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donor consists of the coating metal or an alloy formed
in a thin sheet, the surface area being of the same order
of magnitude as that of the piece to be coated, located
so that the surface area faces the metal piece.
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VAPOR PHASE PROCESS FOR THE DEPOSITION
OF A PROTECTIVE METAL COATING ON A
METALLIC PIECE

BACKGROUND OF THE INVENTION

The present invention concerns a vapor phase pro-
cess for the deposition of a protective coating on a
metallic piece, the apparatus for carrying out the pro-
cess, and the pieces obtained by said process.

A process for the protection of metal pieces, in partic-
ular refractory alloy pieces, at elevated temperatures,
with a high resistance to deformation by mechanically
and thermally generated stresses, by coating the sur-
faces of said pieces with a suitable metal, has already
been described by French Pat. No. 1,433,497. This pro-
cess consists of contacting said metal pieces, located in
a suitably heated enclosure, with a halide of the metal to
be deposited; said halide, gaseous at the temperature of
said enclosure, being formed by the reaction at an ele-
vated temperature of a chemical halide compound with
a derivative (metal or alloy or chemical product) of the
metal to be deposited.

Modes of application of this general method have
been described in particular in French Pat. Nos.
2,134,220 and 2,181,512 for titanium carbide, nitride or
carbonitride coatings.

In the basic French Pat. No. 1,433,497 and in the
modes of application described in the U.S. Pat. Nos.
2,134,220 and 2,181,512, the “donor”, ie., the metal
derivative to be deposited, are used in the form of parti-
cles, i.e., of more or less coarse grains, which are placed
advantageously in baskets located in the heated enclo-
sure wherein the coating is effected.

It has now been discovered that the form wherein the
donor is used may have a certain influence not merely
on the facilities to effect the process, as described, but
also on the results that may be obtained.

SUMMARY OF THE INVENTION

1t has been discovered, and this is the object of the
present invention, that in the process described in the
patents referred to, it is highly advantageous to use the
donor in the form of a sheet, i.e., a thin object of the
metal or an alloy of the metal to be deposited, with the
surface area of said metal being of the same order of
magnitude as that of the piece (or assembly of pieces) to
be coated, the latter facing said sheet.

The sheet used according to the invention must be
thin in order to exhibit a relatively low thermal inertia
and to reduce as much as possible the time required to
establish thermal equilibrium of all of the elements pres-
ent in the enclosure. ‘

The sheet used must have a surface area of the same
order of magnitude as the portion of the surface of the
piece to be coated and facing said sheet. In this manner,
the donor metal is capable of generating rather rapidly
a sufficient quantity of halide to ensure the rapid coating
of the entire surface of the piece to be coated and fur-
thermore, the amount of the halide formed is essentially
the same at all points of space located in the proximity
of the surface to be coated. This latter property is par-
ticularly important when the pieces to be coated have
complex and convoluted configurations, as the shape of
the “donor sheet” may be adapted to the local shape of
the piece or assembly of pieces, to be coated.

A further advantage of the use of a donor in the form
of a sheet is to eliminate the various phenomena of
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adhesion which emerge if the donor is used in the form
of grains.

DESCRIPTION OF THE DRAWINGS

* Examples of the forms of sheets that may be used
according to the invention are shown schematically in
FIGS. 1, 2,3 and 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows in transverse cross section, the internal
arrangement of an enclosure. In this figure, there are
represented in a simple manner at (1), (2) and (3), three
sheets of an alloy high in aluminum with a thickness of
approximately 1.5 mm, forming three concentric cylin-
ders. Between these sheets, the pieces (4) to be coated
are placed; they are suspended and have their largest
surface area placed advantageously to face two of said
sheets. Obviously, the invention is not limited to the use
of three sheets placed concentrically; it is equally possi-
ble to employ either two sheets defining a single space,
or in a more general manner, n number of sheets defin-
ing n—1 spaces, wherein the pieces to be treated are
introduced. .

FIG. 2 shows, again in transverse cross section, an-
other arrangement of sheets (5), (6) and the pieces (7)
and (8); it should be noted that the piece (8) to be coated
is in a form rather closely resembling the sheets.

FIG. 3 is another transverse cross section on a por-
tion of the inside of the enclosure, wherein the sheets (9)
of the donor material have a honeycomb configuration
and enclose the pieces (10) to be coated.

FIG. 4 shows, in transverse cross section, another
embodiment of the invention, applicable for example to
the inside and outside coating of a blade, said blade,
schematically shown at 11, being placed around a donor
plate 12 and its external face facing the suitably placed
plates 13-14.

As may be seen from the different embodiments of
the invention, the pieces to be coated are placed in a
coating enclosure so as to face a sheet of the donor of
the metallic element which is to enrich the surface of
the pieces. A small amount of a halide salt, fluoride or
chloride, is added to the charge; the enclosure, covered
by its lid, is placed in a furnace with a controlled atmo-
sphere that may be neutral or reducing; and the assem-
bly is heated in keeping with a thermal cycle that is a
function of the thickness of the deposit to be effected; of
the nature of the alloy to be coated; and of the mechani-
cal properties to be obtained.

The sheet constituting the donor of the element in-
tended to enrich the surface of the pieces is attacked by
the halogen generated by the decomposition of the
halide salt, thereby producing 2 halide of the element
under consideration, which in turn decomposes in
contact with the surface of the pieces placed to face the
sheet acting as the donor, without being in contact with
it, and the element deposited on the surface of the pieces
forms thereon a new alloy with the alloy of which the
pieces consist, by diffusing into said pieces at the tem-
perature to which they are heated.

The halogen released by the decomposition of the
halide in contact with the pieces again attacks the “do-
nor” sheet and the transport process to the surface of
the pieces takes place continuously.
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The donor used may be a simple alloy rich in alumi-
num, if it is desired to obtain a superficial enrichment of
the piece treated by this element.

According to the present invention, the “donor”
sheet of an alloy high in aluminum may be replaced by
a sheet of a different alloy, for example, a chromium-
nickel alloy in order, in this case, to transfer chromium
from this new source to the surface of pieces placed to
face it, with the nickel not being transferred by virtue of
the much higher partial pressure of the chromium hal-
ide. .

In this case, a surface enriched in chromium is ob-
tained and this element is known to appreciably increase
the resistance of pieces to corrosion. This operation is
known by the general designation of ‘“chromizing”,
which in the case of the present invention is effected
strictly in the *‘vapor phase” without solid contact be-
tween the “source” (the donor) and the pieces to be
protected.

Here again, the process has the obvious advantages of
simplicity, the non-adherence of different products to
the pieces, the limitation to a strict minimum of the
“source”, resulting in economical heating and of maxi-
mum flexibility of the thermal cycles.

According to the present invention, a sheet of tita-
nium of commercial purity, Type T. 40, may further be
selected as the source, for example, it is placed to face
the pieces to be enriched on the surface in titanium, the
assembly being introduced in a coating enclosure as
before, in the presence of a halide salt, thereby obtain-
ing on the surface of said pieces a layer of an alloy high
in titanium, with the specific properties of such an alloy.

The non-limiting example hereinafter will serve to
illustrate the invention.

EXAMPLE 1

In a vessel made of a heat resistant alloy, the follow-
ing elements are placed: in the center, a bar of an alloy
to be coated used to manufacture vanes of aircraft tur-
bojet engine, known under the commercial designation
IN 100, having the following composition by weight:
Nickel: base, cobalt: 15%, chromium: 10%,
aluminum: 5.5%, titanium: 4.5%.

Around this vertically placed bar, sheets consisting of
an iron-aluminum alloys with 25% by weight alumi-
num, together with a small amount of anhydrous ammo-
nium fluoride in the powder form, are arranged. The
enclosure is closed by a cover that is not tight and
placed in a furnace under an argon atmosphere. After
purging the air from the enclosure and the furnace in a
convenient manner and replacing it with argon, the heat
treatment of the enclosure is effected by continuing it at
1 150° C. for 3 h, followed by a relatively rapid cooling
process. After removal from the furnace, the bar has a
slightly bluish color.

The rapid rise in temperature, followed by an equally
rapid cooling, in the course of the experiment, has been
noted in comparison with the solution which consists of
using an aluminum donor source in the form of a “pack”
or consisting of granules in metal baskets. This highly
important result is due to the low thermal inertia of the
sheet, or a thin aluminum foil, used as the “source”. Its
simplicity of employment with respect to the older
solutions is evident, and the space saved, especially by
the elimination of the baskets, may be used to increase
the number of bars or pieces to be treated.
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EXAMPLE 2

In this example, the homogeneity of the deposition
obtained over the entire volume of the enclosure al-
ready used in the preceding example, is verified, by
replacing the bar by a certain number of small speci-
mens of a known mass, regularly distributed over the
useful space of the enclosure, at a practically constant
distance from the sheet of the Fe-Al alloys, serving as
the source. Following an identical treatment cycle, a
very similar gain in moss was observed for all of the
specimens, with this gain in mass being related in pre-
liminary experiments to the thickness of the deposit.
This example thus demonstrates the precision in deposi-
tion that may be attained by the use of a “source”, the
position whereof is well defined with respect to the
pieces to be coated.

EXAMPLE 3

The use of thin elements with large surface areas is
capable of simplifying from the beginning the produc-
tion task, compared with sources present in the form of
granules by eliminating the need for reconditioning
them after each treatment cycle. It was necessary to
remove the granules from the furnace, screen them to
verify their grain size, separating the “fines”, etc. and
redistributing them in the different baskets provided for
them. The repetition of more than 10 successive cycles
without the removal of the thin sheets serving as the
“source”, consisting of a Fe-Al alloy with 16% Al,
changing only the pieces to be coated, made it possible
to verify, on the one hand, the simplicity of the process,
and on the other, the repetitive and reproducible nature
of the result obtained by comparing the gains in weight
obtained.

EXAMPLE 4

The great flexibility of the process and various possi-
bilities were demonstrated by changing the nature of
the element to be deposited. In order to obtain princi-
pally a certain protection against the so-called “sulfuriz-
ing” corrosion, a chromium deposit was effected. For
this purpose, a thin foil of a high chromium alloy, con-
taining 50% Cr and 50% Ni, was used, arranged as
before around the bar to be coated, in a conventional
treatment enclosure, in the presence of a halide salt, in
this case ammonium chloride, and the charge assembled
in this manner exposed to a treatment of 3 hat 1 100° C,,
in a furnace with an argon atmosphere.

After removal from the furnace the specimen had a
uniform white metallic color, showing in a micro-
graphic section, the presence of a regular, superficial
deposit, high in chromium and of a thickness of 30 to 35
pm.

The great flexibility of the process is thereby illus-
trated; it makes it possible simply by changing the na-
ture of the source, to deposit chromium in place of
aluminum.

EXAMPLE 5

In the same manner as in the preceding example, the
nature of the source is again changed, this time by
choosing a sheet of a commercial grade of titanium
(designated T.40), and by varying the conditions of the
heat treatment: approximately 6 h at 850° C. After re-
moval from the furnace, the specifnen has a uniform
gray color and, after micrographic section, a layer of a
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thickness of 6 to 8 um, perfectly joined with the base
metal and high in titanium was present.

EXAMPLE 6 -

Following simple depositions, such as Al, or Cr or Ti,
obtained simply by changing the nature of the metal or
alloy constituting the source in the form of thin foils,
without altering the rest of the apparatus, it has been
possible that multiple depositions are feasible by the
addition of single deposits. Thus, a first deposit was
effected on a bar of the aforecited alloy IN 100, of Cr,
followed by a second of Al. After removal from the
furnace, the specimen had a whitish gray appearance.
Micrographic examination shows a deposit with a total
thickness of 70 um, well joined with the base metal,
capable of division into three zones of distinct appear-
ance. Micrographs of the deposits obtained show the
total absence of parasitic inclusions in the deposit, due
to the use as sources of thin metal foil, while excluding
all granular or powder products.

In addition to the successive deposition of chromium
and aluminum, successive depositions of Cr and Ti, Ti
and Al and even three successive depositions of Cr, Ti
and Al, were accomplished.

This generalization of the process of the deposition in
a single stage, in a halide vapor phase, of a metal from
a source, to the deposition of complex layers in two or
three stages, illustrates well the flexibility, the simplicity
and the polyvalence of the process, providing protec-
tion against a great variety of agressive media, of the
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oxidation or sulfurizing type, by means of a minimum
change in the material used.

What is claimed is:

1. A process for the vapor phase deposition of a pro-
tective metal coating of aluminum, chromium, titanium
or their mixtures or alloys on a metal piece comprising
the steps of: (a) placing the metal piece in a suitable
enclosure; (b) placing a chemical halide compound in
the enclosure; (c) placing a donor in the enclosure adja-
cent the area of the metal piece to be coated, the donor
being in the form of a thin sheet of the metal coating
material, the surface area of the sheet is of the same
order of magnitude as the area of the metal piece to be
coated facing the sheet; and (d) heating and subse-
quently cooling the metal piece, the chemical halide
compound and the donor such that a halide compound
with the coating material is formed, the halide com-
pound decomposing when coming into contact with the
surface of the metal piece to be coated thereby directly
depositing a uniform coating of the coating material on
the metal piece. : k

2. Process according to claim 1 wherein said donor
sheet is placed in the enclosure, in the form of concen-
tric cylinders, between which the metal piece or pieces
to be coated are placed.

3. Process according to claim 1 wherein said donor
sheet is formed so as to entirely surround the metal
piece or pieces to be coated.

4. Process according to claim 1 wherein said thin
donor sheet is introduced inside the metal piece, to
effect the coating of the interior surface of said metal

piece.
* ok ok ¥k %
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