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MAGNESIUM BIMETAL AND SYSTEM FOR FLAME 
SPRAYING METALS 0N MAGNESIUM SUBSTRATE 
The invention herein described may be manufactured and 

used by or for the Government of the United States without 
the payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

The instant invention is for a process whereby other metals 
can be deposited on magnesium by ?ame spraying without ig 
niting the magnesium substance. Copper, molybdenum, 
nickel, and stainless steel have been successfully deposited on 
magnesium by the instant process to form a bimetal in each in 
stance. Other metals that can be ?ame sprayed, using the ox 
yacetylic process, can be deposited by the same method and 
the process is not limited to the above-named metals. 
The process described herein provides a means whereby a 

bimetal of any thickness can be fabricated and the thickness of 
either, or both, of the metals can be controlled. No special 
handling is required, and standard commercial oxyacetylene 
?ame spray guns are used. 
The magnesium bimetal described herein has been 

developed particularly for use as the anode-cathector as 
sembly in high-energy nonaqueous batteries. It consists of a 
sheet of magnesium metal on which has been bonded a second 
metal by oxyacetylene ?ame spraying. Such a combination 
provides a bimetal of the necessary cross-sectional thickness, 
and chemical and metallurgical characteristics required for 
the proper functioning of an anode-cathector assembly in a 
battery. In addition, such sprayed panels can be ?ame sprayed 
to any desired thickness and used in any structure as desired. 
Proper selection of the sprayed material can provide protec 
tion of magnesium from corrosion by metallurgically sealing 
the exposed surfaces of the magnesium from a corrosive en 
vironment. Furthermore, such a sprayed magnesium surface 
will provide a significant reduction of fire hazard in magnesi 
um structures of all types. 

Prior to the present process and the development of ?ame— 
sprayed magnesium, limited quantities of bimetal have been 
available from only two sources. One consisted of two sheets 
of material, one of which was magnesium spotwelded at nu 
merous points over the surface of the sheets being formed. 
The second was a cold-welded sheet formed by stacking two 
sheets and pressure cold-welding them by passage through a 
heavy rolling mill. 

In the instance of spotwelding, it was obvious that contact 
did not occur over the total surface and the electrolyte in the 
battery penetrated between the two sheets of metal. In battery 
reactions it is essential that electrical contact be made on the 
total surface between the two metals because as the magnesi 
um is used in the reaction, the electron collector metal must 
remain in contact with the magnesium or the cell is disabled 
by loss of electronic conductance into the external circuit. In 
addition, the spotwelded areas separate when attacked by the 
electrolyte, thus breaking electrical conductance. The 
presence of the electrolyte between the two sheets also causes 
the generation of heat by side reactions and the evolution of 
gas between the anode (magnesium layer) and the collector 
(second metal layer), both of which further reduce the electri 
cal conductivity in the battery cell. This, it is demonstrated 
that a spotwelded bimetal cannot be used in the production of 
high-ef?ciency battery cells. 
The cold-welded bimetal that has been used for battery 

cathodes is very difficult to ?nd commercially and is extreme 
ly costly. In addition, it is not available in thicknesses required 
for many applications. The commercial source for such 
material only produces a sheet of 0.015 inch minimum 
thickness, which doubles the ratio of cell volume to output 
rates. For high-efficiency reserve batteries, increased volume 
is a signi?cant factor in the design. Furthermore, only one 
combination of bimetal is available, thus limiting the possible 
choices of materials in battery design. 

Heretofore, the ability to apply satisfactory metallic 
coatings on a magnesium substrate have not been successful, 
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2 
and the inverse process of coating magnesium on other metals 
have not been very successful. 

DESCRIPTION OF THE DRAWINGS 

Other objects and many of the attendant advantages of this 
invention will become readily appreciated as the same 
becomes better understood by reference to the following 
detailed description when considered in connection with the 
accompanying drawings wherein: 

FIG. 1 shows a cross-sectional view of a ?xture for holding 
and cooling a sheet of magnesium to be ?ame sprayed with 
another metal; 

FIG. 2 is a cross section taken along line 2-2 of FIG. 1; and 
FIG. 3 is a cross-sectional view of a sheet of magnesium 

bimetal. 

DESCRIPTION OF THE INVENTION 

The process of the instant invention is best described by 
referring to FIG. 1 of the drawing which shows a ?xture used 
for holding and cooling a magnesium part to be ?ame sprayed. 
This holding fixture assembly operates to maintain the mag 
nesium below its ignition point while it is being ?ame sprayed 
with another metal using oxyacetylene metal spray gun. The 
?xture consists of a steel tube 10, square in cross section, hav 
ing an adjustable gate 12 at one end that controls the ?ow of 
air through aperture 14 into the ?xture. At the opposite end of 
tube 10 is a round tubular opening 15 to which is connected a 
low-vacuum, high-volume pump. A short cylindrical tube 16 is 
mounted in an aperture in one face of rectangular tube 10, ash 
shown in FIG. 1. The end of tube 16 is closed by a ?at plate 18 
having a series of small holes 19 therein. Holes 19 allow 
vacuum to be applied to a disk 20 of magnesium, thus holding 
it in place while a second metal is applied to the other surface 
by means of an oxyacetylene metal spray gun 22. Commer 
cially available metal spray guns, such as a Metco type 4E 
metallizing spray gun, for example, can be used to ?ame spray 
and deposit various types of metals onto the magnesium sub 
strate 20 while it is maintained below its ignition point by the 
vacuum-operated holding ?xture assembly. 
A baffle 24 is located in square tube 10 to de?ect air ?owing 

through aperture 14 into the cylindrical chamber of tube 16 
against the sidewall of tube 16 at its midpoint 26. By so direct 
ing the air?ow, an eddy current is generated in the cylindrical 
chamber of tube 16 directly under plate 18 which supports the 
magnesium part 20 being ?ame sprayed. The air?ow pattern 
described above maintains cool air on plate 18 and also on 
magnesium part 20 via holes 19 to prevent heating of the mag 
nesium part to the ignition point while at the same time the 
vacuum holds part 20 in place against plate 18. By the com 
bination of vacuum and directed air?ow, magnesium can be 
?ame sprayed without burning during the process. 
The system as described above requires a rather precise 

balance between air?ow through the system and the degree of 
vacuum. This ratio of ?ow to vacuum is achieved by adjust 
ment of gate 12 over aperture 14 until the ?ow of air striking 
baffle 24 is sufficient to generate the required eddy ?ow in the 
camber of cylindrical tube 16. This is a readily made adjust 
ment and need only be made once for a given source of 
vacuum. 

As the ?xture is used, a vacuum pump 25 is connected to tu 
bular opening 15 located in the opposite end of the square 
tube 10 from the gate 12 and aperture 14, thus creating a 
unidirectional flow through the ?xture. By this means, a 
supply of cool air is provided for the proper ratio of ?ow to 
vacuum required for holding the magnesium part in place and 
maintaining its temperature below the ignition point. 
No other method of ?ame spraying magnesium metal is 

known and the method described herein is unique. It provides 
a means for the production of a bimetal combination with 
magnesium requiring no special treatment of the metals in 
volved, may be performed without the use of an inert at 
mosphere, and utilizes readily available materials and equip 
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ment; thus, it is economical and provides a choice of many 
metal combinations with magnesium that, heretofore, have 
not been available. 
The process was developed primarily for use in the develop 

ment of high-energy batteries, but can be used for the protec 
tion of magnesium bodies of all types for corrosion, and for 
deposition of ?re retardent coatings on magnesium to protect 
it from ignition; thus making utilization of the high strength to 
weight ratio of the magnesium under conditions not hereto 
fore possible. 
The ?ame-sprayed bimetal described herein consists of a 

layer of magnesium metal on which has been ?ame sprayed a 
layer of another metal to any desired thickness. The magnesi 
um metal can be cleaned, for example, by either of two 
methods: one by etching for 10 seconds in a dilute solution of 
sulphuric acid containing approximately 2 percent by volume 
of concentrated sulphuric acid in water; this treatment 
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removed the heavy oxide coating from the magnesium and, 
after rinsing the etched surface in acetone and drying in a 
warm airstream, the magnesium was stored in a container until 
ready for ?ame spraying. The second method uses mechanical 
cleaning with an abrasive paper to remove the oxides from the 
surface of the magnesium metal. Either of the two methods 
are satisfactory and the resulting cleaned magnesium metal 
can be stored for several weeks before ?ame spraying with the 
second metal. immediately prior to ?ame spraying, the mag 
nesium was scoured with a medium grade of steel wool that 
had been thoroughly washed in acetone. It then was placed on 
the holding ?xture previously described, and ?ame sprayed to 
the thickness desired with the second metal. 

Sheets of bimetal are produced by the system disclosed hav 
ing continuous electrical contact and physical bonding over 
the entire interface of the two metals. This prevents penetra 
tion of electrolyte between the metals. Thus, all of the un 
desirable features of spotwelded bimetal were overcome. In 
addition, sheets of bimetal can be produced as thin as 0.008 
inch thick, thus reducing the bulk factor by two. The total 
thickness of the bimetal sheet is determined by the thickness 
of the substrate (magnesium sheet) and the amount of the 
second metal ?ame sprayed on it. Magnesium sheet 0.005 
inch thick, for example, has been used and at least 0.004 inch 
of a second metal (aluminum, copper, 316 stainless steel, 
molybdenum, and nickel, for example) have been deposited 
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on the magnesium substrate to form a proper liquid seal. Mag 
nesium foils of less than 0.005 inch thickness can be sprayed, 
and other metals may be used on magnesium, thus increasing 
further the cell efficiency with respect to thickness, and 
further increase the energy volume ratio. 
What is claimed is: 
1. An apparatus for making ?ame-sprayed magnesium 

bimetal having continuous electrical contact and physical 
bonding over the entire interface between the magnesium and 
?ame-sprayed metal coating, comprising: 

(a) a ?ame-spray metallizing gun, 
(b) a vacuum assembly for holding and cooling a cleaned 

sheet of magnesium to be coated while said sheet is being 
coated with another metal by means of said metallizing 
gun, 

(c) said vacuum assembly, comprising 
1. a vacuum chamber having a controlled air inlet aper 
ture at one end and na outlet connected to a vacuum 

pump at the opposite end to create a low vacuum and 
high volume of airflow therein, said controlled air inlet 
aperture operable to vary the ratio of the degree of air 
?ow through the system and degree of vacuum as 
desired, 

2. an eddy current chamber extending from one side of 
said vacuum chamber between the opposite ends 
thereof and being open to said vacuum chamber, 

3. an outer wall of said eddy current chamber being a ?at 
surface having a plurality of relatively small holes 
therethrough whereby vacuum in said chambers is ap 
plied to the sheet of magnesium to be coated via the 
plurality of holes in said eddy current chamber to hold 
the sheet of magnesium in place on the outer wall ?at 
surface of said eddy current chamber over said plurali 
ty of small holes, while being coated, 

4. a baffle means located in said vacuum chamber for 
de?ecting into said eddy current chamber air entering 
said vacuum chamber via said controlled air inlet to 
create an eddy current ?ow of air in said eddy current 
chamber for cooling and maintaining the magnesium 
sheet at a temperature below its ignition point while 
being coated with another metal by said ?ame-spray 
metallizing gun. 
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