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Abstract: SiC,/2024Al composite foams were manufactured by powder metallurgical methods using foaming agent CaCO; in order
to enrich the foam fabrication process and promote its development and extensive application. The effects of CaCO; and SiC volume
fractions on the foaming behaviours were investigated by means of SEM and Magiscan-2A image analysis technique. The influence
of SiC content on the compressive behaviour was analyzed using Gleeble 1500 thermal simulation testing machine. The experimental
results show that with increasing the foaming agent, the porosity and pore dimension increase first and decrease later. With increasing
the reinforcement content, the porosity and pore dimension decrease. The compressive curves reveal that the introduction of SiC
particles can improve compressive yield strength and energy absorption capacity. Meanwhile, it is found that SiC,/2024Al composite

foams are the brittle foam materials.
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1 Introduction

Closed-cell aluminum foam materials are a kind of
structural and functional materials becoming increasingly
important for the applications in the aerospace and
automobile because they possess high specific stiffness,
high specific strength, and extraordinary energy
absorption [1,2].

Recently, metallic foams have received extensive
interest. YANG et al [3] investigated the effect of TiH,
on the preparation of closed-cell aluminum foam and its
compressive behavior. However, the cell structure of
metallic foams is irregular and the cell size is
inhomogeneous due to low viscosity of metal melts [4,5].
Meanwhile, aluminum foams exhibited relatively low
compressive strength [6,7], consequently restricting their
applications. In order to increase the viscosity of metal
melts and improve their strength, the addition of ceramic
particles is a good approach. Many researches reported
the effect of ceramic particle addition on both foaming
and compressive behaviors [8—10]. KENNEDY and
ASAVAVISITCHALI [11] researched the effects of TiB,
particle addition on the expansion, structure and
mechanical properties of PM Al foams. DAOUD [12]

investigated the compressive response and energy
absorption of foamed A359-Al,0; particle composites.
These above investigations are mainly focused on the
composite foams fabricated by direct foaming method or
powder metallurgical method using the foaming agent
TiH,. Recently, there have been limited reports on the
composite foam fabrications using CaCO; foaming agent
by direct foaming [13,14] rather than powder
metallurgical method. Therefore, it is necessary to
research the preparation and characterization of
aluminum composite foams by PM using CaCO; in order
to enrich the foam fabrication process and promote its
development and extensive application.

In the present work, SiC,/2024Al composite foams
were manufactured by powder metallurgical methods
using foaming agent CaCO; The foaming behaviours
with different contents of CaCOsand SiC particles were
analyzed, and then the effects of SiC content on the
compressive behaviour and energy absorption capacity
were characterized.

2 Experimental

In the present work, 2024 Al alloy powders of 30 um,
SiC particles of 10 pm and CaCO; powders of 12 um
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were selected as the matrix, reinforcements and foaming
agent, respectively. The precursor materials containing
SiC particles and CaCO; were fabricated by powder
metallurgy method followed by hot extrusion. Firstly,
these raw materials were blended for 12 h, then were
sintered at 550 °C under 20 MPa for 2 h. Finally, the
sintered precursors were extruded at 450 °C with an
extrusion ratio of 16:1.

The precursor materials were foamed in a tube
furnace at 700 °C for 10 min by the decomposition of
CaCOs; into CaO and CO, phases. In order to investigate
the effects of the contents of the foaming agent and
reinforcement on the foaming behaviors, the content of
CaCOs; foaming agent was chosen to be 1.5%, 2%, 2.5%
and 4% (volume fraction), and the volume fraction of
SiC particles was selected to be 0, 5% and 10%. The
foam microstructures were investigated by means of
SEM, and the pore size was characterized by
Magiscan-2A image analysis technique. The foam
porosity was determined using Archimedes’ principle.
Quasi-static compression experiments of SiC,/2024Al
composite foams were tested on a Gleeble 1500 thermal
simulation testing machine, and then the quasi-static
compression behaviour and energy absorption capacity
were analyzed.

3 Results and discussion
3.1 Effect of CaCQj; content on foaming behaviour

In order to investigate the effect of foaming agent
on the foaming behavior, Figs. 1 and 2 show the

macroscopical and microscopical micrographs of
10%8SiC,/2024Al composite foams fabricated with
different contents of CaCOs, respectively. Obviously,
below 2%, the pore size and area increase with
increasing CaCO; content. Above 2%, the uniformity of
pore structure gets worse, and more pores interconnect to
form a gap. Meanwhile, Fig. 3 characterizing
quantificationally the porosity and pore diameter shows
that both pore diameter and porosity increase first and
decrease later with increasing CaCOs; content. It is found
from the above characterization results that higher or
lower contents of foaming agents cannot enhance the
porosity. Consequently, the optimum content of foaming
agent is determined to be 2%.

Generally, the foaming agents must undergo
thermal decomposition and generate gas pressure in the
Al matrix sufficient to overcome atmospheric pressure
and cause foaming. With increasing CaCOj; content, the
decomposed gas content consequently
enhancing the foam porosity and size. When CaCOs
content is larger, the decomposed gas bubbles escape,
accordingly reducing the foam porosity and size.
Therefore, the optimal content of foaming agent is
determined to be 2% in the present work.

increases,

3.2 Effect of SiC particle content on foaming
behaviour
In order to research the effect of reinforcement
content on foaming behaviour, Fig. 4 shows the
microscopical morphologies of 2024Al, 5%SiC,/2024Al
and 10%8SiC,/2024 Al foams. Large pores are clearly

(2)

(b)

(d)

Fig. 1 Macroscopical images of 10%SiC,/2024Al composite foams fabricated with different CaCO; contents: (a) 1.5%; (b) 2%;

(¢) 2.5%; (d) 4%
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Fig. 2 SEM images of 10%
(d) 4%
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Fig. 3 Variation of porosity (a) and pore diameter (b) for
10%SiC,/2024Al composite foams with CaCO; foaming agent
content

observed in pure Al foam, as shown in Fig. 4(a). This is
because pure Al foam is ease to interconnect. When

SiC,/2024Al composite foams fabricated with different CaCOs contents: (a) 1.5%; (b) 2%; (c) 2.5%;

5%SiC particles are introduced into Al matrix, the foam
interconnection phenomena are improved in foam
composite, and the pore diameter becomes small in
Fig. 4(b). At 10%, the pores exhibit spherical shape, and
pore structure becomes homogeneous in Fig. 4(c).

In order to analyze the effect of SiC content on the
foaming behaviour, Fig.5 characterizes quantificationally
the variation of the porosity and pore diameter with
particle content. It can be seen that with increasing the
SiC particle volume fraction, the foam porosity decreases
slightly, and the pore diameter reduces significantly. It is
known that the introduction of ceramic particles plays a
critical role on liquid foam stabilization through
enhancing melt viscosity and increasing surface viscosity
of the cell faces [9]. Under the same foaming parameters,
the addition of SiC particles can increase melt bulk
viscosity. Moreover, this viscosity increases with the
increase of the particle content. As compared with Al
compacts, the resistance of the movement of the
gas—liquid interface increases, and the drainage of liquid
foam reduces. Therefore, the presence of SiC particles
can improve the liquid foam stabilization and reduce the
foam interconnection phenomena, inducing the pore
diameter to become small and stable [8,9].

3.3 Effect of SiC particle addition on compressive
behaviour and energy absorption
Figure 6 shows the quasi-static compressive curves
with different reinforcement contents. It can be seen that
similar to 2024Al foam, the compressive curves of
composite foams exhibit three distinct regions: linear
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Fig. 4 Micrographs of 10%SiC,/2024Al composite foams
fabricated with different SiC particle contents: (a) 0%; (b) 5%;
(c) 10%

elastic region, collapse region and densification region.
Different from the smooth compression curve of 2024Al
foams, the yield platform of the compressive curve of the
composite foam indicates the jagged fluctuations,
suggesting that due to the addition of SiC particles, this
material is changed from the plastic foam into the brittle
foam. Meanwhile, with increasing the particle content,
the stress plateau exhibits more significant serration,
namely they become more brittle. The main reason is that
SiC particles in the cell walls change the deformation
mechanism of the cell walls [14]. During the collapse of
composite foam, the parts of cell walls with SiC particles
produce suddenly brittle rupture, and the stress also
reduces suddenly. With increasing the compressive strain,
other cell walls continue sudden rupture, and the stress
also decreases constantly. Consequently, the typical
serration plateau is formed in the compressive

stress—strain curve of the composite foam. Therefore,
the composite foams are brittle foams. The similar
compressive behaviours of composite foams were
reported in Ref. [13,14].
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Fig. 5 Variation of porosity (a) and pore diameter (b) of foams
with SiC particle content
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Fig. 6 Quasi-static compressive curves with different SiC
reinforcement contents

Table 1 lists the compressive results with different
particle contents. With increasing the particle content, the
yield stress increases. When the porosity is about 67%,
the mean plateau stress of 10%SiC,/2024Al foam is
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about 48.2 MPa, and it is 16.6 MPa larger than that of
2024Al1 foam. Generally, the compressive strength of
metal foams depends not only on the pore size but also
on the porosity [15]. Particle reinforced composite foams
include three aspects: alloy matrix, particles and pores.
The compressive strength of composite foams depends
on load transfer strengthening and the strengthening
effect due to thermal mismath increased dislocation
density [12]. Under similar foam porosity and diameter,
the volume fraction of reinforcement introduced into the
metal matrix affects significantly the compressive
strength. Increasing SiC volume fraction can enhance the
load transfer strengthening and strengthening effect due
to thermal mismath increased dislocation density,
accordingly enhancing the contribution of the SiC
particles to compressive strength.

Table 1 Results of quasi-static compressive tests with different
SiC reinforcement contents

. ) Yield Plateau Absorbed
Porosity/ Diameter/

%

Materials stress/ length/ energy/

MPa % (MIm?)
Foam 2024Al  69.1 1441 31.6 0704 22.1
5%SiC/2024A1  68.4 1257 377 0.696  24.8
10%SiC/2024A1  67.0  1.012 482 0.691 268

From the compressive test data, the energy
absorption during the compression can be calculated by
integrating the area under the stress—strain curve [1]:

W = I;a(e)de (1)

where W is the absorbed energy per unit volume, o is the
compressive stress and ¢ is the strain.

Table 1 also lists the absorbed energy up to
densification strain, which is defined as the strain
corresponding to the end of the stress plateau of foam
materials. The compressive strength obviously changes
with SiC particle content in spite of no apparent variation
of plateau length. It can also be seen from Table.l that
with increasing the particle content, the energy
absorption capacity enhances. This indicates that SiC
particles contribute to energy absorption capacity due to
the contribution of SiC particles to compressive strength.
It is generally accepted that metallic foams can dissipate
energy by the yielding, buckling, fracture of the cell
structure, the friction between the cell wall fragments,
and sticky flow of the gas trapped in the foams. Besides
these above factors, for composite foams, the debonding
energy of reinforcement/matrix interface is responsible
for the additional energy absorption [16]. As reported in
Ref. [12], an additional energy for the composite foams
is absorbed due to the presence of the particles in the cell
wall. Therefore, the introduction of SiC particles can

enhance energy absorption capacity.
4 Conclusions

1) SiC,/2024Al composite foams are successfully
manufactured by powder metallurgical methods using
foaming agent CaCOs.

2) The pore diameter and porosity increase first and
decrease later with increasing the foaming agent content.

3) The pore diameter and porosity decrease with
increasing the SiC particle content.

4) The presence of SiC particles can improve the
liquid foam stabilization and reduce the foam
interconnection phenomena, inducing the pore diameter
to become small and stable.

5) With increasing SiC particle content, both
compressive yield strength and energy absorption
capacity increase. Meanwhile, SiC,/2024Al composite
foams are brittle foam materials.
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I ARIE & EHI T SiC,/2024A1 58K E A A RAE
FRIE, T, IO, BRA, B, £ 1
ARV LKA APRLREE 5 TREERE, E/RIE 150001

W OE T EEIEAMEHEE L Mg HREUR RS TZ N, BL CaCOs R IEFIR R ARG ik %
SiC,/2024A1 AL &KL, RHI SEM F1 Magiscan-2A FE 3T AXHTST T CaCOs K HIFIRT SiC R 125 5t &30
TN, I Hal i Gleeble 1500 #RIHLAMHT T SiC H0RLK & BEXT IR 40 PEREMI ST . 45 R W: B R IEH
M2, FLBRR AR IS o BT RS A S RO 0, FLBRSR AL AN o R4 i 448 0% i A\ 3 i
A DA S 45 Je 5 B AR REBE o SiC/2024 A1 LIRS A AP R s g e VEI AL R o

KR WIKEAEE G CaCO RIEH; MAREIE: RIEATh: E4iITH
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