
MTSM2022 Split, 22 23 September 2022

HDST 
CSMT CROATIAN SOCIETY FOR MECHANICAL TECHNOLOGIES 37

ISSN 1847-7917

Karla 1), Branimir LELA1), Sonja
1), Jure KROLO1)

1) Faculty of Electrical Engineering, 
Mechanical Engineering, and Naval 
Architecture, University of 

Croatia

kgrgic00@fesb.hr
blela@fesb.hr
sonja.jozic@fesb.hr
jkrolo@fesb.hr

Keywords

Aluminium foam
Chip waste
Recycling
Closed cell foam
Microhardness

Original scientific paper
Abstract: Metal foams are lightweight materials with wide applications. 
Their production from chip waste promotes recycling and reduces the costs 
of the process. The main aim of this article was to analyze the differences 
between metal foams produced from different aluminium alloys and 
foaming agents. Base material used in experimental work were chips from 
aluminum alloys such as A360 (EN AC 43400), A380 (EN AC 46000), AA 
6082 (EN AW 6082), and AA 7075 (EN AW 7075), whereas foaming 
agents were TiH2 and CaCO3. Relative densities, microhardness and 
homogeneity of obtained samples were investigated. It has been concluded 
that aluminium alloy foams obtained by using the foaming agent TiH2

regardless of the base material have more homogenous pores, higher 
expansion at lower temperatures, and also lower relative density, despite 
the lower percentage of the foaming agent. Aluminium foam produced out 
of aluminium alloy (A360) chips as base material, had the highest growth 
rate when the TiH2 agent was used, and the most homogeneous structure 
was obtained with AA 7075 alloy. On the other hand, foam made of alloy 
AA 7075, when foaming with CaCO3, had the most homogenous structure, 
and also the lowest relative density. 

Introduction 
Metal foams are materials that are consisted of gas pores, 
separated by thin walls [1]. They are often used because 
of their capability for high energy absorption, high 
stiffness, and acoustic insulation followed by low density 
[2, 3]. Metal foams also have low thermal conductivity 
and high vibration damping [2, 4]. They still do not have 
a wide range of applications because of their high 
production costs and problems with the repeatability of 
the process [2, 5]. Closed cell foams are mainly used in
the transport industry and open cell foams as heat 
exchangers, purificators, filters, and electrodes [4, 6]. 
One of the materials for metal foam production is 
aluminium alloy. Chip waste made of that metal is highly 
resistant to corrosion, and its recycling process uses only 
5 % of the energy needed for primary aluminium 
production [5]. Another advantage of aluminium foams 
is their harmless influence on the environment [7]. There 
are several ways to produce metal foams from liquid or 
solid states of base material [8]. In a liquid state, there is 
an injection of gas in molten alloy or foaming agent 
which decomposes and creates pores [5]. In the solid 
state, in order to first produce the precursor, the process 
starts with the consolidation of the foaming agent and 
matrix by cold and hot compressing or extrusion [3]. 
After that, the precursors are heated in a semi-solid or 
liquid state to decompose foaming agents and make gases 
that expand and create pores. The most commonly used 
blowing agent is TiH2. The reason for its frequent use is 

its fast and early decomposition that matches the melting 
temperature of the often-used aluminium alloys. 
The main disadvantage is its high cost as well as a 
premature gas release when the melting process is used 
[1, 6, 9]. Foams made with this agent have a smooth 
surface and larger pores compared to the pores obtained 
with the same amount of CaCO3 [9]. The alternative 
agents are ZrH2, or carbonate group with CaCO3 and 
dolomite [6, 8]. CaCO3 decomposes to CaO and CO2

which makes pores in foams [8]. As some authors 
experimented, it is an acceptable alternative to TiH2, 
because of the reduction of premature release of gas, also 
there is no need for pre-treatment of agents and the cost 
of material is low [10]. However, much higher 
temperatures are needed and expansion lasts longer [11].
When using chip waste instead of powder, it is difficult 
to merge matrix material and blowing agent. There are a 
few reasons. Firstly, chip waste has a much bigger 
geometrical shape than the foaming agent [3]. That can 
result in the accumulation of agents in some parts of the 
precursor and consequently lead to anisotropy because of 
the larger pores in some regions of the foam. Secondly, 
their surface can be contaminated with oxides because of 
previous machining processes [3]. The benefit of using 
the chip waste in the foam production process is that there 
is less need for stabilizers and the cost of a metal matrix 
is much lower. There is no need for stabilizers due to 
oxides on the chip surface which promotes viscosity and 
stabilization [12, 13]. There are only a few articles with 
production metal foams out of chips. 
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Literature review
Haesche et al. [14] made foams using AlSi9Cu3 and 
AlMg4.5Mn alloy chips with the addition of CaCO3 and 
dolomite as well as CaO stabilizer. Higher porosity was 
made with dolomite addition and higher temperature. The 
former alloy more than 100 % expansion, whereas the 
latter did not reach that expansion at any of the used 
temperatures. In another study [15] foams were produced 
using A360 powder, SiC stabilizer, and CaCO3. It is 
concluded that with the addition of a stabilizer, foam 
viscosity and density increase. The optimum value of 
CaCO3 is 3 wt% because it has a lower density than the 
foam with 1 wt% of CaCO3 and is more uniform than the 
foam with 5 wt% of CaCO3. That percentage is also
proved in another article [16], in which a conclusion has 
been made that the porosity and compressive properties 
drop has been visible with the addition of CaCO3 above 
3,6 wt%. Osman et al. [5]  proved that the percentage of 
CaCO3 higher than 5 wt%, leads to a decrease in porosity 
because of the higher viscosity and shrinkage. It is the  
same with the addition of stabilizer Al2O3 over 3 wt%. 
Up to that value, the breakage of bubbles is prevented and 
the viscosity is increased. The best mechanical properties 
are made by foaming when the temperature is lower than 
800 °C. To continue, in another two articles, A356 
powder was mixed with 2.5, 3, and 3.5 wt% of CaCO3

and foamed with the melting process. Foam height is 
higher with the increment of foaming time and also with 
the rise of the CaCO3 percentage. Cell size rises within 5 
minutes and later is almost constant. Compressive 
properties increase with higher density, and also energy 
absorption while cell size decreases [1, 17]. Osman et al. 
[6] made a foam from aluminum scrap with Al2O3 and 
CaCO3. The measured electrical resistivity of foam is 
higher than in dense aluminum and thermal conductivity 
is much lower because of the cellular structure. Energy 
absorption is very high. Therefore it is widely used in the 
automotive industry.
Tsuda et. al [3] made metal foams using aluminium AA 
6063 machining chips with the addition of 0.5 to 3 % 
TiH2. Al2O3 was also added in the range from 3 to 5 wt%. 
For comparison, a sample with powder alloy AA 6061 
was made and 0.5 % TiH2 was added to it. Porosity was 
higher for the foam made of powder alloy AA6061, than 
one made of AA6063 chip waste. The shape of pores is 
irregular with aluminium chips. Consequently, pore 
coalescence occurs easily. Porosity increases with the 
increase of TiH2 percentage up to 2 wt%. Al2O3 promotes 
expansion and leads to higher viscosity which prohibits 
drainage and coarsening. Another article [2] was made of 
machining chips  6063 and 4032 using TiH2 as a foaming 
agent and Al2O3 as a stabilizer. It is confirmed that 
porosity depends on the material i.e. the foam made of 
4032 alloy has smaller pores than the one made of 6063 
alloy. The expansion started near the solidus line, and by 
reaching the liquidus line, maximum expansion can be 

seen. It is higher with 4032 alloy because of the lower 
solidus line and earlier expansion. A foam with a mixture 
of those two alloys followed that statement. Kumar et al. 
[12] made foams with LM26 machining chips for 
automotive industry. They were primarily heated to 
expand oxygen content. Mg was added as a stabilizer and 
TiH2 as a foaming agent. With the heat treatment, there 
is an increase in oxygen content. The addition of Mg 
increased foam expansion and homogeneity of pores. 
Oxides slow down the expansion process. They also 
increase foam viscosity, and adding Mg makes expansion 
slower but homogenous with smaller pores [13].
The objective of this study is to find out the differences 
between the foaming time, temperature, and density 
when foaming machining chip waste made of alloys 
A360, A380, AA 6082, and AA 7075 with TiH2 and 
CaCO3 as foaming agents.

Experimental procedure
Chips were produced by face milling operations, on 
vertical machining center Spinner VC 560, Figure 1. 
Foaming agents, used for the process were TiH2 and 
CaCO3.

Figure 1. Machining chips of alloys A360, A380, AA 6082, 
and AA 7075

The experiment began with the mixing of alloy chips and 
the foaming agent with a small amount of distilled water 
to promote consolidation. The amount of TiH2 was 1 wt% 
and of CaCO3 was 5 wt% of the total sample mass. 
Furthermore, the mixture was cold pressed on a hydraulic 
press with the force of 700 kN in a mold with a 38 mm 
diameter and height of 150 mm. Force was measured 
with the HBM load cell C6A 1MN sensor. Cold pressed 
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samples were heated at 420 °C for 20 minutes in the 
furnace Demiterm Easy 9. To continue, after heating of 
samples, hot pressing was made at 400 °C with the same 
force as there was in cold compaction with the hydraulic 
press and tool shown in Figure 2. a). The temperature was 
controlled with Omron temperature regulator E5CC and 
relay G3PE-225B DC12-24. The samples of 40 mm in 
diameter and height in a range of 17 to 22 mm were made. 

a)   

b)  

Figure 2. a) Hot compaction tool; b) Foaming mold

In the end, the foaming process took place in the furnace 
Demiterm Easy 9 in the mold, which can be seen in 

Figure 2. b). The foaming temperature and time of 
processes have been chosen in accordance with obtained 
results in the preliminary experiments, Table 1. For 
purpose of this research, the temperature of the foaming 
process with the TiH2 agent was also chosen according to 
the liquidus points of the alloys. The main reason is its 
low decomposition range starting above 400 °C to 600 
°C. To start the foaming reaction, alloys must reach 
semisolid or melting conditions [8, 9]. Since the 
decomposition of CaCO3 starts above 680 °C, which is 
higher than the melting point of chosen alloys, foaming 
temperatures for samples with CaCO3 foaming agents are 
selected regarding its decomposition [18].  DTA analysis 
was carried out on TG/DTG-DTA Pyris Diamond, Perkin 
Elmer measurement device to determine liquidus lines 
for the alloys. The liquidus temperature of alloy A380 is 
600 °C, for A360 is 610 °C, for AA 7075 640 °C, and for 
the last one AA 6082 is 660 °C. 

Table 1. Foaming parameters of the samples

Sample 

number

Alloy Foaming 

agent

Foaming 

temperature

Foaming 

time 

(min)

1 A380 TiH2 610 °C 20

2 A360 TiH2 630 °C 15

3 AA 7075 TiH2 650 °C 23

4 AA 6082 TiH2 690 °C 15

5 A380 CaCO3 800 °C 30

6 A360 CaCO3 780 °C 15

7 AA 7075 CaCO3 850 °C 30

8 AA 6082 CaCO3 800 °C 30

Hardness represents one of the main properties in the 
mechanical industry. This work analyzes how the most 
important foam parameter, relative density influences 
hardness. Four different materials have been used in the 
experiments. Because of the pore structure, the applied 
force should have been smaller than in the usual process 
with solid material. Microhardness was measured using 
Shimadzu tester HMV 2T with a value of HV1 on sanded 
cross-section foam cell walls. The average of five 
measurements was calculated for each sample.
The  relative density is calculated as a ratio of foam ( f) 
and aluminium alloy ( i) density, and can be written as 
[4]:

(1)

Results and discussion
According to Figure 3, samples 5 to 8 made with CaCO3

do not have a spheroidal shape of pores. It is rather 
directed in the opposite direction of hot and cold 
compaction. One of the reasons is the difference between 
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the size of chips and the foaming agent which resulted in 
the accumulation of CaCO3 in a few places of precursor. 
According to Ramirez et al. [19], the compaction of 
samples is not enough to succeed in a uniform structure. 
There is a need for double axial compaction or extrusion 
because of breaking up the oxide layer around the 
particles and better bonding between alloy and agent. 
Another reason is the greater percentage of CaCO3 
powder. Its particles bond together and create a barrier 
that enables connection with the base alloy. That samples 

also have a higher relative density than samples 1 to 4, 
even though the foaming temperatures were much higher, 
Table 2. This is due to the slower decomposition of 
CaCO3 than TiH2, regardless of base alloy [10]. In 
accordance with the results, relative density is not 
following the statement of the proportional increase with 
the percentage of foaming agent. That is in relation to the 
statement that 10 wt% of CaCO3 is needed to expand the 
foam as 1.5 wt% of TiH2 [10]. 

Figure 3. Samples after foaming 

 
As it can be seen from Figure 3, sample 3, AA 7075 has 
the best homogeneity of pores. Despite the fact that every 
sample was held at the temperature above the liquidus 
line, not all samples have a homogenous porous structure 
over the entire section. In other samples with TiH2, there 
are several larger pores due to higher temperature or 

longer holding time than necessary, which may cause 
coalescence. The secton surface of sample 4 is divided 
into two regions. The upper layer is a porous structure, 
and the second, lower layer, does not have pores. This 
can be a result of a lower mixing time or higher gas 
tendency to reach the upper layer while foaming [10]. 
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When comparing samples foamed with CaCO3, alloy AA 
7075 has the greatest porous structure which can be a 
result of higher temperature, while samples 5 and 6 have 
only large horizontal pores. Sample 8 made of AA 6082 
did not have larger pores, but less number of smaller 
pores which lead to the highest relative density. 
This research is in opposition to the statement that 
porosity increases with a higher foaming temperature by 
foaming with TiH2 [20]. According to Table 2, even 
though sample 3, made of alloy AA 7075, had a higher 
foaming temperature, its relative density is similar to 
sample 1 made of alloy A380. It can also be visible that 
sample 2 made of A360 alloy has the lowest density, 
despite the fact that is foamed at a lower temperature than 
samples 3 and 4.

Table 2. Relative density of samples

Sample 

number

Relative density

1 0.4

2 0.23

3 0.41

4 0.5

5 0.69

6 0.56

7 0.56

8 0.69

When different materials are used, there is also an 
influencing factor in their solidus and liquidus line. 
Kanetake et. al [2] proved that a sample with a higher 
liquidus line has slower expansion and higher relative 
density. In their study, it can be seen that the foams made 
of alloy AA 6082 with the highest liquidus line have the 
highest relative density, while the porosity is the smallest, 
despite its higher foaming temperature compared to all 
samples made of TiH2.
The lowest density of A360 foam with TIH2 proves that, 
not only foaming temperature influences foams 
properties but also its chemical composition. This is 
especially important for foams with CaCO3 because of 
the tendency of some chemical elements to react with 
oxygen from this agent. Oxides usually provide higher 
viscosity and prevent shrinkage and coalescence of pores. 
However, they also delay the expansion of foam [10]. 
From Table 3., it can be concluded that the foams made 
of AA 7075 have the highest microhardness. The results 
show that the used foaming agent does not influence the 
microhardness. The only influential factor is the chemical 
composition of the used base alloy.

Table 3. Microhardness of foamed alloys

Material Sample number Microhardness (HV1)

A380 1, 5 75

A360 2, 6 58

AA 7075 3, 7 113

AA 6082 4, 8 60

In the previous experiments, changing foaming 
temperature did  not significantly change microhardness. 
That is proven in this research, where microhardness was 
similar with samples made with TiH2 and CaCO3, using 
the same alloys.

Conclusion
Foams were made with alloys A360, A380, AA 6082, 
and AA 7075 using TiH2 and CaCO3 as foaming agents. 
The conclusions are as follows:

Samples foamed with TiH2 have a lower relative 
density and more homogenous structure with 
more pores in cross-section than the samples 
made with CaCO3 agent. Foams made with 
CaCO3 foaming agent have larger pores in the 
opposite direction of compaction. The exception 
is foam made of AA 6082 alloy.
Alloy AA 7075 had the most homogenous 
structure when foaming with TiH2 and CaCO3, 
while the sample height when foaming with the 
TiH2 agent was highest in the A360 alloy.
Foams made of AA 6082 had the greatest relative 
densities with both foaming agents. That is due to 
the fact that chemical composition influences 
foaming possibility. Sample 4 did not have pores 
in a lower layer, while sample 8 contains less 
pores than other samples.
Foam growth is dependent on the foaming agent 
as well as chemical composition and it is not equal 
regardless of the same foaming conditions.
Foaming temperature and agent do not influence 
microhardness. The most influential factor is the 
chemical composition of alloys. 
It is required to carry out further investigation to 
succeed in production of more homogenous foams 
with lower relative density when using CaCO3 as 
foaming agent.
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