
1 INTRODUCTION  

This article gives a review of our research work on 
the unerring production of cement-bound foams. Ba-
sics of the foam technology are shown, and ap-
proaches from concrete technology are pointed out, 
showing how to adjust cement-bound foams in order 
to stabilize them. 

 
2 BASICS 

The background for the unerring production of ce-
ment-bound foams is the understanding of the 
“foam” system. Especially the stabilizing forces, as 
well as the processes leading to the collapse of liquid 

foams, are of particular importance. But before de-
scribing details of foams, the first step is the differ-
entiation of different kinds of foams. KERN 2002 
distinguishes between three kinds of foams, depend-
ing on the gas content of the fluid gas dispersion. 
This is pictured in Figure 1.   

All further particulars refer to spheric foams. 
These spheric foams are a good compromise be-
tween foam stability and air content, respectively 
density. Polyhedral foams are not robust enough to 
outlast the workmanship and the period until harden-
ing without significant changes of structure or total 
collapse. Bubble systems are less interesting, due to 
their lower air content and higher density. 

The determining factor for the bubble-stability in 
a fluid is the balance between the internal pressure 
of the bubble, being always a bit higher than the am-
bient pressure, and tensile stresses absorbed by the 
bubble shell (Fig. 2). The maximum size of these 
tensile stresses depends on the inner cohesion of the 
fluid and the interfacial tension. 

The stability of foams depends not only on the 
stability of its single bubbles but also on other ef-
fects. The most important one, especially for the 
production of cement-bound foams, is drainage. This 
means that air and fluid separate. The air bubbles up 
while the fluid flows out under the influence of the 
gravitation (Fig. 3). The most important influences 
on the drainage are the density and viscosity of the 
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Figure 1. Different types of foam, characterized by the gas
content ε, based on KERN 2002. 



fluid. If the fluid-film between two bubbles thins out 
so far that the tensile stresses corresponding to the 
internal pressure can no longer be absorbed, the fluid 
film breaks and the bubbles affiliate. This is called 
coalescence. 

Provided that the air entrainment works as well as 
possible, the maximum air content of the foam de-
pends on geometrical aspects, like bubble diameter 
distribution and the minimum thickness of the fluid 
films between the bubbles. For this a higher viscos-
ity of the fluid would be better. Nevertheless the vis-
cosity has to be limited, because a high viscosity in-
terferes with the air entrainment and the dispersion 
of the air in the fluid. 

3 REQUIREMENTS OF CEMENT PASTE AS 
LIQUID PHASE OF FOAMS 

As aforementioned in the basics, there are a lot of 
contradictory requirements for cement pastes to be 
foamed. Therefore two phases can be distinguished: 
 

• Production of cement paste, foaming and 
processing 

• Foam stability until hardening 
 

During the first phase, method and requirements 
of air-entraining as well as the workability are the 
determining factors for the specification of the ce-
ment paste and its properties. To enable the entrain-
ing of air into the cement paste with an acceptable 

effort relating to energy and machines, relatively 
low viscosities are necessary. Furthermore the in-
serted air has to be well dispersed and covered in 
strong bubbles. Therefore a quick stabilization of the 
interface between air and cement paste is essential. 
This can be managed by surfactants (air-entraining 
admixture or foaming agent) in high dosage. But 
important for the stabilization of the interface is also 
its geometrical form. To absorb tensile stresses, the 
interface has to be as plain as possible. This can be 
achieved by a higher water content above the satura-
tion point. Under these conditions the interstices be-
tween the solid particles at the interface can be 
filled. This filling of interstices can be supported by 
the addition of very fine particles like silica-fume. 
They can be placed in the space between the larger 
(cement) particles and reduce the volume which has 
to be filled with water (Fig. 4). 

In the second phase the focus is on foam stability. 
It is important to reduce drainage. Therefore the 
separation of air and cement paste by bubble up or 
flow out has to be reduced to a minimum. In spite of 
the higher water content to allow the foaming proc-
ess, a high viscosity is necessary for the foam stabil-
ity between processing and hardening. In order to 
handle this contradiction, the cement paste has to be 
described as a 2-phase-system with a liquid and a 
solid phase. The motion of solid particles always 
causes a motion of the circumfluent liquid phase. 
Thus the drainage can be effectively reduced by con-
trolling the mobility of the water. In tests this could 
be achieved by using organic stabilizers, polycar-
boxylic ethers (superplasticizers) and very fine par-
ticles like silica fume. 

Characterizing the situation inside a water filled 
interstice between several cement particles the re-
spective mode of operation can be easily described 
(see Figs. 5 a-d). 

Within the initial situation only a small propor-
tion of the water is bound to the surfaces of the ce-
ment particles. The predominant proportion of the 
water can move free and flow out of the interstice 
under the influence of gravitation. With the addition 
of polycarboxylic ethers (PCE) much more water can 

Figure 2. Schematic diagram of a bubble. 

 

Figure 3. Schematic diagram of drainage and coalescence. 
Figure 4. Optimization of the bubble surface using higher water 
content and silica fume. 



be bound to the solid particles. The molecules of the 
PCE contact the particles with their backbone and 
adsorb water molecules at their side chains. With 
this effect the film of bound water around the parti-
cles becomes thicker, the proportion of bound water 
increases and the remaining cross-section for the 
flow of unbound water decreases. The back pressure 
rises. A similar effect can be achieved by the addi-
tion of very fine particles. Due to their immense 
largeness of surface they can bind a lot of water and 
they downsize the remaining cross-section for water-
flow, too. Another possibility to bind the water is the 
use of organic stabilizers. These are large organic 

molecules. They can adsorb a lot of water mole-
cules. These emerging molecule packages are more 
inert and immobile. If their long molecule chains in-
tertwine they can even evolve into a sort of net-
structure, which limits the mobility of both the 
bound and the free water molecules. As a result of 
all these three effects the drainage can not be 
stopped completely, but it can be significantly 
slowed down. This is the basis for a foamed cement 
paste being stable until hardening with minimal 
symptoms of decline. 

The before mentioned ideas are combined and il-
lustrated in Figure 6. 

Figure 6. Model of the influences of different components of cement paste on foam processing and foam stability. 

Figure 5. Options to control the drainage. 

 



4 EXPERIMENTS AND THEIR RESULTS 

Within the experimental research program prelimi-
nary tests were used to develop a robust basic recipe 
for foamed cement pastes, based on the described 
theoretical ideas. In a parametric study more then 
150 variants of this recipe were tested to examine 
the influence of different types of cement, admix-
tures, additives and different dosages of these sub-
stances. Due to the allowed extension of this paper it 
is not possible to show all the results in detail. They 
can be looked up at POTT 2006. The diagram in Fig-
ure 7 shows exemplarily the influence of different 
organic stabilizers and their dosage on the foam sta-
bility. It becomes apparent that both type and dosage 
of the organic stabilizer decide about the foam sta-
bility. It is obvious that the dependency is not linear. 
There is a material related marginal dosage which is 
necessary to keep the foam stable. The influence on 
the density of the fresh and hardened (stable) 
foamed cement pastes is small. This sort of analysis 
does not detect changes of the pore structure inside 
the foam. They were reviewed by means of fracture 
surfaces. 

It has also been demonstrated that the surface of 
robust bubbles in fresh foamed cement paste is al-
ways made up of a closed fluid film. Pictures of the 
inner side of pores in hardened foamed cement paste 
were made with a scanning electron micrograph 
(SEM). These pictures show platy crystal structures 
all over the surface of the pore (Fig. 8). With the 
help of energy dispersive X-ray analysis a huge 
amount of Ca-atoms and nearly no Si-atoms could 
be detected within these platy crystals. This indi-
cates a closed film of calcium hydroxide solution on 
the inner surface of the bubbles. Solid particles like 
cement or silica fume are not integrated in the sur-
face structure between cement paste and air. 

 

5 SUMMARY 

The paper at hand provides an insight into a wide re-
search project for the production of cement-bound 
foams (see POTT 2006). Some substantial results are 
described. With the help of optimized recipes for 
cement pastes it is possible to froth them up and to 
keep the foam stable until it is hardened. Based on 
the basics of foam technology and concrete technol-
ogy some principals for the production of cement-
bound foams were derived and experimentally veri-
fied: 
 

• Foamed cement pastes should be spheric 
foams to be robust enough to resist usual ef-
fects from processing and while hardening 

• The production of cement-bound foams re-
quires relatively high contents of water to al-
low plane interfaces between cement paste 
and air (bubble) 

• The water in the fresh cement paste should 
be bound and made immobile. This can be 
achieved by using very fine particles, organic 
stabilizers and polycarboxylic ethers (super-
plasticizers) to minimize the drainage and 
keep the foam stable until hardening 

 
With these results the further development of 

foamed cement-bound building materials for differ-
ent fields of application will be possible. 

REFERENCES 

Kern, T. 2002. Neues Verfahren zur experimentellen Untersu-
chung wässriger Schäume. Paderborn: Universität GH Pa-
derborn. 

Pott, J. U. 2006. Entwicklungsstrategien für zementgebundene 
Schäume. Hannover: Institut für Baustoffe, Leibniz Univer-
sität Hannover.  

Figure 7. Influence of the dosage of different organic stabiliz-
ers on the foam stability. 

Figure 8. SEM-Picture of a pore with platy crystal structures. 


