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This invention relates to the -art of -deposition
of ‘metals. More particuwlarly, it relates $o the
plating of metals from the gaseous state, and to
the apparatus for carrying -out the said process.

The deposition of thin films of ‘protective metal,
such as nickel, cobalt, tungsten and molybdenum,
or thelr alloys, on metallic bases has been accom-
blished by enclosing an object to be plated in a
chamber, filling the chamber with decomposable
metal-bearing gas, heating the object to be plated
to the-decomposition temperature of the said gas,
and-allowing the metal-bearing gasto contact the
heated plate and be deposited thereon.

-Considerable -difficulty has heen experienced in

securing dense film deposits with such a method ;

and various expedients have been devised to over-
come the inherent limitatiens of the structure of
this apparatus. These limitations stem from two
primary causes. The first of these is that the
gaseous decomposition may take blace prema-
turely, that is, before the gag contacts the article
1o be plated, thus permitting metal particles to
fall upon the surface to be plated resulting in
roughness of the plate coating.

Secondly, an interfacial resistance between the g

advancing wave of plating gas and the surface
of the object to be plated opposes the decomposi-
‘tion directly on the free surface of the object.

"The result of these effects of ‘uncontrolled de-

composition is the production -of thin, porous, -
irregular coatings of deposited metal. While, as

noted above, means to effect the control -of these
undesirable phenomens have been accomplished
they require expers workmanship and specislized
apparatus.

It is an object of this invention to provide g
method by which the ahove mentioned disadvan-
tages are overcome, '

It is an important object of this invention #o

brovide a novel method for gas plating by which ST
i}

a firmly adhering metal coating is obtained.
It is a principal object of this invention to pro-

‘vide 2 method of gas plating whieh yields :coat-

Ings-of increased density.

It is also an cbject, of this invention to provide
& metaj -coating which will withstand elevated

temperatures witheut blistering,

1t is another object of this invention to provide
apparatus for carrying out the process .of inven-
tion.

These and other objects of the invention are
achieved by effecting ionization .of -the plating
gases and their carrier gases and subjecting the
Same to the action of an electrostatic field hav-
ing the workpiece to be plated as one electrode
thereof. - : o ‘
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More specifically, in the process of invention
the application of an electrostatic field which has
the workpiece as one electrode thereof causes
ionized gases to be directed to the workpiece at
great velocity. While in heated gases the colli-
sions between molecules give rise to ionization to
some degree, it is desirable to increase this ve-
locity of collision by means of the electrostatic
field and the presence of charged gases in the
plating chamber by exposing the gases, both car-
rier and plating gas, to radioactive substances
prior {o their entry to the chamber,

It should also be noted that it is preferable to
secure the second electrode of the electrostatic
field to a conductive outlet portion of the cham-
ber whereby the negatively charged gases of de-
composition will be attracted thereto and rapidly
swept from the chamber. This mode of opera~
tion results in decreasing the resistance to the
flow of metal-bearing vapors to the surface of
the metal to be plated and thus brovides for in-
timate contact of the metal-bearing component
with the surface and gives rise to dense uniform

-non-porous deposits.

The nature and purpose of this invention has
been indicated in a general way and there fol-
lows a more detailed description of the preferred
embodiments of the invention with reference to
the accompanying drawing in which: :

Figure 1 is a view partly in section of the ap-
paratus of invention: and

Figure 2 is a view of apparatus utilized in car-
rying out one embodiment of the invention.

Referring to Figure 1, there is shown a .cham-
ber | having a gas inlet 2 and an outlet 3 elec-
trically insulated from the chamber., Mounted
in the chamber is ‘a heating unit 4 connected
10 a source of energy (not shown) by an insulated
lead (4 extending through the wall 5 of the
chamber 1. ‘Supported on the heating unit 4 by
electrically insulating support members 15 is a
workpiece § to which thave is electrically secured
an electrically conduective lead 7 passing through
the wall § in electricaliy insulated relation there-
with,

The connection between the workpiece 6 and
the lead 7 may be threugh means of any suit-
able contact arrangsment, such as -clamps,
sockets, or the like. Electrically connected to the
opposing end of the lead 7 is the negative pole
of a source of direct current, generally indicated
at 8. The positive pole of the source § is con-
nectad by 2 lsad @ to a conductive portion of out-
let 3, thereby .setting up an electrostatic .field
between the inner end of the outlet. 3 and the
workpiece 6. The outer end of the outlet 3 is
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preferably of insulating material but in some
instances may be conductive and in such a case
is insulated from ground.

In operation metal-bearing gases together with
a carrier gas are fed to the chamber | through
the inlet 2 from suitable containers or mix-
ing chambers which are not shown since they
are well known to the art and form no pard of
the present invention.

The entering gases due to their velocities and
frequent collisions may be ionized to a very slight
extent and ave attracted to the workpiece or
cathode 6. The negatively charged savhods will
receive the positively charged molecules, causing
decomposition of the metal-bearing gases into
metallic ions and negatively charged ions of the
gases of decomposition. The metallic ions iose
their charge to the cathode, resulting in a firm
metal deposit, while negatively charged decom-
position products wiil be repelled with great force
and at high velocity from the area of the plated
surface.

These repelled ions move under the influence
of the electrostatic field to the positively charged
outlet of the chamber, and in so doing strike ov
collide with un-ionized gases thereby contribut-
ing to the overall ionization of the szas in the
chamber. Accordingly when in {uil operation the
chamber will contain large quantities of positively
charged metallic ions, and negatively charged
gases of decompositicn which may be in the
ionized state or as charged molecules of caroon
monoxide, carbon diexide, and so forth. The
charged metallic ions moving at high velocity
towards the cathodic workpiece will deposit
thereon in & fine, uniform dense coating. thus
overcoming the dsfect neted hereinbefore of par-
ticles settling slowly and forming a rough sur-
face.

1; is clear from the foregoing thab while it is
preferable to have the clectrostatic field applied
Letween the workpiece and the outlet of the
chamber thet the only requirement for imping-

ing the metallic positively charged ions on the

workpiece is that the workpiece be the cathods.
The positive plate of the electrostatic ficld ma
be any other suitable conductive portion of the
apparatus.

The elecirostatic voliage necessary o efiect
the novel plating process set forth will be a vari-
able factor dependent upon the distance hetween
the plates of the field, the nature of the plating
gas, the pressure and temperature of this gas,
and so forth. Ofher conditions being equal the
fisld sirenzth will decrease as the distance from
an electrode increases, and an clectrostatic po-
tential of 1000 volts appiied to the plates will be
decidedly effective at a distance of 16’ petween
plates. Where the anode and cathodic work-
piece are separated by a8 much as 2 feet approxi-
mately 200,000 velts may bhe required for maxi-
mum effectiveness. However, as has been noted,
the gas pressure and the nature of the gas may
require slteration in these conditioens.

The heater unit 4 is utilized to raise the tem-
perature of the cathode workpicee to accom-
plish complete decomposition of the metal kear-
ing gas at the workpiece surface. This tempera-
ture is a variable factor dependent. upon the
‘plating gas used, and in the case of nickel car-
bonyl gas should be in excess of 180° C.

Base materials which may be plated in the fore-
going manner are steel, copper, aluminum, cast
iron, brass, magnesium, and the like.

The process and apparatus of invention are
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applicable for plating with all metals which form
gaseous carbonyls, such as chromium, iron, tung-
sten, cobalt, molybdenum, tellurivm, rhenium
and nickel. The carbonyl of each of these metals
has & temperafure at which decomposition is
complete, zlthough some decomposition takes
place at Iower temperatures. The adverse effects
of such low temperature decomposition are over-
come by the high velocity attained by the par-
ticles in the electrostatic field.

In the case of tungsten, nickel, chromium and
iron carbonyls it is preferred to maintain the
temperature of the workpiece in the range of
350° . to 425° ., although temperatures below
and ghove this range may be utilized and good
plating accomplished. The use of the electro-
static field with the. attendant high velocity of
the particles permits a reduction in the tempera-
ture of the workpiece if other conditions re-
quire it. :

In Pigure 2 there is shown a tubular member
12 having an inlet {§ and outlet 12 and contain-
ing radioactive material, such as uranium or
radium. The function of the member 10 is to
effect g preliminary ionization of either the car-
rier gas which enters the plating chamber with
the metal carbonyl, or to effect preliminary ioni-
zation of both the carrier gas and the carbonyl.
Tor this latter purpose outlet {2 of member {8
may he connected directly to inlet 2 of chamber 1.

The effect of the action of the radioactive ma~
{erial is to cause a splitting of the carbonyl mole-
cule M (COs) inte positively charged M ions and
negatively charged (CO2) ions. Since the metal-
lic ions are now dissociated from the heavier
(COs) ions the velocity imparted to them by the
electrostatic field, hefore siriking the workpiece,
will be considerably greater than had dissociation
taken place closer to the object to be plated.

The charged carrier gas serves to effectively
attract the gases of decomposition from the area
of the plating surface, thus further tending to
vreak down the interfacial resistance between
the wave of plating gas and the surface of the
cathodic workpiece.

Carrier gases useful for the above purpose are
nitrogen, helium, hydrogen, carbon dioxide and
other inert media. Hydrogen it may be noted is
particularly useful since it effects a redueing
action and may accordingly be advantageously
used under conditions where iron rust might de-
velop and inhibit the process.

While the ahove embodiments of the invention
have particularly set forth the use of carbonyls,
it will be understood that other metal bearing
gaseous compounds such as metal hydrides, metal
alkyls, metal halides and the nitroxyls such as
that of copper, the nitroxyl carbonyls and the
carbony! halogens fall within the scope of this
invention and may be used with equal facility.

Cleaning of the workpiece preparatery to coat-
ing may be effected by any of the means well
known to the art, such as acid, alkali, or electro-
chemical treatment, the only requirement being
that 2 clean metal surface he provided for the
reception of the deposited metal to attain the
maximum benefit from the novel method of
deposition, :

Tt will be understood that this invention is sus-
ceptible to modification in order to adopt it to
different usages and conditions and, accordingly,
it is desired to comprehend such modifications
within this invention as may fall within the scope
of the appended claims.




ot

2,685,535

5

I claim:

1. An apparatus for coating an electrically con-
ductive workpiece comprising a chamber having
an inlet and an outlet, a support for said work-
piece in said chamber, means for creating a high
voltage electrical field within said chamber and
having anode and cathode terminals disposed
therein, said cathode being arranged for connec-
tion to said workpiece on said support, said anode
being arranged at said outlet, and means com-
prising a tubular member having an inlet and
outlet and containing radioactive material, said
outlet of the tubular member being connected to
the inlet of said chamber, means for heating said
workpiece and means to supply a stream of gase-
ous metal carbonyl to the inlet of said tubular
member,

2. An apparatus as ealled for in claim 1 where-
in the radioactive material is selected from the
group consisting of radium and uranium.

3. A method of coating an electrically conduc-
tive workpiece comprising the steps of supporting
the workpiece within a chamber, creating an elec~
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trostatic field within said chamber and having
said workpiece connected as the cathode, con-
ducting a gaseous metal carbonyl in contact with
radioactive material and thereafter conducting
said gaseous metal carbonyl through said cham-~
ber and in contact with said workpiece.

4. A method of coating electrically conductive
workpieces as called for in claim 3 wherein the
radioactive material is selected from the group
consisting of radium and uranium.
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