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This invention relates to a method of surface
coating and impregnation of base metals with
other elementary metals by the application of
the elementary metals to the base metal in a
solid state, and also relates to produects obtained
thereby.

It is an object of
impregnate base metals
metals in a manner that
deposited on the base metal in
thereby eliminate any melting of either of the
metals to obtain surface coating and surface im-
bregnation of the base metal with the elementary
metal.

It is another object of the invention to provide
& method of depositing an elementary metal on
& base metal in a manner that intersticial dep-
osition of the elementary metal is obtained on
the base metal.

It is still a further object of the invention to
brovide a method of obtaining deposition of an
elementary metal on a base metal in which ajir
is removed from the surface of the base metal
and from the interstices at the surface of the
metal to provide for g deposition and more se-
cure bonding of an elementary metal to the sur-
face of a base metal through intersticial deposi-
tion of the elementary metal in the base metal,

These and other objects of the invention are
accomplished by depositing an elementary metal
from a vaporous or gaseous or quasi-gaseous state
onto the base metal under vacuum conditions
whereby the deposited metal securely bonds to the
base metal.

A still further cbject of the invention is to
deposit elementary metal onto a base metal from
& vaporous compound wherein the base metal is
exposed to a vacuum atmosphere to remove air
from the surface of the base metal ang draw out
air from the interstices at the surface of the metal
while the base metal is heated to a tempersture
of decomposition of g compound of an elementary
metal to be deposited so that the subjection of
the so prepared base metal to a vaporous atmos-
phere of a compound of the elementary metal
that is to be deposited will eause decomposition
of the compound of the elementary metal with
subsequent interstieial deposition of the ele-
mentary metal in the base metal and on the syr-
face thereof, and thereby obtain g secure bonding
of the elementary metal onto the base metal.

In accomplishing this object of the invention
the compound of the elementary metal may be
used in the vaporous phase as obtained either by
spraying of a liquid into the vacuum atmosphere

this invention to coat and
with other elementary
the elementary metal is
a solid state, and
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or by use of a gaseous state of the compound of
the elementary metal.

The drawing figure llustrates an embodiment
of the invention showing diagrammatically an
apparatus for carrying out the method of this
invention.

In the method of this invention, an object that
is to be surface treated by the deposition of an
elementary metal ontg the surface is subjected
t6 a vacuum atmosphere whereby air is removed
from the surface of the object and any air re-
tained within the interstices of the metal in any
way connected with the surface of the meta] is
removed, thereby freeing all surfaces of the metal
from the existence of air at the surface thereof
to provide a clean meta] surface free of the mono-
molecular film that is normally found on metals,
Thus, the elementary metg] can be deposited di-
rectly upon the base metal without interference
of any gaseous medium.

While the object to be surface-treated is in

After the base metal has been so DPrepared, and
while it is held under the vacuum conditions, it
is subjected to g, Vaporous atmosphere of 3, com-
bound of the elementary meta]l
Dressure into the vacuum in which the base metal
is being held for g sufficient period of time to ob-
tain deposition of the elementary metal to the
desired depth.

Compounds that
in the process of

broved to be suitable for use
my invention to broduce the

deposition of the elementary metal on the base
metals. Some of the metal carbonyls such as
nickel and iron can be used as liquids, whereas
others such as chromium, cobalt, tungsten and
in their gaseous phase
upon heating of the crystal form of carbonyl to
volatilize it into the gaseous phase.

Either the liquid or gaseous carbonyl com-
bounds are introduced intg the vacuum atmog-
bhere around the object being surface-treated
under pressure to obtain a high degree of dis-
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persion of the carbonyl in the vaporous condition.
This results in uniform surface treatment of
the object with rapid and complete permeation of
the interstices in any way connected with the sur-
face of the metal.

In the drawing figure illustrating an apparatus
for accomplishing the method of this invention,
an object 18 to be surface-treated is placed with-
in a chamber 1. The object 10 is one adapted to

have the surface 12 thereof treated, this being the ]

bearing surface of a cylindrical bearing. The
chamber {1 is connected to a vacuum pump i3 by
means of the conduits {4 and {5 which have g re-
frigerated trap 16 therein. The conduit 14 is pro-

vided with a plurality of inlet connections 17 !

spaced around the chamber {1 to provide for a
uniform withdrawal of the atmosphere from with-
in the chamber {1. This is advantageous particu-
larly during the period of continuous withdrawal
of the atmosphere from the chamber {1 while the
vaporous atmosphere of the metal carbonyl is be-~
ing applied to the surface of the article being
treated to avoid any directional flow of metal car-
bonyl which would cause non-uniform deposition
on the surface of the article.

The object 18 may be supported in the chamber
1{ in any suitable manner. To heat the object
18, a series of heat lamps (8 are provided around
the object thereby heating the object by the radi-
ant heat effect from the lamps. A vaporous metal
carbonyl compound M(CO) ¢, wherein the M may
be nickel, for example when a liguid carbonyl is
used, or chromium, where g crystalline metal car-
bonyl compound is used as converted to the gas-
eous phase, is supplied through the conduib 20
under pressure into a distributing head 2i. The
liquid or gaseous metal carbonyl is sprayed under
pressure from the distributing head through a
series of small jet openings 22 so that the metal

carbonyl is directed toward the surface 12 of the

object 0 in a vaporous condition through the
series of jets 22. Release of a liquid metal car-
bonyl under pressure into the vacuum atmosphere
obtains instant vaporization into the gas or vapor
phase so that either this or the gaseous form of
a metal carbonyl provides for an even distri-~
bution of the metal carbonyl at the surface that
is undergoing treatment.

To avoid decomposition of the metal carbonyl
within the chamber 11 except at the surface of
the article 10 with subsequent deposition of the
metal of the carbonyl directly on the surface of
the article, the chamber i{ is preferably cooled
by a cooling coil 23 which holds the internal tem-
perature of the chamber to about 250° F. which
is below a rapid decomposition temperature of the
metal ecarbonyl. Since the object 10 is at or above
a rapid decomposition temperature of the metal
carbonyl, the metal of the carbonyl will deposit
on the surface of the article and the carbon-
monoxide of the compound will be released for
withdrawal by the vacuum pump 13, which also
retains the vacuun condition within the chamber
{1 during the surface treatment of the article 10.

To prevent any excess metal carbonyl from
reaching the vacuum pump {3,a refrigerated trap
{8 is placed in the conduit 15 to condense oub
any metal carbonyl leaving the chamber i, thus
allowing only released carbon-monoxide to flow 1o
the pump 3. A hand-operated valve 24 is pro-
vided on the trap {6 to periodically remove the
liquid carbonyl condensed in the trap. A refrig-
eration coil 29 is provided around the trap {8 to
reduce the temperature of the trap to the tem-
perature of liquefaction of the metal carbonyl.
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In the event the metal carbonyl is that which
crystallizes from the gaseous phase, then, of
course, the trap may have a suitable opening to
remove the crystals removed from the gas during
passage through the trap.

According to the method of this invention, for
example, tungsten carbonyl, which is of crystal-
{ine form at normal room temperature, is vapor-
ized at a temperature of from 125° F. to 140° F.
This is considerably pelow the decomposition tem-
perature of the carbonyl of about 250° F. at
whieh there is a slow decomposition of the car-
wonyl. The gageous tungsten carbonyl is placed
under pressure of from 10 to 15 pounds per square
inch with any suitable pump or in a gas accumu-
igtor held at 2 temperature of 125° F. to main-
tain the carbonyl in the gaseous phase and is de-
jivered to the surface of the object being treated
in the vaporous condition upon release of the
gaseous carbonyl through the small jet openings
heretofore deseribed.

The object being treated, such as the bearing
ip is subjected to the vacuum atmosphere in the
chamber ¢ of from 25" to 307 of water, this
vacuum being continuously maintained by opera-
tion of the vacuum pump 3. The object 10 is
heated to a teraperature of from 350° . to 400° F.
st which temperature the gaseous tungsten car-
Lonyl supplied to the surface of the base metal
wili rapidly decompose with resultant deposition
of the metal tungsten upon the surface 12 of the
object 18. The carpon-monoxide released by the
decomposition of the tungsten carbonyl will be
withdrawn from the chamber i1 through the
pipe i1 by the vacuum pump 13. Any excess
carbonyl will be crystallized in the refrigerated
trap 1§ in the manner heretofore described.

Witn the tungsten carbonyl being continuously
supplied under pressure through the jets of the
distributing head Zf, and with the vacuum at-
mosphere maintained in the chamber i1, a sur-
face application of tungsten of a thickness of
0017 ig obtained in approximately one minute,
with the temperature of the article maintained
at from 350° F. to 400° F.

When the metal carbonyl to be applied to the
surface of the object is in the liguid form, such
ag nickel carbonyl, the liquid is sprayed through
the jets 22 of the distributing head 2i under a
pressure of from 10 to 15 pounds per square inch
to obiain a vaporous condition of the liquid car-
bony! which is applied to the surface of the ob-
ject being treated.

To obtain an even more complete evacuation
of the charaber {1, the vacuum treatment may be
applied in what may be termed a “batch” treat-
ment in which the atmosphere of the chamber
i is reduced o a vacuum of from 18"’ to 23" of
mercury.

vhen this desired vacuum leve] has been
reached, and the object {9 is raised in tempera-
ture to from 350° F. to 400° F., the metal car-
bonyl in vaporous condition is applied to the sur-
face of the article being treated in the same man-
ner as heretofore described. During this period,
however, the vacuum pump is not operated be-
cause of the difficulty of maintaining the high
level of vacuum in the chamber 11 when intro-
ducing any substantial volume of vaporous metal
carbonyl into the chamber. When the vacuum
jevel in the chamber falls to about 10" of mer-
cury, the application of the metal carbonyl will
be stopped temporarily and the vacuum level of
the chamber again increased to from 18" to 23"’
of mercury, whereupon another metal carbonyl
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treatment is applied to the surface of the object.
This “batch” process is repeated until the de-
sired thickness of meta] is built up on the sur-
face of the object 8.

The latter method has advantage in that the
carbon monoxide released as a result of the de-
composition of the metal carbonyl is removed
from the surface of the deposited meta] and from
the interstices of the hase metal between each
treatment of the surface under a very high vacu-
um removes all mono-molecular gaseous film
from the surface of the base metal, and from the
surface of any deposited metal so that the sub-
sequent treatments with the vaporous metal ear-
bonyl will obtain a firm bond of deposited metal
to that previously deposited on the base metal.

By following the method of this invention, a
more secure bond of the metal of the carbonyl
to the base meta] is obtained because of the re-
moval of the mono-molecular film of gas from the
surface of the base metal which allows the
metal of the carbonyl to be deposited directly
onto the base metal unaffected by any gas film
which tends to restriet the movement of the
metal of the carbonyl onto the surface of the
base metal. TLess scaling of the deposited metal,
and more compiete filling of the interstices of the
metal that have any connection with the surface
of the metal, is obtained.

The degree of impregnation of the surface of
the base metal is, of course, dependent on the
borosity of the base metal object. In extremely
borous metals, somewhat deeper impregnation is
obtained than in other metals.

The method of my invention is useful for treat- .

ing metals and alloys to make them rustproof
and subject to less corrosion and tarnishing by
treating the metals with chrome or nickel car-
bonyls, for example. The method of my invention
may also be used for the purpose of surface-hard-
ening of metals, such as by the application of
a tungsten metal to a base metal.

This application is a continuation-in-part ap-
plication of my copending application, Serial
Number §72,709, filed May 27, 1946 and now aban-
doned, )

It will be understood that this invention is not
restricted to the details given in the disclosure
herein, but that it is susceptible to various modi-
fications that fall within the spirit of the speci-
fication and the scope of the appended claims.

Having thus fully described my invention, what
I claim as new and desire to secure by Letters
Patent, is:

1. A method of coating and impregnating
metal surfaces with another metal by gaseous
deposition which comprises the steps of subjecting
said metal surface to sub-atmospheric conditions
and on the order of 18’/ to 23’ of mercury, heat-
ing said metal to be coated while retained in said
sub-atmospheric condition, introducing s heat-
decomposable gaseous metal compound into said
atmosphere and in contact with said heated
metal, the temperature to which said metal is
heated being high enough to cause decomposition
of said heat decomposable gaseous metal com-
pound whereby the same is decomposed and the
metal constituent thereor deposited onto said
metal surface and into the bores to form a coat-
ing of metal thereover which is firmly uniteq to
the metal surface.

2. The method of depositing elementary metals
in the solid state upon other base metals and
bonding the same thereto comprising, exposing
the base metal to g vacuum atmosphere of be-
tween 18’ and 23" of mercury and elevating the
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temperatui¢ of the base metal to the decomposi«
tion temperature of the carbony! of the elemen-
tary metal to be deposited thereon, and sub-
jecting the base metal while at elevated tem-
berature and in said vacuum atmosphere to a
vaporous atmosphere of the carbonyl of the ele-
mentary metal introduced under pressure into
the vacuum atmosphere whereby to decompose
the carbonyl and deposit elementary metal on
the base metal.

3. The method of depositing elementary metals
in the solid state upon other hase metals and
bonding the same thereto comprising, exposing
the base metal to g vacuum atmosphere of be-
tween 18" and 23"’ of mercury and elevating
the temperature of the base metal to the decom-
bosition temperature of the carbonyl of the ele-
mentary metal to be deposited thereon, and
immediately thereafter Subjecting the base metal
while at elevated temperature and in said vacuum
atmosphere to a vaporous atmosphere of the car-
konyl of the elementary metal introduced under
Dressure into the vacuum atmosphere in close
proximity to the surface of the base metal on
which the elementary metal is to be deposited
whereby to decompose the carbonyl and deposit;
elementary metal on the base metal.

4. The method of depositing elementary metals
in the solid state upon other base metals and
bonding the same thereto comprising, exposing
the base metal to g high vacuum atmosphere
on the order of 18’/ to 23"’ of mercury and ele-
vating the temperature of the base metal to the
decomposition temperature of the carbonyl of
the elementary meta] to be deposited thereon,
and immediately thereafter subjecting the base
metal while at elevated temperature and in the
vacuum atmosphere to g vaporous atmosphere of
a metal carbonyl introduced under bressure into
the vacuum atmosphere in close proximity to
the surface of the base metal on which the ele-
mentary metal is to pe deposited whereby to
decompose the compound and deposit elementary
metal on the base metal,

5. The method of depositing elementary metals
in the solid state upon other base metals and
bonding the same thereto which comprises, sub-
Jjecting the base metal to a high vacuum atmos-
phere on the order of 18’ %o 23’ of mercury to
remove intersticially retained and pore-occluded
gas from the base metal, heating the base metal
to a temperature to cause the decomposition of
the carbonyl compound of the elementary metal
to be deposited thereon, and subjecting the base
metal while thus heated and while retained in
the vacuum atmosphere to a gaseous atmosphere
containing the carbonyl of said elementary metal
to be deposited and which is hest decomposed
and depositing said elementary metal on the
base metal.

6. The method of depositing elementary metals
in the solid state upon other base metals from
a heat-decomposable metal carbonyl compound
and bonding the same thereto which comprises,
subjecting the base metal to a vacuum atmos-~
phere on the order of 18’ to 23"’ of mercury and
maintained at a temperature below the decom-.
bosition temperature of the carbonyl of the ele-
mentary metal to be deposited, elevating the
temperature of the base metal to the decomposi-
tion temperature of the carbonyl of the elemen-
tary metal to be deposited thereon, and imme-
diately thereafter subjecting the base metal while
at elevated temperature and while retained in
the vacuum atmosphere to a gaseous atmosphere
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of the earbonyl of the elementary metal. which
is introduced under pressure into the vacuum at-
mosphere and said carbonyl heat-decomposed to
deposit the elementary metal on the base metal.

7. The method of depositing elementary metals
in the solid state upon other base metals from
a, heat-decomposable metal carbonyl compound
and bonding the same thereto which comprises,
subjecting the base metal to a vacuum atmos-
phere of between 18’ and 23'' of mercury, ele-
vating the temperature of the base metal to
between. about 350° F. and 400° P., thereafter
subjecting the base metal while at said elevated
temperature and under said vacuum atmospheric
conditions to gaseous metal carbonyl which is
decomposable at the temperature of said base
metal, said gaseous metal carbonyl being deliv~
ered under pressure of from 10 1bs. to 15 1bs. per
square inch whereby said carbonyl is caused to
decompose and deposit elementary metal on the
base metal.

8. The method of depositing elementary metals
in the solid state upon other base metals from
2 heat-decomposable metal carbonyl compound
and bonding the same thereto comprising, sub-
jecting the base metal to a high vacuum at-
mosphere of between about 18’ and 23’’ of mer-
cury, heating the base metal to the decomposition
temperature of the carbonyl of the elementary
metal to be deposited thereon, subjecting the base
metal while at said decomposition temperature
and while retained in the vacuum atmosphere to
a gaseous atmosphere of the carbonyl of the ele-
mentary metal to be deposited whereby to cause
decomposition of the carbonyl and deposition of
the elementary metal on the base metal with re-
sultant liberation of gas into the vacuum at-
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mosphere, restoring the vacuum atmosphere to its
initial condition while maintaining said base
metal heated, and re-exposing the base metal
to said gaseous atmosphere of said carbonyl of
the elementary metal.

8. A method according to claim 7 in which the
metal of the metal carbonyl is selected from the
group consisting of nickel, cobalt, chromium, jron,
tungsten and molybdenum.

10. A method according to claim 8 in which the
metal of the metal carbonyl is selected from the
group consisting of nickel, cobalt, chromium, iron,
tungsten and molybdenum.

11. As a new article of manufacture, & metal
product having a surface with minute irregulari-
ties, and a deposit of an elementary metal on the
said surface obtained according to the method
set forth in claim 7.

192. As a new article of manufacture, a metal
product having a surface with minute irregu-
iarities, and a deposit of an elementary metal
on the said surface obtained according to the
method set forth in claim 8.
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