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The present invention relates to improved

metal bodies constituted of tungsten or molyb-

denum and ferrous alloys thereof, and, more
particularly, to metal bodies containing substan-
tial percentages of tungsten and molybdenum

Dbrotected against deterioration in oxidizing at-

mospheres at high operating temperatures.

At the present time there are various indus-
trial developments where alloys of special char-
acter are necessary, capable of refaining their

‘high mechanical strength at high operating tem-

peratures. Examples of such applications are
particularly parts for jet engines and gas turbines
in which the demands made on the structural
parts with respect to their strength at elevated
operating temperatures are extremely exacting.

Materials now employed for these purposes
generally comprise alloys of iron and of nickel,
in many cases with additions of cobalt, chro-

mium, tungsten and molybdenum. Even the:

alloys of tungsten and molybdenum, while theo-
retically promising, proved very disappointing
in actual practice. In general, few, if any of
these alloys had a useful life over 300 hours,
necessitating frequent replacement of critically
important structural elements at great trouble
and expense.

As is known, tungsten and molybdenum are
unstable when heated in air or in any other
oxidizing atmosphere at temperatures in the
range of 800° C., or above. The oxides formed
on the surface of the tungsten and molyhdenum
bodies under such conditions sublime or boil away
continuously to such a pronounced degree that
these metals can only be used in a pure reduc-
ing atmosphere of hydrogen, or of an inert gas,
such as argon, or in vacuum. The same difficulty
is present with respect to alloys containing more
than 15% of tungsten and molybdenum. Of
course, this circumstance greatly restricted or
even negatived the usefulness of such metal
bodies and, as a matter of fact, those skilled in
the art strongly advised against the use of alloys
containing tungsten and molybdenum in excess

of 159 for high temperature applications. Al-

though the outstanding problem was well known
in the art and from time to time various sug-
gestions and proposals were made to provide a
solution therefor, none, as far as we are aware,
of these suggestions and proposals was completely
satisfactory and successful on a practical and

industrial scale.

‘We have found that the problem may be solved
in a remarkably simple and unique manner.
- It is an-object of the present invention to pro-
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vide a method of preventing the detrimental
effect of .oxidizing :atmospheres at elevated tem-~
peratures upon refractory metal bodies contain-
ing tungsten and molybdenum.

It is. another object of the invention to provide
a-novel and.improved method of preventing the
surface sublimation and resulting deterioration
of metal bodies constituted of tungsen, molyhde-
num, and alloys thereof when exposed to oxidiz-
ing atmosphres at elevated temperatures in the
range of 800° C. and thereover. -

It is a further object of the invention to pro-
vide a protective layer on the surface of tungsten
and molybdenum bodies, said protective layer be-
ing essentially composed of an aluminum base
material. i

It is also within the contemplation of the in-
vention to provide a novel method of protecting
tungsten and molybdenum bodies against surface
sublimation at high operating temperatures while
exposed to oxidizing atmospheres which is simple
in character and ‘which may be readily ecarried
out on.a practical and industrial scale at a low
cost.

The invention also contemplates a new article
of manufacture in the form of a refractory metal
body protected from oxidic surface deterioration
comprising a_core of tungsten and molybdenum,
or alloys thereof with each other or with other
metals, and a protective layer of aluminum base
material having a relatively high aluminum con-
tent .coated on said core.

Other and further objects and advantages of
the invention will become apparent from the fol-
lowing description, taken in conjunction with the
accompanying drawing, in which:

Figure 1 is a fragmentary sectional view of a
metal body embodying the principles of the in-
vention during the process of its manufacture;

Figure 2 is a similar view of an oxidation pro-
tected tungsten or molybdenum body having a
bonding layer of nickel and a protective layer of
aluminum applied thereto; and

Figure 3 is .a longitudinal sectional view of a
refractory metal body.comprising a core of tung-
sten or molybdenum and having a partially dif-
fused protective layer thereon constituted of an
alloy of aluminum, nickel .and molybdenum or
tungsten.

Broadly stated, according to the principles of
the invention, the  tungsten or molybdenum
bodies to be protected are -coated with an alu-
minum base material which may be pure alumi-
num or-.alloys rich in aluminum. This coating

‘may be:carried.out by various proecedures but best
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results are obtained by a hot dip method in which
the metal bodies to be protected are immersed
in a bath of molten aluminum base material for
a predetermined length of time sufficient to pro-
vide a coating of the aluminum base material
thereon. We have found that by this method
there is formed a thin protective layer on the
surface of the tungsten or molybdenum body
which layer is essentially constituted of an alloy
of aluminum with the base metal. Experimental
work with tungsten and molybdenum bodies
treated in accordance with the invention has
indicated that these materials do not exhibit their
normal oxide forming characteristics even at
temperatures approximating the boiling point of
aluminum and in many cases even at tempera-
tuures as high as 2000° C.

The bath of molten aluminum base material
may be composed of high purity aluminum, com-
mercially pure aluminum and of aluminum alloys
having g relatively high aluminum content. Ex-
amples of such aluminum alloys are alloys con-
taining 5% to 15% by weight of at least one
of the elements selected from the group consist-
ing of iron, nickel, chromium, cobalt and beryl-
lium, the balance being substantially all alumi-
num. In addition, various other aluminum base
materials containing other and further constitu-
ents may be used.

If desired, the bodies to be treated with the
bath of molten aluminum base material may be
subjected to a preliminary cleaning by sandblast-
ing, burnishing and similar mechanical proce-
dures. In most cases, however, such preliminary
cleaning is not necessary. For example, rolled
molybdenum sheet may be subjected to treat-
ment by the bath of aluminum base material
without any preliminary cleaning.

The temperature of the bath of molten alumi-
num base material may be subject to considerable
variations in accordance with its composition.
Thus, in the case of a bath of commercially pure
aluminum, temperatures in the range of 700° to
800° C. provide satisfactory results.

The aluminum coating treatment may be car-
ried out continuously or by means of a hatch
type process. Particularly in case of a continu-
ous treatment, it is desirable to preheat the
bodies to be coated. The period of treatment in
the molten bath of aluminum base material may
vary from a few seconds to several minutes de-
pending on the initial temperature of the bodies
to be treated, on their thickness or mass and to
some extent also on the operating temperature
of the bath.
aluminum base material is not critical but may
be in the order of 0.002’’ to 0.004’’.

Examination of wire and sheet samples of
tungsten and molybdenum, which have been
treated with aluminum and exposed to high tem-
peratures in oxidizing atmospheres, indicates that
a high melting compound of aluminum with the
tungsten or molybdenum core has been formed
and that this alloy is free from the weakness
of either the tungsten or molybdenum with re-
gard to oxidizing to form a compound of low boil-
ing or sublimation point on the surface. For ex-
ample, samples treated by the method of the in-
vention have been heated to temperatures a hun-
dred degrees C. above the normal boiling point
of aluminum before the aluminum boiled away,
indicating that the alloys of aluminum with
tungsten or molybdenum have extremely high
boiling or sublimation points. Likewise, it has
been found that the presence of aluminum on
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the surface of these metals will permit their use
for applications requiring substantial strength at
elevated temperatures. The method of the in-
vention is applicable with equal or similar results
also to alloys of at least one of the metals iron,
nickel, cobalt with tungsten or molybdenum, or
both, containing substantial quantities of tung-
sten or molybdenum, such as at least 15% by
weight, and also to alloys of tungsten and molyb-
denum.

Preferably, the aluminum coated tungsten and
molybdenum containing bodies are heat treated to
assure the formation of a high melting compound
of aluminum with the tungsten or molybdenum
core and thereby to obtain a completely stable
product. It is also possible, however, to omit
such heat treatment and to rely on the diffusion
of the aluminum coating into the refractory core
during the actual operation at elevated temper-
ature. If heat treatment is resorted to, the heat
treating temperature may be in the order of
1300° C., although it is not restricted to such
temperature.

While the method of the invention provides
excellent results in protecting and stabilizing
tungsten and molybdenum bodies, when treating
these metals with aluminum or its alloy, oc-
casionally small spots or areas are found which
are alloyed only with extreme difficulty. We
have found that this difficulty may be completely
avoided by electrodepositing a thin film or layer
of nickel on the surface of the tungsten or molyb-
denum and diffusing or at least heating the
nickel plated sections in a non-oxidizing or re-

5 ducing atmosphere at approximately 1000° C.

before treating the sections of tungsten or molyb-
denum with aluminum. This modification of the
method of the invention provides in most cases
more uniform protection or alloying of the alu-
minum with the base metals.

The thickness of the electrodeposited nickel lay-
er is not critical and may be subject to consider-
able variations. In this connection, it may be obh-
served that diffusion of the nickel layer may be

5 accomplished not only by heating under non-

oxidizing conditions but also by heating in an
oxidizing atmosphere provided that sufficient
nickel is present. As a matter of fact, electro-
plating with nickel may be immediately followed
by the aluminum coating treatment. In this
case, diffusion of the nickel layer is accomplished
by the heating effect of the bath of aluminum
base material, and the bath at the same time
provides the non-oxidizing or protective environ~
ment.

It has been found that nickel is not the only
metal which is capable of providing this addi-
tional protection, but that in general iron group
metals such as nickel, iron, cobalt, chromium and
manganese will accomplish substantially the same
result. Movreover, we have found that in many
cases copper and silver plates may provide equal
or similar results.

While the exact reason for the beneficial effect
of the preliminary deposit of nickel or other
iron group metal is not fully understood, it is
believed that there metals form alloys with alu-
minum more quickly than do tungsten and
molybdenum and that these -electrodeposited
films act as temporary protectors until the alu-
minum can form its alloy with the tungsten or
molybdenum which have a tendency to oxidize
even at relatively low temperatures, such as red
heat.

Referring now to the drawing, in Figure 1 there
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is shown a.metal hody emhbodying the principles
. of ‘the invention “which "comprises .2 base -or-core
10 of tungsten or molybdenum. “Upon both faces
of the core there is provided -a thin -coating 11
of ‘aluminum “or aluminum base material con-
“stituting a protective -layer for the core. Of
course, in actual manufacture, layer ! is initially
‘8 coating of aluminum containing some tungsten
‘or ‘molybdenum-and is bonded to the core by an
aluminum rich -alloy of these refractory metals
caused by partial -diffusion of 'the aluminum into
“the -core. In service, -or ‘in' the final stage of
manufacture, the -excess aluminum is partly oxi-
'dized and partly diffused to produce the alloy
surface layer -which is referred to in the fore-
going. .

Figure 2 illustrates:an-example of the modi-
fication of the invention in which the tungsten
or molybdenum core 28 is first coated with g thin
film of nickel or other iron base metal 2f and
thereafter is exposed to -the effect of a molten
bath of aluminum base material, such as, for
example, commercially pure aluminum, thercby
forming a protective layer 22 on the exterior of
the core. As a result of the interaction of the
core material with that of the layers 21 and 22
during the heat and coating treatments and sub-
sequent service operation, the metal body is con-
verted into the one shown in Figure 3 wherein
the individual existence of layers 21 and 22 has
practically disappeared, such layers being com-~
bined into a layer 23 which is composed of an
alloy rich in aluminum and containing appre-
ciable amounts of nickel and tungsten or molyb-~
denum.

While in the drawing fragmentary sectional
views of refractory metal strips are shown which
are coated with a layer of aluminum bage ma-
terial on both faces thereof, in actual practice,
the refractory metal bodies are provided with a
protective layer of the described character
throughout their entire surface, including their
ends and edges. In this manner, the said metal
bodies are fully protected from deterioration at
elevated’ operating temperatures.

In order to facilitate understanding of the in-
vention by those skilled in the art, the following
Nustrative examples may be given:

Example I

A molybdenum sheet 0.015’’ thick, mill finish,
was immersed in a bath of molten commercially
pure aluminum having a temperature of 720° C.,
for 6 minutes. After removal from the bath snd
cooling, the material was tested by heating it to
1400-1500° C. in an oxidizing atmosphere for
4 hours, without noting any appreciable deteri-
oration.

Example 11

A molybdenum sheet about 0.020’’ thick was
cleaned and a light coating of nickel was electro-
deposited thereon. The plated sheet was heated
for a few minutes in a reducing atmosphere at
approximately 1000° C. The sheet was cooled and
then treated by immersing in a bath of molten
commereially pure aluminum, having a tempera-
ture of 740° C. for 3 minutes.

Although the present invention has been de-
scribed in connection with a few preferred em-
bodiments thereof, variations and modification
may be resorted to by those skilled in the art
without departing from the principles of the in-
vention. Thus, as it has been indicated in the
foregoing, the principles of the invention are not
restricted to the treatment of tungsten and
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molybdenum bodies but may be applied with
equal or similar results to metal bodies .com-
posed of alloys of tungsten and molyhdenum
with each other or with other metals. The ad-
vantages of the invention in the case of tungsten
and molybdenum alloys are particularly accentu-
ated when such alloys contain at least 15% by
welght of tungsten or molybdenum, or tungsten
and molybdenum combined. All of these varia-
tions and modifications are considered to be with-
in the true spirit and scope of the present in-
vention, ag disclosed in the foregoing description
and defined by the appended claims.

What is claimed is:

1. The method of protecting metal bodies
chosen from the class consisting of tungsten,
molybdenum, alloys of tungsten and molybdenum,
and alloys containing at least 159% of any of the
foregoing, against surface deterioration at ele-
vated temperatures which comprises -electrode-
pogiting a thin coating of nickel on the surface
of said bodies, heat treating said coated bodies
under non-oxidizing conditions to cause at least
partial diffusion of said nickel coating, and im-
mersing the bodies thus treated in a bath of
molten aluminum to form an aluminum-rich pro-
tective layer thereon.

2. The method of protecting refractory metal
hodies chosen from the class consisting of tungs-
ten, molybdenum, alloys of tungsten and molyb-
denum, and alloys containing at least 15% of
any of the foregoing, from surface sublimation
at elevated temperatures in oxidizing atmos-
pheres which comprises electroplating said bodies
with a thin coating of a metal selected from the
group consisting of nickel, iron, cobalt, chromium
and manganese, heai treating said coated bodies
under non-oxidizing conditions to cause at least
partial diffusion of the coating, and then im-
mersing the bodies thus treated in a bath of
molten aluminum base material to form a vro-
tective layer thereon.

3. The method of stabilizing refractory metal
bodies chosen from the class consisting of tungs-
ten, molybdenum, alloys of tungsten and molyb-
denum, and alloys containing at least 15% of
any of the foregoing, in oxidizing atmospheres
at temperatures in the range of 800° C. and
thereover, which comprises ¢lectrodepositing on
the surface of the metal body 2 thin plating of
an iron group metal, heating the plated body in
a reducing atmosphere to a temperature of about
1600° C. for a period of time to cause at least
partial diffusion of the iron group metal, and
then immersing the body thus treated in a hath
of molten aluminum thereby to form a protective
layer thereon, said protective layer being sub-
stantially constituted of an alloy rich in aly-
minum and containing appreciable amounts of
iron group metal and of the refractory metal.

4. As a new article of manufacture, a refrac-
tory metal body protected from surface deteriora-
tion at elevated operating temperatures compris-
ing a core constituted of a refractory metal se-
lected from the group consisting of tungsten,
molybdenum, alloys of tungsten and molybde-
nuwm, and alloys containing at least 15% of any
of the foregoing with at least one of the metals
irgn, nickel and cobalt, and a protective layer
on said core essentially composed of an alloy of
aluminum with the material of said core.

5. A method for preventing appreciable high
temperature deterioration in an oxidizing at-
mosphere of bodies chosen from the class con-
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sisting of tungsten, molybdenum, alloys of tungs-
ten and molybdenum, and alloys containing at
least 15% of any of the foregoing, which com-
prises plating such bodies with a thin layer of a
metal selected from the group consisting of an
iron group metal, copper, and silver, heating such
plated material under non-oxidizing conditions
to a temperature up to about 1000° C., and apply-
ing a molten coating of a metal selected from
the group consisting of aluminum and alloys rich
in aluminum at a temperature sufficient to form
an intimate alloy bond with said tungsten and
molybdenum bodies, said alloy bond being resist-
ant to oxidizing conditions at temperatures above
800° C.
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