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Abstract
Using metal powders, like Al-powder and Zn-powder, as foaming agents in geopolymer synthesis to produce lightweight,

cement like building materials is described in the following. The influence of the porosity on the structure of the hardened
paste is analyzed. Moreover, the influences of the ratio’s variations of Na /Al in between 0,4 – 0,8 are investigated. We show
the influences of different foaming methods on the geopolymer reaction. Moreover, the differences in element distribution of
foamed and not foamed samples are investigated.

Introduction
Geopolymers are inorganic, X-ray amorphous polymers composed of linked tetrahedrons with silicon or alu-
minum ions as center. The 4-coordinated Al3+-ions show a negative charge in the tetrahedrons which is
balanced by the introduced Na+-ions. This structure can be seen in figure 1.[1, 2]
Foaming agents react in different ways as to how the geopolymer or alkali activated slag is foamed. One
method is to distribute air in the system via quick stirring and using a surfactant for stabilization of the foamed
material.[3] Another method is to use the well known decomposition of hydrogen peroxides in alkaline solu-
tions which are the main medium in most geopolymer syntheses.[4]
Metal powders, like Zn or Al powders, react in sodium hydroxide solution into their ox-
idized state, releasing hydrogen in the process. The reaction equations are as following:

Reaction of Al-powder

2Al + 6H2O→ 2Al(OH)3 + 3H2

Al(OH)3 + Na+ + OH− → Na+ + Al(OH)4
−

Reaction of Zn-powder

Zn + 2NaOH + 2H2O→ Na2[Zn(OH)4] + H2

Figure 1: Simplified structure of geopolymers

Materials and Methods

Synthesis of Geopolymers

Name SiO2/Al2O3 Na /Al Na /Alamorph. l/s NaOH [g/l39T ]

F04 4,0 0,4 0,63 0,51 106
F05 4,0 0,5 0,79 0,51 169
F06 4,0 0,6 0,95 0,51 233
F07 4,0 0,7 1,11 0,51 297
F08 4,0 0,8 1,27 0,51 361

Table 1: Composition of Geopolymers

Name SiO2/Na2O weight ratio SiO2 [%] Na2O [%] H2O [%]

39T 3,3 27,63 8,37 64,0

Table 2: Specifications of sodium silicate solution

Foamed Geopolymers

Using the same ratios as in the not foamed samples, foamed geopolymers were prepared using different foam-
ing methods. Aluminum powder was added to the slurry in an amount of 0,005, 0,1 and 0,2 % of the solid raw
materials. Zinc powder was added in 1,0 % of the solid raw materials. The powder was added to the geopoly-
mer slurry and stirred for another 3 to 4 minutes before the mixture was molded into the desired forms, covered
with foil and set for 28 days.

Results

SEM

Figure 2: High resolution (6000 times) SEM images of sample
F06 Al 0,1

Figure 3: Element mapping of F06 foamed with Al 0,1

• Increasing crystalline phase with increasing Na /Al ratio

• Formation of a glassy sphere in samples F07 & F08

• Less crystalline phase visible in foamed samples

•Needle shaped crystals show higher amount of Na+-ions (figure 3)

IR Spectroscopy

• Si-O-T bonds at 1100 cm−1 (ν stretching vibration), 800 cm−1 (δ deformation vibration) & 500 cm−1 (ρ
rocking vibration)

• Shift to lower wavelength correlating with higher ratio of Na /Al⇒ better inclusion of Al-ions in network
[5] (figure 4)

• Formation of NBO’s at higher amount of Na+-ions

• Foamed geopolymers show a shift towards higher frequencies (figure 5)

Figure 4: Shift of wavelength of Si-O-T bond Figure 5: Shift of wavelengths of νas Si-O-T vibrations in foamed
geopolymers

XRD Analysis

Phase F04 F05 F06 F07 F08 FA

Mullite 9,8 6,8 3,6 7,4 1,9 12,8
Quarz 3,3 1,8 5,2 2,0 4,4 3,2

Amorphous 66,9 71,4 71,2 70,7 73,7 63,1

Table 3: Quantitative data obtained from XRD measurements

Phase F06 F06-Al0,005 F06-Al0,1 F06-Al0,2 F06-Zn

Mullite 3,6 11,3 10,3 8,0 12,3
Quartz 5,2 0,0 3,0 2,8 3,6

Amorphous 71,2 68,7 66,7 69,2 64,1

Table 4: Quantitative data obtained from XRD measurements, a comparison of foamed
samples

•Qualitative XRD of fly ash:
four phases (quartz, mullite,
two iron oxides (hematite and
magnetite))

•Only mullite and quartz
phases detectable in geopoly-
mers

•Amount of amorphous phase
in F04 – F08 increases with in-
creasing Na+ amount (table 3)

• In foamed geopolymers the
amount of amorphous phase
decreases slightly with in-
creasing porosity (table 4)

Mercury Intrusion Porosimetry

Figure 6: Comparison of intruded volume of F06 using all
foaming agents

• Lower ratio of Na /Al promotes smaller pores;
higher ratio larger pores ⇒ due to longer set-
ting time

•Highest porosity obtained with Zn as foaming
agent (figure 6)

• Pores due to loss of water are still traceable in
porous geopolymers

Conclusion
We showed in our work that it is possible to use metal powder as foaming agents during geopolymer synthesis
and build lightweight building materials. Different pore volumes and pore sizes, depending on the foaming
agent and amount of metal powder, were synthesized. Using Zn-powder, the highest porosity was achieved.
Moreover, the influence of the foaming agent and therefore of the porosity on the structure of the geopolymer
was analyzed. A Na /Al ratio of about 1,0 proves to be the most stable ratio as sodium ions neutralize the
negative charge in the aluminum tetrahedron therefore stabilize the introduced pores. Moreover, it was ob-
served that with a higher amount of Na+-ions, the generation of crystalline phases was preferred compared to
the geopolymers synthesized with a lower amount of sodium ions. The formed crystals show a needle shaped
structure and were preferably build inside pores with an diameter higher than 20µm.

Forthcoming Research
In the future we will conduct experiments which look into the inclusion of metals within foamed geopolymers.
Thereby the ratio Na /Al will be held constant and the ratio Si /Al will be varied.
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