A.JUAREZ-HERNANDEZ, R. BENAVIDES-TREVINO, O. BARCEINAS-SANCHEZ,

M. HERNANDEZ-RODRIGUEZ, R. ALMAGUER

ISSN 0543-5846
METABK 53(2) 218-220 (2014)
UDC - UDK 669.715:621.694.669.786:539.377=111

STUDY OF PROCESS PARAMETERS ON
ALUMINIUM FOAM FORMATION IN THE Al-6Si-3Mg ALLOY

Received - Prispjelo: 2013-06-21
Accepted - Prihvaceno: 2013-10-15
Preliminary Note — Prethodno priopcenje

The aim of this research was to study the process parameters that promote foam formation by injecting N, into Al-
6Si-3Mg wt % molten alloy with silicon carbide particles additions (SiC). An experimental design was proposed, in
which the contents of SiC particles were 0, 10, 30 and 50 wt %, and the werheating was deAned as AT=T_-T , where
T, is the liquidus t emperature and was det ermined by the cooling curve method and the f oaming temperatures
were selected as T_at 630, 610, 580 and 570 °C. Flow and pressure of air blow were constant, 2,0 [t/min and 4,0 atm,
respectively. The foam formation was possible only under t wo experimental conditions, 10 wt % SiC at AT > 12 °C
and 30 wt % SiC at AT > 10 °C. The foams obtained under these conditions were stable, while with other conditions
of experiments, bubble c oallesence occurred. Finally, it was c oncluded that the f oam formation occurred by SiC
contents lower than 30 wt % SiC and temperatures slightly above the liquidus.
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INTRODUCTION

The aluminium foams can be produced by several
processes as gas injection (bubbling) and stirring a
foaming agent (i.e. TiH,) in a molten metal [1]. These
materials are characterized for having a low density in
combination with good mechanical properties, such as
energy absortion [2, 3], permeability to fl uids [4], and
acoustic insulation [5, 6]. Hence their use has increased
as a new engineering material [7, 8]. Their applications
include impact resistant shields [9], fi  Itres, heat ex-
changers [10], biomaterials [1 1], space parts [12] and
porous electrodes [13].

Nowadays, there are several methods of aluminium
foam production reported in the literature, Banhart J.
[14, 15]. The production method defi nes the type of
foam obtained, its density , cell size and morphology ,
and microstructure [16].

The metallic foams are materials formed by cells, in
which their skeleton is the solid metal fi lled with bub-
bles of air or gas, and can be up to fi ve times stronger
than the wood, and have a weight of a tenth of their re-
spective solid [17,18]. The production of aluminium
based alloys foams by gas injection involves dif ferent
process variables like mixing timechemical composi-
tion, temperature and viscosity of the molten metal,
speed of the stirrer, flow of the gas, concentration and
particle size of the ceramic [19]. The purpose of this
work was to explore the feasibility and the most favour
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able processing conditions for the production of alu-
minium foams by N, injection.

EXPERIMENTAL PROCEDURE
Alloy preparation

The Al-6Si-3Mg alloy was prepared by melting Al
99,8 wt %, Al — 12 wt %Si, and Mg 98,0 wt % ingots in
a silicon carbide crucible in an open electric furnace.
Mixtures of this alloy with 10, 30 and 50 %wt SiC pow-
der were prepared. The SiC was previously sieved sepa-
rating -25 wm particles. The mixtures were prepared by
keeping the alloy at 750 °C for 30 minutes, then adding
the SiC whilst stirring at 1 200 rpm with an stainless
steel double propeller previously coated and assembled
in opposite direction, Figure 1, to achieve an effi cient
incorporation of the carbide particles.

During this stage the molten alloy showed an in-
crease in its viscosity , which could be physically ob-
served by the increase in the electric current consumed
by the electric motor that drove the propeller. The opti-
mum mixing time was determined as 20 minutes where
all SiC was incorporated.

Foaming Process

Once the SiC particles were distributed homogene-
ously in the alloy and the temperature was stabilized, Y
gas was injected into the liquid mixture by means of a
tube of 0.5 mm of internal diameter for 10 minutes.The
pressure was 3.0 atm and the flow 2.0 It/min; these con-
ditions allowed the formation of the foam.  The main
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Figure 1 Opposite facing propellers

forces during foam formation are gravity, viscosity and
capillarity, so it has been suggested that the SiC content
and the temperature of the mixture are the main param-
eters to be studied [20]. Samples were micro and macro
analyzed.

RESULTS AND DISCUSSION

Cooling Curves

Cooling curves were acquired under dif ferent SiC
contents to determine the transition temperatures for
four composites. These transition points were used to
determine which temperature promotes a more stable
foam and retarded the cell coalesence. Figure 2 shows
the cooling curves for the Al-6Si-3Mg with 0, 10, 30
and 50 % wt SiC additions. It is seen that the liquidus
temperature T, remains almost constant, and the eutec-
tic T, temperature increases as the SiC content increas-
es, T, =600+/-2 °Cand T, =557,1, 564, 564,2 and
567.,9, respectively, which agrees with Gonzalez C. et
al. [21] who studied the Al-Si system. In order to study
the effect of viscocity, experiments were performed in
different semisolid regions at the dif ferent amounts of
SiC. Taking the liquidus temperature as a reference,
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Figure 2 Cooling curves for Al-6Si-3Mg for 0, 10, 30 and
50 wt % SiC alloys.
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foaming experiments were carried out fi xing foaming
temperatures as T, at 630, 610, 580 and 570°C at which
the gas N ) was injected witha fl ow of 2 It/min. The
overheating was defined as AT =T, - T,.

The Al-6Si-3Mg 10, 30 and 50 %wt SiC composites
showed that the viscocity increased. Therefore, it was
proposed to work in the mushy region AT < 0 (liquid +
a-Al). Under these conditions the bubble walls break
apart. However, the process parameters which promote
bubble stabilization and less collapsing were deter -
mined.

Aluminium Foam Production

Once the alloys solidifi ed and cooled down to room
temperature their micro and macro structures were ana-
lyzed. SiC particles were added to stabilize the bubles,
retard or avoid coalescence, and increase the aluminium
viscocity, which also depends on temperature. However,
with 50 % wt SiC the bubbles were not stable and col-
lapsed; this occurred at the four imposed temperatures.
Figure 3 shows a comparison of the foams macrostruc-
ture produced under the following conditions: 10 wt %
SiC and AT > 12 °C; and 30 wt % SiC and AT > 10 °C.
Only these two conditions promoted the formation of
foam, but the former resulted in more bubble stability
The next step consisted in removing the formed foam in
order to achieve a faster cooling rate and allow a bigger
foam volume, which in turn helped to establish a contin-
uos production of foam. These experiments were done
with 10 wt % SiC and AT = 12 °C. Figure 3c shows a
bigger foam volume with no bubble coalescence, which
is attributed to the fact that this batch did not solidify in
the crucible; also the cell size is more uniform.

From Figure 3, it can be also observed that in the re-
gion below the cells there is solid aluminum and lar  ge
voids, which are evidence of bubble collapse; this region
is located about 3 cm from the bottom. The bubble col-
lapse can be attributed to the weight of the upper bubles
and the higher temperature (closer to the molten alumi-
num). The upper part of the samples show the foam for -
mation, also revealing an intermediate region where some
evidence bubble collapse can be observed, whilst in the
upper part the bubbles remained stable. It is important to
note that the stability of the bubbles depends on the so-
lidification time; at longer times the bubbles tend to col-
lapse. On the other hand, shorter times proved to be more
suitable to obtain larger volumes of foam.

The bubble collapse for the Al-6Si-3Mg alloy was
attributed to two main factors: (a) high content of SiC
(50 wt %), which hinders enough thinning of the bubble
wall resulting in bubble breaking, and (b) atAT <0, (i.e.
within the mushy region) the precipitation of a-Al pro-
duces bubble collapse due to wall breaking, Figure 4.
As it was expected microstructure, Figure 5, consisted
of SiC particles segregated to the interdendritic and
intergranular regions of primary oAl dendrites, Al-Si
and Al-MgSi, eutectics.
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Figure 3 Aluminium foams obtained under the experimental conditions: (a) 10 %SiC and AT = 12 °C, (b) 30 %SiC and AT =10 °C,

and (c) as (a) but extracting the foam from the crucible
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Figure 4 Proccess parameters diagram AT vs SiC wt % for
Al-6Si-3Mg alloy foam formation

CONCLUSIONS

The production of aluminium foams requires a good
control of the parameters which af fect the stability of
the formed bubbles.

The most favourable conditions to achieve stability
of the bubbles were: temperature close or above the lig-
uidus temperature of the alloy, and SiC content between
10 and 30 wt %.

Although temperatures below the liquidus and the
use of SiC content of 50 wt % increases the viscosity of
the alloy, the stability of the bubbles decreases.

The production of aluminium foams by N, injection,
achieved in this work, is an evidence that this method is
technically feasible; however, a more sophisticated sys-
tem is required to make the production in a continuous
way.
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