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Abstract: Aluminium metal foams represent a new generation of materials 
that are characterized by their lightweight structure and unique properties. 
This research is based on the production of closed cell foams which are 
made of aluminium alloy chip waste and TiH2 as a foaming agent. The main 
task was to investigate the influence of different times and temperatures of 
foaming as well as a different percentage of TiH2 on mechanical and 
physical properties of foams. Microhardness, energy absorption, density, 
and compression properties were observed. Compressive strength and 
energy absorption are higher with the increase in density, while 
densification strain is lower. It is also concluded that a longer time and 
higher temperature of foaming lead to lower density values.

Introduction
In the last a few decades, metal foams became desirable 
materials for many purposes. They have cellular 
structures modeled on forms in nature like bones, 
sponges and coral [1]. Foams are investigated because of 
their unique properties such as low density, high strength 
to weight ratio, energy absorption capacity as well as 
high stiffness. They are characterized by great sound and 
heat insulation properties. The usage of this material is in 
many industries such as automotive, construction, naval 
and aerospace. In these industries metal foams are most 
commonly applied as energy and sound absorbers, 
various automotive and machine parts,heat exchangers 
foam sandwich panels and foam-filled beams. Their 
properties depend on cell structure, density, anisotropy, 
and homogeneity. Some of the most commonly used 
materials for metal foams are aluminium, nickel, copper, 
steel and titanium [2 4]. Aluminium foams are 
recyclable, and their main advantage is their non-toxicity. 
Therefore, they are often used [2], [3]. In addition to the 
above parameters, the properties of aluminium foam also 
depend on the base alloy [5], [6]. They are divided into 
open and closed metal foams [2].. The main property and 
aplication of closed cell foams is the absorption of 
energy. They can also be used for thermal insulation, 
flotation and vibration reduction [7] [9]. Ther are two 
manufacturing methods for obtaining metal foams: melt 

and powder metallurgical route. Regardless of the used 
production route the most used foaming agents for closed 
cell foams are TiH2 and CaCO3. 
Most of the authors investigated closed cell foams made 
by aluminium alloy powder. One of the studies included 
metal foams which were made by coarse and fine 
aluminium powder with TiH2 at different foaming 
temperatures. Compression properties and densities were 
analyzed [2]. The study of compression tests on closed 
cell foams exhibited that mechanical properties are 
related to density and temperature of testing. With an 
increase in temperature, there is a decrease in energy 
absorption and compression strength [5]. Other authors 
studied aluminium foam made with an addition of 
calcium and TiH2. Energy absorption and compression 
properties were observed with changing compression 
temperature. An increase in the temperature resulted in 
the reduction of the main mechanical properties [10]. 
Closed cell metal foams were studied with micro-
computed tomography. A geometry of foams and their 
properties were investigated with and without 
deformation [6]. Another study included foams made 
with TiH2 which decomposes at high temperatures into 
Ti and H2 and creates bubbles. The structure of foams and 
their mechanical properties were investigated with the 
influence of the human factor [3]. Foam can also be made 
from melting alloy with the addition of TiH2 and Ca 
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stabilizer. The influence of porosity on compression 
properties was examined. With an increase in the 
porosity, the value of mechanical properties decreased 
[11]. Two-layer foams were made in the study. The first 
part is open cell foam, and the second is closed cell foam 
with different porosities. After foaming of precursors, 
mechanical properties were observed by compressive test 
[12]. Static and dynamic properties of closed cell foams 
made of aluminium alloy with TiH2 were analyzed and 
the influence of densities on mechanical properties and 
energy absorption were researched. With the higher 
strain rate, there is an increase in compressive strength 
and energy absorption [13], [14]. 
A great disadvantage of producing metal foams is the 
price of the process. Producing aluminium foams from 
chips leads to a reduction of costs and greater 
recyclability. When producing aluminium foams from 
machined chips, it is needed to maintain homogeneity of 
foaming powder in the mixture and to achieve 
consolidation of machined chips. This part is more 
difficult than the process with aluminium powder due to 
the difference in particle size of aluminium powder and 
foaming agent. One of the studies included foams made 
by aluminium burrs and TiH2 powder in the process of 
friction stir back extrusion. Porosity and compression 
properties were investigated [9], [15]. Another study 
described the solid-state consolidation process of foam 
production with machine waste and TiH2. The influence 
of the foaming agent value and the addition of ceramic 

particles were investigated. The addition of Al2O3 led to 
the increase in the expansion of the foam [16]. Dynamic 
characteristics of aluminium foams with closed cells 
were analyzed using modal analysis and the Finite 
element method. These methods can serve for 
optimization of foams properties [8]. Another study was 
made with aluminium foams produced with different 
alloys chip waste and TiH2. Aluminium oxide (Al2O3) 
was used as a stabilizer. Foaming behavior was analyzed 
as well as the shape and size of pores [17]. The study 
included measurement of oxygen level in closed cell 
aluminium foam. The foam was made of chip waste and 
TiH2 with the addition of Al2O3 as well as Mg. Greater 
values of Mg resulted in lower densities and homogenous 
structures [18].
This study is based on the closed cell metal foam 
production out of waste material, which is important for 
considerable cost reduction of foams. The foaming time 
and temperature were investigated as well as their 
influence on mechanical properties.

Experimental procedure
The main aim of this research was to produce metal 
foams from the A380 (EN AC-46500) aluminium alloy 
machining chip waste and TiH2 as a foaming agent. Table 
1 shows chemical composition of the A380 alloy. 
Machining chips were produced by the milling process, 
Figure 1.

Table 1. Chemical composition of the alloy A380 according to the ASTM B179 standard

Alloy Si Fe Cu Mn Mg Ni Zn Ti Other Al
EN    A 

380
7.5 -
9.5

max 1.3 3.0 -
4.0

max 
0.5

max 
0.1

max 0.5 max 3 max 
0.35

max 
0.5

rest

Figure 1. Aluminium alloy A380 chip waste

As a foaming agent, TiH2 was added to aluminium chips 
with the mass percentage of 0.25 and 0.5 %. After that, a 
small amount of distilled water was added and mixed 
with a previous compound in a glass container in 
different directions to achieve a compact and 
homogenous distribution. The mixture was then set on a 
hydraulic press and compressed in a mold with a 
diameter of 38 mm. Compaction steps were carried out 
by 1 MN hydraulic press. All compaction steps were 
performed with 200 kN force, while the final step was 

performed with 300 kN force. Measurement of the 
compacting force was taken by force sensor HBM C6A. 
Furthermore, to achieve compact precursor, compacted 
billets were direct hot extruded with the die and container
preheated at 400°C and with a 7.1 extrusion ratio. Prior 
to extrusion, billets were preheated for 20 minutes on 
400°C. After extrusion, round precursor bars with 15 mm 
in diameter were obtained. Precursor specimens were 
then placed in a mold with a diameter of 22 mm and 
height od 100 mm. Foaming of precursors was made at
temperatures of 590 °C and 610 °C, as can be seen in 
Table 2. Temperatures were controlled with the digital 
temperature controller OMRON E5CC and type K
thermocouple. One part of specimens (1, 3, 5, 7) was held 
with the shortest foaming time and taken from a heater
when the foam fulfill the mold diameter. Other 
specimens (2, 4, 6, 8) had longer foaming time and were 
left in the mold until they reached the height of 70 mm. 
Figure 2 shows obtained samples after foaming process. 
Laser sensor OMRON ZX 1 LD300A61 was used for 
measuring the height of the foam.
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Figure 2.  Samples after foaming 
 
Table 2. Foaming parameters of specimens 

Specimen 
TiH2 Temperature 

(wt%) °C 

1 0.25 590 

2 0.25 590 

3 0.25 610 

4 0.25 610 

5 0.5 590 

6 0.5 590 

7 0.5 610 

8 0.5 610 

 
The porosity of samples is one of the main properties for 
comparation of the light-weight structure of the different 
aluminium foams and it can be measured from the 
equation: 

 

where  is a density of the aluminium foam and  is 
density of aluminium which has value of 2,7 g/cm3 [7], 
[10], [15].  
Relative density  represents the ratio of foam and 
aluminium densities and can be expressed as follows [4]: 

 

After foaming, base of the specimens were sanded on 600 
grit paper and prepared for microhardness testing. This 
microhardness property was measured using Shimadzu 
tester HMV 2T at five places on the surface. The average 
value was calculated. A compression test was carried out 
using a hydraulic press. Measurement of the force values 
were carried out with the force sensor HBM C6A. 
After completed the tests, compression properties and 
energy absorption were observed. Compressive behavior 
is divided into three parts. The first of them is an elastic 
region with linear growth. It is related to small 
compressions where foam has large growth in 
compression stress according to small strain rate. This 
part finishes when compressive yield stress is reached. 
After a large slope on a diagram, the curve has a minor 

slope which represents plastic deformation, and it is 
called plateau region. Foams with lower densities exhibit 
an almost constant plateau region, while, with a rise of 
density, there is a stress rise in the plateau region. It 
begins with yield stress as a result of local stress 
concentration which weakens the strength of cell walls. 
The last part is the densification region, which has a 
larger slope than the previous one. It is related to merging 
cell walls of aluminium foam. This whole behavior 
depends on the density of the foam and its composition. 
Lower densities lead to lower values of compression 
strength. One of the parameters that also affects strength 
properties is heat treatment. It can proceed with alloys 
that can be age-hardened. From the stress-strain diagram, 
Young's modulus can be calculated from the elastic 
region [7], [10], [19], [20]. Plateau stress is given as a 
ratio of energy absorption and densification strain: 

 

where  are densification strain and  stress [13]. 
Densification strain is linearly dependent on foams 
relative density: 

 

where  is a material constant that can have values from 
1.4 to 3. For closed cell foams, this parameter has a value 
of 1.4 [5], [21], [22]. Energy absorption per unit volume 
represents the area under the stress-strain curve after 
compression test and can be calculated from: 

 

where  
from the compression diagram called the plateau region 
is the most important for energy absorption. Its 
calculation starts from the beginning of the elastic region 
and finishes at densification strain where all pore cell 
walls are crushed. Foam walls can be deformed in the 
beginnings of compression test and their plasticity is 
depended on the density and type of the foam. The start 
of wall break happens when local stress exceeds critical 
st  
ress levels [5], [7]. 
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Results and discussion
The densities and relative densities of the specimens are 
shown in Table 3. It can be seen that samples (2, 4, 6, 8), 
which are characterized by an increase of the foaming 
time, have smaller density and relative density. Longer 
holding time resulted in a growth of foams pores. A rise 
in the percentage of TiH2 led to a reduction of densities 
due to a release of a larger gas amount. As a consequence, 
an increase in height of the foam, larger pore space was 
obtained. There is also a slight decrease of densities with 
the larger temperature because of the faster 
decomposition of TiH2 and higher foaming gas 
percentage.  The first and the second samples with the 
least TiH2 content and tempe
successful growth of the foam, especially the second 
which needed to have a larger height. That is why the 
production of the foams with that parameters are not 
recommended. 
Densities have a small impact on the microhardness of 
the foam, Table 3. There is a small decrease in 
microhardness with an increase in density. Only the first 
two samples have a proportional impact. Because of the 
low difference in temperatures of the foaming process, it 
can be seen that there is no significant difference between
the samples foamed at 590 °C with those foamed at 610 
°C. Slightly increase in microhardness is visible with a 
smaller percentage of TiH2 where there are fewer pores.
With higher densities, there is an increase in plateau 
stress as well as energy absorption while the densification 
strain values decrease, Table 4. This fall happens because 
of the greater resistance of aluminium cells to loads 
during the compression tests with an increase in density.
Furthermore, the potential to resist elastic deformations
also rises. With an increase in density, the size of pores 
is decreased and their collapse space became smaller 
leading to the conclusion that the plastic stage is shorter 
and the densification strain begins earlier [13].

Table 3. Densities and microhardness of specimens

Specimen
Density Relative 

density
Microhardness

HVg/cm3

1 1.029 0.38 78

2 0.909 0.34 77

3 0.985 0.37 81

4 0.804 0.3 92

5 0.874 0.32 60

6 0.688 0.26 68

7 0.907 0.34 64

8 0.764 0.28 75

Foams with higher densities have larger yield strain, 
Table 4. When yield strength is reached, cell walls 
deform or fracture, and stress drops. After the 
compaction of cells, stress continues to grow. Larger 
pores have a longer compaction distance which means 
that greater strain is needed for the growth of stress. A 
greater compressive force is needed for cell walls fracture 
when the foam is made with greater porosity [11]. From 
Figure 3. it can be seen that specimens with the lower 
foaming time have larger engineering stress at the same 
strain values. This is most visible in the first part of the 
diagram with elastic properties where specimens 1, 3, 5, 
and 7 have a larger slope. They also have a more 
pronounced densification strain while the other four 
specimens have a similar slope in the plateau region.
The lower size of foam cells and higher densities
exhibited larger energy absorption, which is proportional 
to compressive stress, Table 4. This happened because of 
the greater resistance of smaller cell walls which are more 
homogenous distributed in the foam [7]. However, 
compression test at room temperature results in
exceptionally high dislocation densities with high work-
hardening which leads to greater energy absorption [10]. 

Table 4. Compressive properties and energy absorption results

Specimen
Energy absorption Compressive stress

Plateau 
stress 0,2 Densification 

strain
J/mm3 MPa MPa MPa

D D

1 22.3583 28.2617 20.5911 53.867 64.201 56.8 43.99 27.116 0.468
2 11.741 16.21 12.546 37.51 54.08 39.716 23.94 15.77 0.52
3 21.3765 26.8640 20.4474 48.419 64.911 48.498 42.42 27.192 0.482
4 11.892 15.533 14.736 32.946 40.714 39.288 25.41 13.409 0.58
5 11.686 14.564 13.082 22.846 31.994 29.545 23.69 27.674 0.552
6 7.7655 9.4401 10.124 17.133 16.634 23.234 15.92 15.84 0.636
7 18.0642 21.9846 18.9778 37.71 42.284 37.601 36.22 30.469 0.524
8 10.699 13.813 14.092 29.068 34.663 35.32 23.18 10.87 0.608
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Figure 3. Engineering stress-strain curves

From the previous results, it is visible that the third 
sample has one of the highest values of compression 
stress and energy absorption. Its advantage is in the 
shorter time of foaming. However, it is concluded that 
with an increase in densities, there is a rise in mechanical 
properties also. Because of that, the fourth sample can be 
chosen when reduction of weight represents the main 
property for the selection. It also has good mechanical 
properties as well as high densification strain. Production 
of this kind of foam leads to cost saving because of the 
use of recycling material.

Conclusion
Closed cell foams were successfully made with an 
addition of TiH2 as a foaming agent and machine waste 
which is the main advantage because of the reduction of 
the cost and time of foaming. The influence of time and 
temperature of the foaming process as well as a 
percentage of TiH2 on densities and mechanical 
properties was observed. 
Longer foaming time and temperature led to a decrease 
in densities. The smaller TiH2 percentage increased 
density. This happens because smaller content of H2 gas 
can be released in the process and there is more 
aluminium core in the foam. It can be concluded that the 

on 
the microhardness of the samples. A smaller percentage 
of foaming agent leads to an increase in microhardness.
With the growth of densities, values of compression 
strength, energy absorption, and plateau stress increase, 
while densification strain decreases. The larger slope on 
the stress-strain diagram have specimens with lower 
foaming time, especially in the elastic part. They also 
have expressed the beginning of densification region, 
while others are characterized with a similar slope as in 
the plateau region. Because of the smaller collapse space 

of higher density foams, their densification strain 
decreases.
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