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The paper deals with the physical-chemical effects of a blowing agent on production the cellular metal systems (in 

this case aluminium foams). Based on the isothermal concertation and pressure curves for the H-Ti system and by 

using the maximum gas volume obtained from equation of state, there was applied the blowing agent to 1 kg of 

AlSi12 aluminium alloy. Moreover, using relation to determine aluminium foam relative density (ρREL) from alloy 

AlSi12, there was done prediction to determine density of 1 kg metal foam from AlSi12 alloy at different blowing 

agent contents from 0.1 up to 1.5 wt% of titanium hydride TiH2. These isothermal calculations were compared 

with the density of aluminium foal from alloy AlSi12, which was produced by an industrial process. Basic mechan-

ical properties were subsequently measured on the produced foam samples. 
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 Introduction 

As it is known by ASHBY [1], BANHAR [2, 3], 
RAJAK [4] and many other researchers e.g. [5, 6, 7], the 
production of cellular metals (foam metals) is possible to 
be divided into five groups, but three groups are the most 
widely used in industry. One group is based on direct gas 
flow into the melt with gas from an external source (ar-
gon, nitrogen, air), the second group is based on a powder 
foaming agent that is added to the melt and the third group 
is based on a powder foaming agent that is mixed with the 
metal powder. At production metal foams, it is always 
and in all cases necessary to add such substances that im-
prove properties of relevant metal with respect to the 
foaming process (e.g. SiC, Al2O3, etc.). The utilization of 
foaming agents is quite attractive, because it is relatively 
inexpensive. On the other hand, the whole process of pro-
ducing foam metals (especially aluminium and its alloys) 
is very demanding. This difficulty is associated with high 
oxygen affinity to aluminium. Although the foaming pro-
cess is controlled, resulting foam structure formation de-
pends on the melt properties and processing conditions. 
Generally, compared to other foaming mediums (e.g. de-
tergents), the knowledge about the basic mechanisms of 
foaming processes for metals is still relatively inadequate. 
It is very true also for the process of producing aluminium 
foams, where the foaming agent is added to the melt or 
powder metallurgy process is used. In this case are pow-
ders of metal, stabilizing agent and the foaming agent 
(TiH2) mixed and cold formed densified and then are 
foamed in a shape mould. The hydrogen released from the 
foaming agent dissolves in liquid aluminium and diffuses 
into the nucleus of gas bubble. THIES [5] dealt with the 
relevant physical-chemical process and the mechanism of 
the foaming process based on the powder foaming agents 
and concluded that behaviour of the foaming agent can be 
divided into five stages: decomposition, nucleation, solu-
bility and diffusion, bubble formation and bubbles behav-
iour in the metal melt. SIMONS et al. [9] investigated the 
formation of bubbles in incompressible viscous Newto-
nian fluid and simulation of its formation. 

MATIJASEVIC et al. [10] performed pre-treatment of 
TiH2 for the foaming process. These properties were 
scanned by the analysis using TGA, DSC and MS. The 
conclusions of their research were applied in the produc-
tion of aluminium foams from AlSi6Cu4 alloy and there 
was assessed the quality of gasification. 

 Metal foaming process with utilization of 

foaming agent 

Many researchers, such as e.g. KRESSE [7] and 
YANG [8], have been concerned with the production of 
metal foams by means of foaming agents. KRESSE [7] 
monitored the foaming process based on the thermal de-
composition of TiH2. The decomposition of titanium hy-
dride (TiH2) is evident from the phase diagram or diagram 
of the concentration and pressure isothermal curves of the 
H-Ti system, according to San-Martin and Manchester 
[10]. However, it is important to note that the phase dia-
gram is valid just for the equilibrium system of the tita-
nium hydride. The presence of an aluminium matrix and 
other stabilizing agents (SiC, Ca, Al2O3) to maintain foam 
stability can cause more complex reactions. The for-
mation of intermetallic phases Ti – Al and titanium oxi-
dation is also likely. All these circumstances affect (pro-
mote or prevent) the thermal decomposition of TiH2 as is 
written in ZEPPELIN [11]. 

At the same time KRESSE [7] dealt with the foaming 
agent expansion as a function of temperature. He con-
cluded that effect of foaming agent TiH2 for the gasifica-
tion process can be divided into five stages (designated 0 
to IV). Stage 0 - thermal expansion of metal; stage I - nu-
cleation of gas bubbles in the solid metal; Stage II - ex-
pansion of bubbles in the semi-solid region of the metal; 
Stage III – expansion of melt bubbles within its tempera-
ture range; Stage IV – collapse of foam. In addition to the 
expansion curve, Fig. 1 shows also the TiH2 hydrogen re-
lease curve [7]. For the production of aluminium foam, 
the start of the foaming process (stage 0 to II in Fig. 1), is 
characterized by the decomposition of foaming agent and 
nucleation of bubbles in aluminium. Decomposition of 
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about 0.5 wt. % TiH2 up to 700°C releases approximately 
a gas volume that 10x exceeds the precursor volume. De-
composition begins at temperature of about 450°C (alu-
minium is still in solid state). At production of metal 
foams, resp. aluminium foams, beside the titanium hy-
dride (TiH2) as major foaming agent, the application of 
other hydrides (e.g. ZrH2, MgH2, CaH2) or carbonates 
(MgCO3, CaCO3) may be considered in some cases. But 
the most common one is TiH2. Titanium hydride provides 
a large amount of hydrogen, i.e. 9.21022 [atomscm-3]. In 
light of its amount, TiH2 is used from 0.5 to 1.5 wt.%. 

 
Fig. 1 Curves of releasing hydrogen vs.  temperature 

from TiH2 (left); course of the foam temperature expan-

sion in dependence on temperature (right) can be di-

vided into five modes: 0) thermal expansion of the 

metal; I) nucleation of bubbles in solid metal; II) expan-

sion of bubbles in the semi-solid metal; III) expansion of 

bubbles within the temperature range of the melt; IV) 

collapse of foam [7] 

 Theoretical calculations for the titanium hy-

dride foaming process application at AlSi12 

alloy foam production 

In our research, calculations were made to determine 
foam density based upon the theoretical calculations of 
foaming agent volumes, using a certain amount of TiH2 
(expressed in wt%: e.g. 1 wt% = 10 g) per 1000 g of 

metal. It is possible to determine the volume of gas re-
garding the equation of state (1). After that, there can be 
predicted foaming of 1 kg AlSi12. 

  𝑝 ∙ 𝑉 = 𝑛 ∙ 𝑅 ∙ 𝑇, (1) 

Where: V is volume [m3]; n is amount of substance 
[mol], R is universal gas constant [Jmol-1K-1], T is abso-
lute temperature [K] and p is pressure of gas [Pa].  

The gas volume determination is calculated according 
to equation (1): 

  𝑉 = 𝑛 ∙ 𝑅∙𝑇𝑝 =  𝑚𝑀 ∙ 𝑅∙𝑇𝑝    (2) 

Where: m is weigh [g], (in this case for 1 wt. % TiH2 
is m = 10 g); M is molecular weight [gmol-1] of TiH2; p 
is 101 325 [Pa]; R is  8.314 Jmol-1K-1; T is temperature 
[K]. 

In equation (2), the melting temperature of AlSi12 is 
taken as 577 ° C (850 K) and molecular weight of TiH2 is 
MTiH2 = 49.91 g∙mol-1 (Ti + 2H = 47.90 + 2∙1.008). Sim-
ultaneously, the relative density of foamed AlSi12 alloy 
can be calculated acc. to equation (3): 

 ρREL = VBMV+ VBM (3) 

Where: VBM is volume of basic material [m3] and V is 
released gas volume from TiH2 [m3]. 

Volume of basic material (non-foamed), resp. AlSi12 
(VBM) is determined from the mass m = 1 kg of AlSi12 
and its density   = 2660 kg m-3 according to relation (4): 

 VBM = 12660 =  3.7610−4 [m3] (4) 

The density of foamed AlSi12 alloy is determined by 
the equation (5): 

 ρAl_F  =  ρREL ∙ ρBM (5) 

Where: Al_F  is density of foamed AlSi12 alloy [kgm-

3]; REL is relative density of foamed AlSi12 alloy [1] and 
BM is density of basic material [kgm-3]..

Tab. 1 Theoretical calculations of the foaming agent (titanium hydride) in 1 kg of aluminium alloy AlSi12 

Foaming Agent Foam Metal 

Content 
of foaming 

agent 
[wt%] 

Volume of 
gas V 
[m3] 

Volume of 
basic metal 
VBM [m3] 

Relative 
density 
REL [1] 

Density 
Al_F 

[gcm-3] 

Density 
Al_F 

[kgm-3] 

Titanium hy-
dride (TiH2) 

AlSi12 

0.10 0. 0014 

3.7610-4 

0.2120 0.564 564 
0.20 0.0028 0.1184 0.314 314 
0.30 0.0042 0.0822 0.219 219 
0.40 0.0056 0.0629 0.167 167 
0.50 0.0070 0.0510 0.135 135 
0.60 0.0084 0.0428 0.113 113 
0.70 0.0098 0.0368 0.098 98 
0.80 0.0112 0.0325 0.086 86 
0.90 0.0126 0.0289 0.077 77 
1.00 0.0140 0.0261 0.070 70 
1.10 0.0154 0.0238 0.063 63 
1.20 0.0168 0.0219 0.058 58 
1.30 0.0182 0.0202 0,054 54 
1.40 0.0196 0.0188 0.050 50 

  1.50 0.0210  0.0176 0.047 47 



August 2019, Vol. 19, No. 4 MANUFACTURING TECHNOLOGY ISSN 1213–2489

 

indexed on: http://www.scopus.com 657  

These calculations were performed with application 
of equations (1) to (5), see in Tab. 1, mentioned above, 
where the behaviour of TiH2 foaming agent for produc-
tion aluminium foams was analysed. Based upon these 
calculations, the properties of aluminium alloy foams can 
be assessed 

 Characteristic of production the AlSi12 alloy 

foam samples 

Samples from AlSi12 foam were produced by the 
powder metallurgy at company LKR - Leichmetall 
Kompenzzentrum Ranshofen (Austria), how it is de-
scribed in more detail in [12]. At this production, the 
AlSi12 alloy powder is mixed with the foaming agent 
powder (TiH2) so that the mixture is as homogeneous as 
possible. From such prepared cold-formed mixture and 
subsequent hot extrusion (in solid state), a foam work-
piece in the form of bars, wires or various open profiles 
is produced. This workpiece has within its whole volume 
uniformly dispersed and gas-tight foam particles. After 
that, workpieces were load into a foaming steel mould and 
heated above the aluminium melting temperature (AlSi12 
aluminium alloy). This is followed by the melting of the 
workpieces and thermal decomposition of the TiH2. Melt 
from the aluminium alloy foam fills the cavity of the 
mould and copies its shape. After complete filling of the 
molten alloy with AlSi12 in the cavity of the foaming 
mould by hydrogen, there may indicate intentionally 
formed mould untightnesses. As a next phase, there is 

rapid cooling of the foamed steel mould below the melt-
ing point of aluminium or aluminium alloy. Due to that, 
foam from aluminium alloy with continuous surface layer 
(crust) and an internal porous structure is created. AlSi12 
aluminium powder was used for the production of testing 
foam castings and as a foaming agent there was titanium 
hydride (TiH2). In this way, 150 x 25 x 10 mm foamed 
samples were produced (see Fig. 2). In the Fig. 3 is chem-
ical microanalysis of EDX foam sample aluminium 
AlSi12 alloy. All the technological principles that were 
also mentioned by KRESSE [7] were followed in order to 
produce foamed parts that is highly complicated in light 
of their production. 

 

Fig. 2 Produced foamed parts (150 x 25x10 mm) from 

AlSi12 cast alloy  

 
Fig. 3 Results of chemical microanalysis EDX medium sample AlSi12 

Tab. 2 Weights of foamed samples from AlSi12 and their statistical evaluation 

Statistical evaluation of the weight of foamed samples from AlSi12 alloy 

Weights of samples [g] Average 𝐗 [g] 
Standard devi-

ation  
SD [g] 

Coefficient of var-
iation  
CV[1] 

15.19 15.77 16.02 15.96 16.15 15.82 3.7710-1 2.3810-2 

 
Based on the produced samples from aluminium alloy 

AlSi12 (see Fig. 3), their weights were determined and 
statistically evaluated - see Tab. 2. 

By the equations of authors' [1, 14, 15], were calcu-
lated the following values of foamed parts from alumin-
ium alloy AlSi12. Important findings about aluminium al-
loys have been taken from [16, 17]. To evaluate the prop-
erties of the produced aluminium foam, the following 
quantities were determined: density, porosity, volume 
fraction of solid phase, Young's modulus and strength of 
foamed samples. 

 Determination the density of produced alumin-

ium foam from AlSi12 alloy 

Density determination can be performed by the phys-
ical calculation according to the known relationship: 

 𝛒𝐀𝐥_𝐅 = 𝐦𝐀𝐥_𝐅𝐕𝐀𝐥_𝐅  [𝐤𝐠 ∙ 𝐦−𝟑] (6) 

Where: mAl_F – weight of foamed aluminium alloy 
[kg]; VAl_F – volume of foamed aluminium alloy. 

By substituting into equation (6), the density of the 
foamed aluminium alloy samples can be determined (see 
Tab. 3). 
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4.2 Determination of the AlSi12 alloy foam relative 

density 

  𝛒𝐑𝐄𝐋  = 𝛒𝐀𝐥_𝐅𝛒𝐁𝐌   [𝟏],  (7) 

Where: AlF is the density of the metal foam sample 
[kgm-3]; BM is sample density of the relevant alloy with-
out foaming [kgm-3]. 

AlSi12 alloy density is 2660 [kgm-3]. After substitu-
tion into equation (7), the value of 1.5910-1 can be calcu-
lated (see Table 3). 

4.3 Determination of foamed aluminium alloy AlSi12 

porosity 

 𝐏 =  𝛒𝐁𝐌− 𝛒𝐀𝐥_𝐅𝛒𝐁𝐌 ∙ 𝟏𝟎𝟎  [%],  (8) 

By substituting into Equation (8), the porosity value 
of the foamed aluminium alloy samples can be deter-
mined (see Table 3). 

4.4 Determination of the AlSi12 alloy foam Yong´s 
modulus 

 𝐄𝐀𝐥_𝐅 = 𝐤 ∙ 𝐄𝐁𝐌 ∙ [𝟎, 𝟓 ∙ (𝛒𝐀𝐥_𝐅𝛒𝐁𝐌 )𝐦 + 𝟎, 𝟑 ∙ (𝛒𝐀𝐥_𝐅𝛒𝐁𝐌 )𝐦]   (9) 

Where: EM.F is Young's modulus of foamed system 
[MPa], EBM is Young's modulus of foamed material 
[MPa]; MF is sample density of the relevant alloy without 
foaming [kgm-3]; BM is sample density from foamed al-
uminium [kgm-3]; m is constant for calculation the 
Young´s modulus m = 2 [14], m = 1.5 to 1.7 [15], k is 
constant for calculation the Young´s modulus k  = 1 [11]; 
k = (0,1 to 4), [15]. To calculate Young´s modulus, there 
was used k = 0.1 and m = 2. 

By substituting the appropriate values in equation (9), 
the Young's modulus of the foamed aluminium alloy can 
be calculated (see Tab. 3).

Tab. 3 Calculated properties of the foamed aluminium alloy 

Determination the average values of properties measured for aluminium foam (AlSi12 foam) 

Calculated properties Value Units 

Density of foamed aluminium alloy or density of its discretized structure (Al_F) 

(sample size 150 mm x 25 mm x 10 mm) 
422 [kgm-3] 

Relative density of the foamed aluminium alloy (REL) 

(sample size 150 mm x 25 mm x 10 mm) 
1.5910-1 [1] 

Porosity of foamed aluminium alloy (P) 

(sample size 150 mm x 25 mm x 10 mm) 
84 [%] 

Young's modulus of foamed aluminium alloy (EAlF) 

(sample size 150 mm x 25 mm x 10 mm) 
148 [MPa] 

 Conclusion 

As a result of research there is comparison of the the-
oretical calculations for density of the foamed AlSi12 ma-
terial obtained by applying equations (2), (3), (4) and (5). 
Thus determined densities values were compared with the 
density of test samples (cuboid shape, 150 mm x 25 mm 
x 10 mm, powder metallurgy from AlSi12 alloy, with 0.6 
wt. %). Based upon these calculations, it was found that 
about 0.2 wt% of the TiH2 foaming agent is needed to 
achieve the AlSi12 alloy foam density equal to 422 kgm-

3. For the production of aluminium foam by the powder 
metallurgy method is used TiH2 foaming agent of 0.6 to 
1 wt%. A significant difference in the determined density 
of produced AlSi12 aluminium alloy by the chemical cal-
culation according to equation (2) and density determined 
for produced AlSi12 aluminium alloy can be seen in other 
factors that are necessary for the production of foam - 
namely the use of a certain amount of SiC as stabilizing 
agent or other ceramic materials. The TiH2 foaming agent 
used in the foaming process requires careful attention as 
well as a lot of theoretical knowledge and practical expe-
rience. The choice of an unsuitable technological foaming 

process can lead to initiation of cracks and cracking of 
aluminium foam walls. 

Our research also suggests that the production of 
foamed aluminium or aluminium alloy samples is very 
demanding and requires a variety of knowledge from 
chemistry, physical chemistry and physical metallurgy. It 
also requires knowledge of the physical-chemical behav-
iour of foaming and stabilizing agents and the metallurgi-
cal behaviour of aluminium alloys to these agents. Pro-
duced foam samples (1500 mm x 25 mx 10 mm) from 
AlSi12 alloy were subsequently analysed with the follow-
ing basic results: density 422 kgm-3, relative density 
1.5910-1 (1.5910-1 x 2660 = 422 kgm-3) and Young's 
modulus 148 MPa. 
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