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Abstract

The paper presents the results of studies of the physical and mechanical properties of foam concrete on activated mixing water. 

Corrosion resistance of reinforcing steel in foam concrete with the use of activated water in the presence of mineral additives was 

studied. The use of activated with the electromagnetic field and electric current water of mixing enhances strength characteristics 

and reduce shrinkage deformation of composites. The increase of water resistance of foam concretes prepared on activated water of 

mixing compared with control compositions it was established. The comparative characteristic of foam concrete on the two types of 

foaming agent is given. The results of the anodic behavior of steel in activated water, characterizing the degree of aggressive influence 

on the steel depending on the activation mode and the chemical composition of mineral additives. This paper is a revised version of 

the paper (study) published earlier in the proceedings of the Creative Construction Conference 2018 (Karpenko et al., 2018).
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1 Introduction
Among the large variety of modern building materials 
used in construction, significant amounts fall on foam and 
aerated concrete. These materials are widely used in the 
construction of buildings and structures, in heat-insulating 
products. In recent years, the production of foam concrete 
has outpaced the use of aerated concrete. Due to the tough-
ening of the thermal engineering standards for heat-insu-
lating materials, it is important to improve the physical, 
mechanical and operational properties of foam concrete.

Along with a large variety of materials and products 
of cellular structure of particular interest in the study is 
reinforced foam. Despite the fact that foam concrete has 
a number of positive qualities – tensile resistance is not 
one of them, which undoubtedly determines the use of 
reinforcement. Based on this, the study of the behavior of 
reinforcing steel, namely its corrosion resistance, in foam 
concrete is an urgent task.

Many authors have established that the quality manage-
ment of concretes and other composite materials is possible 
with different impacts on both non-hardened and hard mate-
rials and on its components. At present, there is a wide range 
of technological methods that allow purposefully regulate 
the structure, and therefore the properties of cement stone, 
among which are the use of fillers of different nature and 
fractional composition, the activation of individual compo-
nents and concrete mixtures themselves (Deuse et al., 2009; 
Emelyanov et al., 2014a; Emelyanov et al., 2014b; Fedosov 
et al., 2011; Fokin and Loshkanova, 2008; Kalashnikov, 2011; 
Kalashnikov et al., 2014; Karaseva, 2008; Ulazowski and 
Ananina, 1975; Povkh et al., 1971).

Water is a required component for cement compos-
ites and water determines their technological properties. 
In our previous studies, we investigated the effect of elec-
trochemical and electromagnetic activation (using electric 
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current and the electromagnetic field to get changes in the 
physical and chemical properties of water) and proved 
the improvement of the physical and mechanical proper-
ties of cement stone and heavy concrete due to the use 
of activated mixing water (Bazhenov et al., 2011; Erofeev 
et al., 2007; Erofeev et al., 2008; Erofeev et al., 2014). 
In this paper, we present studies of the production tech-
nology and physical and mechanical properties of foam 
concrete with the use of electrochemically and electro-
magnetically activated mixing water. From the results 
given below it follows that such mixing water activation 
in foam concrete gives an even greater effect. It is known 
that the formation of foam concrete with the optimal struc-
ture is possible under the condition of a combination of 
numerous physico-technical and physicochemical factors: 
the viability of the foam film, composition, density and 
other properties of the foam concrete.

The hydrodynamic effect is one of the factors determin-
ing the viability of the foam film. According to the theory 
of structural and mechanical stability of foams, the sta-
bility of adsorption layers is determined both by sur-
face forces and by mechanical properties of foamed films 
(Kruglyakov and Exorova, 1990). If there is some way to 
improve these properties, it will increase the stability of 
foam. It is the provision of a structural-mechanical stability 
factor that can give the foam the greatest stability. Below 
we present studies of the effect of activated water, both on 
the foam properties and on the properties of foam concrete.

The ability of surfactants to form micelles to a signif-
icant extent depends on the length of hydrocarbon radi-
cal (Kruglyakov and Exorova, 1990). Their sizes depends 
on the concentration above which micelles form (the crit-
ical micellization concentration, CMC) (Portik, 2003). 
There are many methods for determining CMC. All of 
them are based on a sharp change in the physicochemical 
properties of surfactant solutions in the transition from a 
molecular solution to a micellar solution.

Thus, the creation of a foam and mixtures of foam con-
crete with stable structure possible with the use of acti-
vated water and aqueous solutions for mixing.

2 Description of the conceptual design
To study aqueous solutions of foaming agents, foam, 
cement stone and foam concrete, we used the follow-
ing components: we took portland cement CEM I 42.5 B 
as a binder (GOST 31108-2016 (LLC Cemiskon, 2016)); 
as foaming agents: "Esapon 1850" - non-ionic surfactant, 
which is a saturated fatty alcohol with ethylene oxide, 

and "Arekom-4" (TU 2481-007-11084661-2003) - foam-
ing agent, which is an aqueous solution of anionic sur-
factants and auxiliary additives; as a solvent, we used 
water that meets the requirements of GOST 23732-79 
(State Committee of the USSR for Construction, Ministry 
of Energy and Electrification of the USSR, 1993).

We carried out the activation of water and aqueous solu-
tions using the unit for the anti-scale treatment of water 
systems UPOVS2-5.0 by "Maxmir" (Yuvshin et al., 2004). 
We conducted experimental research in accordance 
with the operation modes of the apparatus. In total, we used 
nine modes, the cipher of which is composed of alphanu-
meric characters. The letter designation E + M means that 
the natural water or its solution has been subjected to joint 
successive activation by an electric current (electrochem-
ical activation) and an electromagnetic field in the work-
ing gaps of the apparatus. The digital designation corre-
sponds to the selected mode of operation of the device, 
which characterizes the current strength (switch position) 
in the cell circuit and the winding of the magnetizing coils. 
The modes and their parameters are presented in Table 1.

We used a stalagmometric method to study the indi-
cator of the critical micelle concentration of Arekom-4. 
The surface tension values of the solutions are shown 
in Table 2. The critical concentration of Arekom-4 foam-
ing agent was calculated for each type of water accord-
ing to the curves of the surface tension versus the concen-
tration of the foaming agent. The values of the CMC are 
given in Table 2.

Based on the tabulated values of the surface tension of 
the solutions, we constructed the graphical dependencies 
shown in Fig. 1.

We can see that the curves of the dependence of the sur-
face tension on the concentration of the foaming agent 
for some types of activated water (1-3, 3-3 and 6-3) differ 

Table 1 Activation modes of water and aqueous solutions

Water activation 
mode

Current density jmax , 
A / m2

Electromagnetic field 
strength Нmax , kA / m

E + M (1-1) 5.65 24

E + M (1-3) 5.65 75

E + M (1-6) 5.65 135

E + M (3-1) 22.58 24

E + M (3-3) 22.58 75

E + M (3-6) 22.58 135

E + M (6-1) 43.55 24

E + M (6-3) 43.55 75

E + M (6-6) 43.55 135
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slightly from the other curves. However, there is no sharp 
difference between them. From the results of studies 
it follows that the critical concentration of foaming agent 
Arekom-4 is in the range 0.2 ... 0.3 %.

Various properties of the foam influence on the struc-
ture formation and hardening of the foam mass, they affect 
the subsequent performance of buildings constructed 
from foam concrete.

To assess the quality of foaming of the solutions and 
the prepared foams we have investigated the multiplic-
ity and stability of foam. We determined the foam mul-
tiplicity of Arekom-4 and Esapon 1812 foaming agents 
in accordance with TU 2481-007-11084661-2003. As a sol-
vent for foaming agents, we used non-activated water and 

water activated according to the regimens given in Table 1. 
Test results for the determination of the foam multiplicity 
for Arekom-4 and Esapon 1812 foaming agents with the 
use of activated water are shown in Fig. 2.

It follows from Fig. 2 that with increasing current in the 
conductor of magnetizing coils and in the working gap of 
the electrodes, the multiplicity of the foam increases.

We determined the stability of the foam in accordance 
with TU 2481-007-11084661-2003. The results of tests 
for determining foam stability of foaming agent Arekom-4 
and Esapon 1812 using activated water are shown in Fig. 3.

Table 2 Dependence of the surface tension of activated water on the 
concentration of Arekom-4 foaming agent

Water 
type Surface tension, mJ / m2 CMC, 

%

0 72.75 34.68 29.50 29.05 27.79 27.88 0.26

E + M 
(1-1) 72.75 34.96 29.00 28.32 27.53 27.28 0.25

E + M 
(1-3) 72.75 33.02 28.33 27.96 27.45 26.63 0.25

E + M 
(1-6) 72.75 35.79 30.00 28.87 27.19 26.09 0.24

E + M 
(3-1) 72.75 34.28 30.03 29.19 27.45 26.36 0.24

E + M 
(3-3) 72.75 36.23 30.96 29.89 27.79 26.79 0.24

E + M 
(3-6) 72.75 34.62 30.39 29.76 28.32 26.95 0.26

E + M 
(6-1) 72.75 34.55 30.10 29.05 28.23 26.79 0.24

E + M 
(6-3) 72.75 36.53 29.13 27.28 26.95 26.87 0.27

E + M 
(6-6) 72.75 35.37 30.54 29.53 27.28 26.79 0.25

W, % 0.0 0.2 0.4 0.6 1.0 2.0

Fig. 1 Dependence of surface tension on the concentration of 
foaming agent

Fig. 2 Change of the foam multiplicity for Arekom-4 and Esapon 
1812 on the mode of water activation: 1) non-activated water; 
2) water activated according to the "E + M (1-1)"; 3) water activated 
according to the "E + M (1-3)"; 4) water activated according to the 
"E + M (1-6)"; 5) water activated according to the "E + M (3-1)"; 
6) water activated according to the "E + M (3-3)"; 7) water activated 
according to the "E + M (3-6)"; 8) water activated according to the 
"E + M (6-1)"; 9) water activated according to the "E + M (6-3)"; 

10) water activated according to the "E + M (6-6)"

Fig. 3 Change of the foam stability for Arekom-4 and Esapon 1812 
on the mode of water activation: 1) non-activated water; 2) water 
activated according to the "E + M (1-1)"; 3) water activated according 
to the "E + M (1-3)"; 4) water activated according to the "E + M (1-6)"; 
5) water activated according to the "E + M (3-1)"; 6) water activated 
according to the "E + M (3-3)"; 7) water activated according to the 
"E + M (3-6)"; 8) water activated according to the "E + M (6-1)"; 
9) water activated according to the "E + M (6-3)"; 10) water activated 

according to the "E + M (6-6)"
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It follows from Fig. 3 that with increasing current in the 
conductor of magnetizing coils and in the working gap of 
the electrodes, the stability of the foam increases with the 
use of both types of foaming agents.

Obtaining an effective insulating material with low den-
sity ( less than 500 kg / m3 ) and low thermal conductivity 
remains one of the main tasks in the production of foam 
concrete. For its implementation, it is necessary to pay spe-
cial attention to the technology of manufacturing this mate-
rial, in particular, to the choice of the foaming agent type, 
the selection of the water-hard ratio, and the quality of 
the cement. Modification of the mixing water will have a defi-
nite effect on the material properties of cellular structure.

We examined the foam concrete on 2 types of foaming 
agent: Arekom-4 and Esapon 1812. We present the results 
of the dependence of the foam concrete strength on the 
water activation mode in Figs. 4 and 5.

We can see from Figs. 4 and 5 that the use of activated 
mixing water promotes an increase in the strength char-
acteristics of composites. The water treated by the com-
bined action of electric current and magnetic field makes 
it possible to increase the compressive strength of foam 
concrete on the Arekom-4 up to 90 %, and on the Esapon 
1812 – up to 18 %.

Shrinkage is an important property of foam concrete. 
Shrinkage of foam concrete during drying should not exceed 
3 mm / m (for non-autoclave technology materials according 
to the requirements of GOST 25485-2019 (NIIZHB named 
after A. A. Gvozdev, 2019)). Otherwise, the shrinkage strain 
will cause cracking. This is especially observed in the case 
of manufacturing large-size products, which include wall 

structure and slab coverings. According to practical experi-
ence of foam concrete application, the width of crack open-
ing in similar products can reach 3...5 mm.

When performing research, the shrinkage was 
determined on samples in the form of prisms of size 
4 × 4 × 16 cm. Deformations were measured by dial indica-
tors. Study results of the foam concrete shrinkage (samples 
were composed with the use of two types of foaming agents 
and activated mixing water) are shown in Figs. 6 and 7.

From the data given, we can see that the greatest growth 
of shrinkage deformations occurs in the first 5–7 days, and 
then stabilization of shrinkage is observed. It also follows 
from the results of investigations that the treatment of acti-
vated mixing water by electromagnetic field and electric cur-
rent helps to reduce shrinkage deformations. Here, appar-
ently, a significant role is played by the dispersed phase 
formed as a result of the mixing water activation. From the 

Fig. 4 Dependence of the change in compressive strength of foam 
concrete with the foaming agent Arekom-4 on the type of activated 
mixing water: 1) water not activated; 2) the same, processed 
by a magnetic field; 3) the same, treated by electric current; 
4) the same, treated by the combined action of an electric current and 

a magnetic field

Fig. 5 Dependence of the change in compressive strength of foam 
concrete with the foaming agent Esapon 1812 on the type of activated 
mixing water: 1) water not activated; 2) the same, processed 
by a magnetic field; 3) the same, treated by electric current; 
4) the same, treated by the combined action of an electric current and 

a magnetic field

Fig. 6 Dependence of foam concrete shrinkage with foaming agents 
"Esapon 1812" on the activation mode of mixing water: 1) water not 
activated; 2) water activated by the E + M mode (1-1); 3) the same, 

E + M (3-3); 4) the same, E + M (6-6)
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considered activation variants, the E + M mode (6-6) is 
the best of them. In this case, shrinkage reduction is more 
than 10 %. The tests also showed that less shrinkage occurs 
in the materials on the Arekom-4 foaming agent.

It is well known that foam concrete quickly absorbs 
water into its pores during operation in conditions of high 
humidity or while standing in water. The change in the 
moisture content of concrete affects not only its insulating 
properties. This phenomenon is also associated with the 
development of moisture shrinkage. In the presence of 
moisture, the material swells, and when dried, it shrinks. 
Emerging stresses (due to changes in humidity) loosen 
the structure of the material and reduce its strength. 
Humidity deformations, in the first place, depend on the 
ratio of gel-like and crystalline phases in the cement stone. 
The resistance of the material increases in such conditions 
with increasing crystalline phase. In this case, it is import-
ant to increase the strength of the structural mesh from the 
hardened cement stone in the porous system. Previous 
studies (Deuse et al., 2009; Kalashnikov, 2011) showed 
that mixing cement with activated water, contributes to 
a significant increase in strength of cement stone. It was 
found that with the same degree of hydration and porosity, 
the strength of the cement stone depends on the nature of 
the hydrates crystallization. The high strength of cement 
stone was noted in the compositions with the optimal com-
bination of weakly crystallized hydrates with dense sec-
tions of the crystallized structure. Weakly crystallized 
hydrosilicates are apparently a binder cementing unre-
acted clinker grains, as well as crystals of calcium hydrox-
ide and ettringite hydroxide. The density of the material 
significantly affects the water resistance of the cement 
compositions, in addition to the above factors. One of the 

main factors affecting the density, regardless of the initial 
water-cement ratio, is the form of water-solid interface. 
Water, as known, is one of the main elements that form 
the structure of cement stone; water is involved in the for-
mation of hydrate compounds and the formation of pores.

Studies of the water resistance of foam concrete were 
carried out on samples measuring 4 × 4 × 16 cm. The test 
results of samples after 3 days of incubation in the envi-
ronment shown in Fig. 8.

Studies show an increase in the water resistance of 
foam concrete prepared on activated mixing water, com-
pared with the control compositions on average by 10 %.

The study of the corrosion resistance of the reinforcement 
was carried out using activated mixing water in the presence 
of plasticizing additives and fillers of different nature.

Thus, the electrochemical potential of corrosion-free 
steel 85 in water "0" is in the region of negative values and 
is insignificant in its magnitude (φ = –0.2 V). When the 
potential is shifted to a positive area, there is a tendency to 
a noticeable deceleration of the anode process. The Tafel 
dependence of the anode process overvoltage on the cur-
rent density with an angular coefficient β = tg α = 0.155 is 
recorded on the site φ = –0.2 ... –0.06 of the anode polar-
ization curve (Fig. 9, curve 1).

The addition of white soot to the water, with appropri-
ate electromagnetic treatment, does not violate the laws 
in the anode behavior of steel 85. With the increase of 
the anode polarization potential, in the mode of electro-
magnetic processing of E + M (6-6), there is an increase 
in the dissolution currents (Fig. 9).

The addition of talc to water does not significantly 
change the electrochemical characteristics of steel 85, but 
at the same time there is a small shift in the potential of 

Fig. 7 Dependence of foam concrete shrinkage with foaming agents 
"Arekom-4" on the activation mode of mixing water: 1) water not 
activated; 2) water activated by the E + M mode (1-1); 3) the same, 

E +M (3-3); 4) the same, E + M (6-6)

Fig. 8 Dependence of the softening coefficient of foam concrete on the 
mixing water activation mode: 1) water not activated; 2) water activated 

by the E + M mode (1-1); 3) the same, E + M (3-3); 
4) the same, E + M (6-6)
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the negative region and an increase in the dissolution cur-
rents compared to water without additives. The pre-log-
arithmic coefficient in the Taffle-talc equation is 0.875. 
Consequently, the additive slows down the anode dissolu-
tion process starting from the value of the free corrosion 
potential equal to –0.19 V to +0.25 V (Fig. 10, curve 1).

Notes the plot Tafel direct with talc prelogarithmic 
coefficient β = 0.155. Anodic polarization curves obey 
the General rule: increasing the ratio of electric current to 
magnetic field activates anodic dissolution of reinforcing 
steel in solution.

The results of the experiment of the anode behavior 
of steel 85 showed that the studied additives, depending 
on their chemical composition, have a different aggres-
sive effect on the steel. Probably, the electrochemical 
characteristics obtained in the process of anodic polar-
ization of steel in water with additives also depend on 
electromagnetic treatment, which in turn makes changes 
in the electrical properties of water, changing its oxida-
tion-reduction potential.

3 Conclusion
The technology of electrochemical and electromagnetic 
mixing water activation makes it possible to get a foam 
with higher stability and multiplicity. The presented 
technology contributes to obtaining a foam concrete 
matrix with improved physical-mechanical and opera-
tional parameters. Activation of the mixing water allows 
to increase the compression strength of foam concrete up to 
90 %, increase water resistance by 10 % and reduce shrink-
age. Studies have established the possibility of using metal 
reinforcement in foam concrete on activated mixing water.
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Fig. 9 Anodic polarization curves for water in the presence of additive 
"white soot": 1) water not activated; 2) water is not activated with the 
addition; 3) water activated with the addition by the E + M mode (1-1); 

4) the same, E + M (3-3); 5) the same, E + M (6-6)

Fig. 10 Anodic polarization curves for water in the presence of additive 
"talc": 1) water not activated; 2) water is not activated with the addition; 

3) water activated with the addition by the E + M mode (1-1); 
4) the same, E + M (3-3); 5) the same, E + M (6-6)
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