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Metallic foams are gaining ground as important nemgineering
materials.Aluminium foams were produced with d#f¢rdensities using
different percentages of calcium carbonate as amiog agent. The
mechanical properties of the foamed material wested using uniaxial-
compression test. Plateau stregd, densification straired and energy
absorption capacity U, were calculated. The obtdinesults show that
the collapse strength and the absorbed energy arihfoincrease with
increasing the density.

1. INTRODUCTION

Metallic foams are a new, as yet imperfectly chiemawed, class of materials with low
densities and novel physical, mechanical, thermlaitrical and acoustic properties.
They offer potential for lightweight structuresy fenergy absorption, and for thermal
management. The present most commercially availai#éal foams are based on
aluminum or nickel. Methods exist for foaming magjoen, lead, zinc, copper, bronze,
titanium, steel and even gold [1]. The propertiésnetallic foam and other cellular
metal structures depend upon the properties ofriéal, the relative density and cell
topology (e.g. open or closed cell, cell size,)Ett. In order to improve the cellular
structure of the materials and also to make théuwrtion technologies more reliable
and reproducible, foam stability of liquid metalsg. avoidance of rupture and
drainage, has to be understood and controlledM2hy distinct process-routes have
been developed to make metal foams [1, 2]. Metédians can be produced by melt
foaming process [3-5]. In this fabrication techmigaome viscosity increasing agents
such as SiC, SiO2 , MgO and AlI203 patrticles areeddd the metallic melt in order to
make the melt get an appropriate viscosity. It vsaggested that the viscosity
increasing agent not only stabilized the cell walt also affected the mechanical
properties of the foams [5-11]. TiH2 is the mospydar foaming agent [1-5], but the
relatively new trend in metallic foam productionedsthe Calcium carbonate as a
foaming agent [8-14]. The carbonate decomposesmtie molten metal and forms
CaO solids and the reactive gas CO2. Under conditid aggressive agitation, the gas
bubbles formed within the molten metal are ruptumed fragmented, exposing more
of the reactive gas to the molten metal. This gaets with the molten aluminum
forming CO gas and in-situ formed A1203. The CO @@k gas bubbles, as well as
A1203,Ca0 and other metallic oxide phases, stabilie liquid metal suspension by
modifying the viscosity and surface energy of thalten metal [13, 14]. In this work
the Al-foam is produced using calcium carbonateQQ3) as a foaming agent and the
effect of CaCO3 wt.% addition on mechanical praperbf aluminium foam is studied.
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2. EXPERIMENTAL WORK

2.1 Materials Used

The following materials are used:

- Metal: commercial pure aluminum (99.86%Al) supdlifrom the Aluminium
Company of Egypt.

- Foaming agent: Calcium carbonate powder was ase foaming agent, supplied
by (El Gomhouria Co.), the purity of powder is (99%ith size cut less than 38
pm. In order to determine reasonable foaming teatper of Aluminium melt, the
decomposition temperature of CaCO3 blowing agerst toabe measured. So,
CaCO03 blowing agent was studied with Thermograviimetnalysis with heating
rate of 20-C/min. the decomposition is beginning from abde® 6C to about 780
»C as shown in Fig.1 so that the temperature of mdéliaming process was taken
about 725°C. at higher temperature (higher than 78) the calcium carbonate
will decompose very quickly without good distribariin the melt.

Thermal Analysis Result
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Figure 1: Thermal analysis of CaCO3

- Alumina: Highly pure alumina powder from the alaoim company of Egypt for
increasing the viscosity of molten aluminium, ahtas the following particle size
distribution as shown in Table 1.
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Table 1: Particle size distribution of al &

size, um wt% size, um wt%
-200+160 0.86 -71+63 9.32
-160+125 2.05 -63+53 8.57
-125+100 7.03 -53+45 8.26
-100+90 17.93 -45+38 3.11

-90+71 40.43 -38+0 2.44

2.2 Equipments

Cylindrical steel mold with dimensions of 8.5cménriameter , 22.9 cm height and 2
mm thickness was used for the melting and foamiracgss. Muffle furnace for
melting process, and another tailored muffle fuenaith 10.5 cm cylindrical chamber
with a temperature controlling unit were used fog foaming process. For mixing a
steel mixer with high speed motor was used. Optiwatoscope with image analysis
program (MetallurgyPlus- image analysis system HBascTechnology Inc.) for
microscopically inspection. The mechanical progsrttharacterizations were done by
universal testing machine (model fritz heckert E)J20

2.3 Experimental Procedure

A flow diagram of the foaming process is shown ig.Z About 500 gm of the
aluminum was melted, the temperature of a cylirdiriteel mould coated with anti-
sticking material (commercial calcium carbonateywadjusted in a resistance furnace
and the molten metal poured into the mould. Theperature of molten metal was
about 725 °C and Al203 powder was added, the mix than stirred with stainless
steel mixer to keep the efficient uniform distrilout of alumina particles in the molten
aluminum at 1500 rpm for about 1min. Then, the ms@eed is adapted at 2000 rpm
and the foaming agent (CaCO3) is added and mixedldout 30 sec. All the mixing
process was carried out in the furnace at 725 s Temperature led to thermal
decomposition of the foaming agent as shown inlFi§he mould is then taken out
and let in air to cool.

2.4 Investigations and Measurements
- Measurement of density:

The volume of sample is calculated from its dimensi The sample was weighed and
the density was calculated by dividing sample weayter its volume.

- Pore size

A scanned image of the produced Al-foam specimesiasvn in Fig.3. it will be used
for pore characterization.
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Figure 3: Scanned image showing pore distributicthe® produced foam specimen

A well-conditioned, flawless surface appearance lmambserved. In order to
measure the porosity fraction, porosity size (maximand minimum diameter) of the
specimen, an image analysis on a cross sectidredbaming direction was conducted
with an image analyzer (metallurgyplus software)c8 the shapes of pores were not
perfect circles, equivalent diameter is used fergbre size. An equivalent diameter is
the diameter of a circle having the same area asptire, which was calculated
automatically by image analyzer.

- Compression test

Due to the potential applications of metallic foamsthe field of crash and energy
absorption, compressive test of metallic foams ¢gaimed a great importance that
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enables to characterize their mechanical propditfels Twenty five compression test
specimens were machined with the size of 85 mm eliamand 35 mm height, the
surface skin that is inevitably generated in thecpss of the production of Al foam

was retained. In the preparation of the specimba, minimum dimension of the

specimen should be at least 7 times the pore giaedid porosity size effect [16].The

compression tests were carried out on aluminum $oaina constant loading rate of 2.5
KN/sec

3. RESULTS AND DISCUSSION

3.1 Microstructural Characterization

All foam samples show heterogeneities and impedest in their structure. A
representative SEM image of the foam is shown g¥Fin addition to heterogeneities,
morphological defects such as fractured or colldpsdl walls, irregular cell shape and
cell wall buckling are prominent in the cell stuiets. Pores with fractured cell walls
form large, non-equiaxed cells with their neighbdvioreover, these elongated cells
often contain buckle in the cell walls thus prowugliless mechanical support upon
loading. This behavior was observed by others.[17]

Figure 4: SEM image of Al-foam produced using Ca@®& foaming agent (a-
fracture and b- irregular cell shape)

Pore size was determined for the specimens usitigabpnicroscopy and
image analysis and the results are as shown ireZabl

Table 2: Pore size of Al-foam specimen

Maximum Minimum Average _
_ _ _ Porosity %
diameter ,mm | diameter ,mm | diameter ,mm

3.822 0.043 0.86 44.84
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This average diameter is taken in consideratiopr@paration of samples for
compression test as illustrated earlier. The awecadl size is inversely related both to
the average cell wall thickness and to the derasity can be influenced by adjusting
the impeller speed and other parameters [3, 18]

3.2 Effect of Foaming Agent on Foam Density

As shown in Fig.5 the relative densjifps (p density of Al-foamps density of solid
aluminium) decreases with the increase of CaCO3,wlthhough it seems essentially
constant after 2%.
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Figure 5: Effect of CaCO3 addition on foam density

3.3 Compressive Behavior of Aluminum Foam

Figure 6 shows the nominal compressive stressasttarves of Al-foams with
different CaCO3 wt.%. The stress—strain curves wétained by dividing the applied
load by the cross-sectional area of sample to whtia¢ stress, and dividing the
measured displacement by the length of the spectmebtain the strain. The stress
strain curves can be divided into three stages: afi)elastic region, where the
compressive stress increases with increasing saianost linearly and the overall
elastic deflection of the cell walls takes placg &plastic region, where the stress
slowly increases with increasing deformation and ithitiation and propagation of
fracture bands or bucking of the cell walls occamd (3) a densification region, where
the stress rises steeply at high strains and tffeeisat collapse of cell walls and
packing of broken fragments prevails[17]
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Figure 6: Compressive stress—strain curves of Afrfe with different CaCO3 wt.%
addition.

3.4 Energy Absorption Characteristic

One of the important technological properties tonegte the application of metallic
foams is energy absorption capacity. Metallic foaras dissipate energy by the
yielding, buckling, fracture of the cell structunde friction between the cell wall
fragments, and sticky flow of the gas trapped i@ tbams [19]. From compressive
stress—strain curves (- €) the compressive properties (plateau steggsdensification
strained and energy absorption capacity) of the aluminoemt are determined .The
plateau stresspl, is taken as the average stress between 5% Q#dsBain during
compression [20-22]. The energy absorption perwoliime, U, is the area under the
stress—strain curve up to the onset of densifina®shown in Fig.7. The densification
strained is determined where the slope of the stresshsti@ive increases steeply (at
the nominal compressive stress equals twice tlieglavalue) [20-22] .

The energy absorption of aluminum foam is relatedhe area under the
compressive stress—stran-(e) curve:

Eol
U=IJd£
0

Where U is the energy absorbed per unit initialwe up to the densification
strainsed [21]. Figures 8(a-c) shows the variation of phatestresspl, densification
strain ed and energy absorption capacity U with respectréative density,
respectively.



448 M.Aboraia , R.Sharkawi and M.A.Doheim

stress ¢ ed

/ Energy absorbed
/ up to densification

/

£

strain £
Figure 7: Compressive curve for a metal foam —setie showing properties
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Figure 8-a: Plateau stresgl variation with respect to relative density
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Figure 8-b: Densification straid variation with respect to relative density
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Figure 8-c: Energy absorption capacity U variatioth respect to relative density

With increase in relative density plateau stress exmergy absorption capacity
will increase, but densification strain will decsea

The energy absorption capacity of metallic foamsmiainly due to cells
yielding, buckling, fracture, and the friction bet@n cell walls when they contact each
other. The foams with higher relative density haigher yield and fracture strength
than those with lower density. And they can alsovigle more friction source during
the collapse course because of higher volume fraaif matrix metal in the foams.
Therefore, the foams with higher relative densdy dissipate more energy than those
with lower density during compression. These factare mainly responsible for the
higher energy absorption capacity of higher derfsigyns.[23]

4. CONCLUSIONS

Deformation and energy absorption characteristical-dfoam produced with calcium
carbonate as a foaming agent were investigatedighraniaxial compression testing.
The foam samples were produced with different dmssi The following can be
concluded:

1- Calcium carbonate can be an efficient foaming agmmproducing closed-cell

Al-foams with acceptable mechanical properties
2- The lowest density was obtained at about 4% addafdCaCQ.
3- Energy absorption and plateau stress increasereldtive density increase.
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