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Description

Background of the Invention

This invention relates to the application of corro-
sion and mechanical wear resistant coatings to metal
surfaces and, more particularly, to the coating of steel
structures with aluminum matrix composite coatings.

It is known to form aluminum coatings on steel
structures to provide protection against corrosion and
mechanical wear. Such coatings are used in all envi-
ronments where marine, industrial or urban corrosion
are linked with mechanical wear. Such coatings are
typically applied by a thermal spraying process and
zinc and pure aluminum wires have been used for this
purpose, particularly in marine environments where
aluminum shows high resistance to salt water. This
process remains in use today.

While pure aluminum provides some cathodic
protection, it is mainly a barrier coating having rela-
tively low strength and wear resistance. To solve this
problem, aluminum matrix composite compositions
have been used as coatings on steel substrates to
give not only high cathodic protection but also good
wear resistance to the steel structure. These coatings
have in the past been applied by techniques such as
flame spraying a body of molten metal onto the sub-
strate to be coated, with particulate refractory or
ceramic particles introduced into the spray. Flame
spraying of metal powder together with refractory or
ceramic particles has also been used. It is also known
to use thermal spraying or plasma spraying in place
of the above mentioned flame spraying technique.

The above techniques are very difficult to control
in commercial operation and it is most difficult to
obtain a uniform distribution of the refractory or
ceramic particles throughout the coating. In particu-
lar, problems have been encountered with poor adhe-
sion, high coating porosity and generally an unsound
coating structure.

It is the object of the present invention to provide
a method for application of metal matrix composite
material coatings and in particular aluminum matrix
composite material coatings of improved quality on
metal structures.

Summary of the Invention

The aforementioned object is realized by the sub-
ject-matter of claim 1.

More particularly, according to the present inven-
tion an aluminum matrix composite coating is applied
to metal substrates by directly flame spraying or arc
spraying a preformed aluminum matrix composite
material. The preformed material is in the form of a
wire or rod which acts as a feedstock for the flame
spraying or arc spraying process.

Metal matrix composites are well known in the art
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and are formed of a metal matrix having distributed
therein a divided solid filler, i.e. afibrous or particulate
material which is capable of being incorporated in and
distributed through the metal matrix and which at least
substantially maintains its integrity as incorporated
rather than losing its form or identity by dissolution in
or chemical combination with the metal.

It is known that the strength of aluminum and
aluminum alloy articles can be significantly enhanced
by incorporation of fibrous or particulate solid fillers in
the form of short, discontinuous, more or less ran-
domly oriented particles. For many applications it is
known to distribute the fibers substantially uniformly
throughout the metal article.

As examples of solid filler materials that have
been used for the above purpose, there may be men-
tioned alumina, titanium diboride, silica, zirconia, sili-
con carbide, silicon nitride, etc. Aluminum-TiB,
composites, for instance, have been used for appli-
cations requiring high strength and/or high resistance
to wear.

The aluminum matrix composite materials utilized
as feedstocks in the process of this invention are man-
ufactured by techniques known in the art and typically
contain 5 to 60 volume % of the refractory or ceramic
filler. Arange of 5 to 40 volume % of filler is preferred,
with a range of 10 to 20 volume % being particularly
preferred. The coating is preferably applied to a thick-
ness in the range of about 50 to 5000 pm (microns).

The substrate to be treated is typically a ferrous
metal, e.g. steel, structure. Other substrates that may
be coated according to the invention include a heat
treatable, high strength aluminum alloy structure, e.g.
an AA 7000 series alloy. Such aluminum alloys are
sometimes subject to stress corrosion in service.

The surface of the substrate to be treated is pref-
erably prepared by grit blasting, e.g. using alumina
particles. It has also been found to be advantageous,
but not essential, to preheat the substrate to at least
about 120°C to remove surface moisture prior to
application of the coating. Of course, this is not always
feasible, particularly for marine applications. In some
instances, it may also be advantageous to precoat the
substrate by conventional metallizing with aluminium
prior to the application of the aluminum matrix compo-
site coating.

It has surprisingly been found that the-composite
coating formed by the method of this invention are
generally superior to those obtained by the prior
methods. In particular, the composite coatings
obtained by the present invention have improved
adhesion, low porosity and generally a sound struc-
ture.

Brief Description of the Drawings

Figure 1 is a photomicrograph showing a prior art
coating;
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Figure 2 is a photomicrograph showing a coating

according to this invention;

Figure 3 is a photomicrograph of a further coating

according to this invention; and

Figure 4 is a photomicrograph of a still further

coating according to this invention.

The following specific examples illustrate certain
preferred features of the present invention.

Example 1

A cast ingot was formed comprising an AA 1350
aluminum containing about 15 volume % of silicon
carbide particles uniformly distributed throughout.
The ingot was made according to the method dis-
closed in PCT application WO87/06624, published
November 5, 1987. The ingot was extruded and
drawn into a wire having a diameter of about 2.3 mm
and this became the feedstock for an arc spray pro-
cess.

A steel substrate was used in the form of a steel
cylinder and an arc was struck between a pair of feed
wires formed of the above aluminum matrix compo-
site material. The arc was held at a distance of
approximately 10 cm from the cylinder while the cyli-
nder was rotated, with an arc current of approximately
150 amps being used. A coating having a thickness of
approximately 3000 um (microns) was deposited on
the cylinder.

The product obtained was subjected to metal-
lographic examination and the coating had good
adhesion, a low porosity and a generally sound struc-
ture.

Example 2

Tests were conducted to compare a composite
coating produced by the method of this invention with
a composite coating produced by a prior art method.

A. Inventive method-

Following the same general procedure as in
Example 1, a cast ingot was obtained containing
about 10 volume % of silicon carbide particles
uniformly distributed in an AA 6061 aluminum alloy.

The ingot was extruded and drawn into a wire
having a diameter of about 2.3 mm and this was used
as a feedstock for an arc spray process.

A steel substrate in the form of a flat bar was used
and an arc was struck between a pair of feed wires
formed of the above ingot. The arc was held at a dis-
tance of about 10 cm from the steel bar with an arc
current of about 150 amps being used. A coating hav-
ing a thickness of about 3000 um (microns) was depo-
sited on the bar.

The product was subjected to metallographic
examination and the results obtained are shown in
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Figure 2.
B. Prior Art Method -

An AA 6061 aluminum alloy was formed into a
wire having a diameter of about 2.3 mm and this was
used as a feedstock for an arc spray process.

A steel substrate in the form of a flat bar was used
and an arc was struck between a pair of feed wires
formed of the above alloy. The arc was held at a dis-
tance of about 10 cm from the steel bar with an arc
current of about 150 amps being used. Simul-
taneously, silicon carbide particles were fed between
the arcing wires to be deposited with the aluminum,
the silicon carbide particles being fed at a rate of
about 10 volume % relative to the aluminum alloy fed.
A composite coating having a thickness of about 5000
wm (microns) was deposited on the bar.

The product was subjected to metallographic
examination and the results obtained are shown in
Figure 1.

Comparing Figure 2 with Figure 1, it is readily evi-
dent that the process of this invention produces a
much more uniform coating with fewer voids (shown
as black areas) than does the coating produced by the
prior art process.

Example 3

Following the same general procedure as in
Example 1, a cast ingot was formed comprising an
AA-1060 aluminum containing about 15 volume % of
aluminum oxides particles uniformly distributed
throughout. The ingot was extruded and drawn into
wires having diameters of 3.2 and 2.4 mm and this
became the feedstock for a flame spray process.

Prior to flame spraying, flat steel sheet was sol-
vent degreased and then grit blasted with No. 16
alumina. A75 to 80 pm (micron) anchor tooth pattern
was obtained on the steel.

The steel samples were flame sprayed within 10
minutes after grit blasting with either 3.2 or 2.4 mm
composite wire.

The flame spray system was operated at an
oxygen gas setting of 2.45 Kg./sq./cm. at 1.4 m3/h, an
acetylene gas setting of 1.4 Kg./sq./cm. at 1.1 m3/h
and an air setting of 4.55 Kg./sq./cm. at 1.6 m3h. The
spray gun was held at a distance of approximately 15
cm from the steel samples.

The coated samples were subjected to metal-
lographic examination and the results obtained are
shown in Figures 3 and 4, Figure 3 being with the 2.4
mm wire and Figure 4 being with the 3.2 mm wire.
Both photomicrographs show uniform coatings with
very few voids.
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Claims

1. A method of producing a corrosion and
mechanical wear resistant coating on a metal surface
to be protected which comprises

(a) providing a rod or wire formed of a preformed

metal matrix composite material comprising a

metal matrix having distributed therein a finely

divided solid filler material and

(b) applying a coating of said metal matrix com-

posite material on said metal surface to be pro-

tected by means of a flame spraying or arc
spraying process.

2. A method according to claim 1 wherein the
metal matrix composite material is an aluminum mat-
rix containing fibrous or particulate refractory filler
material.

3. Amethod according to claim 2 wherein the mat-
rix contains 5 to 60 volume percent of filler.

4. Amethod according to claim 2 wherein the mat-
rix contains 5 to 40 volume percent of filler.

5. Amethod according to claim 2 wherein the mat-
rix contains 10 to 20 volume percent of filler.

6. A method according to claim 2 wherein the
metal surface is the surface of a ferrous metal struc-
ture.

7. A method according to claim 2 wherein the
metal surface is the surface of a heat treatable, high
strength aluminum alloy structure.

8. Amethod according to claim 6 wherein the filler
material is selected from alumina, titanium diboride,
silica, zirconia, silicon carbide and silicon nitride.

9. Amethod according to claim 6 wheren the filler
material is alumina.

10. A method according to claim 8 wherein the
aluminum matrix is unalloyed aluminum.

11. A method according to claim 8 wherein the
protective coating is applied to a thickness of about 50
to 5000 pm (microns).

Revendications

1. Méthode de fabrication d’un revétement, résis-
tant a la corrosion et a I'usure mécanique, sur une
surface métallique & protéger, gui comprend :

a) I'obtention d’une tige ou d’un filament obtenu

a partir d'un matériau composite de matrice

métallique, comprenant une matrice métallique

dans laquelle est distribué un matériau de rem-
plissage solide finement divisé, et

b) I'application d’'une couche dudit matériau

composite a matrice métallique sur ladite surface

métallique devant étre protégée, au moyen d’'un
procédé d’atomisation a la flamme ou a I'arc.

2. Méthode selon la revendication 1, selon
laquelle le matériau composite de matrice métallique
est une matrice en aluminium contenant un matériau
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de remplissage réfractaire fibreux ou sous forme de
particules.

3. Méthode selon la revendication 2, selon
laquelle la matrice contient 5 a4 60 pourcent en volume
de matériau de remplissage.

4. Méthode selon la revendication 2, selon
laquelle la matrice contient 5 a4 40 pourcent en volume
de matériau de remplissage.

5. Méthode selon la revendication 2, selon
laquelle la matrice contient 10 a 20 pourcent en
volume de matériau de remplissage.

6. Méthode selon la revendication 2, selon
laquelle la surface métallique est une structure de
métal ferreux.

7. Méthode selon la revendication 2, selon
laquelle la surface métallique est la surface d'une
structure en alliage aluminium de forte résistance, et
traitable a la chaleur.

8. Méthode selon la revendication 6, selon
laquelle le matériau de remplissage est sélectionné
parmi le diboride titanium, la silice, le zirconium, le
carbure de silicium et le nitrure de silice.

9. Méthode selon la revendication 5, selon
laquelle le matériau de remplissage est I'alumine.

10. Méthode selon la revendication 8, selon
laquelle la matrice en aluminium est un aluminium
non allié.

11. Méthode selon la revendication 8, selon
laquelle le revétement protecteur est appliqué avec
une épaisseur d’environ 50 a 5000 pm (microns).

Patentanspriiche

1. Verfahren zur Herstellung einer gegen Korro-
sion und mechanischen Verschleil® widerstandsfahi-
gen  Beschichtung auf einer zu schiitzenden
Metalloberflache, das

a) die Schaffung eines Stabes oder eines Drah-

tes, der aus einem vorgeformten Metallmatrix-

verbundmaterial gebildet ist, das eine Metallma-
trix mit einem darin verteilten, fein zerteiltem, fe-
sten Flllmaterial umfafdt, und

b) das Aufbringen einer Beschichtung aus dem

Metallmatrixverbundmaterial auf die zu schiitzen-

de Metalloberflache mittels eines Flammspriih-

oder Bogenspriihverfahrens umfaft.

2. Verfahren nach Anspruch 1, wobei das Metall-
matrixverbundmaterial eine Aluminiummatrix ist, die
ein fibroses oder teilchenférmiges, feuerfestes Fiill-
material enthalt.

3. Verfahren nach Anspruch 2, wobei die Matrix
5 bis 60 Volumenprozent des Fiillers enthélt.

4. Verfahren nach Anspruch 2, wobei die Matrix
5 bis 40 Volumenprozent des Fiillers enthélt.

5. Verfahren nach Anspruch 2, wobei die Matrix
10 bis 20 Volumenprozent des Fiillers enthélt.

6. Verfahren nach Anspruch 2, wobei die Metall-
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oberfldche die Oberflache einer eisenhaltigen Me-
tallstruktur ist.

7. Verfahren nach Anspruch 2, wobei die Metall-
oberflache die Oberflache einer wiarmebehandelba-
ren, hochfesten Aluminiumlegierungsstruktur ist. 5

8. Verfahren nach Anspruch 6, wobei das Fiill-
material aus Aluminiumoxid, Titandiborid, Siliziumdi-
oxid, Zirkonoxid, Siliziumcarbid und Siliziumnitrid
ausgewahlt wird.

9. Verfahren nach Anspruch 6, wobei das Fiill- 10
material Aluminiumoxid ist.

10. Verfahren nach Anspruch 8, wobei die Alumi-
niummatrix unlegiertes Aluminium ist.

11. Verfahren nach Anspruch 8, wobei die
Schutzbeschichtung in einer Dicke von ungefédhr 50 15
bis 5000 pm aufgetragen wird.
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