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This invention relates to the production of protective
coatings on metals, particularly the metals of the alkaline-
earth group; further the invention relates to the protec-
tion of such metals when they are in finely divided form
and most subject to attack by the atmospheie for ex-
ample.

The transportation of the alkaline-earth metals in bulk
has been hindered by the necessity for protecting the
metals during transit and storage. Itisa primary object
of this invention to describe a_novel method for the
protection of the alkali-earth metals, particularly calcium.

It is an important object of this invention to describe
novel metallic composites which include as the primary
metal an alkaline earth,

It is a primary object of the invention to describe a
novel process for the separation of alkaline-earth metal
from protective metal coating thereon. .

It is a particular object of the invention to describe
novel powdered metal products. o

The invention particularly contemplates “the suspend-
ing of particles of an alkaline earth metal or metals in
a gaseous atmosphere, heating the suspended - particles,
and then contacting the heated particles, while. they are
suspended, with a gaseous heat decomposable metal bear-
ing compound which ‘is decomposable “at the tempera-
ture of the particles to deposit metal thereon.

The gaseous heat decomposable compound is suitably
introduced ‘to the heated particles: together with a car-
rier gas such as carbon dioxide, argon, or neon which
are inert relative to the heated metallic particles. ' Prefer-
ably such a carrier gas is employed to conduct the par-
ticles to the metailizing zone where the thermal decom-
position of the heat decomposable compound is. effected.

The heat decomposable compounds - are preferably

metallic carbonyls although other compounds which de-
compose at temperatures below
to be plated melts are useful. It is preferred to employ
nickel carbonyl as such is readily ‘available and rela-
tively inexpensive; however, chromium hexacarbonyl or
iron pentacarbonyl are also useful. In connection with
iron pentacarbonyl it is to be noted. that while iron
generally is subject to rusting the metal deposited from
the gaseous state is pure and does not oxidize in-the air
over long periods of exposure; . further - the - deposited
film like that of nickel and chromium is air-impermeable
and hence the alkaline-earth metals are protected by the
iron deposit.

Most suitably the heating of the aikaline-earth metal
is achieved  inductively when the metal is in powder or
particle form. However where the metal is in block form
and the metal bearing gas is directed over it the heating
may be attained by electrical resistance heating or: con-
duction or convection. - Where particles are employed
the particles may also be heated prior to their introduc-
tion to the metallizing gas and such heating may be
utilized alone or in conjunction with induction heating
during metallizing,
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The alkaline-earth metals are quite reactive even with
air at ordinary temperatures, Calcium, for example,
combines ‘slowly with nitrogen at ordinary temperatures
and -heating materially accelerates the formation of cal-
cium nitride; accordingly it is necessary that reactive
gases such as air and nitrogen gas be excluded from the
alkaline-earths in the practice of this invention.

The invention will be more fully understood by refer-
ence to the following detailed description and accompany-
ing drawing wherein the single figure of the drawing
schematically illustrates apparatus useful in the practice
of the invention.

Refeiring now to the drawing there is shown at 1 a
chest having a lower door:3 hinged at 5 and provided
on the interior thereof with gasket 7 which extends
around the door abutting the walls of the chest adjoining
the door to permit sealing of the chest ajr tight relation-
ship with the atmosphere. Extending laterally from the
chest in an upper portion thereof is a conduit 9 which
communicates with an upwardly extending duct 11, which
itself communicates with ducts. 13, 15. Flanged con-
nections .17 ‘secure the conduit and ducts together as
indicated and a lower flange connection secures the piping
18 to the lower duct 15. Most suitably the ducts 11, 13
and 15 and the piping also, if desired, are of an in-
sulating material such as glass to inhibit the heating
thereof during the process and to minimize metallic de-
posits thereon. :

The piping 19 is communicable with a hopper 21 hav-
ing a cover 23 provided with a finger valve 25. Com-
munication between the piping 19 and the hopper 21 is
effected by removing slide member 27 from the bottom
of the hopper in the direction indicated by the arrow.

'The hopper is normally filled with alkaline-earth metal
powder, such as calcium metal powder; suitably the par-
ticles may have a size in theijr longest dimension of 10~15
microns. The powder'is clean, free of contaminants or
combination with any other substance when introduced
into the hopper and the powder is sealed from the atmos-
phere by a cover 23. “When it is desired to remove the
cover or to expose the interior to.the atmosphere, at-
mospheric pressure may be established within the hopper
by depressing finger valve 2.

Connected to piping 19 through a valve 29 is a source
31 of acarrier gas for the calcium powder. This source
in the present instance most suitably contains carbon di-
oxide as the carrier,

Referring now again to the ducts 11, 13 and 15, the
duct 11 is surrounded by an induction coil 33 supplied
from asource of high frequency energy (nmot shown)
through ‘leads 35, 37. The duct 15 is similarly sur-
rounided by a high frequency induction coil 39 having
its leads 41, 43 connected to a suitable source of alternating
current energy (not shown). ‘

The duct 13 is connected through piping 45 and valve
47 to a container 49 which in the present instance is pro-
vided with a supply of nickel carbonyl indicated at. 51,
Flange connectors 17 serve to provide for communication
for the container 49 through valve 53 with a source of car-
rier gas indicated at 55 and which .gas in the present in-
stance may be considered to be carbon dioxide,

Referring now again to chest 1 the upper right hand
end thereof is connected through a flange connection
17 to a condenser coil 57 which is provided in a tank 59
supported in any suitable manner and containing a. re- _
frigerating liquid - 61, such as Dry Ice and acetone in
combination. However, even cold water is statisfactory
as the refrigerant in the. present instance, - The coil §7
is connected through valve 63 to a trap 65 housed in a
suitable refrigerant 67 and from the upper end of which

.there extends piping 69 having a valve 71 through which -
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the piping 69 communicates with a vacuum pump 73 and
a motor 75. .

Referring now to the process of invention with valves
71, 63 open and valves 47, 53, 29 closed, and with the door
3 closed the motor 75 and pump 73 are first actuated
to clear the system of all air. To facilitate this member
27 which closes the bottom of hopper 21 is open slightly
and as air is evacuated from the system it is also drawn
from the hopper 21. During this time emergy may be
supplied to the induction coils 33, 39.

With the system evacuated to a low pressure, for
example 0.1 of a millimeter of mercury, valve 29 is
opened to permit carbon dioxide gas to flow freely
through the system and to assist in the evacuation of any
gases remaining therein. At this time the closure mem-
ber 27 of hopper 21 is so arranged that no powder will
be drawn into the system. When the system has been
evacuated the closure member 27 is:withdrawn slightly
to permit calcium powder to flow down into the con-
duit 19 and to be gathered in by the flowing stream of
carbon dioxide which carries the particles into the duct
15, which is essentially a pre-heating chamber.

Induction coil 39 heats the calcium particles flowing
therethrough and the temperature of the particles may
be raised to approximately 350°~450° F. thereby. Valve
53 and valve 45 are at this time opened and carrier
gas flows through the container 49 over the liquid nickel
carbonyl, entrains some of the same and carries it into
the duct 13 where it mixes with the carbon dioxide gas
bearing the calcium powder. - Some slight amount of
decomposition of the nickel carbonyl may take place
at this time, but the on-rushing carbon dioxide carries
the particles into the duct 12 before very much of such
action has occurred.

The carbonyl flows with the carbon dioxide into the
duct 11 where the iaduction coil 33 which surrounds the
duct 11 is effective to heat the calcium particles therein
to a temperature of approximately 550° F.

The carbonyl gas contacting the calcium particles with
which it is now intimately mixed, decomposes -and de-
posits nickel metal on the same. Since the walls of
the duct 11 are assumed to be of glass substantially no
deposition will occur thereon, and such deposition as
may occur will generally be insignificant with respect
to- the surface area of the wall and the cross sectional
area of the channel through the duct.

‘The length of duct may vary with relation to the
pressure of the carbon dioxide gas urging the calcium

particles upwardly; in fact the relationship is such as to

retain the paritcles within the duct defining the plating
chamber for a sufficient length of time to effect the desired
extent’ of nickel deposit.  Generally the nickel deposit
is required to be extremely minute, merely sufficient to
provide an integral coating over each caleium particle.

The carbon dioxide gas together with the gases of
decoemposition’ of the carbonyl, ‘the undecomposed car-
bonyl and the carbonyl dioxide carrier gas flow to the
conduit 9. The pressure is such that the partticles are
impelled against a baffle 2 supported from the wall of
the chest' 1 and the particles drop downwardly to the
bottom. of the chamber as shown at 6 from whence they
are later removable. The flowing gases, the only con-
densible one of which is undecomposed nickel carboxyl,
then pass through the coil 57 and the carbonyl is liquified
and flows downwardly to the bottom of the trap 65, the
carbon monoxide and carbon dioxide passing cut through
the piping 69 to the exhaust 74 of pump 73. The effect
of the expansion of the gases on the velocity is most
significant and in some instances where contact with the
bafile would be undesirable the expansion alone is suf-
ficient to occasion the particles to settle.

It is to be noted that in the practice of the invention
the calcium powder flows into the piping 19 under its
own weight, substantially all air:having been removed
from the hopper 21 in the evacuation of the ap-
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paratus. Therefore there is little opportunity for con-
tamination of the plated particles.

Further in the preferred mode of operation the par-
ticles are suspended by a suspending gas against the
force of gravity and accordingly due to the fineness of
the particles, the particle motion is itself relatively slow
depending upon the volume of flow by the suspending
gas as well as the duct sizes.

1t is further to be noted that the chest 1 is somewhat
jarger than the conduit 9 and as the gases bearing the
coated particles flow into the chest 1 towards the baffle
2, the volume of flow of the gases reduces slightly due to
the expansion. This latter factor may be used to con-
trol the impingement of the particles on the baffle 2.

To facilitate the opening of the system after complete
exhaustion therefrom valves 29 and 47 having been closed
after the end of the plating operation, the valve 63 is
likewise closed and valve 25 depressed to permit entry
of the air into the piping 19 and the ducts and also
chest 1. Thereafter opening of the chest door 3 is sim-
plified since atmospheric pressure has been restored to
the system.

Preferably the conditions, that is, the pressure of the
plating gas, the pressure and velocity of the suspending
gas, and the temperature, are so related that only a
very thin deposit of mickel is attained on the calcium
powder. With such a thin deposit of the protecting
nickel metal the composite may be utilized without re-
moval of the nickel when a shipment is at a desired
locale. However the nickel may be readily removed
by heating the mass of particles slightly above the melt-
ing point of the calcium that is to about 850°—900° C. to
cause the calcium to become motlten and to rupture the
nickel coating. The nickel which at this temperature re-
mains solid then drops to the base of the container while
the lighter calcium separates in an upper liquid layer.
Such separation may suitably be effected in a covered
graphite crucible without contamination of the calcium
metal.

Magnesium, barium and strontium all exhibit ma-
terially lower specific gravities than the protective metals
such as iron, chromium and nickel and accordingly sepa-
ration is achieved readily.

It will be understood that this invention is susceptible
to modification in order to adapt it to different usages
and conditions and accordingly, it is desired to compre-
hend such modifications within this invention as may fall
within the scope of the appended claims.

We claim:

1. In a process of providing a protective metal coating
on particles of alkaline-earth metal in powder form, the
steps of suspending particles of the metal in a flowing
stream of a gas which is inert to the metal particles,
passing the flowing stream of inert gas and particles into
a heating zone to heat the particles while they are sus-
pended, providing a source of a metal bearing gas which
is heat decomposable to deposit a metal which resists
the corrosive influence of the air, heating the particles
while suspended in the heating zone to a temperature
at which said metal bearing gas decomposes, passing a
stream of the metal bearing gas into contact with the
heated particles in said zone whereby said metal bearing
gas decomposes to deposit metal on the particles, ex-
hausting the coated particles from the said zone with
the suspending gas, and thereafter separating the particles
from the gas.

2. ‘A process as in claim 1 in which the particles of
alkaline-earth metal in powder form are particles of
barium.

3. A process as in claim 1 in which the particles of
alkaline-earth metal in powder form are particles of
strontium.

4. In a process of providing a protective metal coating
on particles of calcium metal in powder form, the steps
of suspending particles of the calcium metal in a Howing
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stream of a gas which is inert to the metal particles,
passing the flowing stream of inert gas and particles into
a heating zone towards a collection zone to heat the
particles while they are suspended, providing a source of
nickel carbonyl gas which is heat decomposable to de-
posit nickel, heating the particles while in the heating
zone to a temperature at which said nickel carbonyl gas
decomposes, passing a stream of the nickel carbonyl gas
into contact with the heated particles in said zone whereby
said nickel carbonyl gas decomposes to deposit nickel on
the calcium particles, exhausting the coated calcium
particles from the said zonme with the suspending gas
to the collection zome, and thereafter separating the
particles from the gas. -

" 5. The process which comprises the steps of suspending
particles of an alkaline-earth metal in powder form in
a flowing stream of a gas which is inert to the metal
particles, passing the flowing stream of inert gas and
particles into a heating zone to heat the particles while
they are suspended, providing a source of a metal bear-
ing gas which is heat decomposable to deposit a metal
which resists the corrosive influence of the air and is of
a higher melting point and greater specific gravity than
the alkaline-earth particles, heating the particles while
suspended in the heating zone to a temperature at which
said metal bearing gas decomposes, passing a stream of
the metal bearing gas into contact’ with the heated par-
ticles in said zone whereby said metal bearing gas de-
composes to deposit metal on the particles, exhausting
the coated particles from the said zone with the suspend-
ing gas, removing the particles from the gas, collecting a
mass of the particles, heating the mass of the particles to
the melting point temperature of the alkaline-earth meta]
but below the melting point of the metal forming the
coating to cause the alkaline-earth metal to become
molten and to rupture the coating while the metal of the
coating remains solidified, and separating the alkaline-
earth metal from the metal of the coating by floating
the liquid alkaline-earth on the metal which formed the
coating.

6. A process as in claim 5 in which the particles of
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alkaline-earth metal in powder form are particles of
barium.

7. A process as in claim 5 in which the particles of
alkaline-earth metal in powder form are particles of
strontium.

8. The process which comprises the steps of suspending
particles of calcium metal in a flowing stream of a gas
which is inert to the metal particles, passing the flowing
stream of inert gas and particles into a heating zone
towards a collection zone to heat the particles while
they are suspended, providing a source of nickel. car-
bonyl gas which is heat decomposable to deposit nickel
metal, heating the particles while in the heating zone to
& temperature at which said nickel carbonyl gas de-
composes, passing a stream of the nickel carbonyl gas
into contact with the heated particles in said zone where-
by said nickel carbonyl gas decomposes to deposit nickel
on the calcium particles, exhausting the coated calcium
particles from the said zone with the suspending gas to
the collection zone, removing the particles from the
atmosphere of the carbonyl, collecting a mass of the
nickel coated caleium particles, heating the mass of the
particles to about 850° to 900° C. to cause the calcium
within the nickel coating to become molten and to rupture
the nickel coating while the coating remains solid, and
separating the calcium from the nickel coating by floating
the liquified calcium on the nickel.
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