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PRODUCTION OF METAL FOAM 

Stuart 0. F_iedler, Johan Bjorksten, and William S. Fied 
ler, Madison, Wis., assignors, by direct and mesne as 
srgnrnents, to Lor Corporation, a corporation of Dela 
ware 

Original application Dec. 12, 1957, Ser. No. 702,745. 
and this application June 18, 1958, Ser. No. 

S 

15 Claims. (CI. 75-20) 

This invention relates to the manufacture of metal 
foam and in particular, to a method for making metal 
foam by foaming granulated metal. 

This is a divisional application of Serial No. 702,745, 
?led December 12, 1957, having the same title which is 
a continuation-in-part of our copending application Serial 
No. 655,936, ?led April 8, 1957, having the same title, 
now abandoned. - 

A metal foam has been desired having the properties 
of low weight per unit volume and exceptional rigidity 
and toughness and capable of being formed in a mold 
or in speci?c shapes. 

Heretofore, a variety of methods have been used for 
making metal foams. However, no method has been 
found which allows the foaming of metal in one step and 
allows the manufacture of metal foam having speci?c 
shapes. 
One method which has been proposed for making 

foamed aluminum is the vaporization of mercury in alu 
minum. This method is highly unsatisfactory as the mate 
rials utilized have a deleterious effect on each other and 
the amount of gas evolved in the reaction is di?‘icult to 
control. The reaction must be carried out in a pressur 
ized chamber; high pressures being exerted on a mixture 
of metals to build up a high vapor pressure of the vola 
tile metal and then lowering of the pressure to cause 
foaming. ‘ 

Another method proposed for the manufacture of metal 
foam comprises the addition of an alloy comprising 
ground metal hydride directly to the surface of the metal 
matrix; the alloy being prepared for addition by grinding 
together metal hydride and one or more molten metals 
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and then cooling and reducing the resultant product to _ 
a powder. In this process, it is necessary to form the 
hydride mixture by the aforementioned method, the 
metal to be foamed must then be melted and then the 
hydride mixture added to the surface of the metal matrix. 
The addition of the hydride creates a dif?culty due to 
the tendency of the powder to ?oat to the top of the 
metal matrix and oxidize. ~ 

These and other methods involve the use of several 
involved steps before the ?nal end product, metal foam, 
is obtained. The present invention proposes the manu 
facture of metal foam in essentially one step. 

It is an object of the present invention to.produce a 
metal foam. 

' Another object is to produce a metal foam from granu 
lated metal and a material adapted to effect foaming. 

_ Another object is the production of molded metal foam. 
‘ Another object is a method for producing metal foam. 
. Another object is a continuous method for producing 
metal foam. 

Another object of this invention is to simplify the man 
ufacture of metal foam. ' 

Another object is the manufacture of metal foam in 
volving essentially only one heat utilization step. 
. Further objects will become apparent‘from the draw 
in‘gs and the following detailed description in which it is 
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our intention to illustrate the applicability of the inven 
tion without thereby limiting its scope to less than that 
of all those equivalents which will be apparent to one 
skilled in the art. 

In the drawings like reference numerals refer to like 
parts and: 

Figure 1 is a cut-away perspective view of one embodi 
ment of the invention showing a continuous process; 

Figure 2 is a cut-away perspective view of another 
embodiment of the invention showing a continuous proc 
ess; - 

Figure 3 is a cut-away perspective view of an embodi 
ment of the invention showing a batch process; 

Figure 4 is a cut-away perspective view of an embodi 
ment of the invention showing a batch process; and 

Figure 5 is a cut-away perspective view of an embodi 
ment of the invention showing a batch process. 

Referring now to the ?gures, the particles of the inven 
tion may comprise either a mixture of metal to be foamed 
and material adapted to effect foaming or particles pre 
pared by the process of mixing hydride-containing metal 
alloy powder into molten metal, cooling said mixture im 
mediately to prevent foaming and grinding said mixture 
to form the particles. ' 

Referring now to Figure 1, an apparatus for continu 
ously producing metal foam is given the general desig 
nation 1. The apparatus comprises a hopper 2 for hold~ 
ing the particles 3, a trough 10 for carrying the particles 
from the hopper to the conveyor belt 5, a means 4 for 
vibrating said trough, a conveyor belt for carrying the 
particles through the heating zone 6 comprising gas bum 
ers (not shown) and through a cooling zone comprising, 
in this case, water faucets 11 and 12. 

Particles 3 are continuously added to hopper 2. The 
particles are fed through opening 9 to the vibrating 
trough 10, activated by means 4 (not shown). The parti 
cles vibrate down the trough to the conveyor belt 5 
where the particles are uniformly spread thereon. The 
conveyor belt carries the particles through the heating 
zone 6 comprising gas burners (not shown) where ?rst 
the metal melts and the material adapted to eifect foam 
ing decomposes to liberate a gas and cause said molten 
metal to foam. The conveyor belt then carries the molten 
metal foam through a cooling zone produced by the 
spray of water from water faucets 11 and 12 to obtain 
a continuous elongated member of metal foam 13. 

Referring now to Figure 2, an apparatus for continu 
ously producing metal foam is given the general designa 
tion 14. The apparatus comprises a pressure container 
15 having a removable hatch 16 on they top thereof for 
the introduction of the particles 17 to a vibrating hopper 
and containing within said pressure container a vibrat 
ing hopper 18, a means 19 (not shown) for causing said 
hopper to vibrate, a trough 20 for carrying said particles 
from the hopper to conveyor belt 21, a conveyor belt 
for carrying the particles through a heating zone 22 com 
prising gas burners (not shown), thus causing the metal 
to melt and the material adapted to effect foaming to de 
compose. The molten mixture is then expelled from the 
pressure container through an ori?ce 24 and flows onto 
another conveyor belt 27 and there the metal foam 26 
is air cooled by means of fans 28 and 7. The pressure 
desired within the pressure container may be obtained 
by introducing a gas into said container from a gas source 
by means of tube 23; said pressure being controllable by 
valve attached to said gas source (not shown). 

Particles 17 are continuously added to a vibrating 
hopper 18 by means of hatch 16 of pressure container 15 
until the hopper is full. The hatch is then closed and the 
vibrating hopper is then activated by means 19.v The 
particles are then fed through opening 29 to the trough 20 
which is attached to the hopper. The particles are mixed 
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down the trough by means of Vibration onto conveyor 
belt 21; said vibrations causing the uniform dispersion of 
particles thereon. Conveyor belt 21 carries the particles 
through heating zone 22 created by gas burners. .The 
heat causes the metal to melt and the material adapted to 
effect foaming to decompose thus building up the vapor 
pressure within the pressure container sufficiently high so 
that when the molten metal is expelled from the pressure 
container through ori?ce 24 the change from high pres 
sure within the container to atmospheric pressure outside 
of- the container is sufficient to cause the gas contained 
within said molten metal to expand thus producing the 
metal foam. 
The mixture of metal and decomposed foamer is ex 

pelled from the pressure container through the ori?ce to 
form metal foam and thence ?ows onto another conveyor 
where the molten metal foam is cooled by means of fans 
28 and 7._ 

Referring now to Figures 3, 4 and 5, an apparatus for 
producing metal foam according to a batch process is 
given the general designation 32. 
As shown in Figure 3, particles 31 are uniformly spread 

on the base of a preheated open mold 32 until sufficient 
particles are present to completely ?ll the mold on expo 
sure to heat. ’ 

As shown in Figure 4, the open mold 32 and particles 
31 of Figure 3 are subjected to sufficient heat which is 
produced by gas burners 33, 34, 35 and 36 located above 
the open mold and gas burners 37, 38, 39 and 40 located 
below the mold and directed on the base of the mold, to 
cause the metal to melt and then to cause the material 
adapted to effect foaming to decompose thus forming the 
metal foam body 41; said heating to be continued until 
the foaming agent is completely exhausted. 
As shown in Figure 5, the open mold 32 and metal foam 

body 4-1 of Figure 4 is immediately cooled, after foaming 
is completed, by means of fans 42, 43 and 44, thus pro 
ducing a metal foam body, mold 32 may then be removed 
from around metal foam body 41 or the mold may be a 
part of the embodiment. 
By metal foam, we mean a body consisting of gas-con 

taining discrete cells distributed in a metal matrix in a gen 
erally uniform manner, each cell being entirely enclosed 
and generally being not connected to any neighboring 
cell. Metal foam should not be confused with metal 
sponge which consists of interconnected cells or a plu 
rality of passages as interstices which communicate in a 
metal matrix. By hollow article, we mean a mold or a 
hollow pipe or other suitable hollow object which could 
be suitably ?lled with metal foam. 
The present invention contemplates the manufacture of 

metal foam by causing decomposition of particles which 
comprise either a mixture of metal to be foamed and ma 
terial adapted to effect foaming such as hydride-contain 
ing metal alloy or particles which are obtained by first 
mixing hydride-containing metal alloy‘ with molten metal, 
then rapidly cooling to prevent foaming, followed by 
grinding the resultant mixture; the decomposition being 
effected by heating said particles to a temperature capable 
of effecting melting of the metal to be foamed and there 
after effecting decomposition of said material adapted to 
effect foaming. 
The metal foam may be cast in a mold and then re 

moved therefrom after cooling to provide a metal foam 
body or may be formed in a hollow article or mold e.g. a 
hollow pipe to provide a hollow article having as an in 
tegral, part therewithin a metal foam body. 

This invention is adapted to foam any metal capable of 
being foamed. Metals which may be used include prefer~ 
ablyaluminum, zinc, iron, lead, copper and nickel as Well 
as alloys of these and other metals and such metals as 
magnesium and titanium may be suitable. 

The. metals preferred for the invention include those 
having a substantial temperature difference, preferably of 
20.01 to 400° 0., between the solid phase temperature and 
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the liquid phase temperature. It is also helpful to utilize 
metal wherein its solid phase may be caused to predomi 
nate to cause decreased ?uidity; the metal being foamed 
at the temperature at which this occurs, such temperature 
being between the solid and liquid phase temperature. 
For foaming the metal, the addition of a foaming agent 

such as metal hydride particles of zirconium hydride or 
titanium hydride may be used. Other compounds may 
also be used under certain temperature and pressure mm 
ditions. Examples are ammonium chloride, ammonium 
iodide, ammonium sulfate, arsenic, barium hydride, bis 
muth sulfate, calcium carbonate, calcium hydride, cal 
cium magnesium "carbonate, calcium sul?te, ferric sul 
fate, lead carbonate, lead oxide and sodium nitrate. 
The amount of hydride in the foaming agent which is 

necessary for foaming depends on the metal used, the 
density of the desired foam, the foaming agent used and 
also on whether the foaming agent is completely ex 
hausted, i.e., whether all the gas capable of being liber 
ated from said foamer has been liberated therefrom. 
The foamer can be in the form of powder, granules or 

particles, or in any form which can easily be dispersed 
throughout the metal to be foamed. 

It is preferred that the foaming agent utilized decom 
pose at a temperature slightly above the melting temper 
ature of the metal to be foamed. In some cases, this may 
not be plausible and a foamer may be used having a de 
composition temperature equal to or less than the melting 
point of the metal to be foamed. In the aforementioned 
case, a pressure unit such as that described in Figure 2 
maybe utilized. 

If a pressure unit is utilized, the pressure exerted on the 
mixture of metal and material adapted to effect foaming 
should be greater than the region into which the material 
is to be expelled. The pressure unit must be capable of 
preventing the escape of the initial gas added to the cham 
ber as well as the escape of the vapor obtained by the de 
composition of the foaming agent so that the vapor pres 
sure can be, built up within said unit so that the pressure 
within said unit exceeds the pressure outside the unit. 
The material upon being expelled from the unit gives a 
metal foam by expansion of the gas previously repressed 
from foaming by the pressure exerted thereon. 'Any con 
ventional apparatus may be employed so long as it is ca 
pable of withstanding the heat and pressure utilized. 

Initial pressure in the pressure container may be ob 
tained by the introduction of a gas such as oxygen, air 
or other oxygen-containing or inert gas or any gas which 
will neither react with the metal to be foamed nor have 
a deleterious effect on the metal to be foamed. The 
gas may be introduced into the pressure container by 
means adapted therefor and the amount of gas intro 
duced may be controlled by the valve located on the gas 
container. 

_ One reason for the application of pressure is to sup 
press foaming of the metal until all materials involved 
have attained the desired properties for foaming. An 
other reason is to allow the use of a foaming agent hav 
ing a, decomposition temperature lower than the desired 
decomposition temperature. 
The amount of heat used must be great enough to al 

low melting of the metal to be foamed. The heat may 
be provided by any means capable of reaching the neces 
sary temperature for the various metals to be foamed. 
For example, the heating may be obtained by gas or 
oil burners directed on the molten metal foam or by 
other suitable means. The heating zone may consist of 
burners above, below and on each side of the mixture 
of metal and foaming agent or may consist of any ar 
rangernent which will’ provide adequate heat for the in 
vention. 
The pressure within the container should be great 

enough to prevent the gas obtained by the decomposition 
of the foaming agent from expanding to form metal foam 
immediately or while within the container. When the 
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mixture of metal and foaming agent is expelled from the 
pressure container, the gas formed by the decomposition 
of the foaming agent expands to form the desired metal 
foam. 

If a mixture of metal particles, and particles of a 
material adapted to effect foaming is to be used, while 
preparing the mixture, a great deal of care must be taken 
to insure thorough mixing of said mixture so that par 
ticles of the foaming agent are uniformly dispersed 
throughout the metal to be foamed. 

In some cases, it maybe preferable to take hydride 
containing metal alloy, mix this material with the molten 
metal to be foamed which preferably is maintained rela~ 
tively near its solidus temperature and then quickly 
cooled to suppress foaming the mixture. This material 
is ground into particles and this mixture is then used in 
the same manner as the hydride-containing metal alloy 
and metal particle mixture. 
l The metal to be foamed can be of any shape and size 
although it is preferred that it is in the form of par 
ticles, powder, or granules and in the same form as is 
the ‘foaming agent. 

After formation of the metal foam, the foam ‘prefer 
ably is cooled. This may be done by means of Water, 
air, oil or other means capable of performing the desired 
duties. 
The process may be carried out in a pressurized con 

tainer, molds, casts or any other suitable container de 
pending on the materials used and the desired shape of 
the ?nished product. 

While the use of a vibrating hopper for the continuous 
process is preferred, we may also use other types of 
feeders; examples thereof including a screw-type feeder 
such as a helical screw or cone shaped container having 
a base which may be opened or closed, or a hopper hav 
ing a mesh at the base thereof. . 

In a continuous process, we may continuously add a 
mixture of- metal to be foamed and a material adapted 
to effect foaming preferably to a vibrating hopper, said 
hopper vibrating in such a manner to allow a steady 
stream of mixture to ?ow down a trough attached to 
the base of said hopper onto a conveyor belt. The con 
veyor belt moves through a heated zone, said zone being 
supplied with heat by gas burners, at a rate of speed 
which allows the metal of the mixture to melt and after 
melting of the metal causes the decomposition of the 
foaming agent. The molten metal foam while still on 
the conveyor belt, is then subjected to cooling in order 
to insure the rigidity of the walls of the discrete cellular 
bubbles within said metal foam. 

If a foaming agent having a lower decomposition tem 
perature than the melting temperature of the metal to 
be foamed is to be .used, it is desirable to employ a 
pressurized container. If a pressure container is used 
for the continuous process, it must contain therein, a 
vibrating hopper or other feeder, a trough to carry the 
particles from said hopper down to the conveyor belt, 
a conveyor belt, a heating zone for melting the metal 
to be foamed and a container through which the molten 
metal must travel before being expelled through an ori?ce 
onto another conveyor belt. 

Before start-up of the process, the heating means of 
the heating zone are activated and the temperature with 
in said container is brought to that temperature at which 
the metal to be foamed will melt. The particles to be 
foamed are added through an opening in the top of the 
pressure unit and the unit is then closed. The pressure 
is then built-up within the container by the addition of 
a gas such as oxygen. 
The process is then started by causing the hopper to 

vibrate thus freeing particles which move down the trough 
in a steady stream onto the conveyor belt thereunder. 
The conveyor belt gradually moves to expose the particles 
of said mixture to the action of su?icient heat to melt 
the metal particles and to cause decomposition of the 
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6 
foaming agent; the foaming tendency of- the foaming 
agent being repressed by the pressure built up within said 
container. The molten material then ?ows into a funnel 
shaped container or other container and is expelled from 
the pressure container through an ori?ce and the release 
of the vapor pressure causes foaming or expansion of 
the gas contained within said molten metal. After ex 
pulsion through the ori?ce the molten metal foam ?ows 
onto another conveyor belt and the discrete cellular bub 
bles formed therewithin are made rigid by air cooling. 

. If a pressure unit is to be used, there are several vari 
ables which may be regulated. The vibrator may be reg 
'ulated so that the mixture of metal and foaming agent 
is uniformly released. If the hopper release of the mix 
ture is too slow, insuf?cient foam may be produced un 
less the conveyor belts are slowed down and if the re 
lease is too rapid the amount of metal foam produced 
may be too great to be handled by the conveyor belt 
unless the belt is speeded up or the metal may roll off 
or the container leading to the ori?ce at the end of the 
conveyor may not be large enough to handle the amount 
of metal. 
The speed of the conveyor belt may also be regulated. 
This may be done to obtain a faster process and also 

to overcome the difficulty of too rapid release of the 
mixture. The speed may be lessened too if the number 
of particles released on the belt produce too little foam. 
The conveyor belts may be preferably regulated so that 
the one on the outside of the pressure container runs at 
the same speed as the conveyor belt within the pressure 
container. If the belt within the container runs too 
rapidly, the ori?ce may be opened to prevent piling up 
of the foam therewithin and the outer ‘belt’s speed may 
also be increased. If the belt outside of the conveyor 
runs too rapidly the metal foam may be made in insuf— 
?cient amounts. 
The size of the ori?ce through which the molten metal 

is expelled may be made variable and may be regulated. 
If the conveyor belt within the pressure unit runs too 
fast the size of the ori?ce may then ‘be increased to allow 
the molten metal to flow out onto the second belt and if 
too little foam is being produced the ori?ce may be 
narrowed to prevent escape of vapors. 

If a batch type process is to be used, the vessel or 
mold may be preheated to a temperature at which the 
metal to be foamed melts. The particles may then be 
uniformly spread in a layer on the bottom of the vessel or 
mold so that the amount of metal upon-foaming will 
completely ?ll the mold or vessel. After the mixture 
has been added to the mold or vessel, the mold or 
vessel may be exposed to heat capable of melting the 
metal to be foamed and thereafter capable of decompos 
ing the material adapted to effect foaming; the heat being 
supplied by means of gas burners, oil burners, or any 
means capable of supplying the necessary amount of heat. 
The amount of heat depends directly on the melting 

point of the metal to be foamed. For example, if alumi 
num is to be foamed, a temperature above the melting 
point of the aluminum which is 658° C. is desired. 

Having thus disclosed our invention, we claim: 
1. The method of making a continuous elongated mem 

ber of metal foam comprising the steps of providing a 
continuous stream of a mixture of metal particles and 
particles of a material adapted to effect foaming of said 
metal, causing said stream to be heated to a temperature 
sufficiently high to cause said metal to melt and said 
material to decompose thereby providing said metal with 
cellular bubbles therewithin, continuously withdrawing 
said metal foam and then continuously cooling said con 
tinuously withdrawn metal foam to provide a con 
tinuously elongated article of metal foam. 

2. The method of claim 1, wherein said particles of 
said material comprise particles of a hydride selected 
from a group consisting of titanium hydride and zir 
conium hydride. 
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T 3:. The method of claim 1, wherein said mixture'com 
prises ‘discrete particles; ’ 
#4. The method of claim 1, wherein said metal has a 
liquid phase temperature at least 100° C. higher than its 
solid phase temperature and said metal is maintained at 
a temperature between said solid phase temperature and 
said liquid phase temperature to provide substantially 
reduced fluidity.v 

5. The method of claim 1, wherein said mixture com 
prises’ a powder. ' 

l 6. The method of claim 1, wherein said mixture com 
prises granules. 

7. The method for making a continuous elongated 
memher'of metal foam comprising the steps of providing 
a‘ continuous stream of a mixture of particles of metal 
and of particles of a material adapted to effect foaming 
of said metal, causing said stream to be heated while 
under pressure to a temperature sufficiently high to cause 
said metal to melt, continuously advancing said molten 
metal through an ori?ce into a region at atmospheric 
pressure thereby providing said metal with cellular bub~ 
bles therewithin and then continuously cooling said con 
tinuously advanced cellular bubble containing metal to 
provide a continuous elongated article of metal foam. 

8.~The method of claim 7, wherein said particles of 
said material comprise particles of a hydride selected 
from a group consisting of titanium hydride and zir 
conium hydride. 

9. The method of claim 7, wherein said mixture com 
prises discrete particles. 

10. The method of claim 7, wherein said metal has 
a liquid phase temperature at least 100° C. higher than 
its solid phase temperature and said metal is maintained 
at a temperature between said solid phase temperature 
and said‘ liquid phase temperature to provide substantially 
reduced ?uidity. 

11. A method for making a metal foam body com 
prising the steps of providing a mixture of metal and 
a material adapted to effect foaming of said metal, heat 
ing said mixture while under pressure to a temperature 
sufficiently high to cause said metal to melt, advancing 
said molten metal through an ori?ce into a region at 
atmospheric pressure thereby providing ‘said metal with 
cellular bubbles therewithin and then cooling to provide 
an article ofmetal foam. 

12. The method of claim 11, wherein said pressure is 
further characterized by being vapor‘ pressure produced 
by decomposition of said materiall 
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‘ ‘13'. The method'of making a'continuous elongated; 
member of metal foam comprising the steps of providing 
a‘continuous stream of particles obtained as the'mixing 
product of a metal and a material adapted to effect 
foaming with molten metal, causing said stream to be 
heated to a temperature su?iciently high to cause said 
metal to melt and said material to decompose thereby 
providing said metal with cellular bubbles therewithin, 
continuously withdrawing said metal foam and then con 
tinuously cooling said metal foam to provide a continu 
ously elongated article of metal foam. 

14. The method for making a continuous elongated 
member of metal foam comprising the steps of providing 
a continuous stream of particles obtained as the mixing 
product of a metal and a material adapted to e?ect foam 
ing with molten metal, causing said stream to be heated 
while under pressure to a temperature sufficiently high 
to cause said metal to melt, continuously advancing said 
molten metal through an ori?ce into a region at atmos 
pheric pressure thereby providing said metal with cellular 
bubbles therewithin and then continuously cooling said 
metal with cellular bubbles therewithin to provide a 
continuous elongated article of metal foam. 

15. A method for making a metal foam body compris 
ing the steps of providing particles obtained as the mixing 
product of a metal and a material adapted to effect foam 
ing with molten metal, heating said mixture while under 
pressure to a temperature su?iciently high to cause said 
metal to melt, advancing said molten metal through an 
ori?ce into a region at atmospheric pressure thereby pro 
viding said metal with cellular bubbles therewithin and 
then‘cooling to provide an article of metal foam. 
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