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In this study, it was achieved that closed cell 7075 Al foam and 7075 Al /SiC, composite foam is produced by
directly foaming at semi-solid temperatures. TiH, powder was used as blowing agent. T6 heat treatment was applied to
Aluminum foam samples and behaviors under compressive loads are investigated. Heat treatment samples of composite
and metal foams were compared with samples of natural aged composite and metal foams. With increasing fraction of
reinforcement, compare to same density of heat treated and natural aged samples of foam yield and plateau stress was
increased. Effect of heat treatment and reinforcement ratio were affected to prevent yield stress of cells walls, mergers

and collapse.
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1. INTRODUCTION

Along with a growing technological
developments have also brought problems. To
solve these problems with new technologies
and new materials are needed. Metal foams
keeping a combination of many advantageous
properties of metals with low relative density,
are cellular materials containing pores filled
with gas. If pores insulated by metal walls from
each other is referred to as closed cell metal
foam. Metal foam offer unique physical and
mechanical combinations such as, the
combination of high resistance and lower
specific gravities or high gas permeability and
superior thermal conduction. Structurally, they
are characterized by the conditions of being
open or closed-cells, their specific densities,
anisotropies, cell typologies, cell sizes, and cell
shapes. They can be produced from different
materials such as, aluminum, titanium and
nickel. The field of application will eventually
determine the source material of the foam [1,
2]. Two major methods are used for the metal
foams productions which are liquid-phase and
solid-phase methods. Their structural and
resistance  characteristics depend on the
production method. [3, 4, 5, 6, 7]. Before the

addition of blowing agent, with ceramic
powders adding into liquid metal can be made a
little improvement at strength [12, 13, 14].
Reinforcement powders collected on the cell
wall effect to prevent over-growth of cells,
mergers and collapse [8, 14]. The SiCp aluminum
composite foams had higher compressive stress,
but a more brittle behavior was found as
compared with aluminum foams [11].

The 7xxx Al alloy series, Al-Zn-Mg and
Al-Zn-Mg-Cu Al alloys are known to
strengthen by precipitating hardening through
heat treatment. These materials are used for
automotive components such as pistons, rocker
arms, brake calipers and wheels, as well as
application in various fields of sports and
electronic industries [9]. Effect of heat
treatment of samples produced in 7075 and
6061 alloys were increased the amount of
energy absorption and yield stress [10].

In this research, closed-cell composite
metal foam were produced by direct foaming
method using semi-solid stirring process and
was investigated that effect of heat treatment
and effect of reinforced of 7075Al composite
foam effects on compressing behavior.
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2. MATERIAL METHOD
2.1. Material Selection

AlZn5.5MgCu(EN AW 7075 was used as
the matrix material, TiH, was used as the
blowing agent, and SiCp was used as the
reinforcing material for the aluminum
composite foam production. Due to high yield
stress and natural aged of this alloy, are
frequently used in the construction of military,
aeronautic, machinery and vehicle bodies in
many sectors such as rail transport, shipping,
automotive. Green SiC powder (GW Micro),
whose chemical composition is presented in
Table 1, was used as the reinforcing material.
Its average grain size is 12 um (500 Mesh), it
is cheap and easy to obtain besides being high-
resistant.

Table 1. Chemical composition of the reinforcing

powder
Grain %SiC  %FreeC  %Si %S0, % Fe,0;
Products q
Size
F240 - 99,5 0,10 0,10 0,10 0,05
GW F800

Micro

12um average size SiCp powders were
stirred into the matrix at different rates (5%,
10%, 15%, and 20%) as received. Also metal
foam was produced for understanding effect of
SiCp on foam structure. TiH2 (98 wt% fine
powder, about 44p in size, supplied from
Merck, Germany) were used as blowing agent
without any treatment.

2.2. Production of metal foam specimens

Heating EN AW 7075 alloy at semi-solid
temperature and SiCp with blowing agents
adding to alloy was performed into silicon
carbide crucibles. Internal temperature of
furnace was set 750°C and kept at this
temperature  during  production.  During
production after the addition of reinforcing and
foaming agents, for a straight volume
progression of the formation of foam, melt
which taken from crucible were transferred to
the molds. Autoclave cellular concrete (ACC)
molds were designed as open top face for is
not limiting foaming [13]. Crucible with solid
Al pieces was placed into furnace when

internal temperature of furnace was 750°C.
Aluminum alloy is heated until semi-solid
temperature and it were kept at semi-solid
temperature by the addition of solid aluminum
pieces throughout the process.  Various
proportions of SiCp powder was added into
semi-solid material while suitable viscosity
has been obtained. Until ensured that uniform
distribution of SiCp, 4-6 minutes stirring
process was performed. Stirring period was
prolonged; stirring process was become
relatively hard with increasing proportion of
SiCp. 0.5 wt. % TiH2 was used as a foaming
agent was added into melt and 2 minutes
stirring  process was  performed after
homogeneous distribution of reinforcement
powders was established. Foamable melt was
transferred into mould. For releasing H, gas
from blowing agent and forming pores in melt
moulds was kept by 9 min at 750°C then taken
out of the furnace was left to cool in the open
atmosphere (Figure 1).
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Fig. 1. Composite foam material production by
using semi-solid stirring

2.3. Experimental procedure

Specimens were prepared with a precision
cutting machine (figure 2). All the specimens
had a square base section (15x15mm) and
were 30 mm height. Their size and shape were
established according to common compression
standards.
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Fig. 2. Composite foam specimens
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The heat treatment procedure for aluminum
foams was derived from known parameter sets
for conventional AW 7075. After machining,
the specimens were processed by heat
treatments, and thus the foams ready to use
can be classified as two categories:

e To6-strenghening, solution treatment at
480°C for 1.7h, prior to water
quenching and aging at 120°C for 24 h.

e Natural aging, room temperature at
20°C for 20 day.

The furnace was used for heat treatment.
The furnace characterization was decided K-
type  thermocouples at four  points
measurements and working conditions are
suitable for heat treatment was decided. Heat
treatment process of composite foam
specimens was shown at figure 3.
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Fig. 3. Heat treatment process of composite foam
specimens

Uniaxial compression tests were performed
on an Instron testing machine. Tests were
conducted under displacement control with a
cross-head speed of 0.5 mm/s.

3. CONCLUSION

In this study, 7075 Al alloy reinforced with
SiCp composite metal foam was produced.
Effect of reinforcement ratio and heat
treatment on the foam was investigated. At the
same time the temperature and foaming time
of production, is very effective on the foam
density. ~ With increasing fraction of
reinforcement, density of composite metal
foam decreased and porosity was increased.

Depending on the fraction of reinforcement,
relative density of foams was varied between
0.5-0.7 g/em’. 60-80 % porosity was achieved.
It’s known that in composite materials
production reinforcement ratio increases with
increasing density of the material [10]. A
reinforcement increase of matrix material was
caused within viscosity and a more organized
cells comprised homogeneous cells of
structure. Densification region, collapse region
and liner region of compressive result of the
specimen was observed.

3.1. The effect of reinforcement ratio on
compressive behavior of composite foam

Compressive properties of the foam
material of the most important parameters are
the foam density. The stress of composite
foam increases with increasing density.
Similar density foam samples were selecting
and different reinforcement ratios were
compared graphic of compressive. Linear
region of strain rate was low and collapse
region of cell wall layers began to crumble
were observed. The increases in the amount of
reinforcing materials were increased resistance
to collapse. For two foams with the same
density, the yield stress of %20 reinforced
composite foams is greater than of %10
reinforced composite foams because the cell
wall material of the former has higher yield
stress than that of the later. Compressive
strength results of different reinforcement
ratios are shown in the following figure 4a-b.
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Fig. 4. Stress-strain graph of composite foam a) 20
%owt. SiCp reinforced composite foam b) 10 %wt.
SiCp reinforced composite foam

The energy absorption of compressive test
was considered up to %50. It is noted that
compared with the %20 of heat treatment
foam, the absorption energy of T6 heat
treatment foam of 10 % reinforced specimens
exhibits a 45.62 % increase, due to the heat
treatment.

3.2. The effect of heat treatment on
compressive behavior of composite foam

Yield strain rate of specimens which
applied heat treatment have low value. Same
reinforced rate with the density were chosen
with the properties of heat treatment condition
different specimens were compared. The
increase in energy absorption of sample is
approximately 20.36% for 20% reinforced for
heat treatment than no heat treatment of 20 %
reinforced sample (figure 5a). The increase in
energy absorption of sample is approximately
58.12% for 10 % reinforced for heat treatment
than no heat treatment of 10 % reinforced
sample(figure 5b) and sample of no reinforced
of heat treatment are compared due (figure 6).
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Fig. 5. Comparison with heat treatment and no
treatment of composite foam a) 20 %wt. SiCp
composite foam b) 10 Y%wt. SiCp reinforced
composite foam
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Fig. 6. Two specimens of metal foams of different
heat treatment
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1)7075 Al foams and 7075Al/SiCp
composite foams were prepared successfully
by semi-solid condition of direct foaming of
melt using TiH2 blowing agent.

2) The plastic collapse stress of 7075 foams
increases with increasing density

3) The compressive stress—strain curve of
7075 Al foams 1is smooth. Whereas the
compressive stress—strain curve of 7075 Al
/SiCp composite foams and heat treatment of
7075 Al/SiCp is not smooth and exhibits some
serrations.

4) At the same density, the yield stress and
collapse stress of 7075 Al/SiCp composite
foams increase with increasing SiCp volume
fraction and heat treatment of 7075 Al/SiCp
foams.

5) Particularly, T6 heat treatment can
significantly raise the dynamic strength and
energy absorption of the7075 Al and 7075
Al/SiCp foams.

6) The experimental results highlighted that
heat treatment performed on both 7075 Al/SiC
foam and 7075 Al foams increased the elastic
limit and plateau stress level and consequently
the absorbed energy during crushing.
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