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4 Conclusions

The possibility of fabricating aluminum foams from aluminum chips was assessed and the
effect of chips/salt ratio on the mechanical properties of the foams produced was investigated.
The findings so far in this investigation can be summarized as follows:

1. The possibility of fabricating aluminum foams with aluminum chips through SDP was
confirmed.

2. The optimum ratio of chips/salt has been determined to 50-60%.

3. The greater the porosity the lower the Jjunction of cell wall.

4. Al foams that were produced by chips/salt ratio below 40% did not have suitable strength.

5. The difference between voluminal and superficially porosity as a result of residual salt.
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On the role of filler materials on physical and mechanical properties‘
of aluminum foam produced by SDP
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Abstract

Many different methods have been used to manufacture metal foams, among which, the
methods that use metal powders are the most widely used. These methods have a good control
over the cell shape, cell size and porosity distribution. Some investigators have used the Sintering
and Dissolution Process (SDP) to manufacture the metal foams. The SDP is based on the usage
of NaCl powder as the filler material. This paper describes manufacturing aluminum foams from
aluminum turning scraps via SDP with different chips/salt ratio. Analyzing the properties of
metal foams showed that the properties of metal foams are very different in various conditions.
The optimum ratio of chips/salts has been determined to 50-60%.
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1 Introduction

The foams of certain substances and other highly porous materials that contain a cellular
structure are known to possess many interesting combinations of physical and mechanical
properties, such as high stiffness in conjunction with very low specific weight or high gas
permeability combined with high thermal conductivity. Aluminum foam is a popular metallic
foam that is used in various industrial applications, such as shock absorber, thermal conductors
and catalysts [1-3].

Many different methods have been used to manufacture metal foams, among which, the
methods that use metal powders are the most widely used. These methods have a good control
over the cell shape, cell size and porosity distribution. Some investigators have used the Sintering
and Dissolution Process (SDP) to manufacture the metal based foams [4-6]. The SDP is based on
the usage of NaCl powder as the filler material. The main limitations of SDP are that it is time
consuming to eliminate NaCl completely and any residual NaCl can lead to contamination or
corrosion of the base metal [S]. The SDP process was also used to produce open cell Al/A1203
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mposite foams [7] ranging with a relative density of 0.25-0.40 and the pore size of 112-400

fm.

: ,l‘ On the other hand, when metal parts are manufactured, considerable amounts of waste in the
form of chips and discards are produced. The chips deriving from the machining of semi-finished

aluminum products are very difficult to recycle by conventional methods due to their elongated

spiral shape, small size, surface contamination with oxides, machining oil, etc [8-12].

In this research the SDP process was adopted by different chips/salt ratio for fabrication of

aluminum foams from aluminum chips and mechanical properties were measured for different

production conditions.

2 Experimental

The raw materials used in the SDP for fabrication of the metal foam are the metal in chips form
and NaCl. The particle size of the salt powder needs to be selected according to the intended cell
size of the final foam. The particle size of the metal chips is not critical but the metal particles
must be considerably smaller than the salt particles. The chemical composition of chips collected
directly from machine shops is summarized in Table 1

Table 1. The chemical analysis (wt%) of the Al Chips

Elements Si Cu Mg Ni Al

Weight percents 12.47 1.1 1.01 0.94 Bal.

SDP consists of the mixing, compacting and dissolution stages shown schematically in Figure

(40%, 50%, 60%, 70% and 80%) of chips/salt ratio. The blended powder was then compacted to
net-shape performs under 200 MPa pressure and sintered at 600°C temperatures for 3h in a heat
resistance electric furnace at Argon atmosphere. The specimens were then cooled to room
temperature and placed ina running-water bath for 5h to dissolve the salt.

\ | The metal and salt powders were first mixed together in a mixer with different volume fraction
i
i‘
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Figure 1. Schematic of the Sintering Dissolution Process (SDP) for fabrication of A foams,
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Porosity =Lt = Proan x 100 )
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where p,, is the density of initia] Al chips and Proam 1S the density of produced Al foam
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reason of decreasing of
of junction in sintering

cell walls, but decreasing of plateau area is because of decreasing of point
process. The greater the porosity the lower the junction. In the specimens

below 40% chips/salt ratio, the strength was too low that they were not suitable for compacting

test.
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Figure 2. Compressive stress-strain curves of Al foams with different Al weight fractions

3.4 Evaluation of porosity

In Figure 3 voluminal and superficially porosity percent in various specimens by different
chips/salt ratio has been illustrated. As shown in this Figureure, by increasing the chips/salt ratio
the porosity percent has been decreased. In addition in all cases the voluminal porosity is less
than superficially porosity. It is may be cause of residual salt in final metal foams. In SDP
method ever amount of salt remained in final products and this is a limitation of this met hod [7]
In superficially porosity evaluations that have been done by image analyzer (Figure 4), the
amount of this residual salt did not calculate. On the other hand in voluminal porosity that
calculated by equation 1, the amount of these residual salt has been calculated. By this reason the
difference between these two measurements decreased by increasing the porosity. Because
increasing the porosity due to easier remove of salt.
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Figure 3, Porosity of specimens with different chips-salt ratio
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