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The present invention pertains to improvements in the
field of coating articles, particularly metals, to supply
thereto oxidation resistant, adherent coatings.

One of the principal fields of application of the present
invention is the coating of metal surfaces to increase the
oxidation resistance of the metal or to increase its re-
sistance to attack by acids or products of combustion.
As an example of the latter, the coatings of the present
invention may be applied cn engine parts which must
come into contact with the highly corrosive lead oxide
produced by the combustion of gasoline containing tetra-
ethyl lead.

The coatings of the present invention are the ceramic
type, and -include the combination of lithium aluminate
(Li;Al;04) and zircomia, This combination has been
found to be particularly successful as an oxidation resist-
ant, inert ccating which becomes readily bonded to
metals, glass, and various other materials. In this respect,
the coatings differ from ordinary glass type ceramic mate-
rials which can be adhered to metals only with great
difficulty.

An object of the present imvention is to provide a
method for coating objects of various descriptions to
provide such objects with inert, oxidation resistant
coatings.

A still further object of the invention is to provide a
method of depositing a coherent, adherent protective
coating into metal objects and the like.

Still another object of the invention is to provide a
method for applying thin, adherent oxidation resistant
coatings to metals and the like in a rapid and convenient
manner.

A further object of the present invention is to provide
improved coatings which function to provide oxidation
and corrosion resistance to metals.

In the coating method of the present invention, the
article to be coated is subjected to the action of a high
temperature flame of the type produced, for example, by
a blowpipe. While the flame is directed at the object to
be coated, a combination including lithium aluminate
and zirconia, in finely divided powder form, is injected
into the flame becoming depcsited on the object as an
adherent, inert coating.

The coatings of the present invention are markedly
superior to those produced by applying various glass
compositions, even with the flame spraying method, onto
a base. This difference in properties may be accounted
for by a difference in the atomic structures of the coatings
produced accerding to this invention and those produced
by spraying fused glass composition onto the same ob-
jects. Glass coatings are amorphous in structure while
X-ray diffraction data taken on the coatings of the present
invention indicate that such coatings are crystalline. Ap-
parently, during the flame spraying operation, lithium
aluminate reacts with the zirconia to produce a reaction
product because the properties of the coating which result
are substantially different from those produced when
either of the two ingredients are used alone.
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The coatings produced according to the present inven-
tion are highly refractory and adherent. If properly
applied, the compositions cannot be remelted with an
oxyacetylene torch and can be quenched in cold water
from red heat without injury. A microscopic examina-
tion of the coating in a thin section reveals a fine grained,
dense structure. This type of coating offers unusually
good resistance to various types of corrosion including
that caused by molten metals, salts and products of com-
bustion.

The proportions employed in the coating composition
may vary, depending upon the nature of the coating de-
sired. In most cases, however, the lithium aluminate
will be present in amounts from 0.001 to 0.1 times the
amount of zirconia present in the mixture being flame
sprayed.

The coating composition may consist simply of the
powdered mixture of lithium aluminate and zirconia, the
particles having a size less than about 100 mesh. How-
ever, improved results are obtained if a small amount
of the zirconia is replaced by calcium fluoride. The zir-
conia preferably contains about 2 to 5% of calcium fluo-
ride prior to mixing the zirconia with the lithinm alumi-
nate. {In order to secure a more homogeneous mixture of
the calcium fluoride and the zirconia, it is preferable to
blend the two compounds and fire the mixture at a tem-
perature between 1500° F., and the melting point of the
fluoride. Apparently, at this temperature, some reaction
takes place between the oxide and the fluoride resulting
in the production of the oxy-fluoride. The product is
then ground into a powder having a particle size less than
about 100 mesh for injection into the flame spraying
apparatus with the similarly sized lithium aluminate.

The zirconia employed in this process  should pref-
erably be wof the “stabilized” type. The stabilized zir-
conia is an article of commerce, usually containing from
about three to six percent by weight of calcium oxide or
maguesium oxide.

Additional benefits are achieved if a small amount of
metallic aluminum powder is included in the mixture

. being flame sprayed. For example, a composition con-
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taining 2% of 80 mesh lithium aluminate, 10% alumi-
num powder, and the balance 65 mesh stabilized zirconia
provided excellent oxidation protection to a mild steel
rod for 70 hours at 1500° F. Generally, the amount
of aluminum may vary from about 1% to about 20% by
weight,

The equipment used to apply the flame sprayed coating
may be any of a variety of forms, The simplest con-
sists of ordinary blowpipe which is modified by the inclu-
sion of a feed hopper in the oxygen line to permit in-
jection of the finely divided particulated mixture of the
lithium aluminate and the zirconia, with or without the
addition of calcium fluoride, into the flame while the
flame is directed at the object to be coated. The flame
temperature may vary from about 1700° C. to about
3000° C. For most uses, the coatings will vary in thick-~
ness from about 1 micron to about 0.050 inch. Thick-
ness greater than the indicated maximum may be achieved,
if desired, but generally provide no additional benefit.
The best coatings apparently occur when the tip of the
torch is held between 2 and 3 inches from the surface to
be coated.

The process of the present invention has been success-
fully practiced on a wide variety of base materials. For
example, refractory, adherent coatings have been applied
on materials such as steel, cast iron, corrosion resistant
alloys, copper, aluminum, molybdenum, and “Pyrex”
glass. )

In becoming deposited upon the surface of the article,
the refractory particles undergo a substantial temperature
drop so that despite the high temperature of the flame,
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the temperature at the surface of the article being coated
need not be excessive. As an example, a Pyrex tube
filled with water can be effectively coated with the coat-
ings of the present invention without cracking the tube
and without boiling the water.

In preparing articles for the reception of the improved
coatings, it is advisable to roughen the surface to be coated
in order to achieve the best results. The roughened
surface provides for a better mechanical bonding although
this is not the only mechanism by which the coatings
adhere to the base. There is also definite evidence of
molecular bonding between the flame sprayed coatings
and the underlying base material. This is a distinct ad-
vantage because it is not absolutely essential that the co-

efficients of thermal expansion of the coating and the

base material be identical. The existence of a molecular
bonding is indicated, for example, by the fact that the
coatings cannot be flaked off without damaging the
base metal itself. Even when the coated article is sub-
jected to excessive stresses so that failure occurs, the
failure occurs in the coating itself rather than at the inter-
face, so that the surface of the metal remains protected
at all times.

The coatings of the present invention have excellent
scratch resistance. The coatings also have good resistance
to wetting by molten metals as well as excellent resistance
to oxidative corrosion and high temperatures.

From the foregoing, it will be apparent that the coat-
ings of the present invention provides substantial im-
provements in the protection of metals and other surfaces
from attack by various agents. It will also be apparent
that numerous modifications can be made to the described
embodiments without departing from the scope of the
present invention.

We claim as our invention:

1. The method of coating an object with an adherent
coating which comprises directing a high temperature
flame at said object and injecting into said flame a particu-
lated mixture comprising lithium aluminate and zirconia.

2. The method of coating an object with an adherent
coating which comprises directing a high temperature
flame at said object and injecting into said flame a particu-
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lated mixture comprising lithium aluminate and zirconia,
said mixture having a particle size of less than 100 mesh.

3. The method of coating an object with an adherent
coating which comprises directing a high temperature
flame at said object and injecting into said flame a mix-
ture of lithium aluminate and a finely divided substantially
homogeneous mixture of zirconia and calcium fluoride.

4. The method of coating an object with an adherent
coating which comprises firing a mixture of zirconia and
calcium fluoride, combining the fired mixture in powdered
form with powdered lithium aluminate injecting the re-
sulting mixture into a high temperature flame and direct-
ing said flame at the object to be coated.

5. The method of coating an object which comprises
forming a mixture of zirconia and calcium fluoride, firing
the resulting mixture, grinding the fired mixture to pro-
duce particles of a size less than about 100 mesh, com-
bining the resulting particles with particles of lithium
aluminate also having a particle size less than about 100
mesh, injecting the resulting particle mixture into a
high temperature flame and directing said flame at the
object to be coated.

6. A flame spraying composition comprising a particu-
lated mixture of lithium aluminate and zirconia.

7. A flame spraying composition comprising a particu-
lated mixture of lithium aluminate and zirconia, said
mixture having a particle size of less than 100 mesh.

8. A coated body comprising a base material coated
with a crystalline reaction product of lithium aluminate
and zirconia, sald reaction product having been produced
by joint injection of particles of lithium aluminate and
zirconia into a high temperature flame directed at said
base material.
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