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Introduction 

Inorganic polymers (IP) are typically formed at room or slightly elevated temperatures 
by reaction of a precursor with an alkali solution.1 As precursors, amorphous-based 
aluminosilicates or iron-aluminosilicates from various sources (natural or synthetic) 
are used.2, 3 Due to their relatively low environmental footprint they are considered to 
be a greener alternative for commonly used Ordinary Portland cement (OPC). IP of 
different densities can be used for various applications, as construction or insulating 
material. Foamed IP can be synthesised for instance via chemical in-situ foaming.4 In 
this process, foaming agents, such as Al, Si or Zn are added to the IP paste before it 
hardens.5 Metallic powder reacts with water and hydroxide in an alkaline 
environment, liberating hydrogen gas. This, if entrapped in the IP, leads to the 
expansion of the IP paste and formation of IP foam. However, to achieve good foaming 
results, two rivalling processes, setting and expansion, need to be mastered and 

therefore the kinetics of the foaming have to be optimised. Furthermore, by 
controlling the foaming kinetics a desirable porosity and pore structure can be 
achieved, and that has an obvious effect on mechanical and physical properties. It is 
therefore the aim of this work to understand how parameters, such as activating 
solution molarity and concentration (water content), affect the foaming kinetics and 
resulting foam properties.  

Materials and Methods 

Finely milled synthetic Fe-Si-Ca based slag with a Blaine fineness of 4200 cm2/g was 
used to synthesised the foamed IP. For this purpose, the slag was mixed with the 

activating solution for 10 min (2× (3’ mixing + 2’ holding)) using a hand mixer (Bosch 
MFQ4070) and the paste was foamed by addition of 0.3 wt% of fine Al powder (99.9%, 
AEE). The foam stability was increased by addition of 0.02 ml commercial surfactant 
(SB2, Sika) per 100 g of slag. As activating solution, Na-silicate solutions with SiO2/Na2O 
molar ratio of 1.4 to 2.0 and water content of 65 and 75 wt% were used. The slag to 
solution volume ratio was kept constant at 3.85 g/ml. The temperature of the 
environment during foaming was kept 20°C. The stability of the temperature was 
assured by having all the installation inside a water tank with controlled temperature. 
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Kinetics of foaming were studied by means of a camera that measured the height of 

the synthesised foam every 2 sec. Pastes were also cast into EPS moulds prior to their 
foaming and were then cured at room temperature (RT, +/- 21°C). The structure of the 
synthesised foams was analysed by means of SEM (Philips, XL 30). The open porosity 
of the produced foams was measured by a water absorption test (ISO 10545-3:1995). 
The compressive strength was measured on (4×4×4)cm3 samples using a 30 kN load 
cell and a loading rate of 2 mm/min (Instron 4467). Two samples per foam were tested 
and the average values are reported. 

Results and Discussion 

The synthetic slag was designed to resemble the composition of slag from a non-

ferrous metal production, Table 1. Due to water granulation, it consisted mainly of 
amorphous phase (> 93 wt%) while quartz, magnetite, hematite and corundum were 
present in small quantities.  
 

Table 1: Chemical composition of the used synthetic slag (in wt%) 

FeO SiO2 CaO Al2O3 MgO Others 

41 36 13 6 2 2 
 

 
Figure 1: Kinetics of foaming, solid line – 65 wt% of water, dashed line– 75 wt% of 
water in activating solution 
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The influence of both, water content and molar ratio of the activating solutions, on 

the foaming kinetics is shown in Figure 1. Starting with the SiO2/Na2O ratio, this does 
not have a notable influence on the kinetics when increased from 1.4 to 1.6. Further 
increase of the SiO2/Na2O ratio resulted in delayed initiation of foaming as well as 
slower foaming (change of the slope). Regarding the foam height (volumetric 
expansion), it decreases with the increase in the SiO2/Na2O ratio. Both effects were 
observed regardless of the water content. Furthermore, higher water content resulted 
in a significant postponement of the foaming initiation as well as higher foam 
expansion; the latter was increasing for each respective SiO2/Na2O ratio. Regardless of 
the water content, samples activated with a 2.0 molar solution did not foam. This could 
be due to the low amount of OH- present in the sample, that was insufficient to break 
the passivation layer on the Al particle, resulting in no further Al oxidation and 

therefore also no H2 formation.6  
 

Considering the foam structure, this was mostly influenced by the water content in the 
solution. The foams synthesised from the solutions with 65 wt% H2O showed 
significantly finer pore structure, Figure 2, as well as lower open porosity. The study 
on the kinetics aspects had already suggested variations in total porosities attained, 

yet, the final values, Table 2, are the result of the two concurrent phenomena taking 
place, i.e. foaming on one hand and collapse on the other if the structure cannot 
sustain the microstructural changes. 
 

  
Figure 2: Foam structure a) 1.4NS65 and b) 1.4NS75 

 

Moreover, the collapsing was more pronounced when the solution with 65 wt% H2O 

was used, but regardless of the water content in the solution, it was intensified with 
the decreasing of the SiO2/Na2O ratio. The above lead to the two observed 
phenomena: a) the foams synthesised from solution with 75 wt% water were 
eventually lighter than the foams from solution with 65 wt% water; and b) the final 
foam porosity also increased with the increased SiO2/Na2O ratio, Table 2.  
 
Furthermore, lower porosities of the foams synthesised with 65 wt% water resulted in 
substantially higher densities of 0.81 to 0.58 g/cm3, compared to those synthesised 
with 75 wt% water (0.47 – 0.59 g/cm3). As expected, the denser foams, originating 

a) b) 
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from the solutions with 65 wt% H2O, gave higher compressive strength, i.e. 2.0 to 0.9 

MPa compared to 0.2 to 0.3 MPa when 75 wt% H2O was used. 
 

Table 2: Mechanical and physical properties of the synthesised foams 

 
Compressive strength 

[MPa] 
Density 
[g/cm3] 

Porosity 
[%] 

1.4NS65 1.98 ± 0.4 0.81 ± 0.01 65 

1.6NS65 1.29 ± 0.2 0.65 ± 0.02 75 

1.8NS65 0.91 ± 0.5 0.58 ± 0.04 77 

1.4NS75 0.33 ± 0.14 0.59 ± 0.01 82 

1.6NS75 0.29 ± 0.05 0.50 ± 0.01 84 

1.8NS75 0.15 ± 0.04 0.47 ± 0.01 83 

Conclusions 

The obtained results indicated that the higher water content in the solutions resulted 
in delayed foam initiation, but higher volumetric expansion. The increased SiO2/Na2O 
ratio for the same H2O level, showed a negative effect on the foam expansion. 
However, due to the improved foam stability, the lightest foam was synthesised from 
activating solution with high SiO2/Na2O ratio (1.8) and high water content (75 wt%). 
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