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NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby in-
cur s no responsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporation,or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in anyway
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government's proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Air Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government's proprietary interests and those of others.

This document contains information affecting the Nntional defense of the United
States within the meaning of the Espionage Laws, Title 18, U.S.C., Sections 793 and
794. Its transmission or the revelation of its contents in any manner to an unauthorized
person is prohibited by low.
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FOREWORD

This report was prepared by the Bjorksten Research Laboratories, Inc.,
under Contract No. AF 33 (03 8)-2183 8 SI (52-126). The contract was initiated
under Research and Development Order No. 614-15, "Structural Sandwioh
Constructions", and was administered under the direction of the Materials
Laboratory, Directorate of Research, Wright Air Development Center, with
Mr. F. W. Kuhn acting as project engineer.

This report is the second in a series of reports on the same subject.
The first report was published in June 1952 under the basic report number
(WADC TR 52-51) only; it should be considered as Part 1 although it was
not so marked*

WADC TR 52-51 Pt 2 RESTRICTED
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FOAMED METAL LOW DENSITY CORE MATERIAL

FOR SANDWICH CONSTRUCTION

INTRODUCTION

In previous work (Idscribed in WADC Technical Report
5Z-SI) metallic low density foams were prepared from magnesiumn-
aluminum alloys. The most effective procedure involved the use of
a foaming agent which consisted of a mixture of either airconium or
titanium hydride and the magnesium-aluminum eutectic (S4.4%
magnesium and 45.6% aluminum). The melted foaming agent (here-
inafter also referred to as the aeutectic-hydhide foamer" or the
"eutectic-hydride mixture") was incorporated into molten aluminum
at a temperature slightly above the melting point of the aluminum.
Upon solidification of this mixtmre, a metallic foam was produced
with a density of about IS-30 pouads per cubic foot.

This report reviews the continued work on the improvement
of the foaming process and equipment for the preparation of specified
samples. Section I describes the development of a procedure for the
foam preparation and Section II the development and construction of
prototype equipment for preparing foam samples.

WADC TR 5Z-$1 Pt 21
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SECTION I

FOAMING PROCESS

Basically. the procedure consists of melting the metal to be foamed.
stirring in the foaming agents releasing hydrogen from the hydride, and
solidifying the foamed metal.

In practice. the process is not quite so simple. Aluminum in the
molten state res@iota oxidation by the formation of a thin oxide film at its
surface. Magnesium. however. oxidises readily om exposure to air& and
may ignite. An atmosphere of argou during processing is an effective means
of preventing oxidation &ad protecting the surface of the molten mixture to be
foam.ed.

7%0 quality of the hydride used in the foaming agent influences its
wellaWiity by the molten metal and affects the dispersion of the foaming
agent in ti molten metal. For example, mes batch of aircemluan hydride gave
considera~Is trouble in the mixing. Its wasttbilty was redued &ad large
ainints were lest as dust because this particular batch was More flocculent
and of a Baer "atcle sohe tha the previous material. Checking with the
manufacturer disclosed A"e so preer form of the hydride tended to be flog-
culeat and-Emir graiaed. In additiea. doe presesce of I or 2% of impurities
gave a mowq.1ranular product that was easier to handle in the foaming process.

Still 4notber factor is the necessity of a uniform mixtur e prior to
feaming. Such a mixture of hoaming &Sent &ad molten metal is not produced
readily besause the high suerfacea lemuiamviseosit sand specific gravity of the
meltes DNA"~ make stirring exceedingly difficult. Furthermore, the foam-
ing ageat teiust be dispersed rapidy koo the molten metal to minimise its
waste and to inoure a uniform "ear. Thus. thorough mixing is essential.

To improve the dispersion of the foaming agent in the base metal and
to improve the consistency of the foam,, mechanical stirring was instituted.
This was accomplished by using as a stirrer, a disc of stainless steel. 2 inches
in diameter, cut at the radius in.4 or 6 places with the blades bent so that they
formed a multi-bladed ton. The stirring mit ws mounted at the eand of an
16 inch long. 3/6 inch diameter rod drive, by the stirrer motor operating at
800-900 rpm.

By controlling the ratio of the eus ctic -hydride, foaming agent mixture
to aluminum, the composition of She biad alloy can be predetermined. For
example. in U6.3 grams of the eutecuic -hydride mixture conftaining 10% of the

WADC TR SZ-Sl t Z 2
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byre thr are 3.3 grams of thme hydride and 15. 0 grams of the eutectic
alo col~ua S4.4% or 6.29 grams of magnesium. To produce a 9516AI-5%

Mg alloy foam. 18. 3 grams of eutoctic-hydride are mixed with 150 grams of
me aluminum. Since the eufctic can hold well over 501% of its weight of

4..id the1 p oceýdure is flexible enough to produce practically all of the com -
Mercial lM alloys.

The recomemended procedure In use at pre sent for producing metallic
foams involves the fellowhap

A. Preparatlemado eutectic-hydride foaming asgeat

1. Melt the magesium-aluiu oulstic in a cru-
cible and malntain Owte tomerature below S500C.

2. Add airconium or titsaium hydride In small quan-
tities and grind iU toroughly In"o the motea metal
before adding adatlml hydride. Too rapid addi-
tion lands to vasie the Ainal mixture too triable.

3. When the required amouts of hydride have been
added, str the ads to a smooth, pasty. slightly
stI~r ceisaYO

4. Cool the miulwo and break it upinto 1/4"1 pieces.
Grind is a mseeftr I* predise particles *hich &to
retained en & 40 mesh sremta aftor sifting through
a 14 mush "vsere.

5.Preparation fseammed metaI:

I. Hea" an, empty crucil~e to 650-7000C.
2. Add Nie required amount of entectic -hydride Seaming

3. Coacurroetly with stops I sad 2. beat the wetal to
be Seamed to slighty above its melting pain.

4. When Noe Saming agn mael.s psur the mtoln
metal to be Seeme& C:to th rucible cembinming thes
foaming agent. As ftoemperaftur rimse, teeming

occurs*
S. Mix tOreughly vatl appreciable foaming subsidesa.
4. Remove dw evincibe containing doheSamed mixture

frMom the r.... and quench in coldwater.
7. ReUmove teSeamed metal from She pot.

WAJDC TR 52-51 Pt 2 3
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SECTION U

FOAMING EQUIPMENT

Essentially. the equipment consists of a device to prepare the
foaming agent separately and another for mixing the foaming agent and
molten metal to produce the metallic foam. The following discus sion
describes the development of these to their present state.

A. For Preparation of FoamLin Agent

Initially, a very crude mixture of the eutectic-hydride mixture was
made. Since mixing was performed msanually, a considerable amount of
oxide formed and the foaming agent was comparatively non-uniform and
heterogeneous in composition. The importance of uniformity in the foaming
agent and thorough dispersion in the molten meta: to produce a uniform foam
is obvious. The preseace of excessive oxide in the eutectic-hydrids mixture
is also undesirable because it produces a discontinuity sad consequent weak -
ness in the foam structure. Since relatively. large quantities of foaming
agent are required, the development of a mixer to produce eutectic-hydride
mixtures of good qualifty Was necessary.

For this purpose a mixer was designed consisting of a metal box
about 411 x 411 x 4"1 with two rollers at the bottom of the box working counter
to each other. The rollers were one inch in diameter ad. the length of the
inside of the box. They were knurled to aid in carrying Owemetal during
the mixing process. In operation. a weighed portion of eutectic was melted
in the mixer and the rollers started at about 150 rpm. The hydride as
zirconium hydride 'was added slowly in small increments as the mixing pro-
gressed. Difficulty was encountered when the dry hydride workied into the
bearings and frome, necessitating the disassembly of the mixer for cleaning.
Greater clearances were cut on the bearings and the mixer reassembled.
A second run was made with more succeass. Howewer, this mimer was not
coinside red suitable because the quality of eutectic-hydride made in this mix-
er was not superior to that made by head mixing.

Another model was constructed to simulate closely the planetary
action of hand mixing. It consisted essentially of a straight-sided fatt
bottomed crucible about six inches deep. A central sWaft Supported a plan-
etary mixing rod that would bear an the sides of the crucible as the shaft was
rotated. This model did ra* work well enough but indicated the feasibility of
the design.

WADC TR 5341I Pt 2 4
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A final model was made where the mixer wouald rotate on its own
axis as well as describe a planetary path around the sides of the crucible.
This model worked very well and was used to make .11 of the eutectic-
hydride mixture subsequently used (Figues 1 and 2).

A relatively clean. oxide-free mixture can be prepared with rela-
tively little difficulty in this device. Carbon dioxide gas is used as the
ambient atmosphere. At the processing temperatures for preparing the
feamser. carbon dioxide is satisfactory# since it does not decompose as it
does at the higher temperatures used in the foaming process. The gas is
preheated before being directed into the crucible and thus prevents freezing
of the amfsctic with subsequent binding of the mixer at the point where the
gas impoges on the inside of the crucible.

With the availability of a mixer capable of controlling the temi-
perefre. surrounding atmosphere. and other factors. the quality of the
oulectio-hydrids mixture was significantly improved. By controlling the
temaperatur, closely and maintaining a non-oxidizing atmosphere in the
crusiblep mixtures containing a negligible amount of oxide and other foreign
masaer could be made. The consistency of the clean eutectic-hydride mix-
ture was quite diflereft from the material made by the hand mixing method.
Wben made in the mixer, tnhe fewr containing abotA IS'% hydride was
alsoest fluid asa compared with the heavy past. from the hand method. Another

= =eoeaet was the relative easoensd speed of dispersion of the eutectic-
h4idelziiwe in the aluminuo on isaing the oxide free material.

WADC TR 52.51 Pft23

RESTRICTED



RESTRICTED

Fi!*u1. Disassembled Mechanical Mixer for the
Preparations of Zutectic-Hydrids Foaming Agent.
At the left is the crucible in which batches of foamer
are mixed. The assembly at the right bouease and
supports tOe mixing device.

WADC TR 52-SI Pt Z
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F oe Z. Assembled Mechanical Mixer
No-lffomdin Furnace.

WADC TR SZ-S1 fta Z
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B. For Preparation of Foamed Metal

A mold and crucible were first used for producing foamed metal.
These permitted inadequate control and did not produce large enough samples
so that an extruder was designed and constructed. The following describes
the development of each of thoses emphasising the difficulties encountered as
the work progressed.

1. Mold and Crucible

To produce foamed metal samples large enough so that their
mechanical properties could be evaluated, a mold was constructed into which
the foam would flow from a crucible where the foaming mixture was prepared
(Figure 3). The eutectic-hydride foamer was introduced into the molten
aluminum or aluminum alloy to be foamed in the crucible by means of a tube
and plunger. The tube was a six inch length of 1/8 inch pipe that had been
reamed smooth and the plunger a rod of machined cold rolled steel.

This procedure proved unsatisfactory because the tube was con-
stantly in contact with the crucible. At the temperature of the crucible, the
eutectic-hydride mixture became overheated while in contact with the tube
and decomposed before it could be mixed with the molten aluminum.

An injector was then built that could be heated separately and that
would maintain the eutectic-hydride mixture at a controlled temperature prior
to mixing with the molten aluminum. It consisted of a one inch pipe, ten
inches long. with a plunger operated by means of a screw thread through a
pipe cap at one end of the pipe. This screw was turned by band with a crank.
At the other end of the injector was a cap that tapered to a 114 inch orifice.
The injector was loaded with eutectic-hydride mixture and heated to about
47S - 5006C. in a refractory tube wound with nmcbrome wire.

WADC TR 52-51 Pt Z
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Five3 Mold anid Crucible for Propara-
ties of Foame~d metal.

WADC TR SZ-S1 Pt 2
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In operation, the tapered end of the injector was plugged into 8
hole in the side of the preheated crucible at about 7000C. As the crank was
turned, forcing out the eutectic-hydride mixture, molten aluminum was
poured into the crucible. At the same time, the stirrer was started. This
method was not too satisfactory. The low temperature of the injector top
as compared with the melting point of aluminum caused some aluminum to
solidify in the orifice of the injector, plugging it and interrupting the flow
of eutectic-hydride mixture into the crucible. No foamed material was pro-
dhuced by this method.

At a modificatiom of the above process. compressed slugs of the
eutectic-hydrids framer and varying mixtures of hydride and eutetic and
aluminu Po r wre used. These slugs were introduced into molten
a1Z~luminu by pushin them through a 118 inck pipe with a plunger in much
the same way te utectic-hydrids esamer as powdar was introduced in the
fis efforts to fom in the mold. These slugs were prepared 'by conpresedug

TOd Mlzteiial coaPain , a small ammt of mam + olaa bi. K"r,

'ýmaz the @ an bct
hvwde aa ar. PC

1. Extruder

Pievgo work hd ineated tha~t anysmUQ z1<,U,-

'bed -fo~ at ýw tit a OS" ilvý VfziT

caatai2" a eaftv+z94 M ir a +an.Q f+r ' r r- .a zc.tp,
-I winr and inetizz the wilaurec mInto the a

LAead of the mixer (Figure 4.)
The extruder, as originally desigd. was made of cast fran since

this material resists the solvent action of mottn aluminum better than any
other metal available commorelally. Metals other than cast iron were con-
@idered for the extruder pa•wu. Vareous alloya with extremely go•d resist-

&ac to chemnical attack were lostied in molten aluminum. Nan of these
sbowed promise because of dissolution of some of tIe elements such
as nickele, choium. and iron. Betause of its high caV,-ý coafte cast iron

is rl reisud o heaction of almmimium. Any iron ~.ellU'el wam%"a~
potetive barrier of carbo tht pr-ewef Ifuza r atuc. 7ý- PuA'249si

t u were m d drcy cast i 7
tuE was 6-1/dchs ftba rail V~l a onh

t% ~e~Vhe barl 1 w=rawre cant ironol~es '

*vzaoh fs a- Lnc' eleaance w-ith tM si'b a t
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Fiure 4. Initial Design of Experimental
Extruder for Foamed Metal.

WADC TR SZ-5l Pt Z 11
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Originally ft was planned to force the aluminum into the extruder by
means of a plunger but this method was abandoned in favor of a reservoir and
a conduit pipe. Provision was made for the application of pressure with
compressed air to drive the aluminum through the pipet if this was necessary.

The reservoir with a capacity of about 100 pounds, of molten metal
was made of steel and was costed latlernaily with a protective paint to prevent
attack by the molten aluminum. The conduist piewas attsached to the bottom
of the crucible with a I inch pipe *Seev that ha"dbees brased to a 1 inch
hole in the bottom. A cover to the crucible was drilled and tapped in the amn-
ter to accommodate a threaded shaft extending to the bottom of the crucible
with a conical end with a 450 taper to fit a corresponding tapered bolo in the
crucible outlet. This acted as a valve that could be operated by turnlbg the
shaft in the threaded cover. The cover was bolted on with a copper wire gas-
ket between the cover and the lip of the crucible to make the system as air
tight as possible -so that the crucible could be prossurised if necessary. The
conduit pipe extending from the booom of the crucible was just long enough to
clear the insulation of the furnace holding the reservoir crucible. A bond was
made at this poiat and a straight length of 1 inch pipe brought the conduit out
from under the furnace holding the reservoir. The conduit was then turned
down to the extruder. The joint with the extruder was made with a flange
gasketed with a sheet of 1/64 inch copper. The flange was for the convenience
of disassembly. The extruder was mounted on a length of six inch I-beam.
The beam also held the out board bearing as well as the jack-shaft for speed
reduction.

The reservoir crucible was heated in an Amaco Zlectric Kiln
(American Art Clay Co.) which has a heating space of 111" x 14"1 x 14'. The
furnace produces temperatures up to zo0007. &and is more than adequate for
our purposes. Temperature is controlled with as interval timer. the
Temcometer (Thermo Zlec. Mfg. Co.). The furnace was turned on its side
to make the opening available at the top. ft was mounted on cement blocks,
with opening* at the front and sides for access to the conduit pipe. The ex-
truder was mounted on a table at the side of the furnace mounting (Figure 5).

Heating of the crucible was accomplished with the Amaco ftrnace
while the extruder and the conduit pipe were heated electrically with aabeote*
covered nichrome wire.* Induction heating was considered for some pamt of
the extruder but did not appear feasible.

Power was supplied to the crucible furnace from a 220 volt source
and an unsucce ssful attempt was made to use a low voltage DC source 1*l beat-
ing the conduit. Use was thea made of the available 220 and 110 voltag.
Wboa the equipment was first heated to around 600*C. a burniout occurred in
the extruder heater wiring. To avoid the risk of another buraout. the wiring
was removed from the entruder and a furnace, constructed around the extmuder
for the purpose of heating it with an oil burner. This method of heatkag worked
so well that when a burnout occurred in the comAuft wiripgj, cowuv relo to oil
heat for this portion was made immediately.

WADC TR SZ-51 Pt ?. 12
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igure5. Initial Setup of Equipment for Extruding Foamed
Metal. From the crucible in the furnace at the top, the
asbestos wrapped conduit in the center leads to the extruder.
At the left of the extruder on the I-beam is a watei-cooled
finned cylinder to protect the outboard bearing from heat
conducted alcng the shaft from the extruder barrel. To the
extruder outlet at the right a spreader orifice was later
connected.

WADC TR 52-51 Pt 2 13

RESTRICTED



RESTRICTED

Due to space limitations *round the extruder and conduit pipe, it was
impossible to use any standard pressure oil burner. For this reason,
burners were built to fit the space available (Figure 6).

The furnace surrounding the extruder was built of refractory cement
reinforced with 1/4 inch hardware cloth. The conduit was enclosed in a
4 inch Transits pipe that had been split for ease of assembly. Both the ex-
truder and the conduit had their own burners. The extruder was heated by
blowing the flame directly into the side of the furnace surrounding the extrud-
er and the conduit was heated by directing the flame into the lower end of the
Transits pipe and venting directly off the upper end. Heating was entirely
adequate. Temperature control was effected by "on-off' operation of the
burners.

The flow of molten aluminum was controlled by means of the plug
valve in the reservoir as already described. The eulectichydride mixture
was fed into the extruder through a 1/8 inch pipe attached to the extruder and
containing a rotating wood bit to drive the foamer into the extruder. This
feeder prooved to be too small after a trial run and was removed to make way
for a larger feeder.

The mixers in the extruder were rotated at a speed of about 180-Z00
rpm. The mixing action inside the extruder app.wared to be satisfactory.
However, on the first run. the mpz~rs bound up due to too little clearance
between the mixers and the sides of the extruder barrel. This was corrected
by m•chining the mixers down to about 1/16 inch clearance which prevented
jamming of the mixers and permitted adequate mixing.

The next ru. of the extruder produced about eight to ten cubic inches
of foamed metal. The feed of eutectic-hydride mixture ia this case was
intermittent because the reservoir was not pressuriaed for these preliminary
runs. Thus. some difficulty was encountered in getting the partially foamed
metal to flow through the mixers without pressure.

A larger feeder for the eutectic-hydride mixture was constructed by
replacing the 1/S inch pipe previously used with a 1/2 inch pipe. By reaming
the pipe to S/S inch diameter, a 5/S wood bit could be used as a screw to
drive the foamer.

At this point the reservoir that had contained about 36 pounds of
aluminum was emptied. Upon removing the cover and melting the remainder
of aluminum in the pot. it was discovered that the portion of conduit extend-
ing through the reservoir furnace cound not be heated sufficisatly and the
aluminum had progressively plugged this section of the pipe.

WADC TR SZ-51 Pt 2 14
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Fli-ure 6. Extruding Equipment Converted to
Heating -Sy Uil Burners.

WAMCTRS5Z-SI PtZ 15i
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It became necessary to remove *e reservoir and conduit. To avoid
repetition of this difficulty, the design a*d placement of the furnace with re -
spect to the extruder was changed. A new cast iron reservoir was made with
the same capacity as the old one. The furnace was remounted to provide ade-
quate working space under the fuznace and the extruder was mounted directly
under the crucible furnace. This arrangement (Figures 7. S. and 9) facilitates
beating the conduit pipe over its full length since the extruder furnace extends
up through the furnace insulation to the bottom of the reservoir. heating over
the entire extruder-conduit system. The oil burners have been remodeled so
that one switch will control the entire function of the burner instead of manu-
ally operated valves and switches as in the older design.

Further work towards improving this equipment is being performed
under an extension of this contract.

WADC TR SZ-Sl Pt Z 16
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Fiue7 Modified Arrangement of Reservoir
anidExtruader before Assembly of Reservoir
inside Furnace. The Extruder is thus located
directly under the crucible furnace.

WADC TR S2-51 Pt 2 17
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.Present Setup of Extruding Equipuent
wit EDirectly wuder Crucible Furnace.

WADC TR 52-S1 Pt I is
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Figure 9. Diagrammatic Sketch of Extruding
Equipent of Figure 8.
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