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Production of aerated concrete blocks using energy-efficient technology 
 

B.G. Kodirov1 a, S.S. Shaumarov1 b, S.I. Kandakhorov1 c 

1Tashkent state transport university, Tashkent, Uzbekistan 

 
Abstract: This article studies the problems of producing aerated concrete blocks using energy-saving technology 

and ways to overcome them. Aerated concrete products are distinguished by their lightness, low thermal 

conductivity compared to traditional concrete, and the ability to effectively recycle industrial waste. The 

article analyzes the influence of the structure of pores in aerated concrete, their diameter and uniformity, 

on thermal conductivity and strength properties. The results of the study show that aerated concrete 

produced using industrial waste contains uniformly distributed closed pores, which reduce the thermal 

conductivity of aerated concrete by 2–4.5% and increase its strength by 7–12%. At the same time, the 

use of cold water without adding hot water to the mixture, and the technology of covering the mold and 

sending it to evaporation chambers are recommended. These methods are energy-efficient, simplify the 

technological process, and increase the quality and environmental safety of the product. The research 

also shows the possibility of improving the physical and mechanical properties of two- and three-layer 

aerated concrete blocks with a dense surface layer. They have high potential in terms of recycling 

industrial waste, heat conservation, technological simplicity, and environmental sustainability. 
Keywords: concrete technology, concrete mix, density, porosity, surface layer 

 

 
1. Introduction 

Against the background of growing requirements for 

energy saving and environmental friendliness of building 

materials, the production of aerated concrete blocks using 

energy-efficient technologies is becoming especially 

relevant. Aerated concrete is a type of cellular concrete with 

low density, high thermal insulation and sufficient strength, 

which makes it indispensable in low-rise and energy-

efficient construction. 

Modern technologies for the production of aerated 

concrete are aimed not only at improving the physical and 

mechanical characteristics of products, but also at reducing 

energy costs at all stages: from the preparation of the raw 

mix to autoclave processing. The introduction of automated 

component dosing systems, optimization of autoclaving 

modes, reuse of process heat and water, the use of alternative 

binders - all this can significantly reduce energy 

consumption and reduce the cost of products without loss of 

quality. 

In addition, special attention is paid to the use of 

secondary resources, such as fly ash, microsilica or 

construction waste, which corresponds to the concept of 

sustainable development and a closed production cycle.The 

technology of production of aerated concrete products is 

related to the composition of bodies in the concrete mix: the 

porosity that forms the concrete structure, its formation 

methods, the strength of aerated concrete and many other 

specific properties. As a result of the interaction of one of 

the main components of the concrete mix with the gas-

forming (usually aluminum powder) and calcium hydrate 

oxide, hydrogen is released, which is poorly soluble in water 

and forms gaseous pores in the concrete mix. 

As the volume of spherical pores (cells) of gas increases, 

the volume of concrete also swells (expands) by 1.2-1.8 

times. The formation of gas and the expansion of the 

concrete mix may not proceed smoothly. This depends on 

the following factors: rheological properties of the mixture, 

 
a  https://orcid.org/0009-0006-8828-1645   
b  https://orcid.org/0000-0001-8935-7513  

the temperature of the raw material and the environment, the 

alkalinity and exothermicity of the binder, the displacement 

of the mold in the shop, etc. [1]. 

Instability in the swelling of the mixture leads to changes 

in the density of aerated concrete. As a result, aerated 

concrete has the following performance characteristics than 

other types of concrete: average density, thermal 

conductivity, strength, etc. [2, 3]. 

If the heavy concrete has almost the same density 

(average 2400 kg/m3) regardless of the strength class, then 

the value of the density of aerated concrete varies from 300 

to 1200 kg/m3. 

Light concrete mix differs from heavy concrete mix by 

greater flexibility. 

Due to the high consistency of the aerated concrete mix, 

it consists of the process of preparation and molding of 

aerated concrete products, ie casting. The aerated concrete 

mixture poured into the mold expands, taking the form of a 

mold. The volume of concrete mixture raised from the top 

level of the mold reaches 10-15%. The hoist should be cut 

and removed flat from the surface of the mold. Returning the 

cut lift to the concrete mixing device is cost-effective in fully 

mechanized plants. Returning the cut lift to the concrete 

mixing device requires a large amount of manual labor in 

small enterprises, and it is often discarded [4, 5]. 

2. Research methodology 

One of the advantages of aerated concrete products is: it 

has the lowest average density among all known types of 

concrete (300-1200 kg/m3); maximum thermal conductivity 

resistance (0.08-0.29 W/m·°C); maximum fire and frost 

resistance; has the maximum potential for industrial waste 

utilization. 

One of the specific properties of aerated concrete 

products, which differs from other concretes, is: preparation 

of concrete mix without coarse aggregate; cast consistency 

c  https://orcid.org/0000-0002-3689-8794  
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(melting of the mixture on the Suttard cylinder 12-35 cm); 

addition of hot water at a temperature of 50-70 ˚C to the 

mixture (optimal for gas formation and increase in the 

volume of the mixture). 

The introduction of hot water at excess temperature into 

the concrete mix has a negative impact on the 

physicochemical properties of aerated concrete, such as 

increased demand for water, decreased strength, premature 

formation of sand. 

 When molding products, the aerated concrete mix is not 

completely filled into the formwork because the aerated 

concrete mix expands to fill the remaining volume of the 

formwork cavity. In order to properly form the concrete 

structure and optimize the gas formation process, in practice 

it can be obtained by preparation in the form of a low-

consistency compound (11-13 sm) and by vibration. After 

the expansion process of the mixture is completed and after 

cutting, exposure to the mold (shaking, strokes, etc.) is not 

recommended as the mixture will shrink. 

Such technological operations are carried out only with 

aerated concrete mix. Other types of heavy concrete mixes 

are laid on the mold balance and brought in using vibro 

compaction. The volume of these vibro-compacted concrete 

mixes does not change. Another type of lightweight concrete 

mix is foam concrete, which is poured in the ready state of 

foaming over the entire height of the mold, then the foam 

concrete mix does not expand in the mold and can sometimes 

sink to 1-3%.  

As for concrete production technologies, there is a 

technology for adding the mixture to the formwork from 

above in the open position for porous concrete. 

Disadvantages of traditional aerated concrete technology 

include: 

• introduction of hot water into the concrete mix; 

• energy consumption for heating water to 50-70 °C; 

• the need to store the molded concrete mixture in a 

special heat and humidity chamber at a temperature of 40 ± 

5 °C for 5-6 hours; 

When pouring aerated concrete into the formwork, 

compaction of the upper part of the formwork based on the 

technology of “light compaction roller” is not considered 

efficient enough and therefore requires special equipment; 

One of the unique properties of building materials made 

of aerated concrete is the open porosity of concrete and their 

strength. The open porosity of the surface of the products 

leads to the subsequent deterioration of water absorption, 

capillary pods, many important operational properties of 

aerated concrete. Therefore, it is necessary to protect the 

surfaces of external walls made of porous concrete from 

mechanical and external climatic influences (covering the 

surface with plaster). Thus, reducing the porosity and 

increasing the strength of the surface of the layers allows to 

overcome many shortcomings of aerated concrete. In order 

to increase the rigidity and strength of the outer layers of 

aerated concrete products, it is proposed to cover two- and 

three-layer aerated concrete blocks with a compacted surface 

layer of a denser material. In this case, the cement-sand 

mixture in the ratio "Cement: sand = 1: 3" and the top surface 

can be covered with materials consisting of a light porous 

filler. The thickness of the compacted layers is 1 - 2 cm. The 

middle layer consists of an aerated concrete mix with a 

density of 400 - 500 kg/m3. In this design, the physical and 

mechanical properties of composite concrete are improved, 

and the surface of aerated concrete products differs from 

ordinary concrete in the strength of layered aerated concrete 

with a density of 600-700 kg/m3.(Fig. 1). 

 
          a                                                       b 

Figure 1. Aerated concrete samples: 

a - two-layer aerated concrete consisting of a dense cement-

sand mixture; b - three-layer dense mix and lightweight 

concrete aerated concrete consisting of a surface layer 

In order to improve the production of aerated concrete 

blocks based on energy-saving technologies, industrial 

waste from the "Foundry Mechanical Plant" of JSC 

"Uzbekistan Railways" was used, and the structure of 

aerated concrete samples was investigated (Fig. 2). In this 

case, when forming porous concrete block samples, aerated 

concrete consists of structural walls containing closed and 

open macro-micropores and microcapillaries. Usually, the 

pores should have a closed straight spherical shape and be 

evenly distributed throughout the entire volume of concrete. 

The composition of the aerated concrete structure made 

from industrial waste sand and steel smelting slag was 

analyzed in the laboratory after 28 days. An overview of the 

samples is presented in Fig. 2. 

 
Figure 2. External view of D600 aerated concrete 

samples 

Here, along with micropores, large-diameter macropores 

are depicted. The pores of aerated concrete based on 

industrial waste quartz sand have a macrostructure that is 

close to each other. In this case, the pores of the sample tend 

to be uniform and the number of interconnected pores is 

small. This, in turn, leads to an increase in the thermal 

insulation properties and strength properties of aerated 

concrete. 

The proposed aerated concrete cellular structure has a 

regular spherical geometric shape, and the non-autoclaved 

aerated concrete based on steel smelting slag consists of 

pores of various sizes of 1.2-3.1 mm, which are evenly 

distributed. The recommended composite aerated concrete 

based on industrial waste quartz sand and slag has a 

maximum pore diameter of 1.5 mm and pores of 1 mm or 

less. 

The study of the structural composition of autoclaved 

aerated concrete was carried out according to the 

methodology “Binders and concretes from artificial and 

mineral raw materials” [5]. 

3. Results and Discussion 

The conducted studies show that the dimensions of 
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micro and macro pores determine the physical and 

mechanical properties of aerated concrete (Table 1). 

Table 1 

Pores of aerated concrete 

 
The results of the analysis of the aerated concrete 

structure show that the micro- and macrostructure of aerated 

concrete produced using industrial waste quartz sand differs 

from concrete without the addition of waste in that the pores 

are relatively uniform and have regular spherical shapes 

(Fig.3). 

  

a) b) 

Figure 3. Micro and macrostructures of aerated 

concrete: 

a – microstructure (10-5 µm);  

b –  macrostructure (1.48-3.17 mm) 

Aerated concrete samples produced using industrial 

waste sand show better results in terms of thermal 

conductivity than aerated concrete samples based on waste 

slag. This is due to the presence of slag in its composition, 

which has a low thermal conductivity. This is due to the 

evenly distributed porous structure, which improves the 

physical and mechanical properties of aerated concrete. 

To study the structure of aerated concrete, it is important 

to study its micro-macrostructure. Analysis of the 

microstructure allows us to study its porosity or average 

density. Based on these analyses, it is shown that the 

physical and mechanical properties and water absorption 

depend on the structure of aerated concrete. 

Figure 4 shows the comparative characteristics of pores 

and thermal conductivity of aerated concrete in the proposed 

and production organization. 

Figure 4. Scheme of arrangement of pores of aerated 

concrete blocks: 

a) proposed aerated concrete; b) aerated concrete of the 

production organization 

This figure shows that aerated concrete contains a large 

number of pores and the location of these pores is different, 

the thermal conductivity will be different. Also, the smaller 

the size of the filler materials, the higher the aerated concrete 

mixture will be, and the pores will be the same. At the same 

time, the thermal conductivity will decrease by 2-4.5% 

compared to a structure with different pores. 

The sand fractions in the composition of aerated concrete 

have a significant impact on its lifting height (Fig. 5). 

 
 а)   b) 

Figure 5. The height of the mixture: 

a - aerated concrete made of sand with dimensions of 

0.315-0.63; b - aerated concrete made of sand with 

dimensions of 0.15-0.315 

The lifting height varies depending on the type and 

fraction size of the sand in the aerated concrete mixture. 

Also, the smaller the fractions of the sand in the aerated 

concrete mixture, the easier it is to lift. The larger the 

fraction, the more difficult it is to lift and the more aluminum 

powder is required. 

The greater the amount of fillers in the composition of 

aerated concrete, the less uniform the distribution of 

concrete particles and the more likely microcracks to appear 

in aerated concrete structures (Fig. 6). 

 
Figure 6. Defects of aerated concrete blocks that occur 

during compression: 

a) offered aerated concrete; b) aerated concrete in 

production 

As can be seen from Figures 5 and 6 above, aerated 

concrete pore spaces made from sand with fraction sizes of 

0.15–0.315 have significantly better strength, thermal 

conductivity, and porosity than aerated concrete made from 

sand with a fraction size of 0.315–0.63, due to their tendency 

to be uniform. 

The porous structure of the samples was tested using a 

Thermo Scientific Pascal porosimeter in the research 

laboratory of the Department of “Construction of Buildings 

and Industrial Facilities” of Tashkent State Transport 

University. According to the results of the study, the samples 

with the best characteristics were identified. The results of 

this experimental study are presented in Figures 7 and 8. 
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Figure 7. Diagram of percentage pores of non-

autoclaved aerated concrete blocks made using steel 

smelting slag and waste quartz sand: 

(1-industrial waste, 2-steel smelting slag) 

 The graph of pore diameters and their corresponding 

percentage distribution, constructed based on the 

experimental results, gives an idea of how the pore volumes 

are distributed in two different samples. Each curve has a 

unique shape, and the peak (maximum point) in it reflects 

the most common (i.e., dominant) pore diameters in the 

sample. For a deeper analysis of these graphs, they are 

evaluated based on mathematical distribution models. In 

studies of porous materials, modeling of pore diameter data 

using statistical distribution functions is widely used. In 

particular, the log-normal distribution model is considered 

acceptable for materials such as cement-based composites 

and aerated concrete. In this model, the logarithm of the pore 

diameter is considered to be normally distributed. We use a 

single-peak Gaussian (normal) distribution model as a 

simple and understandable approach. This model represents 

the average diameter of pores in the material (μ) and the 

standard deviation (σ) of the diameter distribution. Here: μ - 

is the peak of the curve (i.e., the diameter at which the pore 

fraction is highest), σ - is the extent to which the pore 

diameters are spread out. 

The probability density function of the normal 

distribution is written as: 

𝑓(𝑑) =
1

𝜎√2𝜋
∙ exp(−

(𝑑 − 𝜇)2

2𝜎2
) (1) 

where: 

d - is the pore diameter; μ - is the mean diameter;  σ - is 

the standard deviation;  

 
Figure 8. Diagram of pores versus volume of non-

autoclaved aerated concrete blocks made using steel 

smelting slag and waste quartz sand: 

(1- waste quartz sand and steel smelting slag, 2 - steel 

smelting slag) 

The results of the experiment show that 0.1-0.3 mm 

pores make up 10-12% of the content obtained from 

production, while this indicator made up 20-24% in the 

samples with added industrial waste. In this case, the 

increase in the amount of micropores when comparing the 

samples is achieved due to the fact that the surfactants in the 

steel melting slag facilitate the hydration reaction in the 

mixture. 

Thus, studies have shown that the thermal conductivity 

of aerated concrete is affected by the given concrete structure 

and the thermal conductivity coefficient of the raw materials 

used. It was possible to obtain non-autoclaved aerated 

concrete from natural and man-made raw materials of 

Uzbekistan, the thermal conductivity of which meets the 

requirements of GOST 10180-2012 for non-autoclaved 

aerated concrete and does not exceed 0.14-0.18 W/m·°C. 

As a result of experimental studies, it has been 

scientifically proven that by achieving an even distribution 

of pores throughout the volume of aerated concrete, its 

thermal conductivity is improved by 2-4.5%, and its strength 

indicators by 7-12%. Taking this into account, in the next 

section we will conduct scientific research on the impact of 

water absorption and frost resistance on the factors affecting 

the operation of aerated concrete. 

The development of porous structure and gaseous (non-

naturally closed) pores with closed-type spherical pores in 

an open mold is characterized by the impossibility of 

obtaining freely compacted inter-porous barriers. 

As a result of the research, the following is proposed to 

address the above shortcomings: 

• adding unheated water to the aerated concrete mix; 

• during the preparation of aerated concrete products, 

cover the concrete mix with a sturdy lid in the form of a 

cover or pallet; 

• sending the aerated concrete mixture poured into the 

mold to the evaporation chamber preheated to 40-45 ° C; 

• Immediately send the mold to the evaporator chamber, 

without first holding the process of hot-wet processing of the 

product. 

Research and analysis of the literature confirm that these 

proposals are expedient and that their implementation is 

effective. Adding unheated water to the aerated concrete mix 

significantly simplifies the technology, in addition to saving 

the electricity typically used to heat the water, preventing the 

risk of premature expansion of the mix. However, it is 

important to perform this process in closed molds. 

This paper presents the possibility of obtaining the 

bottom layer of the formwork mixture from the cement-sand 

mixture in the production of two-layer concrete, the upper 

part of the aerated concrete mixture by spraying the cement-

sand dry mix and then laying the formwork with a lid. In this 

case, it is advisable to sprinkle the outer surface of the 

aerated concrete mixture with a thin layer of cement only to 

fill the surface pores. 

In the future, it is planned to conduct extensive research 

in the field of production of aerated concrete products on the 

basis of the above technology, the study of the effect of the 

dense outer layer on their mechanical and thermal properties. 

4. Conclusion 

The production of aerated concrete blocks based on 

energy-saving technologies allows saving resources in the 

modern construction industry, reducing environmental 

impact, and creating high-quality products. Experiments 

conducted during this study have shown that the optimal 

diameter and uniform distribution of pores in the aerated 

concrete structure not only significantly reduces the thermal 

conductivity of the material, but also improves its main 

technical indicators, such as strength and service life. 

Aerated concrete blocks, made on the basis of inexpensive 
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and environmentally safe raw materials obtained by 

processing industrial waste, not only meet the demand for 

energy-saving building materials, but also serve 

environmental protection. Such technological approaches as 

the simplification of heat treatment stages, the avoidance of 

hot water, and the direct sending of molds to the evaporation 

chamber are a practical manifestation of the modern 

production approach. The final conclusion is that the 

production of aerated concrete products through energy-

efficient methods is not only a technological innovation, but 

also a strategic solution that ensures environmental and 

economic sustainability. This approach creates a solid 

scientific and practical foundation for the sustainable 

development of the construction industry in the future. 
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