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[57] ABSTRACT 
A metal article, such as a machine element or tool, 
composed of a metal base and an integral wear 
resistant surface layer or coating consisting of one or 
more ?nely divided refractory metal oxides ( e.g. zirco 
nia and spinel) dispersed in a matrix of a refractory 
metal (e.g. molybdenum and alloys) with the matrix 
metal preferably constituting 40 to 70 percent of the 
volume of the components employed in the coating; 
optionally, a solid lubricant such as lead oxide or mo 
lybdenum sul?de is also dispersed in the coating layer. 

These articles are fabricated by depositing the coating 
components onto the metal base from a plasma jet 
while the matrix metal is in the molten state in order 
'to thermally bond the surface layer to the metal base 
or substrate. Various techniques are used to facilitate 
feeding the components of the surface coating to 
plasma guns in convenient form, for example by the 
inclusion of a powdered metal oxide within an 
elongated tube of the matrix metal or by binding or 
cementing the powdered oxide to a rod of that metal. I 

26 Claims, No Drawings 



3,844,729 
1 

METALS HAVING WEAR-RESISTANT SURFACES 
AND THEIR FABRICATION 

The present invention concerns metal machine ele 
ments having coatings that are characterized by excel 
lent wearing properties as well as methods for manufac 
turing such articles. 

Relative motion of the sliding, rolling and/or revolv 
ing types may occur between the surfaces of machine 
elements that contact one another. Due to functional 
requirements, such contact surfaces are frequently sub 
jected to heavy unit pressures, cyclical loads and high 
temperatures as well as high sliding speeds. For these 
reasons, maintaining the lubrication of the contact sur 
faces is frequently extremely difficult, and in some in 
stances those surfaces are almost continuously operat 
ing within the range of mixed friction or even the solid 
friction state wherein no lubricant is present between 
the contacting frictional surfaces. Hence, the machine 
elements are subjected to the adhesive wear resulting 
from adhesion of sliding parts toone another as well as 
abrasive wear and corrosion wear at the contact sur 
faces resulting in early functional failure and the disad 
vantages involved in shutting down machines or an en 
tire plant. 
Wear-resistant coatings, such as electroplated chro 

mium, thermally sprayed hard alloys and wear-resistant 
metals, surface diffusion coatings of the type disclosed 
in US. Pat. No. 3,037,883 and electrostatically applied 
cemented carbide coatings have been applied in the 
past to the contact surfaces of such machine elements. 
Unfortunately, many of these coatings were unable to 
withstand the stresses or failed for other reasons. Al 
though sprayed molybdenum coatings have given good 
results even under conditions of inadequate lubrica 
tion, these coatings also failed at high temperatures. 
However, coatings consisting of hard granular materi 
als, such as carbides, borides or nitrides embedded in 
various metallic matrices have proved useful in improv 
ing the wear resistance of steel parts, such as vehicle 
tracks, gears, etc. For example, cemented titanium car 
bide coatings increase the service life of tools. 
US. Pat. No. 3,378,392 discloses spray applications 

with an oxygen-acetylene powder ?ame spray gun and 
plasma guns that deposit wear-resistant and load 
resistant surface coatings on bearings, rolls, etc. Almost 
all of the descriptive matter is concerned with the two 
component coatings prepared from powder compo 
nents, and it is stated that such mixtures are preferably 
sprayed per se. All of the detailed examples in the pa 
tent are concerned with depositing coatings derived 
from the two-component mixtures and general state 
ments as to the results. One essential component is a 
high melting powder containing one or more of a speci 
tied group of refractory metals which include tungsten 
and molybdenum and their alloys. The other essential 
component is a “self-fluxing” metal powder which con 
tains at least one fluxing constituent (e.g., boron or 
preferably boron and silicon) in addition to certain 
metals. However, there is a brief mention of an optional 
third component namely other spray materials, such as 
aluminum, refractory carbides or refractory oxides, 
such as aluminum oxide or zirconium oxide, and in ad 
dition the compound molybdenum disilicide, etc. The 
third component may be sprayed in admixture or in 
conjunction with the two essential powder compo 
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2 
nents, but there is no disclosure as to effects produced 
by the optional additive. 
US. Pat. No. 3,016,31 1 describes rocket nozzles fab 

ricated by spray deposition as zirconia dispersions in 
tungsten per se or as coatings of these dispersions on 
graphite, and these articles were found to display good 
resistance to severe high velocity ?ame conditions. 
US. Pat. Nos. 2,570,649, 2,875,043 and 2,936,229 

disclose various procedures for spraying coatings using 
heat fusible materials in wire or rod form, as powders 
and as rods constructed of powders consolidated by 
means of synthetic resin binding agents. 
The instant invention is directed at the problem of 

eliminating the aforementioned disadvantages of the 
frictional contact surfaces of such prior art machine el 
ements and considerably increasing the service life of 
such parts to thereby substantially improve the eco 
nomics of operating such machines. 
The present invention relates to machine elements 

with hard and wear-resistant surfaces on metal bases 
and their production. These surfaces are capable of not 
only withstanding large stresses and the friction result 
ing from high sliding speeds but also of sliding contact 
with one another at elevated temperatures and under 
conditions of inadequate lubrication. These improved 
results are obtainable with a metal machine element 
having a frictional contact surface coated with a ther~ 
mallybonded wear-resistant composition which con 
sists essentially of at least one refractory metal oxide 
?nely dispersed in a flux-free metal matrix. It has been 
discovered that no “self-?uxing alloy” or other ?uxing 
agent is necessary in the coating compositions involved 
in the instant invention. Also, the inclusion of the metal 
oxide produces unexpectedly less wear on a comple 
mentary uncoated contact surface in engagement with 
the coated contact surface as is described hereinafter. 

The term “metal” is employed herein in its broad 
sense of referring to alloys as well as elemental metals; 
and the expression “metal oxides” is used as encom 
passing metal-oxygen complexes, such as the spinels, as 
well as simple refractory oxides containing a single 
metal. 

In many embodiments of the invention, the metal of 
the tool or machine element or component may prefer 
ably be made of steel. According to the invention, the 
coating or contact layer consists of a mixture of metals 
with metal oxides and/or spinels. The metals are prefer-4 
ably molybdenum, tungsten, chromium, nickel, cobalt, 
steel and their alloys. Molybdenum and its alloys are 
particularly preferred and recommended molybdenum 
alloys are those containing one or more of such metals 
as copper, nickel, cobalt, chromium, iron, titanium, al 
uminium, hafnium or zirconium. The metal oxides pref 
erably include zirconia, chromia, alumina, titania, 
aluminum-magnesium spinel with the formula Mg(A' 
lO2)2, or chromium-iron spinel, that is Fe(CrO2)2; and 
zirconia is especially preferred. In general, desirable 
oxides neither melt nor decompose at temperatures 
below l,400°C. and these may be further exemplified 
by thoria, beryllia, hafnia, magnesia and ceria. Accord 
ing to the invention, the simple metal oxides and spinels 
may also consist of mixtures, e.g., of zirconia and chro 
mm. 

The optimum proportion of the oxide component of 
such coatings depends on the desired high temperature 
strength with the amount of oxide being increased with 



3,844,729 
3 

an increase in the operating temperature. The propor 
tion of metal in the coating should be from 20 to 98 vol 
ume percent (preferably 40-70 vol. percent), and the 
balance is essentially the metal oxide constituent, ex 
cept for those instances in which a minor proportion of 
a solid lubricant is present as described hereinafter. On 
a weight basis the matrix metal may amount to between 
20 and 95 percent of the total weight of the coating 
composition. 
The formation of the coatings in accordance with the 

present invention may utilize certain known tech 
niques, especially plasma spraying and ?ame spraying 
(?ame plating) as described in U.S. Pat. No. 3,378,392, 
and those disclosures are incorporated herein by refer 
ence. in one embodiment, powder mixtures containing 
the coating components may be sprayed onto the part 
to be coated by means of a plasma gun. In order to pre 
vent segregation of the components of the mixture, the 
powdered and mixed components may be presintered 
and this product may then be ground to a powder. Seg 
regation may also be averted by addition of a binder 
compound (e.g., a wax, paraf?n or an aqueous solution 
of methyl cellulose) which desirably provides frangible 
type of adhesion or consolidation of the powder parti 
cles. Finally, coatings having compositions in accor 
dance with the invention may be produced by using two 
plasma guns simultaneously, one for the matrix metal 
and one for the refractory oxide component. 
Rods or wires containing the components may also 

be used in forming the coatings. By means of these rods 
or wires, the coatings in accordance with the invention 
may be applied by such methods as plasma gun spray 
ing or melting in an oxyacetylene ?ame or electric arc. 
The fabrication of such rods or wires may be carried 
out by the sintering of powdered material and subse 
quent shaping or forming at elevated temperature, e.g., 
by forging, rolling or drawing. A sintered rod with a 
high metal oxide content (i.e., above 15 vol. percent) 
is usually dif?cult to work, but it can be encased in a 
ductile metal sheath which may subsequently be re 
moved, if necessary (e.g., by dissolving the sheath). 
Another method of producing such a rod or wire with 

the desired composition is to coat a matrix metal wire 
with the oxide material, for example, by dipping the 
wire in a suspension in which the oxide component is 
?nely dispersed, for example, in an aqueous solution of 
methyl cellulose, sugar or an aliginate which serves as 
a thickener for stabilizing the suspension as well as a 
binding agent. After drying the coating, the dry binding 
agent cements the oxide powder to the metal core, and 
the coated wire can be used immediately or it may be 
further drawn out. Coatings resulting from melting 
such wires contain the components in a suitably uni 
form distribution. 
Another embodiment is using tubes, e.g., molybde 

num tubes, ?lled with the oxide component or a mix 
ture of metal and oxide components in powdered form, 
and these tubes may be used immediately or they may 
be drawn to ?ner gauges. 
A similar method consists in ?lling a metal block hav 

ing a bore with powdered oxides or a mixture of oxides 
and metals and then shaping the block into an elon 
gated tube consisting of a metal jacket on the outside 
around a core of powdered material having the selected 
oxide content. 
Another method of converting the coating compo 

nents into the elongated form of rod or wire is to add 

15 

20 

25 

35 

40 

45 

50 

55 

65 

4 
an extrusion assistant to the original powder and to ex~ 
trude the plastic mixture. The extrusion assistant is a 
highly viscous solution either of method cellulose in 
water or of a wax or paraf?n in a suitable organic sol 
vent. Its solvent may be subsequently evaporated and 
the material may be further consolidated by sintering. 
Of course, none of this organic matter remains after 
plasma or ?ame spraying the coating material. 
Another method of producing coatings in accor 

dance with the present invention is to use two plasma 
guns, of which one sprays the metallic components in 
the fonn of wire and the oxide component in the form 
of powder is sprayed from the other gun. 
A further improved embodiment of the invention 

consists in adding solid lubricants, such as lead oxide, 
sulfur, molybdenum sul?de or carbon, to the coating 
materials during the spraying process. Organic lubri 
cants, such as polytetra?uoroethylene, may also be 
used. The distribution of the lubricant in the coating 
should be uniform, and this can be accomplished by 
maintaining uniform rates of supplying the lubricant, 
the metal oxide and the matrix metal in the aforemen 
tioned application methods. Also, the solid lubricant 
concentration should be restricted to minor contents 
which do not reduce the mechanical strength of the 
coating below the level required for any particular ap 
plication. 

In one speci?c embodiment, a coating consisting of 
a ?nely dispersed mixture of 50 vol. percent zirconia 
and 50 vol. percent molybdenum, applied by means of 
a plasma gun, has been found to increase considerably 
the service life of piston rings of internal combustion 
engines without deleterious effects on the cylinder lin 
ings. Although coatings of pure molybdenum have pro 
vided approximately the same long service life for the 
piston ring, the complementary surface of the cylinder 
sleeve was subjected to increased wear. Thus the zirco 
nia addition evidently causes a considerable inhibition 
of the metallurgical reactions between the Contact sur 
faces; such reactions are regarded as predominantly of 
a physical nature. 
The coatings in accordance with the invention have 

proved suitable for machine parts subject to all types of 
friction but particularly sliding friction. The coating 
protects not only the coated parts but also the comple~ 
mentary surfaces. 
We claim: 
1. A metal machine element having a frictional 

contact surface coated with a thermally bonded wear 
resistant composition applied by ?ame spraying or 
plasma gun technique which consists essentially of at 
least one refractory metal oxide ?nely dispersed in a 
?ux-free metal matrix. 

2. An article according to claim 1 in which the 
amount of said matrix metal is from 20 to 98 percent 
of the volume of the components used in depositing 
said coating. 

3. An article according to claim 2 in which said ma 
trix metal is of the group consisting of molybdenum, 
‘tungsten, chromium, nickel, cobalt, steel and their al 
oys. 
4. An article according to claim 1 in which said oxide 

component is of the group consisting of zirconia, alu 
mina, chromia, titania, thoria, beryllia, hafnia, magne 
sia, ceria and spinels. 

5. An article according to claim 1 in which said ma 
trix metal is of the group consisting of molybdenum, 
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tungsten, chromium, nickel, cobalt, steel and their al 
loys, and said oxide component is of the group consist 
ing of zirconia, alumina, chromia, titania, thoria, beryl 
lia, hafnia, magnesia, ceria and spinels. 

6. An article according to claim 5 in which said ma 
trix metal component amounts to from 40 to 70 per 
cent of the volume of the components of said coating. 

7. An article according to claim 6 in which a steel 
substrate bears an integral surface coating consisting of 
zirconia ?nely dispersed in a metal matrix containing a 
major proportion of molybdenum. 

8. An article according to claim 1 in which said ma 
trix metal contains at least a substantial proportion of 
molybdenum. 

9. An article according to claim 1 in which said oxide 
is of a group consisting of aluminum-magnesium spinel 
and chromium-iron spinel. 

10. An article according to claim 1 in which said 
coating consists essentially of zirconia ?nely dispersed 
in a molybdenum matrix. 

11. An article according to claim 1 in which said 
coating contains a solid lubricant dispersed therein. 

12. An article according to claim 11 in which said lu 
bricant is of the group consisting of lead oxide, sulfur, 
molybdenum sul?de, carbon and polytetra?u 
oroethylene. ‘ 

13. A method of manufacturing the article of claim 
1 which comprises ?ame or plasma spraying the coat 
ing components onto said metal substrate with said ma 
trix metal in the molten state. ' 

l4. A method according to claim 13 in which ?ame 
spraying is employed in the deposition of said coating 
components. 

IS. A method according to claim 13 in which a mix 
ture of powdered coating components is charged to a 
plasma gun for deposition by spraying. 

16. A method according to claim 13 in which pow 
dered coating components are separately charged to 
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separate plasma guns for simultaneous deposition on 
said metal substrate. 

17. A method according to claim 13 in which the par 
ticles of a mixture of powdered coating components are _ 
consolidated into a mass and said mass is comminuted 
prior to spraying thereby preventing segregation of said 
components. 

18. A method according to claim 13 in which an 
elongated body of matrix metal is melted. 

19. A method according to claim 18 in which said 
elongated body is a solid core of matrix metal provided 
with an adherent surface layer of a refractory metal ox 
ide. 
20. A method according to claim 18 in which said 

solid core is dipped into a suspension of said oxide in 
a liquid and dried to form said adherent layer of refrac 
tory oxide; ' 

21. A method according to claim 19 in which said 
elongated body is drawn to greater length prior to melt 
ing for spray deposition. 

22. A method according to claim 13 in which the 
metal oxide for spray deposition is introduced as a pow 
der contained within an elongated hollow metal jacket. 

23. A method according to claim 22 in which said 
metal jacket is melted to supply said matrix metal. 
24. A method according to claim 22 in which a hol 

low block of metal ?lled with said powdered oxide is 
reshaped into elongated form. 
25. A method according to claim 13 in which at least 

one of the components of said coating is at least par 
tially consolidated as an elongated body prior to said 
deposition by extrusion as a powder in admixture with 
an extrusion assistant. 

26. A method according to claim 25 in which further 
consolidation of said component is effected by sinter 
ing said elongated body prior to said deposition. 

>|< * * * * 


