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ABSTRACT
Introduction. In the context of the global fight against climate change, the reduction of CO2 emissions and its utilization is a topical 
theme. One of the promising directions is the utilization of CO2 in construction, in particular, in concrete production. The present 
research investigates the effect of carbon dioxide on the formation of nanoscale structure and physical and mechanical properties 
of concrete mixtures. Methods and Materials. A special unit for mixing cement, sand, water and CO2 under pressure was developed 
for the research. The obtained concrete specimen were subjected to compressive and flexural strength tests using MATEST E161-03N 
automatic dual range testing press. The microstructure of the specimen was also analyzed using scanning electron microscope (SEM). 
Discussion. The experimental results showed that the introduction of CO2 into the concrete mixture promotes the formation of 
nanoscale structure, which improves its strength properties up to a certain pressure. With further increase in pressure, deterioration 
of these characteristics is being observed. Additional mixing time and increase in water volume also affect the strength of concrete 
and its microstructure. Conclusion. The use of CO2 in concrete production can significantly reduce the carbon footprint of construc-
tion materials and improve their physical and mechanical properties due to the formation of nanoscale structure. Further research 
and optimization of mixing parameters are necessary to create stronger and more stable concrete mixtures.
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INTRODUCTION

Today, one of the world trends aimed at improving the 
standard of living and preserving the planet is the fight 
against climate change and its consequences, which is 
also due to the great challenge of the strategy of scientific 
and technological development of the Russian Federation 
(Presidential Decree No. 642 of 01.12.2016), associated 
with the depletion of natural resources and environmen-
tal degradation [1]. This is directly related to the carbon 
neutrality of production activities and compensation of 
enterprise emissions through carbon-negative projects 
and technologies. Enterprise emissions are divided into 
three categories: direct emissions during production; 
emissions obtained due to energy consumption (coal 

plant, nuclear power plant, hydroelectric power plant, 
etc.) and emissions obtained during the life cycle of goods 
(purchase of raw materials, delivery, storage, use, dis-
posal, etc.). The last two categories are indirect emissions 
and require serious systematic development of carbon 
accounting. It should be noted that the first category, 
which includes greenhouse gases, is the most significant 
and manufacturing companies are focused on reducing 
this category. At the same time 77.9% in the structure 
of emissions is energy, 11.8% – industry (production), 
5.7% – agriculture and 4.6% – waste, and in the struc-
ture of emitted gases carbon dioxide (CO2) makes 79.2%, 
methane (CH4) – 14.5%, nitrogen oxide (N2O) – 4.2%, 
hydrofluorocarbons (HFC) – 1.9%, perfluorocarbons 
(PFC) and sulfur hexafluoride (SF6) 0.1% each [2]. As 
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can be seen carbon dioxide CO2 or carbon dioxide in the 
total volume of emissions occupies a large part and this is 
without taking into account the minor categories, that is, 
the collection, storage and utilization of carbon dioxide 
is today an urgent task.

Modern technologies allow to effectively capture emis-
sions and retain in any state, but the main task is their uti-
lization and application in various industries, for example, 
in the manufacture of fire extinguishing agents, refriger-
ant, soda ash, salts, etc., but this is a very small amount 
of carbon dioxide processing. Therefore, the development 
of carbon dioxide utilization technology is an urgent task.

Concrete, as one of the most common materials in 
the construction industry, has strength, durability and 
adaptability, which makes it an essential part of modern 
construction [3–13]. This report takes into account both 
traditional concrete manufacturing methods and modern 
technologies, including additives and admixtures that help 
to improve its properties and enhance the requirements 
that concrete must meet.

Basic requirements in the manufacture of concrete:
1. The main objective of the concrete manufacturing 

process is to create a material with optimum strength and 
durability, capable of withstanding the stresses of service 
conditions;

2. The process must comply with strict standards and 
regulations set by the construction industry to ensure 
safety, reliability and quality of structures;

3. The proportioning of each component must be ac-
curate and in accordance with established proportions to 
ensure optimum physical and chemical properties of the 
concrete mix;

4. Concrete must be subjected to certain conditions 
of temperature and humidity during setting and curing to 
ensure optimum material properties.

Adherence to the above objectives and requirements 
in the concrete manufacturing process is a key aspect to 
create a quality and reliable construction material that 
can meet the needs of a variety of projects and ensure 
their durability.

To achieve the above requirements, the concrete 
manufacturing process begins with carefully selected and 
proportioned raw materials and supplies. The quality and 
characteristics of each component will play a crucial role 
in shaping the final properties of the concrete mixture.

According to GOST 27006-86 “Concretes” selected 
composition of concrete components including cement, 
sand, crushed stone and water in the ratio of 1:1,9:3,7:0,5 
respectively. This standard allows on the basis of visual 
control to make changes in the amount of dosed water, 
so for further work by experimental method was deter-
mined the following ratio of concrete mixture components 
1:1,9:3,7:1.

Cement production based on the use of CO2 as one of 
the components of the formulation is a new and promising 

technology, not yet implemented on an industrial scale, 
but has great potential. Carbon dioxide is captured im-
mediately after its release, compressed into a liquid and 
then transported via pipeline to a storage facility right at 
the concrete production site [14, 15].

The hardening of concrete when CO2 is added in-
volves a process called carbonization. This process is 
a chemical reaction between carbon dioxide (CO2) and 
cement hydrates formed during concrete hardening. 
Carbonization leads to a change in the nanoscale struc-
ture of concrete, which ultimately increases its strength 
and durability.

When CO2 penetrates the concrete, it reacts with cal-
cium oxide hydrate (Ca(OH)2), which is a byproduct of 
cement hydration. The result of this reaction is the forma-
tion of calcium carbonate (CaCO3):

.� (1)

Calcium carbonate is denser and less soluble than cal-
cium oxide hydrate, which contributes to the hardening 
of the concrete structure.

At the nano level, carbonation leads to changes in 
the porous structure of concrete. Calcium oxide hydrate 
occupies more volume and has a looser structure, while 
calcium carbonate has a denser and more compact crystal 
lattice. Carbonization fills the pores and micro-cracks 
in concrete, which reduces its porosity and increases its 
density.

This process also affects the structure of the cement 
stone. Due to the formation of calcium carbonate at the 
nanoscale, the pore volume is reduced, which limits the 
access of water and other potentially harmful agents inside 
the concrete. This reduces the rate of degradation of the 
material and increases its durability.

In addition, the formation of calcium carbonate can 
facilitate the creation of new microstructural bonds be-
tween cement particles. These bonds improve the overall 
mechanical integrity of the concrete, making it more re-
sistant to mechanical stress and deterioration.

To this day, several countries in the world are actively 
developing this technology. For example, the Canadian 
company CarbonCure Technologies has developed a tech-
nology that allows the production of concrete with CO2, 
which is injected in controlled doses into the mixer sup-
plying the stone-forming machine. When CO2 is added 
to the concrete during mixing, it interacts with water to 
form carbonate ions, which rapidly interact with calcium 
ions released from the cement, resulting in the formation 
of calcium carbonate (limestone) minerals, forming a 
nanostructure. The conversion of CO2 into solid calcium 
carbonate minerals allows it to bind in the concrete and 
never be released back into the atmosphere [16–21], with 
the nanoscale structure yielding an increase in concrete 
strength. A similar technology has been proposed by 
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American engineers from Solidia Technologies, but for 
fast-setting concrete [24].

A team of American researchers from Los Angeles is 
working on a unique solution, which consists in creating 
a closed-loop process that involves capturing carbon from 
power plant pipes and using it to create a new building 
material – carbon dioxide concrete for 3D printing [22, 
23]. Employees of the American Purdue University have 
developed a technology that allows the concrete mixture 
to absorb CO2 much stronger due to titanium dioxide, 
which, when mixed with the concrete solution, reduces 
the size of calcium hydroxide molecules, which increases 
the volume of absorbed carbon dioxide. 

In the research of scientists from a Japanese university, 
a process has been developed to produce concrete that 
affects the environment in several ways at once. The new 
material is made from old concrete debris that is often 
discarded, which extends the life of the old materials, and 
the process takes place at lower temperatures, while the 
CO2 with which it is mixed can be obtained either from 
industrial exhaust or directly from the air [25–27].

Based on the research results of various scientists, 
it can be concluded that the capture and utilization of 
CO2 in concrete production has great potential to reduce 
greenhouse gas emissions and create environmentally 
friendly building materials. New technologies, not only 
reduce the negative impact on the environment, but also 
improve the quality and durability of concrete. According 
to some reports, such technologies can reduce CO2 emis-
sions by up to 30% and increase strength by about 10–19% 
compared to classical technology. Increased compressive 
strength also allows producers to optimize their mixes by 
reducing the amount of cement while maintaining physi-
cal and mechanical properties. On average, ready mixed 
concrete producers can reduce the amount of cement by 
5–8%, but the main challenge today is to set up a plant 
to prepare the mix with CO2.

The effect of CO2 application in concrete produc-
tion, in particular on the change of mixture properties 
requires research, which is possible only if a special 
plant for mixing cement, water sand and carbon di-
oxide in liquid state is created. To date, there are no 
such installations, so the objectives of this work are the 
design and manufacture of the installation for obtaining 
concrete mixing mixture, obtaining concrete mixture of 
various formulations and research of their physical and 
mechanical properties.

METHODS AND MATERIALS

In the segment of concrete mixing devices there is 
no equipment capable of mixing the concrete mixture 
under pressure, so on the basis of the selected produc-
tion method the design of concrete mixer according to 
the scheme (Fig. 1)

The pressurized concrete mixer is a cylinder-shaped 
steel container with a volume of 25 liters, which is de-
signed to operate at pressures up to 70 atm. Inside there 
are two-level paddles for mixing the concrete mixture, 
which are connected to the motor shaft. The tank is 
mounted on a pivoting base, which will allow this struc-
ture to be tilted together with the motor to extract the 
mixture. The outside of the tank has threaded holes for 
sensors, taps and plugs.

As a result of the design and development, a pressur-
ized concrete mixing unit was manufactured (Fig. 2). The 
unit is capable of mixing concrete, in the required volume, 
which is 30 kg of dry mix.

Two main molds were used to make concrete test 
specimens for the research:

1. Square molds with sides 100×100×100 mm: These 
molds are designed to determine the compressive strength 
of concrete. This size allows the production of specimens 

Fig. 1. Design of concrete mixer for obtaining the 
mixture under pressure: 1 – lid attached to the 
container with pins; 2 – cylinder-shaped container; 
3 – paddles (two-level); 4 – motor; 5 – pin holes for 
connecting the lid and the container through the collar; 
6 – tap connecting to the vacuum pump; 7 – vacuum 
pump; 8 – manometer; 9 – tap for supplying water 
saturated with CO2; 10 – plug
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that meet the test standards and ensure uniformity of re-
sults.

2. Rectangular molds with sides 70×70×280 mm: 
These molds are used to determine the flexural strength of 
concrete. Their size ensures proper distribution of stresses 
during testing and allows accurate determination of the 
strength characteristics of the material.

All molds for the specimens were selected in accor-
dance with the requirements of GOST 10180-2012 [28], 
which guarantees the accuracy and comparability of the 
results obtained.

Sample fabrication process

The process of manufacturing the control concrete 
samples included several steps that ensured the accu-
racy of component dosing, quality mixing and proper 
introduction of carbon dioxide. These steps are described 
below:

1. Equipment preparation and inspection:
All equipment, including the concrete mixer, sample 

molds, and component measuring tools, was thoroughly 
checked to ensure that it was clean and working properly 
before starting. This avoids contamination of the mix and 
ensures accurate measurements.

2. Calculating the quantity of components:
The quantities of cement, sand, water and carbon di-

oxide were calculated according to predetermined pro-
portions. This ensures that all specimens are made from 
the same mix, which is important for comparability of 
test results.

3. Loading the components into the concrete mixer:
Pre-weighed portions of cement and sand were 

loaded into the concrete mixer. These components were 
mixed for a certain time to achieve homogeneity of the 
dry mix.

4. Addition of calculated amount of water:
After mixing the dry components, the calculated 

amount of water was added to the concrete mixer. 
The water was added gradually to avoid lump formation 
and to ensure uniform distribution of liquid throughout 
the mix.

5. Mixing:
The mixture of cement, sand and water was mixed in 

the concrete mixer until a homogeneous mass was ob-
tained. The mixing time was strictly controlled to ensure 
uniform distribution of all components.

6. Carbon dioxide injection:
After the homogeneity of the mixture was achieved, 

the calculated amount of carbon dioxide was pumped 
into the concrete mixer. The injection process was carried 
out under pressure, allowing the CO2 to distribute evenly 
throughout the concrete mass and interact with the mix 
components.

7. Final Mixing:
After the injection of carbon dioxide, the mixture was 

again mixed for a certain time. This ensured complete 
interaction of CO2 with the concrete components and 
promoted the formation of nanoscale structure.

8. Pouring the ready-mixed concrete into the molds:
The ready-mixed concrete was poured into the pre-

pared molds. For this purpose, special tools were used to 
ensure uniform filling of the molds without formation of 
voids and air pockets.

The obtained specimens were tested on MATEST 
E161-03N (automatic dual-range test press) to measure 
the compressive and flexural strength of cement stone. 
Table 1 summarizes the results of the concrete specimens 
in compression and flexural tests.

It should be noted that mix 6 is a standard mix, 
i.e. mixing was done in air. Mixes 8, 9, 10 were mixed 
at different pressures of CO2, in these mixes with increas-
ing pressure of gas injection the mixture at the output 
was dry and it was decided to increase the volume of 
added water by 5% in mixes 11, 12 and 13. In mixes 14, 
15, 16 we increased the mixing time to find out whether 
the mixing time will affect the strength characteristics 
of concrete, these mixes were also mixed at different 
pressures of CO2.

The experimental results are shown in Fig. 3 and 4.

Fig. 2. Concrete mixer for pressurized mix production
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DISCUSSION

The experimental results showed that CO2 pressure 
affects the strength characteristics of concrete mortar. 
Increasing the pressure up to 10 atmospheres leads to the 
greatest improvement in strength. However, at pressures 
of 20 atmospheres and above, the strength characteris-
tics begin to deteriorate. Additionally, it was found that 
increasing the volume of water added by 5% in mixes 5, 6 
and 7 leads to deterioration in strength characteristics. In 

addition, increasing the mixing time in mixes 8, 9 and 10 
also shows a slight decrease in concrete strength. These 
results suggest that the control of CO2 pressure, water 
volume and mixing time are important factors that can 
affect the strength properties of concrete mortar. Further 
investigation and optimization of these parameters may 
lead to a stronger and more stable concrete.

It is important to note that in this study, strength prop-
erties were evaluated based on compressive and flexural 
test results only. For a more complete and accurate analy-

Table 1
Test results of concrete specimens in compression and bending

Batch Water volume.  l Time.  min CO2 pressure.  atm
Average strength.  Ri

in compression.  σcr on bending.  σob

1 3. 9 5 0 52. 40 1. 65
2 3. 9 5 10 58. 43 1. 74
3 3. 9 5 20 35. 65 1. 03
4 3. 9 5 30 51. 25 1. 18
5 4. 1 5 10 47. 66 1. 52
6 4. 1 5 20 27. 56 1. 00
7 4. 1 5 30 34. 16 1. 03
8 4. 1 10 10 25. 36 0. 86
9 4. 1 10 20 6. 95 0. 16

10 4. 1 10 30 14. 35 0. 45

Fig. 3. Results of compression tests on spicemens

http://nanobuild.ru/ru_RU/


http://nanobuild.ru	 info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2024; 16 (3): 
249–256

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

254

sis, additional studies should be conducted for other types 
of loads such as tension and delamination, as well as in-
creased pressure, as an increase in strength performance 
can be seen from Fig. 3 and 4. 

In general, the results of this experiment suggest the 
influence of CO2 pressure, water volume and mixing time 
on the strength characteristics of concrete mortar. Further 
research and optimization of these factors may help to 
develop more efficient and stronger concrete composi-
tions, thus reducing cement costs for product production.

CONCLUSION

The international community’s common goal of reduc-
ing greenhouse gas emissions is also contributing to the 
development of CO2 capture and storage technologies. The 
joint action of many countries is aimed at reducing CO2 
emissions by 2050, which makes such innovative approach-
es in concrete production even more relevant. CO2 capture 
and storage in the concrete production process represents 
a promising and important technology that can reduce the 
negative environmental impact of this greenhouse gas and 
achieve more sustainable and eco-friendly construction.

As part of the design and fabrication of the concrete 
mixer, a structure was developed consisting of a cylinder-
shaped container, blades for mixing the concrete mixture, 
a motor and additional parts. All components were in-
corporated into drawings that served as the basis for the 
fabrication of the equipment. 

The design and manufacture of concrete is a complex 
and demanding process that requires adherence to strict 
requirements, careful monitoring and the use of the right 

equipment. Optimizing the concrete manufacturing pro-
cess in accordance with the specified requirements and 
component calculations results in a quality and reliable 
product.

During the testing of concrete specimens, the com-
pressive and flexural strength of 110 specimens were 
measured and evaluated. The results showed that CO2 
pressure and water volume have an influence on the for-
mation of nanoscale structure and strength characteris-
tics of concrete mortar. Increasing the CO2 pressure up 
to 10 atmospheres leads to an improvement in strength, 
but at 20 atmospheres the strength starts to deteriorate. 
At 30 atmospheres, the strength increases markedly rela-
tive to a mix at 20 atmospheres. Increasing the volume 
of water added by 5% did not show a noticeable increase 
in strength. Increasing the mixing time also showed no 
significant improvement in strength.

Concrete carbonization is an effective and modern 
technology that combines both the current needs and 
requirements of the concrete industry, allowing to ob-
tain better quality products, saving cement and energy 
resources, and at the same time combines the utilization 
of waste from solid fuel combustion, taking a direct part 
in solving environmental problems of the planet.

The use of CO2 in concrete production is a promising 
technology that can not only reduce the carbon footprint 
of construction materials, but also improve their physi-
cal and mechanical properties through the formation of 
nanoscale structure. Further research and optimization of 
mixing parameters will make it possible to create stronger 
and more stable concrete mixtures, which is important for 
the sustainable development of the construction industry.

Fig. 4. Results of bending tests of specimens
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