibit a total
porosity of less than 5%, preferably less than 2%, with
no through porosity, i.e. any voids are closed.

_ The coating resulting from the primary heat
treatment has excellent wear and corrosion resistance
and no further processing is needed to take advantage
of these properties, though the coating may be ground
or otherwise finished to favorably modify its surface
characteristics. In addition, the primary heat
treatment may be followed by a sécondary heat treatment
deéigned to modify the mechanical properties of the
supporting body without detriment to the coating. - This
heat treatment may be, for example, an aging heat
treatment or an oil-quenching treatment appropriate to
the substrate. A third heat treatment, to temper the
guenched steel, as is common practice in heat treating,
may also be applied without detriment to the coating.

NI SHEGh
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Each heat treatment may be carried out in a vacuum or
in an appropriate atmosphere. The secondary heat

treatment may be carried out as a continuation of the
primary heat treatment or separately from the priﬁéry
heat treatment. In fact, the coating can be cooled and
reheated and then quenched.

A relationship exists in the coating composition
between the metal carbide-metal binder component and
the boron content of the nickel-based alloy which in
concert with the method of application must be
satisfied to produce acceptable coating characteristics
in terms of high stress abrasive wear resistance, low
porosity and ability to sustain oil quenching without
cracking. Typically the interdependence between the
metal carbide-metal binder and the nickel based alloy
is shown in Figure 1 using a composition of a WC-CO
powder containing 4.4%C, 9.4%Co, 0.6%Fe, balance W and
a Ni-B alloy which is composed of a combination of two
nickel-based alloy components identified as Ni-B alloy
1 and Ni-B alloy 2, respectively. The nominal
composition of Ni~-B alloy 1 is: 14 wt ¥ B, 2 wt. % Fe,
balance Ni, and the nominal composition of the Ni-B
alloy 2 is: 3% B, 3% Fe, 4% Si, 7% Cr, balance Ni. 1In
Figure 1, the ordinate represents the percentage of the
WC-Co powder in the powder mix and the abscissa the
percentage of Ni-B alloy 1. The proportions of Ni-B
alloy I and Ni-B alloy 2 control the boron content of
the powder formulation. The circled data points in
Figure 1 define the boundaries of a triangular—like
geometry and correspond to the data ;dgntified in the
following Tables I and II respectively. In Table I, the
boron content of each of the mixtures is specified as

" the percentage of boron in the combined Ni-B alloy
independent of the wt. % of the metal carbide. Table
II shows the weight percent of boron 'in the powder and
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coating from which it should be noted that the boron
content in the coating is not only retained but is
enhanced from that in the powder
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--Mix Composition=--
wt. percent

Ni-B Ni-B % B in

WC-Co Alloy 1 " Alloy 2 Ni-B Alloys
75.0 6.0 19.0 5.64
65.0 6.0 29.0 4.88
50.0 6.0 44.0 4.32
71.0 5.0 24.0 ' 4.90
65.0 5.0 30.0 4.57
57.0 5.0 38.0 4.28
67.0 4.0 29.0 4.33
65.0 4.0 31.0 4.26
63.0 4.0 33.0 . 4.19
65.0 3.6 31.4 4.13
Table II

--Powder Mix Comp--
wt. percent

Ni-B Ni-B Percent Boron

HWC~-Co Alloy 1 Alloy 2 In Pwdr In Cctng
75 6.0 19.0 1.4 1.9
65 6.0 29.0 1.7 2.2
50 6.0 44.0 2.2 2.6
71 5.0 24.0 1.4 1.8
65 5.0 30.0 1.6 2.0
57 5.0 38.0 1.9 2.3
67 4.0 29.0 1.5 1.9
€5 4.0 31.0 1.5 1.9
63 4.0 33.0 1.6 2.0
65 3.6 31.4 1.5 1.9

. The area within the triangle formed in Figure 1
delineates the range of powder compositions which will
form a coating having properties of high wear
resistance, low porosity and the ability to withstand
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0il quenching without cracking. The optimum boron
content range is between 4 wt. % and 5 wt. %. A boron
content of above 6 wt % in the nickel boron alloy
powder formulation results in a coating which cracks
when quenched in oil. The range of the metal carbide-
metal binder is also limited to between 50 and 75 wt %
of the total mixture and preferably between 55 and 65
wt The percent of boron must be correlated to the
percent of the metal carbide-metal binder to remain
within the triangular region. The region above line A-
B of Figure 1 designates a region of high wear
resistance and a microhardness above 900 HV.3, whereas
in the region above line A-C the porosity will be too
high and the coating will exhibit interconnected _
porosity. The .content of boron in the coating should
be between 1.8 and 2.6 wt % in the case exemplified in
figure 1 and between about 1.3 to 3.0 wt % in the most
general case. When deposition of the coating is done
by means of a detonation gun, as is assumed in Tables 1
and 2 and figure 1, the content of the metal carbide
and binder must lie between 40 and 65 wt % and the
percent of boron in the powder between 1.4 and 2.2 wt

%. The article of the present invention is particularly

suitable for high stress abrasive wear environments
such as, for example, a steel guide or work roll. The
coating formed in accordance with the present invention
is particularly suitable as a bearing surface for any
type of bearing and for use in providing a surface
coating for a valve seat or valve gate. '

The following are examples which illustrate the
invention and its advantage over the‘prior art:

Example I
A powder mix (Powder Mix 1) was prepared of a WC-

Co powder containing 86% W, 9.5% Co, 4.5% C with an

|
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alloy containing 83% Ni, 14% B, 2% Fe (Ni-B Alloy 1)
and another alloy containing 83% Ni, 3% B, 7% Cr, 4%
si, 3% Fe (Ni-B Alloy 2) in such proportions as to net
1.7% B in the mix. Powder Mix 1 was deposited by means
of a detonation gun onto 1/2" x 3/4" x 2.711 blocks of
AISI 1018 steel. This detonation gun coating exhibited
an as-deposited porosity of less than 5%. The
resultant coating (Coating 11) had a microhardness
greater . than 900 HV.3 and a porosity of less than 1%
after primary heat treatment to a temperature in excess
of 1000°C. A'coating made on a similar block of AISI
1018 steel using the same powder through a plasma torch
was less than 95% dense though otherwise appearing to
be of high quality in the as-deposited state, but was
found to contain more than 10% porosity after primary
heat treatment and its microhardness could not be
measured accurately because of the high porosity. When
deposited on the large facés'of a 111 x 31, x 611 4140
steel block later heated to over 1000°C for 1 hr and
subsequently reheated to 850°C and quenched in o0il,
Coating #1 did not crack. The plasma torch coating
could not be o0il quenched without cracking.

Example II
It is an essential part of the concept of the

present invention that the boron be retained in the
coating at specific levels throughout the deposition
and heat treatment. Coating #1 was deposited onto a
211 diameter, 611 long aluminum tube from-which.it was
B broken off by crushing the tube. The chemical
composition of this coating was determined by standard
methods of chemical analysis. Essentially identical
résults were obtained when the coating was deposited on
a flat plate made of low carbon steel and again broken
off mechanically. Coating #1 is made from Powder Mix
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1, which contains 1.7% boron, but when removed from the
substrate and analyzed it was found to contain 2.1% B.
The apparent increase in B content is a result of
preferential loss of other constituents during coating.
In contrast, a coating made by the spray and fuse
process from Stellite SFé powder, which also contains
1.7% B, was found by analysis to contain only 1.2% B.

Example IIT
A 511 0.D., 3/4" wall tube made of AISI 4140 steel

was coated with 0.01611 of Coating #1 and primary heat-
treated, then subsequently reheated to 850°, oil
quenched and tempered. The coating did not crack.

Example IV
Flat plates, 1.211 x 311 x 811, of AISI 4130 steel

were coated on the two large faces with 0.01411 -
0.01611 of Coating #1 and then subjected to the primary
heat-treatment for the coating. Following this, they
were oillquenched and tempered to harden the substrate
to 40 HRC at the surface (20 HRC at the center).
Fluorescent penetrant inspection of the coatings
revealed no cracking.

Example V
The foregoing experiment was repeated on two
plates of similar size made of AISI 4140 steel and on
a valve gate, 4" x 7" x 1.8" made of AISI 4130 steel.
No cracking of the coating was observed subsequent to
0il quenching and tempering of any of these. ;

Example VI
A tube of AISI 52100 steel, 211 in outside

diameter x 611 long, with a 178" wall thickness, coated
with 0.01211 of Coating #1 and put through the usual
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successive heat treatments also survived oil quenching

without the coating cracking.

xample VIT

| Coating #1 was applied to the 0.D. of a

centrifugally cast steel mill work roll of nominal
composition 1.7% C, 1.5% Ni, 1.1% Cr, 0.5% Mo, balance
Fe and impurities and given the primary heat-treatment

for the coating, but no secondary heat treatment. It

is inherent in the operation of such rolls that each
area of the surface is alternately heated and quenched

as it moves into and out of contact with the hot steel.

The coating was then ground and the roll installed in

the finishing station of an I-beam shaping line. Three
hundred tons of product was successfully rolled before
the coating was penetrated. Penetration occurred in an
area where the grinding had substantially reduced the

coating thickness as a result of some out-of-roundness
that developed during heat-treatment. It was evident
from inspection of the coating on the remainder of the

roll that the coating had survived numerous impacts by

the leading edges of the beams that were being shaped.

Moreover, furrows observed in the coating indicated

that significant.drag had developed between the coating
and the I-beam at times during rolling, but the coating
had neither cracked nor delaminated. It was also
observed that neither the coating nor the substrate
exposed by penetration of the coating exhibited the
typical thermal fatigue patterns (firecracking)..that
L. usually degrade these rolls. The Weatherly coatlng,
when applied to this substrate, blistered and cracked

"during primary heat treatment.

Example VIIIX

Spray and fuse coatings were prepared by an
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outside source from Stellite SFé powder and from
Stellcar Composite 1 powder. The composition of the
former is nominally 1.7% B, 19% Cr, 13.5% Ni, 7.5% W,
2.3% Si, 3% Fe, balance Co; Stellcar Composite 1 is a

nix of 60% WC and 40% of a Ni~-base alloy.
standard commercial spray and fuse coatings.
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These

coatings as supplied to us by a commercial vendor on
111 x 311 x 611 blocks of 4140 steel,.were much more
porous than coatings of the subject invention. By

examination of mounted cross sections the porosity of

the Stellcar cdmposite 1 coating was estimated as being
15 - 25 percent, while that of the Stéilite SF6 coating
was 6 8 percent. When subjected to o0il quenching on
311 x 611 x 111 blocks of 4140 steel, the Stellite SFé6
coating developed cracks just under the surface running
parallel to the surface. The Composite 1 coating
developed numerous cracks that ran completely through
the coating from the surface to the substrate. While
the cracking of the Stellite SF6 coating was relatively
minor, it should be noted that this coating is.

significantly lower in hardness than the coatings of-

this invention, measuring only 450-500 HV.3.

Example IX

Samples of Coating #1 were prepared by coating
Powder Mix 1 onto low carbon steel substrates for wear
rate and mechanical property determinations and then

tested in parallel with similarly prepared specimens
coated using a plasma torch with a coating compesition
as taught in Weatherly containing tungsten carbide-
cobalt and a nickel based alloy with about 8.5 wt$ B

and having about 3.4 wt%.B in the coating.

The results

of these wear measurements are shown in Table III as
indicated below where it is evident that the two
coatings are essentially equivalent in the properties
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quenched in oil on pieces of the same size, shape, and
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Table III
Coating of Weatherly
Test : Invention Coating
High Stress Abrasion (a) 3.9 3.2 - '5.0
300 Erosion (A7203) (b) 19 19 - 25
900 Erosion (A’203) (b) 85 90 - 95
Sand Abrasion (c) 1.7 - 1.8 1.3 - 2.0

(a) mil/min

(b) pmlg
(c) mm®/1000 revolutions

Example X

A coating containing roughly the same B, C, Ni,and
W content as Coating 11, of Example I, was prepared
from another powder mix, using a plasma torch instead
of the detonation gun used to deposit Coating #1. The
porosity in this coating ranged from 3% to 6% in
different samples, making it substantially inferior to
coating #1. '

Example XT
Coatings were prepared by detonation gun

deposition of mixtures of the WC-CO powder described in
Example I with varying amounts of Ni-B alloy 1 and Ni-B
alloy 2 on the two large faces of 1" x 3" x 6" blocks
of AISI 4140 steel, then heat treated first at over
1000°C to treat the coating and subsequently reheated
to about 850°C, quenched in o0il, reheated again at a
lower temperature to temper the steel to about HRC 30
and examined for cracks using flﬁorescent penetrant.

No cracks were found in any of these coatings. The
specific compositions of these coatihgs are listed in
the following Table IV. Each of these coatings was not
measurably different from Coating #1 in resistance to
high stress abrasion and had no more porosity than
Coating 1II.
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po}osity Thepenajemé of boron in the coating.should be. between 1.8 and 2
WM %in the case exenplified in figure 1 and between abo IE
in the nost general case. \Wen deposition of the coatlngfréaﬁgﬁEHEaTQNWE

of a detonation gun, as is assunmed in Tables 1 and 2 and|fijgure 1, the
tontent of the netal carbide and binder nust®lTe between |40 ahd 8BRII96s and
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TABLE IV
----- Mix Composition-—=--
Wt & B .
_ Ni-B Ni-B in Ni-B Percent Boron
WC-Co Allov 1 Alloy 2 Alloys In Pwdr In Ctng
**£5.0 6.0 29.0 4.88 1.7 2.2
65.0 5.0 30.0 4.57 1.6 . 2.0
62.0 5.0 33.0 4.45 1.7 2.2
60.0 5.0 35.0 4.38 1.8 2.3
57.0 5.0 38.0 4.28 1.9 2.3
67.0 4.0 29.0 4.33 1.5 1.9
** This composition is designated Coating #1 in the text.
/.
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% The articlpe1d,dde present invention is particularly suitable for hi gh

stress abrasive wear environnents such as, for exanple, a stesl-gui-de
work roll 7 The coating forned in accordance with the présentﬁmmﬁQH%HﬁhSﬁgfr
particul ar| yrmsShéetlldsBeamRepladsdar i ng surface for any type of}b Mg and for

use in provid “ﬂ"ﬁlﬂwl‘mﬂlcoatl ng for aval%e seat or valye ga{g.AP'ﬂ‘nqg%

follow ng are h illystrate the., oiie. ¢ oo
- REPLACED
What we claim is:
1. An article comprising a body and a

superimposed coating with said coating having an as-
deposited porosity of less than 5% and a composition
consisting essentially of a metal carbide and binder
fraction consisting of one or more carbides selected
from the class of metal carbides consisting of
tungsten, chromium, vanadium, hafnium, titanium,
zirconium, niobium, molybdenum and tantalum carbides
~and compounds thereof along with a metal binder
selected from the class consisting of Co, Ni, Fe and
alloys thereof and a fraction consisting of a nickel-
based boron containing alloy of such composition that
boron constitutes 1.3 and 3.0 wt% of the coating.

2. An article as defined in claim 1 wherein said
metal carbide(s) and metal binder fraction constitutes
‘between 40 wt % and 65 wt % of the entire composition,
with said metal binder being up to 25 wt % of the metal
carbide plus binder fraction and with said nickel based
boron-containing alloy representing the balance of the
composition.

3. An article as defined in claim 1 wherein said
nickel based boron-containing alloy comprises a first
and second component with said first component
containing 13 to 14 wt % boron and constituting 4 to 8
wt % of the coating composition and with said second
component containing 2 to 4 wt % boron and alloying:
elements selected from the class consisting of
chromium, iron and silicon.

4. An article as defined in claim 1 in which the
coating upon heat treatment to above a heat treatment

T
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| temperature of at least 950°C forms a nickel alloy
matrix containing compounds of one or more carbide(s)
and boride(s) with said heat treated coating having a
hardness above 900 kg/NmF HV.3, being metallurgically
bonded to the supporting body, and having a porosity of
0 to 90% of the as-deposited coating, said porosity
being present only in the form of isolated enclosed

pores.

5. An article as defined in claim 1 wherein said
body is selected from the class consisting of a guide
or work roll for use in guiding steel, a bearing and a

valve component.

6. A process for coating a body to form an
article with a wear and corrosion resistant surface
comprising the steps of: preparing a powder composition
consisting of a metal carbide plus binder fraction
consisting essentially of at least one metal carbide
selected from the class of metal carbides consisting of
tungsten, chromium, vanadium, hafnium, titanium,
zirconium, niobium, molybdenum and tantalum carbides
and compounds thereof and a metal binder selected from
the class consisting of cobalt, nickel, iron and alloys
thereof, and a fraction consisting of a nickel based
boron-containing alloy and depositing said powder
composition by a method capable-of producing a coating
with less than 5% included porosity and such that the
boron content of the coating lies in the range of 1.3
to 3.0% of the total coating composition. '

7. A process as defined in claim 6 in which the
metal carbide and binder fraction in the powder
comprises between 50 and 75% of the powder composition
with the metal binder being up to 25 wt % of the

I
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composition of such fraction and with said nickel based

boron containing alloy representing the balance of the

composition.

8. A process as defined in claim 6 wherein

deposition is by means of a detonation gun and the

boron content of the powder is between 1.0 and 2.7 wt

3.

9. A process as defined in claim 6 wherein said

boron-containing alloy comprises a first and second

component with said first component containing 13 to 14

wt % boron and constituting about 3.6 to 6 wt

% of the

powder and with said second component containing 2 to 4

wt% boron and also containing alloying elements

selected from the class consisting of chromium, iron

and silicon.

10. A process as defined in claim 7 further

comprising the step of heat treating'the coated body at
a temperature of at least 950°C to form a nickel alloy

matrix containing one or more carbides and borides with

said heat treated coating having a hardness above 900

kg/mm?> HV.3 and being metallurgically bonded to the

supporting body and having a porosity of 0 to 90% that

of the as-deposited coating, said porosity being

present only in the form of isolated enclosed pores.
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resultant coating (Coat| ng 11) had a. m crohardness greater t HaREGLACHMENS SHEET

and a porosity of less than 1% after primary_heat treatnment tjo
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tenmperature in excess of 1000[err]C. A coat g1978d
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95% dense t hough ot herwi se appearing to be & hlﬂmﬁizﬁgéty |0
as-deposited state, but was found to contain nore than 10% pofosity after

primary

TICLE WITH WEAR RESISTANT COATING AND METHOD

Abstract of the Invention

An article having a wear and corrosion resistant
coating is formed by blending a powder formulation
having a metal carbide-metal binder component and a
nickel base boron containing alloy component,
depositing the blend on the body of the article by a
method capable of producing a coating with an as-
deposited porosity of less than 5% and a boron content
of 1.3 to 3.0 wt % of the whole coating, and heat-
treating the coated article to achieve in the coating a
microhardness above 900 kg/nmf HV.3 and the elimination
of all interconnected porosity. The coating will
sustain oil QUenching without c;acking.
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h_e*at treatment and its mcrohardness could not be measured accurately
because of the high porosity. Wen deposited on the |arge faces of a 111 x

31, x 611 4140 steel block later heated to over 1000[ err] G+8f—i—hi—and
subsequently reheated to 850[err]C and quenched in oil, OoatHEﬁgA&EM&NTdSHEﬁT

crack. The plasma torch coating could not be oil quenched Wi ot Tracking.
Exanple 11 . THIS SHEET HAS BEEN 13 APR 1995
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The present invention relates to a coated article
and a method of forming coating on a substrate.
More particularly the present invention relates

to an article having a wear and corrosion-resistant

coating and a method for forming a wear and corrosion

resistant coating on a substrate in which the

coating

- will not crack when quenched in oil along with its

substrate.

It is known to form a wear and corrosion resistant
coating on a metallic substrate by depositing at least

one coating of a metal carbide and binder, pa
tungsten carbide and cobalt and a nickel base

rticularly
d alloy

using a plasma, detonation gun or other thermal spray
technique followed by a heat treatment operation. This

method is described in detail in U.S. Patent

issued to M. H. Weatherly on November 6, 1979.

4,173,685
The

coating, as taught in the Weatherly patent, may be
formed by depositing two successive layers (the two
layer method) on a metallic substrate followed by heat
treatment or by depositing a single layer (the one-
layer method) followed by heat treatment. In the two

layer method a metal carbide layer is initial

ly formed

on the metallic surface preferably using a detonation
qun followed by the deposition of a nickel based alloy
or mixture of alloys_cbntaining boron. The range of
boron in the second layer for the two layer method
should be between 3 and 18 wt3l when the density of the
first layer is above 95% theoretical and between 6 and
18 wt% when the density of the first .layer is between

75 and 95% of theoretical. 1In the one layer

method a

metal carbide powder containing a metal binder such as
cobalt and a nickel based alloy or mixture of alloys is
mixed and deposited as one layer. The content of the
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resuylts were obtained when the coating was deposited on a flat plate nade

of

¥ r om Powder

t he

| ow carbon steel and again broken off nmechanically. Coating #1 is nmade

M x -12- 1, which contains 1. 7% boron, but when renoved.from

THIS SHEET HAS BEEN
REPLACED

metal carbide and binder is between 40 wt. % and 75 wt.
t of the total composition and the boron content of the
nickel based alloy or mixture of alloys is above 6 wt
3. Although suitable wear resistant coatings may be
formed in accordance with the teaching of the
aforementioned Weatherly patent on a wide variety of
steel substrates it is not recommended for use on
steels that have to be hardened by o0il quenching from
elevated temperatures and then optionally tempered to
achieve useful strengths and mechanical properties. If
hardened before coating, such steels will be annealed
by the heat treatment that is required in the
aforementioned Weatherly process to develop the optimum
wear and corrosion-resistant properties of the coating
(hereinafter referred to as the "Weatherly Coating").

'~ After the Weatherly coating has been heat-treated it

will -crack if subjected to reheating and oil-quenching
to develop the most useful properties of the steel.

This.Sheet Has Been Replaced
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substrate and anal yzed it was found to contain 2.1% B. The apparent
i.ncrease in B content is a result of preferential |oss of other
constituents during coating. In contrast, a coating nade by the sprav and

fuse process from Stellite SF6 powder, s
found by analysis to contain only 1.2% B. arffitd HAS Pi-t@:[‘ﬁﬁﬁ
(3/4") wall tube nmade of AISI 4140 steel REPLACED
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The present invention provides for forming an article
composed of a body and a superimposed coating that
exhibits high wear and corrosion resistance after heat
treatment. _

This coating may be used on any body but is
especially intended for use on steel bodies that
require heat treatment and oil-quenching after coating
because it will not crack when quenched into oil from
high temperature.

According to the present invention there is
provided a coated article comprising a body and a
superimposed coating with said coatin§ having less
than 5% porosity and a composition comprising metal

. carbides-binder fraction comprising one or more metal
carbides selected from the class of metal carbides
consisting of tungsten, chromium, vanadium, hafnium,
titanium, zirconium, niobium, molybdenum, and tantalum
carbides and compounds thereof along with a metal
binder selected from the class consisting of Co, Ni,
Fe and alloys thereof , and a fraction comprising a
nickel-based boron-containing alloy of such
composition that boron constitutes 1.3 to 3 wt % of
the coating.

According to a further aspect of the present
invention there is provided a method for coating a
body to form a wear and corrosion resistant surface
coating, said method comprising the steps of:
preparing a powder composition comprising a metal
carbide~binder fraction comprising at least one metal
carbide selected from the class of metal carbides
consisting of tungsten chromium, vanadiﬁm, hafnium,
titanium, zirconium, niobium, molybdenum and tantalum

carbides and compounds thereof along with a metal

. This Sheet Has Been Replaced




was coated wth 0.01611 of Coating #1 and primary heat- treated, then
subsequently reheated to 850[err]C, oil quenched and tenpered. The coating

did not crack. Exanple |V Flat plates, 1.211 x 311 x 811, of ALSlL 4130
steel were coated on the two large faces with 0.01411 - 0. 016 REPPACRRENT SIGEET

#1 and then subjected to the primary h aﬂﬂ3r§ﬁ§ﬁ“ﬁﬁ f-or—4 he |coat+ng~
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binder selected from the class consisting of cobalt,
nickel, iron and alloys thereof and a fraction
comprising a nickel-based boron containing alloy
having a boron content such that, upon.deposition by a
method capable of producing a coating with less than
5% included porosity, the boron content of the coating
lies in the range of 1.3 to 3wt% of the total coating’
composition, and depositing said powder composition by
said method. _ :

The present invention will now be further
described by way of example, with reference to the
accompanying single figure of drawings which shows the
relationship between the metal carbide-metal binder
component and the boron content of the nickel-based

alloy in the powder formulation...
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.were:0il quenched and tenpered to harden t
surface (20 HRC at the center). Fluorescent .
coatings reveal ed no cracking. Exanple V fhe f oOREQ AP
repeated on two plates of simlar size made © st
val ve gate, 10.16¢cns x 17.78cns x 4.57¢%s (4" x 7" x 1.8")

The powder composition of the present invention
includes a metal carbide-binder fraction comprising
tungsten, chromium, wvanadium, hafnium, titanium,
zirconium, niobium, molybdenum or tantalum carbide or
mixtures or compounds thereof and up to 25 wt % of a
metal binder such as Co, Ni, and Fe and a fraction.
comprising a nickel-based alloy cdntaiﬁing boron. The
preferred metal carbide is tungsten carbide and the
preferred metal binder is cobalt in a range. of
preferably between above 0 and 15 wt %.

The powder.formulation must be applied to the
body by a method, preferably a thermal spray process,
capable of producing a coating with less than 5%
included porosity. The nickel alloy fraction of the
powder mix must have a boron content such that, upon
deposition by such method capable of producing a
coating with less than 5% porosity, the boron content
of the coating lies in the range of 1.3 to 3.0 wt% of
the total coating composition. Commercial thermal
spray processes which may be used to provide the
required high density coating include the detonation
gun, hypersonic combustion or high velocity oxy-fuel
spray coating processes and other "high-velocity™
spray coating processes. The detonation gun process
is the preferred process and is well known and fully
described in U.S. Patent No. 2,714,563, 4,173,685 and
4,519,840, respectively. In the detonation gun
process oxygen, acetylene and nitrogen are fed into a
gun barrel along with the charge of material being
coated and ignited. The resultant detonation wave
accelerates the powder while heating it close to or
above its melting point. When the powder formulation
is applied to the body using the detonation gun

technique, it is most advantageous if the nickel-alloy
fraction of the powder _ I
. This:Sheet Has Been
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of AFSI 4130 steel. No cracking.of t he codftir
Qi I quenching and tenpering of any of thege:
52100 steel 211 in outside dlaneter x 6

T

mix has a boron content such that the boron content of

the total powder mix is between 1.0 and 2.7 wt%.

It is crucial to the present invention that the
as-deposited coating have a porosity of less than 5%.
The powder composition of the present invention when
deposited'with this low porosity using an appropriéte
thermal spray process and subjected to a heat treatment
at above 950°C (hereinafter referred to as the "primary
heat treatment”) forms a hard, ductile, impervious
coating that is able to survive, without cracking, oil-
quenching from above 800°C. During the primary heat
treatment, the porosity will reduce to 0 to 90% of its
as-coated value and the original powder components will
convert to a mixture of carbidés and borides dispersed
in a nickel alloy matrix. After primary heat
treatment,a coating with the specified as-deposited
composition and density will exhibit a hardness of
greater than 900kg/mm’ when measured by the Vickers
method with 300 gram load and will exhibit a total
pbrosity of less than 5%, preferably less than 2%, with
no through porosity, i.e. any voids are closed.

The coating resulting from the primary heat
treatment has excellent wear and corrosion resistance
and no further processing is needed to take advantage
of these properties, though the coating may be ground
or otherwise finished to favorably modify its surface
characteristics. 1In addition, the primary heat
treatment may be followed by a secondary heat treatment
designed to modify the mechanical properties of the
supporting body without detriment to the coating. This
heat treatment may be, for example, an aging heat '
treatment or an oil-quenching treatment appropriate to
the substrate. A third heat.treatment, to temper the
quenched steel, as is common practice in heat treating,
may also be applied without detriment to the coating.
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Each heat treatment may be carried out in a vacuum or
in an appropriate atmosphere. The secondary heat
treatment may be carried out as a continuation of the
primary heat treatment or separately from the primary
heat treatment. In fact, the coating can be cooled and

12 AUG 1996
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.reheated and then gquenched.

A relationship exists in the coating composition
between the metal carbide-metal binder component and
the bbron content of the nickel-based alloy which in
concert with the method of application must be
satisfied to produce acceptable coating characteristics
in terms of high stress abrasive wear resistance, low
porosity and ability to sustain oil quenching without
cracking. Typically the interdependence between the
metal carbide-metal binder and the nickel based alloy
is sthn in Figure 1 using a composition of a wWc-co
powder containing 4.4%C, 9.4%Co, 0.6%Fe, balance W and
a Ni-B alloy which is composed of a combination of two
nickel-based alloy components identified as Ni-B alloy
1 and Ni-B alloy 2, respectively. The nominal
composition of Ni-B alloy 1 is: 14 wt ¥ B, 2 wt. % Fe,
balance Ni, and the nominal composition of the Ni-B
alloy 2 is: 3% B, 3% Fe, 4% Si, 7% Cr, balance Ni. 1In
Figufe 1, the ordinate represents the percentage of the
WC-Co powder in the powder mix and the abscissa the
percentage of Ni-B alloy 1. The proportions of Ni-B
alloy I and Ni-B alloy 2 control the boron content of
the powder formulation. The circled data points in
Figure 1 define the boundaries of a triangular-iike
geometry and correspond to the data identified in the
-following Tables I and II respectively. In Table I, the
boron content of each of the mixtures is specified as
tﬁe percentage of boron in the combined Ni-B alloy
independent of the wt. % of the metal carbide. Table
II shows the weight percent of boron in the powder and
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coating from which it should be noted that the boron
content in the coating is not only retained but is
enhanced from that in the powder
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hundred tons of product was successfully rolled before the coating was
penetrated. Penetration occurred in an_area where the grinding had

‘substantially reduced the coating thic
out - of -roundness that devel oped during
I nspection of the coating on the renmai
survived nunerous |npacts by the | eadi ng edges of the beal hq%;ﬁﬁre bei

shaped.

--Mix Composition--

wt. percent

Ni-B
Wc-Co  Allov 1
75-0 6‘0
65-0 6'0
50.0 6‘0
71.0 5.0
65.0 5'0
57.0 5.0
67.0 4.0
65.0 4'0
63-0 4'0
65.0 3.6

--pPowder Mix Comp--

wt. percent

Ni-B
wc-Co Alloy 1
75 6.0
65 6.0
S0 6.0
71 5.0
65 5.0
57 5.0
67 4.0
65 4.0
63 4.0
€5 3.6

Table I

Ni-B
Alloy 2

19.0
29.0
44.0

24.0
30.0
38.0

29.0
31.0
33.0

31.4

Table II

Ni-B
Alloy 2

1.0
29.0
44.0

24.0
30.0
3g.0

29.0
31.0
33.0

31.4

(o

$ B

f .sone
£ {%mcm&m Grper
{

|

L ) }

in

Ni-B Allovs

5.64
4.88
4.32

4.90

4.57

4.28

4.33
4.26
4.19

4.13

Sheet Has Been Replaced .
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The area within the triangle formed in Figure 1

delineates the range of powder compositions which will

form a coating having properties of high wear

reéistance, low porosity and the ability to withstand
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Mor eover, furrows observed in the coatHRg
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o0il quenching without cracking. The optimum boron
content range is between 4 wt. % and 5 wt. %. A bofon
content of above 6 wt % in the nickel boron alloy
powder formulation results in a coating which cracks
when quenched in oil. The range of the metal carbide-
metal binder is also limited to between 50 and 75 wt %
of the total mixture and preferably between 55 and 65
wt The percent of boron must be correlated to the
percent of the metal carbide-metal binder to remain
within the triangular region. The region above line A-
B of Figure 1 designates a region of high wear
resistance and a microhardness above 900 HV.3, whereas
in the region above line A-C the porosity will be too
high and the coating will exhibit interconnected
porosity. The content of boron in the coating should
be between 1.8 and 2.6 wt % in the case exemplified in
figure 1 and between about 1.3 to 3.0 wt % in the most
general case. When deposition df_the coating is done
by means of a detonation gun, as is assumed in %ables 1
and 2 and figure 1, the content of the metal carbide
and binder must lie between 40 and 65 wt % and the
percent of boron in the powder between 1.4 and 2.2 wt
%. The article of the present invention is particularly
suitable for high stress abrasive wear environments
such as, for example, a steel guide or work roll. The
coating formed in accordance with the present invention
is particularly suitable as a bearing surface for any
type of bearing and for use in providing a surface
coating for a valve seat or valve gate. .

The following are examples which illustrate the

invention and its advantage over the prior art:

Example I
A powder mix (Powder Mix. 1) was prepared of a WC-

Co powder containing 86% W, 9.5% Co, 4.5% C with an




- when-applied to thi-s substrate, blistered.and cracked dur|
Exanple VII1 In conparison wt Tﬁmesﬁg .
fuse CoatlngS.MEKiL4m4%%¥4%¥%ﬁﬁfﬁT '

t.reatment.

heet Has Been Replaced 12 AUG 1996
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alloy containing 83% Ni, 14% B, 2% Fe (Ni‘B'Alloy 1)
and another alloy containing 83% Ni, 3% B, 7% Cr, 4%
si, 3% Fe (Ni-B Alloy 2) in such proportlons as to net
1.7% B in the mix. Powder Mix 1 was dep051ted by means

of a detonation gun onto 1/2" X 3/4" x 2.711 blocks of
AISI 1018 steel. This detonation gun coating exhipited
an as-deposited porosity of less than 5%. The
resultant coating (Coating 11) had a microhardness
greater than 900 HV.3 and a porosity of less than 1%
after primary heat treatment to a temperature jipn excess
of 1000°C. A coating made on a similar block of aAIST
1018 steel using the same powder through a plasma torch
was less than 95% dense though otherwise appearing to
be of high guality in the as-deposited state, but was
found to contain more than 10% porosity after primafy
heat treatment and its microhardness could not be
measured accurately because of the high porosity. when
deposited on the large faces of a 111 x 31, X 611 4140
steel block later heated to over 1000°%C for 1 hr and

'subsequently reheated to 850°C and quenched in oil,

Coating #1 did not crack. The plasma torch coating
could not be o0il gquenched without cracking.

Example 17T

- It is an essential part of the concept of the
present invention that the boron be retained in the
coating at specific levels throughout the deposition
and heat treatment. Coating #1 was deposited onto a
211 diameter, 611 long aluminum tube from which.it was
broken off by crushing the tube. The chemical
composition of this coating was determined by standard
methods of chemical analysis.. Essentially identical
results were obtained when the coating was deposited on
a flat plate made of low carbon steel and agéin broken

off mechanically. Coating #1 .is made from Powder Mix



out side source fromStellite SF6 powder and fromstellca

ﬁ%@ﬁ?&e 1is

r Conposite 1
B, 19% Cr, 13.5%
) f

powder. The conposition of the forner §§F€ﬁgg§iké§
aieRl}

N, 7.5% W 2.3%Si, 3%Fe, balance Co
60% WC and 40% of .a_Ni -base alloy.t Both are d g
¥dsuppligd to us by alc

fuse coatings. T QCWWF

111 x 311 x 611 W’Fﬁﬁ teel, were much nore
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1, which contains 1.7% boron, but when reﬁgx

substrate and analyzed it was found to conta
.The apparent increase in B content is a resu
preferential loss of other constituents duri
In contrast, a coating made by the Spray and
process from Stellite SF6 powder, which also
1.7% B, was found by analysis to contain onl

_ Example JI1
A 511 0.D., 3/4" wall tube made of AISI

was coated with 0.01611 of Coating #1 and pr
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ed _from.the—
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1t of
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Yy 1.2% B.

4140 steel
imary heat-

treated, then subsequently reheated to 850°%C, oil

quenched and tempered. The coating did not

Example IV .
Flat plates, 1.211 x 311 x 811, of AISI

were coated on the two large faces with 0.01
0.01611 of Coating #1 and then subjected to
heat-treatment for the coating.
were oil quenched and tempered to harden the
to 40 HRC at the surface (20 HRC at the cent

crack.

4130 steel
411 -
the primary

Following this, they

substrate
er).

Fluorescent penetrant'inspection of the coatings

revealed no cracking.

Example V

The foregoing experiment was repeated on two
plates of similar size made of AISI 4140 steel and on
a valve gate, 4" x 7" x 1.8" made of AISI 4130 steel.

_ No cracking of the coating was observed
0il guenching and tempering of any of these.

Example VT
A tube of AISI 52100 steel,

subsequent to

211 in outside

diameter x 611 long, with a 1/8" wall thickness, coated
with 0.01211 of Coating #1 and put through the usual



porous than coatings of the subject invention. By exam nation of nounted

¢cross sections the porosity of the Stelg-ea+—Conpasite 1 coating was
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successive heat treatments also survived oil gquenching

without the coating cracking.

_ Example VII
Coating #1 was applied to the 0.D. of a

centrifugally cast steel mill work roll of nominal
composition 1.7% C, 1.5% Ni, 1.1% Cr, 0.5% Mo, balance
Fe and impurities and given the primary heat-treatment

for the coating, but no secondary heat treatment.

It

is inherent in the operation of such rolls that each
area of the surface is alterhately heated and quenched
as it moves into and out of contact with the hot steel.
The coating was then ground and the roll installed in
the finishing station of an I-beam shaping line.
hundred tons of product was successfully rolled before
the coating was penetrated. Penetration occurred in an
area where the grinding had substantially reduced the
coating thickness as a result of some out-of-roundness
that developed during heat-treatment. It was evident
from inspection of the coating on the remainder of the
roll that the coating had survived numerous impacts by
the leading edges of the beams that were being shaped.
Moreover, furrows observed in the coating indicated
that significant drag had developed between the coating
and the I-beam at times during rolling, but the coating
had neither cracked nor delaminated. It was also
observed that neither the coating nor the substrate
exposed by penetration of the coating exhibited the
typical thermal fatigue patterns (firecracking) .that
usually degrade these rolls. The Weafherly coating,
when applied to this substrate, blistered and cracked

during primary heat treatment.

7 _ Example VITI

Spray and fuse coatings «ere prepared by an

Three




devel oped nunerous cracks that ran conpl et el through the coatlng fron1the
surface to the substrate. While-the crack :
was relatively minor, it shoul d.. ﬁceglot ed _

Iomer i n hardness. rhaﬁmﬁ S

LT

outside source from Stellite SF6 powder and from
stellcar Composite 1 powder. The composition of the
former is nominally 1.7% B, 19% Cr, 13.5% Ni, 7 5% W,
2.3% si, 3% Fe, balance Co; Stellcar Composite 1 is a
of 60% WC and 40% of a Ni-base alloy. Both are
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mix
standard commercial spray and fuse coatings. These

coatings as supplied to us by a commercial vendor on
711 x 311 x 611 blocks of 4140 steel, were much more
porous than coatings of the subject invention. By
examination of mounted cross sections the porosity of
the Stellcar Composite 1 coating was estimated as being
15 - 25 percent, while that of the Stellite SF6 coating
was 6 8 percent. When subjected to oil quenching on
311 x 611 x 111 blocks of 4140 steel, the Stellite SF6
coating developed cracks just under the surface running
parallel to the surface. The Composite 1 coating
developed numerous cracks that ran completely through
the coating from the surface to the substrate. Wwhile
the cracking of the Stellite SF6 coating was relatively
minor, it should be noted that this coating is
significantly lower in hardness than the coatings of
this invention, measuring only 450-500.HV.3.

Example IX
Samples of Coating #1 were prepared by coating

:Powder Mix 1 onto low carbon steel substrates for wear
rate and mechanical property determinations and then
tested in parallel with similarly prepared specimens
coated using a plasma torch with a coating composition
as taught in Weatherly containing tungsten carbide-
cobalt and a nickel based alloy with about 8.5 wt% B
and having about 3.4 wt% B in the coating. The results
of these wear measurements are shown in Table III as
indicated below where it is evident that the two
coatings are essentially equivalent in the properties



powder Mx 1 onto | ow carbon steel substrates for wear

property determinations and then tested in parallel with simlarly prepar

speci nens coated using a plasnma torch
in Weat herly containi-ng tungsten car bi
wi th about 8.5 wt% B.and havi ng about
of these wear neasurenents are shown
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tested. The Weatherly coating, however, cracked when
quenched in oil on pieces of the same size, shape, and
composition as those on which Coating #1 survived.

\'
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i ndi cat ed bel ow where it is evident that the two coatings are essentially

equi valent in the properties tested..The Watherly coating, however,

cracked when quenched in oil on pieces qugs reER R SBES shape, .and

conp05|t|on as those on which Coating Surﬁﬁﬁi £D REPLACEMENT SHEET
12 AUG 1996

“Table IIX

Coating of Weatherly'

Test Invention Coating

High Stress Abrasion (a) 3.9 3.2 - 5.0

300 Erosion (A7203) (b) 19 _ 19 - 25

900 Erosion (A’203) (b) 85 90 - 95

sand Abrasion (c) 1.7 - 1.8 1.3 - 2.0

(a) mil/min

(b) pmlg ' This Sheet Has Been Replaced .
() /oo zevetutions | ||I|\Il|||I|| I

Example X

A coating containing roughly the same B, C, Ni,and
W content as Coating 11, of Example I, was prepared
from another powder mix, using a plasma torch instead
of the detonation gun used to deposit Coating #1. The
porosity in this coating ranged from 3% to 6% in '
different samples, making it substantially inferior to
coating #1.

Example XTI

Coatings were prepared by detonation gun
‘deposition of mixtures of the WC-CO powder described in
Example I with varying amounts of Ni-B alloy 1 and Ni-B
alloy 2 on the two large faces of 1" x 3" x 6" blocks
of AISI 4140 steel, then heat treated first at over
1000°%C to treat the coating and subsegquently reheated
to about Bso%h'quenched in o0il, reheated again at a
lower temperature to temper the sﬁéel to about HRC 30
and examined for cracks using fluorescent penetrant.
No cracks were found 1n any of these coatings. The
specific composltlons of these coatlngs are listed in
the following Table IV. Each of these coatings was not
measurably different from Coating #1 in resistance to
high stress abrasion and had no more porosity than
Coating 1II. §



- 16. - Table 1l Coating of Véatheriy Test

| nvent i on Coating H gh Stress Abrasion (a) 3.9 3.2 -
5.0 _ -
THIS SHEET HAS BEEN [ pepl ACEMENT SHEET
_ REPLACED _
- 17 - ' \ 12 AUG 1996
TABLE IV
----- Mix Composition—=---
: Wt v B
Ni-B Ni-B in Ni-B Percent Boron
WC=Co Allov 1 Allov 2 Allovs " In Pwdr In Ctng
*e65.0 6.0 29.0 4.88 1.7 2.2
65.0 5.0 30.0 4.57 1.6 . 2.0
62.0 5.0 33.0 4.45 1.7 2.2
60.0 5.0 35.0 4.38 1.8 2.3
57.0 5.0 38.0 4.28 1.9 2.3
67.0 4.0 29.0 4.33 1.5 1.9
wn This composition is designated Coating #1 in the text.
[
eet Has Been Replaced.
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300 Erosion (A 203) (b) _ 19 19 - 25 900 Er osi on (A'203)
(b) 85 90 - 95 Sand Abrasion (c) A

1.8 1.3 - 2.0 (a) ml/mn (b) [err]mg (c) nmferr]/1000 revolut|o :
Exanple X In conparison with the present invention a coati '

THIS SHEET HAS BEEN | .
'REPLACED 12 AUG 1996
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CLAIMS

1. A coated article which comprises a body and a
superimposed coating with said coating having an as-
deposited porosity of less than 5% and a composition
comprising a metal carbide and binder fraction
comprising one or more carbides selected from
tungsten, chromium, vanadium, hafﬁium, titanium,
zirconium, niobium, molybdenum and tantalum carbides
and compounds thereof along with a metal binder
selected from Co, Ni, Fe and alloys thereof and a
fraction comprising a nickel-based boron containing
alloy of such composition that boron constitutes 1.3
and 3.0 wt% of the coating.

2. An article as claimed in claim 1 wherein said.
metal carbide (s) and metal binder fraction constitute
between 40 wt % and 65 wt % of the entire composition,
with said metal binder being up to 25 wt % of the
metal carbide plus binder fraction and with said
nickel based boron-containing alloy representing the
balance of the composition.

3. An article as claimed in claim 1 or claim 2,
wherein said nickel-based boron-containing alloy
comprises a first and second component with said first
component containing 13 to 14 wt % boron and
constituting 4 to 8 wt % of the coating composition
and with said second component containing 2 to 4 wt %
boron and alloying elements selected from the class
consisting of chromium, iron and silicon.

' 4. An article as claimed in any one of claims 1
to 3, wherein the coating upon heat treatment to above
~ a heat treatment temperature of at least 950°C forms a

nickel alloy matrix containing compounds of one or

Sheet Has Been Replaced
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roughly the same B, C, NN and Wcontent as Coating 11, of Exanple 1, was

prepared from-anether powder m X, using a plasma torch instead of the

det onati on gun ed to deposit Coating #1. The por05|ty |n this coating
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more carbide (s) and boride (s) with said hea

coating having a hardness above 200 Kg/mm?
metallurgically bonded to the sald_body, and hav1ng a
porosity of 0 to 90% of the as-deposited coating said

._——.—

.porosity belng present only in the form of Lsolated

"enclosed pores.

5. An article as claimed in any one of the
preceding claims, wherein said body is selected from
the class consisting of a gquide or work roll for use
in guiding steel, a bearing and a valve component.

6. A process for coating a body to form an
article with a wear and corrosion resistant surface
comprising the steps of: preparing a powder
composition comprising a metal carbide plus binder
fraction comprising at least one metal carbide
selected from tungsten, chromium, vanadium, hafnium,
titanium, zirconium, niobium, molybdenum and tantalum
carbides and compounds thereof and a metal binder
selected from cobalt, nickel, iron.and alloys thereof,
and a fraction comprising a nickel based boron-
containing alloy and depositing said powder
composition by a method capable of producing a coating
with less than 5% included porosity and such that the
boron content of the coating lies in the rénge of 1.3
to 3.0% of the total coating composition.

7. A process as claimed in claim 6, wherein the
metal carbide and binder fraction in the powder
comprises between 50 and 75% of the powder composition
with the metal binder being up to 25 wt % of the
composition of such fraction and with said nickel
based boron containing alloy fepresenting the balance
of the composition. |

8. A process as claimed in claim 6 or claim 7,

A O A |




deposition of mixtures of the WC CO powder described in Exanpfe I

wi th

varying amounts of NN-B alloy 1 and Ni-B alloy 2 on the two | arge faces of

4140

2.54cnms x 7.62cns x 15.24cnms (1" x 3" x 6") blocks of AlS

reheated to about 850[err]C, quenched in oi
tenperature to tenper the steel to about H
usi ng fluorescent penetrant.

heat treated first at over 1000[err]C to trv¢ﬂwt§ﬁ§fi§a§] drRels SHEeht | y
19°Aué 966>
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wherein depbsition is by means of a detonati n gun and
the boron content of the powder is between 1.0 and 2.7

wt $. _
9. A process as claimed in any of one of claims

6 to 8, wherein said boron-containing alloy comprises

a first and second component with said first component

containing 13 to 14 wt % boron and cbnstituting about
3.6 to 6 wt % of-the powder, and with said second
component containing 2 to 4 wt % boron and also
containing alloying elements selected from the class
consisting of chromium, iron and silicon.

10. A process as claimed in any one of claims 6

to 9, further comprising the step of heat treating the
coated body at a temperature of at least 950°C to form

a nickel alloy matrix containing one or more carbides
and borides with said heat treated coating having a
hardness above 900 Kg/mm? HV.3 and being
metallurgically bonded to the said body and having a

porosity of 0 to 90% that of the as-deposited coating,

said porosity being present only in the from of
isolated enclosed pores.
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No cyacks were found in any of these coatings. The specific conpositions of
t hese coatings are listed in the followi ng Table |IV. Each of these coatings
was not neasurably different from Coating #1 in resistance_to high -stress
abrasion and had no nore porosity than coating Il1. - [ pppLACEMENT SHEET
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12 AUG 1996
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ABSTRACT

The present specification discléses a coated
article having a wear and corrosion resistant coating
which is formed by blending a powder formulation
having a metal carbide-metal binder component and a
nickel base boron containing alloy compohent. The
blend is deposited on a body of the article by a
method capable of producing a coating with an as-
deposited porosity of less than 5% and a boron content
of 1.3 to 3.0 wt % of the whole coating. Then the
coated article is preferably heat-treated to achieve
in the coating a microhardness above 900 Kg/mm? HV.3
and the elimination of all interconnected porosity.
The coating thus produced will sustain oil quenching

without cracking.

FIGURE 1

~ This Sheg
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'DESCRIPTION :

The present invention relates to a coated article
and a method of forming coating on a substrate.

More particularly the present invention relates
to an article having a wear and corrosion-resistant
coating and a method for forming a wear and corrosion
resistant coating on a substrate in which the coating

will not crack when quenched in oil along with its
substrate.

It is known to form a wear and corrosion resistant
coating on a metallic substrate by depositing at least
one coating of a metal carbide and binder, particularly
tungsten carbide and cobalt and a nickel based alloy
using a plasma, detonation Quﬁ or other thermal spray
technique followed by a heat treatment operétion. This
method is described in detail in U.S. Patent 4,173,685
issued to M. H. Weatherly on November 6, 1979. The

coating, as taught in.the Weatherly patent, may be

formed by depositing two successive layers (the two
layer method) on a metallic substrate followed by heat
treatment or by depositing a single layer (the one-
layer method) followed by heat treatment. 1In the two
layer method a metal carbide layer is initially formed
on the metallic surface preferably using a detonation
gun followed by the deposition of a nickel based alloy
or mixture of alloys containing boron. The range of
boron in the second layer for the two layer method
should be between 3 and 18 wt% when the density of the
first layer is above 95% theoretical and between 6 and

18 wtt when the density of the first .layer is between

75 and 95% of theoretical. In the one layer method a

metal carbide powder containing a metal binder such as
cobalt and a nickel based alloy or mixture of alloys is
mixed and deposited as one liyer. The content of the



?f%; CLAIMS 1. A coated article which conprises a steel bodREmdp _'
¢superinposed coating wth said coating having an as-deposited porg§W¥yT§ﬁEET

| ess than 5% and a conposition consisting of a netal carbide, netal binder
and fraction, said netal carbide consisting essentially of one or nore
carbides selected fromtungsten, chrom um vanadi um hafgpem—tTt
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metal carbide and binder is between 40 wt. % and 75 wt.
$t of the total composition and the boron content of the
nickel based alloy or mixture of alloys is above 6 wt
%. Although suitable wear resistant coatings may. be
formed in accordance with the teaching of the
aforementioned Weatherly patent on a wide variety of
steel substrates it is not recommended for use on
steels that have to be hardened by oil quenching from
elevated temperatures and then optionally tempered to
achieve useful strengths and mechanical properties. If
hardened before coating, such steels will be annealed
by the heat treatment that is regquired in the
aforementioned Weatherly process to develop the optimum
wear and corrosion-resistant properties of the coating
(hereinafter referred to as the "Weatherly Coating").
After the Weatherly coating has been heat-treated it
will crack if subjected to reheating and oil-quenching
to develop the most useful properties of the steel.
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¢ binder selected fromCo, Ni, Fe and alloys thereof and. a fractian
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The present invention provides for forming an article

M-

1%

composed of a body and a superimposed coating that.
exhibits high wear and corrosion resistance after heat
treatment.

This coating may be used on any body but is
especially intended for use on steel bodies that
require heat treatment and cil-quenching after coating
because.it will not crack when quenched into oil from
high temperature. -

According to the present invention there is provided a coated article
which comprises a steel body and a superimposed coating with said coating

having an as-deposited porosity of less than 5% and a composition consisting

of a metal carbide, metal binder and fraction, said metal carbide consistigg

essentially of one or more carbides selected from tungsten, chromium,

vanadium, hafnium, titanium, zirconium, niobium, molybdenum and tantalum

carbides and compounds thereof along with a metal binder selected from Co, Ni,

Fe and alloys thereof and a fraction consisting of a nickel-based boron
containing alloy of such composition that boron constitutes 1.3 and 3.0 wt% of

the coating, said metal carbide (s) and metal binder fraction constituting between

50 wt % and 75 wt % of the entire composition, with said metal binder being

up to 25 wt % of the metal carbides plus binder fraction and with said. nickel

based boron-containing alloy representing the balance of the composition, with =

a boron content in said nickel based boron-containing alloy in a range of
between 4wi% and Swt%.

According to a further aspect of the present invention there is provided
a method for coating a steel body to form an article with a wear and corrosion
resistant surface comprising the steps of: preparing a powder composition

consisting of a metal carbide, metal binder and fraction, wherein said metal

carbide consists essentially of at least one metal carbide selected from tungsten,

chromium, vanadium, hafnium, titanium, zirconium, niobium, molybdenum and

tantalum carbides and compounds thereof, the metal



ina range of between 4wt % and 5wt% 2. An article as cl ai meBERLACEMENT SHEET
twherei n said nickel -based boron-containing alloy conprises a first and

second conmponent with said first component containing 1%@9@{'%7 g@l@cn
and constituting-4 to 8 wt % of the coating conpositiaon, _
second conponent containing 2 to 4 w % paron and al | oyijng el enent s
sel ected fromthe class ' _ 2 6 JUN 1999

‘binder is selected from the class consisting of cobalt, nick {l, iron-amd-atioys

thereof, and the fraction consists of a nickel based boron-containing-atioy—in—

which the metal carbide and the metal binder in the powder composition

comprise between 50 and 75wt% of the powder composition with the metal

binder being up to 25 wt% of the composition ot said fraction and with said

nickel based boron containing alloy representing the balance of the composition,

with a boron content in said at least one metal-based boron-containing alloy in

a range of between 4wt% and Swt%, depositing said powder composition by a
al spray process and heating the coating layer to a temperature above 950

°C to produce a coated layer with less than 5% included porosity and such that

the boron content of the coating lies in the range of 1.3wt% to 3.0wt% of the

total coating composition.

The present invention will now be further
described by way of example, with reference to the
accompanying single figure of drawings which shows the
relationship between the metal carbide-metal binder
component and the boron content of the nickel-based
alloy in the powder formulation...



consi sting of chromium iron and silicon. 3. An article as clainmed in any

zone of clainms 1 and 2, wherein the coating upon heat treatﬁ above a
heat treatment tenperature of at |east 950[err]C forns a 'EELﬁ&éM£@?4*E§?‘
mat ri x contai ni ng conpounds of .one or _ 'REPLACEMENT SHE
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The powder composition of the present inhvention———
includes a metal carbide-binder fraction comprising ___. . .-

tungsten, chromium, vanadium, hafnium, titanium,
zirconium, niobium, molybdenum or tantalum carbide or
mixtures or compounds thereof and up to 25 wt % of a
metal binder such as Co, Ni, and Fe and a fraction
comprising a nickel-based alloy containing boron. The
preferred metal carbide is tungsten carbide and the
preferred metal binder is cobalt in a range of
preferably between above 0 and 15 wt %.

The powder formulation must be applied to the
body | a thermal spray process,
capable of producing a coating with less than 5%
included porosity. The nickel alloy fraction of the
powder mix must have a bororn content such that, upon
deposition by such method capable of producing a
coating with less than 5% porosity, the boron content
of the coating lies in the range of 1.3 to 3.0 wt% of
the total coating composition. Commercial thermal
spray processes which may be used to provide the
required high density coating include the detonation
gun, hypersonic combustion or high velocity oxy-fuel
spray coating processes and other "high-velocity"
spray coating processes. The detonation gun process
is the preferred process and is well known and fully
described in U.S. Patent No. 2,714,563, 4,173,685 and
4,519,840, respectively. In the detonation gun
process oxygen, acetylene and nitrogen are fed into a
gun barrel along with the charge of material being
coated and ignited. The resultant detonation wave
accelerates the powder while heating it close to or
above its melting point. When the powder formulation
is applied to the body using the detonation gun

technique, it is most advantageous if the nickel-alloy
fraction of the powder '
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-19- nore carbide (s) and boride (s) with said heat treated coating

havi ng a hardness above 8,82 GPa (900 Kg/mjerr]) Hv.3, b

nmet al-lurgically bonded to the said body, and-having a p rq§WLyC

of the as-deposited coating said porosity being present

e ror

isolated enclosed pores. 4. An article 2s_clained i n anyjo egﬂguﬂﬂ$“ﬁm

BHEET

mix has a boron content such that the boron content of
the total powder mix is between 1.0 and 2.7 wtt.

It is crucial to the present invention that the
as-deposited coating have a porosity of less than 5%.
The powder composition of the present invention when
deposited with this low porosity using an appropriate
thermal spray process and subjected to a heat treatment
at above 950°C (hereinafter referred to as the "primary
heat treatment") forms a hard, ductile, impervious
coating that is able to survive, without cracking, oil-
guenching from above 800°C. During the primary héat
treatment, the porosity will reduce to 0 to 90% of its
as-coated value and the original powder components will
convert to a mixture of carbides and borides dispersed
in a nickel alloy matrix. After primary heat
treatment,a coating with the specified as-deposited
composition and density will exhibit a hardness of
greater than 900k§/nmﬁ when measured by the Vickers
method with 300 gram load and will exhibit a total
porosity of less than 5%, preferably less than 2%, with
no through porosity, i.e. any voids are closed.

The coating resulting from the primary heat
treatment has excellent wear and corrosion resistance
and no further processing is needed to take advantage
of these properties, though the coating may be ground
or otherwise finished to favorably modify its surface
characteristics. 1In addition, the primary heat
treatment may be followed by a secondary heat treatment
designed to modify the mechanical properties of the
supporting body without detriment to the coating. This
heat treatment may be, for example, an aging heat '
treatment or an oil-quenching treatment appropriate to
the substrate. A third heat treatment, to temper the
quenched steel, as is common practice in heat treating,
may also be applied without detriment to the coating.



precedlng clainms, wherein said body is selected fromthe class consisting
«of a guide. or work roll for use in gui di ng steel, a beari ngRERBAGENMENYSHE T
conmponent. 5. A process for coating a steel body to forman article mnt%
a wear and corrosion resistant surface eanprising the steps..prepa+n %

powder conposition consisting of a netal carbide, netal b ngEPLA'EEMENT%H ET
fraction, wherein said netal carbide consists essentiallylofe—at—teast one
metal carbide selected fromtungsten, chrom um vanadi um }h fnﬁgﬁHUﬂ‘W99

titanium zirconium niobium
Each heat treatment may be carried out in a vaclbum or or

et T A

in an appropriate atmosphere. The secondary heat .
treatment may be carried out as a continuationof themﬂw
primary heat treatment or separately from the primary
heat treatment. In fact, the coating can be cooled and
reheated and then quenched.

A relationship exists in the coating composition
between the metal carbide-metal binder component and
the boron content of the nickel-based alloy which in
concert with the method of application must be
satisfied to produce acceptable coating characteristics
in terms of high stress abrasive wear resistance, low
porosity and ability to sustain oil quenching without
cracking. Typically the interdependence between the
metal carbide-metal binder and the nickel based alloy
is shown in Figure 1 using a composition of a WC-CO
powder containing 4.4%C, 9.4%Co, 0.6%Fe, balance W and
a Ni-B alloy which is composed of a combination of two
nickel-based alloy components identified as Ni-B alloy
1 and Ni-B alloy 2, respectively. The nominal
composition of Ni-B alloy 1 is: 14 wt $ B, 2 wt. % Fe,
balance Ni, and the nominal composition of the Ni-B
alloy 2 is: 3% B, 3% Fe, 4% Si, 7% cCr, balance Ni. 1In
Figure 1, the ordinate represents the percentage of the
WC-Co powder in the powder mix and the abscissa the
percentage of Ni-B alloy 1. The proportions of Ni-B
alloy I and Ni-B alloy 2 control the boron content of
the powder formulation. The circled data points in
Figure 1 define the boundaries of a triangular-like
geometry and correspond to the data identified in the
-following_Tables_I and II respectively. In Table I, the
boron content of each of the mixtures is specified as
the percentage of boron in the combined Ni-B alloy
independent of the wt. t of the metal carbide. Table
II shows the weight percent of boron in the powder and



nmol ybdenum and t ant al um car bi des and conpounds thereof, the netal binder is
sel ected fromthe class consisting of cobalt, nickel, ironR&RUAGEMBYESHEET
t hereof, and the fraction consists of a nickel based boron-containing allay
in which the netal carbide and the netal binder in the po 1 tGHERT
conpri se between 50 and 75w % of the powder conposition witR-%
bi nder being up to 25 wt% of the conposition of said fractlign and with_ saijd
ni ckel based boron containing alloy repgpgenting the bal dnde 2f $Ul 1
conposition, with a boron content in said at |east one netlal
boron-containing alloy in a range of between 4w % and
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coating from which it should be noted that the boron
content in the coating is not only retained but is
enhanced from that in the powder
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coated range with [ ess than 5% included porosity and such that the boron
content of the coating lies in the range of 1.3wt%to 3.0 WﬁﬁﬁAbEﬁEﬁPEﬁkET

coating conposition. 6. A process as cLabngd in claimb,
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Table T ) - DT
--Mix Composition--
wt. percent
Ni-B Ni-B | $ B in

Wc=Co Alloy 1 Allov 2 Ni-B Allovs

75.0 €.0 15.0 5.64

65.0 6.0 29.0 4.88

50.0 6.0 44.0 4.32

71.0 5.0 24.0 4.90

65.0 5.0 30.0 4.57

57.0 5.0 38.0 4.28 -

67.0 4.0 29.0 4.33

65.0 4.0 31.0 T 4.26

63.0 4.0 33.0 4.19

65.0 3.6 31.4 4.13

Table II
--Powder Mix Comp--
wt. percent
Ni-B Ni-B Percent Boron

WC=-Co Alloy 1 Alloy 2 In Pwdr In Ctng
75 6.0 19.0 1.4 1.9
65 6.0 29.0 1.7 2.2
50 6.0 44.0 2.2 2.6
71 5.0 24.0 1.4 1.8
65 5.0 30.0 1.6 2.0
57 5.0 38.0 1.9 2.3
67 4.0 29.0 1.5 1.9
65 4.0 31.0 1.5 1.9
63 4.0 33.0 1.6 2.0
65 3.6 31.4 1.5 1.9

The area within the triangle formed in Figure 1
delzneates the range of powder compositions which will
form a coating having properties of high wear
resistance, low porosity and the ability to withstand



mhereln dep05|t|on IS by means of -a detonation gun and the boron content of
<t he powder is between 1.0 and 2.7 wt % 7. A process as cREP[r |
6, in which the boron content is between 1.4 and 2. 2w %
claimed in claim®6, in which said netal cagblde(s) conpri
carbi de(s) and said netal binder consists essentially of
process as clainmed in claim®6, in which said netal binder
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oil quenching without cracking. The optimum oron

content range is between 4 wt. % and 5 wt. %. A boron
content of above 6 wt % in the nickel boron alloy
powder formulation results in a cecating which cracks
when quenched in oil. The range of the metal carbide-
metal binder is also limited to between 50 and 75 wt %
of the total mixture and preferably between 55 and 65
wt¥,The percent of boron must be correlated to the
percent of the metal carbide-metal binder to remain
within the triangular region. The region above line A-
B of Figure 1 designates a region of high wear
resistance and a microhardness above 900 HV.3, whereas
in the region above line A-C the porosity will be too
high and the coating will exhibit interconnected
porosity. The content of boron in the coating should
be between 1.8 and 2.6 wt %t in the case exemplified in
figure 1 and between about 1.3 to 3.0 wt % in the most
general case. When deposition of the coating is done
by means of a detonation gun, as is assumed in %ables 1
and 2 and figure 1, the content of the metal carbide
and binder must lie between 40 and 65 wt % and the
percent of boren in the powder between 1.4 and 2.2 wt
$. The article of the present invention is particularly
suitable for high stress abrasive wear environments
such as, for example, a steel guide or work roll. The
coating formed in accordance with the preéent invention
is particularly suitable as a bearing surface for any
type of bearing and for use in providing a surface
coating for a valve seat or valve gate. .

The following are examples which illustrate the
invention and its advantage over the prior art:

Example I

A powder mix (Powder Mix 1) was prepared of a WC-
Co powder containing 86% W, 9.5% Co, 4.5% C with an



conétitutes between 6 and 15 wt % of the carbi dé and binder fraction. 10. A
process as clainmed in Caim9 in which said boron-containing gk
conprises a first and second conmponent with said first conponenteggﬁwgmnﬁﬂﬁfT

13 to 14 W % boron and constituting about 3.6 to 6 wt % HExrd
Wi th said second conponent containing-2;t{a.4 w % boron gn E@ngﬂgﬁigikn+n
all oyi.ng el enents selected fromthe cl ass

3

26 JUN 1999

alloy containing 83% Ni, 14% B, 2% Fe (Ni-B Ahloy-l)
and another alloy containing 83% Ni, 3% B, 7Y cr, 4%

si, 3% Fe (Ni-B Alloy 2) in such proportions ag ¢g net
1.7% B in the mix. Powder Mix 1 was deposited by means
of a detonation gun onto 1.27cms x 1.91lcms (1/2" x 3/4") x 2.711
blocks of AISI 1018 steel. This detonation gun coating exhibited

an as-deposited porosity of less than S%. The

resultant coating (Coating 11) had a microhardness
greater than 900 HV.3l and a porosity of less than 1%

after primary heat treatment to a temperature jin excess
of 1000°C. A coating made on a similar block of AISI
1018 steel using the same powder through a plasma torch
was less than 95% dense though otherwise appearing to
be of high quality in the as-deposited state, but was
found to contain more than 10% porosity after primary
heat treatment and its microhardness could not be
measured accurately because of the high perosity. when
deposited on the large faces of a 111 x 31, x 611 4140
steel block later heated to over 1000°C for 1 hr and
subsequently reheated to Bsdb and gquenched in oil,
Coating #1 did not crack. The plasma torch coating
could not be o0il quenched without cracking.

. Example II

It is an essential part of the concept of the
present invention that the boron be retained in the
coating at specific levels throughout the deposition
and heat treatment. Coating #1 was deposited onto a
211 diameter, 611 long aluminum tube from which.it was
broken off by crushing the tube. The chemical
composition of this coating was determined by standard
methods of chemical analysis. Essentially identical
results wvere obtained when the coating was deposited on
a flat plate made of low carbon steel and again broken
off mechanically. Coating #1 .is made from Powder Mix
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cohsisting of chromum iron and silicon.
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1, which contains 1.7% boron, but when removed_from the

substrate and analyzed it was found to contain 2.1% B.
The apparent increase in B content is a result of

- preferential loss of other constituents during coating.

In contrast, a coating made by the spray and fuse
process from Stellite SF6 powder, which also contains

1.7% B, was found by analysis to contain only 1.2% B.

Example TIIT
A 511 0.D., 1.91cms (3/4") wall tube made of AISI 4140 steel
was coated with 0.01611 of Coating #1 and primary heat-
treated, then subsequently reheated to 850°%C, il
quenched and tempered. The coating did not crack.

gxamn;e'Iv

Flat plates, 1.211 x 311 x 811, of AISI 4130 steel
were coated on the two large faces with 0.01411 -
0.01611 of Coating #1 and then subjected to the primary
heat-treatment for the coating. Following this, they
were oil quenched and tempered to harden the substrate
to 40 HRC at the surface (20 HRC at the center).
Fluorescent penetrant inspection of the coatings
revealed no cracking.

xample V
The foregoing experiment was repeated on two

plates of similar size made of AISI 4140 steel and on
a valve gate, 10.16cms x 17.78cms x 4.57cms (4" x 7" x 1.8") made

of AISI 4130 steel. No cracking of the coating was observed subsequent
to 011 quenching and tempering of any of these.

Example VI
A tube of AISI 52100 steel, 211 in outside
diameter x 611 long, with a0.32cms (1/8") wall thickness, coated
with 0.01211 of Coating #1 and put through the usual
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succassive heat treatments also survived oil qurnc ing

without the coating cracking.
 Example VIT

Coating #1 was applied to the 0.D. of a
centrifugally cast steel mill work roll of nominal
composition 1.7% C, 1.5% Ni, 1.1% Cr, 0.5% Mo, balance
Fe and impurities and given the primary heat-treatment
for the coating, but no secondary heat treatment. It
is inherent in the operation of such rolls that each.
area of the surface is alternately heated and quenched
as it moves into and out of contact with the hot steel.
The coating was then ground and the roll installed in
the finishing station of an I-beam shaping line. Three
hundred tons of product was successfully rolled before
the coating was penetrated; Penetration occurred in an
area where the grinding had substantially reduced the
coating thickness as a result of some out-of-roundness
that developed during heat-treatment. It was evident
from inspection of_thé coating on the remainder of the
roll that the coating had survived numerous impacts by
the leading edges of the beams that were being shaped.
Moreover, furrows observed in the coating indicated
that significant drag had.developed between the coating
and the I-beam at times during rolling, but the coating
had neither cracked nor delaminated. It was also
observed that neither the coating nor the substrate
exposed by penetration of the coating exhibited the
typical thermal fatigue patterns (firecracking) .that
usually degrade these rolls. The Weatherly coating,
when applied to this substrate, blistered and cracked
during primary heat treatment.

ample V
In comparison with the present invention spray and fuse
coatings ‘were prepared by an
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outside source from Stellite SFé powder and fro :

gtellcar Composite 1 powder. The composition of the:
former is nominally 1.7% B, 19% Cr, 13.5% Ni, 7.5% w,
2.3% Si, 3% Fe, balance Co; Stellcar Composite 1 is a
pix of 60% WC and 40% of a Ni-base alloy. Both are
standard commercial spray and fuse coating;. These
coatings as supplied to us by a commercial vendor on
711 x 311 x 611 blocks of 4140 steel, were much more
porous than coatings of the subject invention. By
examination of mounted cross sections the porosity of
the Stellcar Composite 1 coating was estimated as being
15 - 25 percent, while that of the Stellite SF6 coating
was 6 8 percent. When subjected to oil quenching on
311 x 611 x 111 blocks of 4140 steel, the Stellite SFs
coating developed cracks just under the surface running
parallel to the surface. The Composite 1 coating
developed numerous cracks that ran completely through
the coating from the surface to the substrate. While
the cracking of the Stellite SF6 coating was relatively
minor, it should be noted that this coating is
significantly lower in hardness than the coatings of
this invention, measuring only 450-500'HV.3.

Example IX

Samples of Coating #1 were prepared by coating
Powder Mix 1 onto low carbon steel substrates for wear
rate and mechanical property determinations and then
tested in parallel with similarly prepared specimens
coated using a plasma torch with a coating composition
as taught in Weatherly containing tungsten carbide-
cobalt and a nickel based alloy with about 8.5 wtt B
and having about 3.4 wt% B in the coating. The results
of these wear measurements are shown in Table III as
indicated below where it is evident that the two
coatings are essentially equivalent in the properties
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tested. The Weatherly coating, however, cracked when
quenched in oil on pieces of the same size, shape, and
composition as those on which Coating #1 survived.
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Table III

Coating of Weatherly

Test Invention Coating
High Stress Abrasion (a) 3.9 3.2 - 5.0
300 Erosion (A’203) (b) 19 19 - 25
$00 Erosion (A’203) (b) 85 90 - 95
sand Abrasion (c) 1.7 - 1.8 1.3 - 2.0

(a) mil/min
(b) Hmlg
(c) mm’/1000 revclutions

Example X
In_comparison with the present invention a coating containing
rbughly the same B, C, Ni and W content as Coating 11, of Example 1,
was prepared from another'powder mix, using a plasma torch instead

of the detonation gun used to deposit Coating #1. The
porosity in this coating ranged from 3% to 6% in

different samples, making it substantially inferior to
coating #1.

Example XI
Coatings were prepared by detonation gun
deposition of mixtures of the WC-CO powder described in
Example I with varying amounts of Ni-B alloy 1 and Ni-B
alloy 2 on the two large faces of 2.54cms x 7.62cms x 15.24cms
(1" x 3" x 6") blocks of AISI 4140 steel, then heat treated first at over

1000°C to treat the coating and subsequently reheated
to about 850%C, quenched in oil, reheated again at a
lower temperature to temper the sﬁéel to about HRC 30
and examined for cracks using fluorescent penetrant.
No cracks were found in any of these coatings. The
specific compositions of these coatihgs are listed in

the following Table IV. Each of these coatings was not

measurably different from Coating #1 in resistance to

high stress abrasion and had no more porosity than
Coating II. _ . '
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TABLE IV
----- Mix Composition-----
Wt v B :
Ni-B Ni-B in Ni-B Percent Boron
HC=Co allovy ) Alloy 2 Allovs In Pwdr In _Ctng
**65.0 6.0 29.0 4.88 1.7 2.2
65.0 5.0 30.0 4.57 1.6 . 2.0
62.0 5.0 33.0 4.45 1.7 . 2.2
60.0 5.0 - 35.0 4.38 1.8 2.3
57.0 5.0 38.0 4.28 1.9 2.3
67.0 4.0 29.0 4.33 1.5 1.9

bl This composition is designated Coating #1 in the text.
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CLAIMS

1. Acoated article which comprises a steel body and a superimposed
coating with said coating having an as-deposited porosity of less than 5% and
a composition consisting of a metal carbide, metal binder and fraction, said

metal carbide consisting essentially of one or more carbides selected from

tungsten, .chromium, vanadium, hafnium, titanium, zirconium, niobium,
moeiybdenum and tantalum carbides and compounds thereof along with a metal
binder selected from Co, Ni, Fe and alloys thereof and a fraction consisting of
a nickel-based boron containing alloy of such composition that boron constitutes

1.3 and 3.0 wt% of the coating, said metal carbide (s) and metal binder fraction

constituting between 50 wt % and 75 wt % of the entire composition, with said

metal binder being up to 25 wt % of the metal carbide plus binder fraction and

with said nickel based boron-containing alloy representing the balance of the

composition, with a boron content in said nickel based boron-containing alloy

in a range of between 4wt% and Swt%.

2. An article as claimed in claim 1, ,
wherein said nickel-based boron-containing alloy
comprises a first and second component with said first
component containing 13 to 14 wt % boron and
constituting 4 to 8 wt % of the coating composition
and with said second component containing 2 to & wt %
boron and alloying elements selected from the class
consisting of chromium, iron and silicon.

3. An article as claimed in any one of claims 1

and 2, wherein the coating upon heat treatment to above
a heat treatment temperature of at least 950°C forms a

nickel alloy matrix containing compounds of one or
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more carbide (s) and boride (s)'with said hganwaﬁee%e&——~“"'
coating having a hardness above 8,82 GPa (900 Kg/mim') Hv.3,

being metallurgically bonded to the said body, and having a

porosity of 0 to 90% of the as-deposited coating said

porosity being present only in the form of isolated
enclosed pores.

4. An article as claimed in any one of the
preceding claims, wherein said body is selected from
the class consisting of a guide or work roll for use
in guiding steel, a bearing and a valve component.

. A process for coating a steel body to form an article with a wear
and corrosion resistant surface comprising the steps: preparing a powder
composition consisting of a metal carbide, metal binder_and fraction, wherein

said metal carbide consists essentially of at least one metal carbide selected from

tungsten, chromium, vanadium, hafnium, titanium, zirconium, niobium,

molybdenum and tantalum carbides and compounds thereof, the metal binder is

selected from the class consisting of cobalt, nickél, iron and alloys thereof, and

_the fraction consists of a ni{ilkel based boron-containing alloy in which the metal

carbide and the metal binder in the powder compesition comprise between 50

- and 75wt% of the powder cémposition with the metal binder being up to 25 wt%5 - .

of the composition of said fraction and with said nickel based.boron containing

alloy representing the balance of the composition, with a boron content in said

at least one metal-based boron-containing alloy in a range of between 4wi% and

Swt%, depositing said powder composition by a thermal spray process and

heating the coating ranges to a temperature above 950 °C to produce a coated

range with less than 5% included porosity and such that the boron content of the

coating lies in the range of 1.3wt% to 3.0wt% of the total coating composition.

6. A process as claimed in claim 5, )
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wherein deposition is by means of a detonatjion qun and

the boron content of the powder is between 1.0 and 2.7
wt %.

7. A process as claimed in claim 6, in which the boron content is
between 1.4 and 2.2wt%.
—
8. A process as claimed in claim 6, in which said metal carbide(s)

comprise tungsten carbide(s) and said metal binder consists essentially of cobalt.

9. A process as claimed in claim 6, in which said metal binder

'cox'xstitutes between 6 and 15 wt% of the carbide and binder fraction.

10. A process as claimed in ¢&laim 9 in which

said boron—containing'alloy comprises
a first and second component with said first component
containing 13 to 14 wt % boron and constituting about
J.6 to 6 wt % of the powder and with said second
component containing 2 to 4 wt % boron and also
containing alloying elements selected from the class

consisting of chromium, iron and silicon.
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ABSTRACT

Sk e —— i —————————) i o ————————  ——— ——————— ——

The present specification discloses a coated
article having a wear and corrosion resistant coating
which is formed by blending a powder formulation
having a metal carbide-metal binder component and a
nickel base boron containing alloy component. The
blend is deposited'on a body of the article by a
method capable of producing a coating with an as-
deposited porosity of less than 5% and a boron content
of 1.3 to 3.0 wt % of the whole coating. Then the
coated article is preferably heat-treated to achieve
in the coating a microhardness above 900 Kg/mm? HV.3
and the elimination of all interconnected porosity.
The coating thus produced will sustain oil quenching
without cracking.

FIGURE 1
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