
Technobius, 2022, 2(3), 0023, DOI: https://doi.org/10.54355/tbus/2.3.2022.0023  

 

Technobius 
https://technobius.kz/  

e-ISSN 

2789-7338 

 

 

 
Article 

Research of foam concrete components in the regional production conditions of 

Nur-Sultan 

 
Rauan Lukpanov1, Duman Dyussembinov1, Aliya Altynbekova1,2,*, Zhibek Zhantlesova1,2  

 
1Solid Research Group, LLP, Nur-Sultan, Kazakhstan  

2L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan  

*Correspondence: kleo-14@mail.ru  

 

 
Abstract. The article presents results of the effect of one component of the modified additive (post alcohol bard) on the 

change in the setting time of the cement mixture. The work shows a method for determining the setting time, the 

selection of optimal composition of samples, which will accelerate the setting time (beginning and end). Performed a 

comparative study of cements from different manufacturers, as well as the effect of one component of the modified 

additive (post-alcohol bard) on the setting time. The research allows to determine the effect of plasticizing additive on 

the properties of foam concrete during their production. It is established that the introduction of the additive can reduce 

the time of the beginning and the end of setting, the introduction of additive (post-alcohol bard) in optimal quantities 

will accelerate the process of making foam concrete products. Obtained results of setting time in the samples using the 

additive led to the best results. In general according to the results of studies it can be concluded that the additive 

promotes the growth rate of plastic strength and setting of foam concrete mixture, accelerates the hardening of foam 

concrete and can reduce its shrinkage during hardening. Consequently, the additive is one of the most effective 

additives to accelerate setting and allows mortars to fully set in the shortest time intervals.  
Keywords: modified additive, post-alcohol bard, setting time, foam concrete, plasticizer. 

 
1. Introduction 

 
Due to the rapid development of construction production has appeared many building 

materials, one of which is foam concrete. Foam concrete has various physical and mechanical 
characteristics, ease of production, low cost, a relatively small mass of blocks. Because of this, it 
became widely used in construction.  

The basis of modern concrete technology is the creation of high-quality artificial stone, 
characterized by high dispersion, a small imperfection and structure stability. Improvement in 
quality of concrete compositions can be achieved both by use of chemical additives, and when using 
local components to create a new generation of concrete, which is a highly relevant objective of 
concrete technology. A new generation of concrete are high-tech, high-quality, multi-concrete 
mixtures and compositions with additives that preserve the required properties at a service in all 
operating conditions. Growing multicomponent concretes are due to significant systemic effects, 
what enables to manage the structure formation at all stages of the technology, ensuring receipt of 
composites of «directed» quality, composition, structure and properties [1-7].  

The use of complex additives is now generally recognized as an effective way to improve 
the performance of cement concrete. In most cases, additives are now a mandatory part of the 
concrete mixture. Analysis of scientific and technical literature shows that additives increasing the 
rate of setting and hardening of cement are in demand, so the interest in the development of new, 
competitively capable accelerating additives is not weakening [8]. 

A wide range of domestic and imported chemical additives makes it difficult to make a 

choice. Concrete manufacturers seek to improve its properties by modification, while reducing the 
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consumption of cement, reduce energy costs in the production of reinforced concrete, and minimize 

the cost of additives under stable terms of their quality. It is quite a challenging task that can be 

solved using a variety of waste and coproducts of many industries as mineral and chemical 

modifiers of concrete [9-13]. 

The main direction of intensification of technological processes in modern construction is 

the widespread use of various additives to cement-containing systems, among which plasticizers 

thinners are of great importance, allowing to significantly reducing the water consumption of 

concrete mixtures without reducing mobility. As plasticizers of cement mixtures surface-active 

substances are widely used either specially synthesized or by-products of various industries, many 

of which are environmentally unsafe [14]. 

Setting of concrete is identified as the transition of fresh concrete from liquid phase to solid 

phase. It is important to identify this phase change to plan transporting and placing of concrete [15]. 

In order to improve the technological properties, special additives are introduced into mortar 

mixtures, surface-active substances that have a plasticizing (post-alcohol bard) effect. 

The aim of the study is to evaluate the setting time of cement mortars of different 

manufacturers for its further use in the production of foam concrete, as well as the effect of one 

component of the modified additive (post-alcohol bard) on the change in the setting time. The 

problem of utilization of post-alcohol bard formed during the operation of factories producing 

alcohol is still an urgent problem. Utilization (recycling) of post-alcohol bard and other undesirable 

impurities of production in a biotechnological way will ensure environmental safety of industrial 

enterprises producing alcohol (distillery and hydrolysis) by eliminating the discharge of bard into 

the environment. 

In order to achieve the goal, the following tasks were solved: 

1. Selection of the optimal composition of samples of compared cement mortars;  

2. Laboratory studies of the setting time of samples with and without the addition of the 

component; 

3. Comparative analysis of test results of specimens with and without component addition; 

4. Selection of a cement manufacturer with optimal results of setting times, the most 

favorable for the production of foam concrete.  

Comparisons of the results of laboratory tests carried out for the compositions: 

Type-1: Reference sample without additives (Zhambyl-Cement); 

Type-2: Sample with additive (3% post-alcohol bard) by weight of the reference cement 

(Type-1); 

Type-3: Reference sample without additives (Central Asia Cement); 

Type-4: Sample with additive (3% post-alcohol bard) by weight of reference cement (Type-

3); 

Type-5: Reference sample without additives (Kokshe-Cement); 

Type-4: Sample with additive (3% post-alcohol bard) by weight of reference cement (Type-

5). 

 
2. Methods 

 

Raw materials produced on an industrial scale were mainly used in laboratory studies. Their 

main characteristics as defined by the current standards are given below. 

Portland cement М400 type CEM I 42.5 N (Karaganda (Central Asia Cement), Zhambyl-

Cement and Kokshe-Cement) cement factory, which meets the requirements of GOST 31108-2016 

[16]. 

The fine aggregate was quartz sand from quarries in Akmola region. Modulus of grain size – 

2.7, meets the requirements of GOST 8736-2014 [17]. 

Alcohol production waste was used as a modifying additive (post-alcohol bard, produced 

according to TU 5870-002-14153664-04 [18], in an amount of 3% by weight of cement).  
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Tap water as mixing water for concrete mixture, corresponding to the requirements of 

GOST 23732-2011 [19]. 

Consumption of raw materials of cement mortar samples (required for measuring the setting 

time) are presented in Table 1. Mineralogical and chemical composition of cements CEM I 42.5 N 

from different manufacturers are presented in Tables 2 and 3. 

 

Table 1 – Composition of cement mortar types compared 

No Type  w/c ratio Cement Post-alcohol bard NaOH Water 

1 Type-1, 3, 5 Reference 

sample without 

additives 

0.3 350 - - 105 

2 Type-2, 4, 6 Sample 

with additive (3% post-

alcohol bard) 

0.3 350 10.5 0.525 93.975 

 

Table 2 – Mineralogical composition of cements CEM I 42.5 N 

No Type C3S C2S C3A C3AF 

1 Zhambyl-Cement 57.27 14.87 8.28 14.28 

2 Central Asia Cement 47.92 19.09 8.65 13.6 

3 Kokshe-Cement 47.92 19.09 8.65 13.6 

 

Table 3 – Chemical composition of cements CEM I 42.5 N 

No Type SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O3 K2O 

1 Zhambyl-Cement 24.81 6.06 2.81 64.49 2.97 3.12 0.23 0.87 

2 Central Asia Cement 27.16 5.92 3.03 63.67 2.75 3.03 0.26 1.01 

3 Kokshe-Cement 27.52 5.79 3.33 59.10 2.36 3.01 0.28 1.02 

 

  
Figure 1 – Determination of the setting time of the dough of standard consistency (beginning and 

end of setting) 

 

Effect of additives on the time of setting of the cement system (as shown in Figure 1) was 

determined in accordance with the requirements of GOST 310.3-76 [20]. 

 



Technobius, 2022, 2(3), 0023  

 

3. Results and Discussion 

 

An important indicator of construction and technical cements is the setting time, because 

this indicator depends on how economically water is used as one of the important resources in 

construction and how long it takes to build.  

Setting is the process by which a relatively mobile mixture of cement and water gradually 

thickens and acquires an initial strength such that its mechanical processing becomes practically 

difficult or even impossible. Therefore, binders, including cements, should be characterized by such 

a setting time, which makes it possible to prepare mortar and concrete mixes and use them in 

business. A distinction is made between the beginning and the end of the setting time of a particular 

binder. Conventionally, in accordance with the standards of these terms are determined on the test 

of normal density at 20°C by the depth of immersion in it the needle Vica. According to GOST 

10178-85 [21] beginning of the setting of the dough, this binder should come not earlier than 45 

minutes and the end of setting time not later than 10 hours, counting from the moment of mixing the 

cement with water. 

In the experiments, we used three types of cement, which are the main Portland cement of 

mass production in the Republic of Kazakhstan, which have different mineralogical and material 

properties (Table 4). The results in the table show that the additive in sufficient quantities leads to 

changes in setting time compared with no additive composition, but within the standards established 

by GOST 10178-85 [21].  

 

Table 4 – Setting times of Portland cements of different mineralogical compositions with additives 

Type Additive, % of 

binder weight 

Cement w/c ratio Setting time, 

h-min 

beginning 

Setting time, 

h-min  

end 

Type-1 without additive Zhambyl-Cement 0.3 3:20 6:50 

Type-2 post-alcohol bard 

3% 

Zhambyl-Cement 0.3 2:10 5:20 

Type-3 without additive Central Asia 

Cement 

0.3 2:45 6:10 

Type-4 post-alcohol bard 

3% 

Central Asia 

Cement 

0.3 1:30 4:10 

Type-5 without additive Kokshe-Cement 0.3 3:00 6:40 

Type-6 post-alcohol bard 

3% 

Kokshe-Cement 0.3 1:55 4:40 

 

Table 4 shows that all three cements under study had setting times that meet the 

requirements of GOST 10178-85 [21]. However, Zhambyl-Cement has a longer setting time than 

Central Asia Cement and Kokshe-Cement. The additive accelerated the beginning and the end of 

setting time of cements. 

The values in the diagram (Figure 2) show how Portland cements will behave with the 

additive during mixing. Plasticizing additive decreased water consumption by 1.5 % for Central 

Asia Cement, by 1.2 % for Kokshe-Cement and by 0.5 % for Zhambyl-Cement when added in 3% 

of cement mass. In connection with this we can conclude that a certain reduction of water for 

kneading the mixture (by 20-25%) to obtain the dough of normal density leads to the features of 

hydrophobic and plasticizing additives. 
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Figure 2 – Setting times of cements of different mineralogical compositions with an additive 

According to the results of the study, determined the time of setting of the compositions for: 

Type-1. The beginning of setting of the cement mixture without additive is 3 h 20 min, and 

the end of setting is 6 h 50 min. 

Type-2. When adding 3% additive (post-alcohol bard) in the cement mixture, the beginning 

of setting time is 2 hours 10 minutes and the end of setting time of 5 hours 20 minutes, respectively. 

Type-3. The beginning of setting of the cement mixture without the additive is 2 h 40 min 

and the end of setting 6h 10 min. 

Type-4. When adding 3% additive (post-alcohol bard) in the cement mixture, the beginning 

of setting time is 1 hour 30 minutes and the end of setting time of 4h 10 minutes, respectively. 

Type-5. The beginning of setting of the cement mixture without additive is 3 h 00 min and 

the end of setting is 6 h 40 min. 

Type-6. When adding 3% additive (post-alcohol bard) in the cement mixture, the beginning 

of setting time is 1 hour 50 minutes and the end of setting time of 4h 40 minutes, respectively. 

When comparing the time of setting of these cements made with mortars with and without 

additives, it was found that with the introduction of additives the difference is even more noticeable. 

Thus, the difference in the beginning of setting time is 2 hours 10 minutes and the end of setting 

time is 5 hours 20 minutes for Zhambyl-Cement, the beginning of 1 hour 30 minutes and the end of 

4 hours 10 minutes for Central Asia Cement and the beginning of 1 hour 50 minutes and the end of 

4 hours 40 minutes for Kokshe-Cement. The results convincingly prove the effectiveness of the 

proposed additive consisting of post-alcohol bard. The analysis of experimental data relating to the 

effect on the time of setting shows that the additive is more effective in 3% dosage. In general, 

according to the results of these studies it can be concluded that the use of the additive increases the 

growth rate of plastic strength and setting of foam concrete mixture, accelerates the hardening of 

foam concrete and is able to reduce its shrinkage during curing. 

 
4. Conclusions 

 

The following conclusions can be made on the basis of the experimental studies: 

1. The use of cements from different manufacturers in the production of foam concrete 

makes its own adjustments in the properties of the cellular concrete mixture at the stage of forming 

and maturation of the mass.  
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2. Mineralogical composition of cement from different manufacturers affects the strength of 

concrete. Among the materials studied cement Zhambyl-Cement has the least, and Central Asia 

Cement and Kokshe-Cement - the greatest influence on the time of setting. Consequently, Central 

Asia Cement showed the best results of setting time in the samples using the additive (Type-4 

beginning 1h 30 min, end setting 4h 10 min) for its further use in the production of foam concrete.  

3. In accordance with the results obtained for the setting time in the samples, it can be said 

that the introduction of an additive with a volume of 3% leads to the maximum decrease in the 

necessary moisture for normal density in all cements.   

4. The additive proved to be one of the most effective additives for accelerating setting, the 

introduction of this additive in an amount of 3% by mass allowed the mortars to fully set in the 

shortest time intervals. If an additive in the amount of 3% is added to the cement batter, the final 

setting will be faster in all cases.  

 
Acknowledgments 

This research was funded by the Science Committee of the Ministry of Education and 

Science of the Republic of Kazakhstan (Grant № AP13068424).  

 
References 

1. How to transform the old generation concrete in high-performance concretes of new generation / V.I. Kalashnikov 

// Concrete and reinforced concrete. — 2012. — Vol. 1, No. 1. — P. 82–89. 

2. Microstructure and mechanical properties of polymer-modified mortars / S. Marceau, F. Lespinasse, J. Bellanger, 

C. Mallet // European Journal of Environmental and Civil Engineering. — 2012. — Vol. 16, No. 5. — P. 571–581. 

https://doi.org/10.1080/19648189.2012.675148 

3. Polymer-modified concrete with improved flexural toughness and mechanism analysis / C. Qingyu, S. Wei, G. 

Liping, Z. Guorong // Journal of Wuhan University of Technology-Materials Science Edition. . — 2012. — Vol. 

27, No. 1. — P. 597–601. https://doi.org/10.1007/s11595-012-0512-5 

4. Waterproof performance of concrete: A critical review on implemented approaches / N.Z. Muhammad, A. 

Keyvanfar, M.Z. Abd. Majid, A. Shafaghat, J. Mirza // Construction and Building Materials. — 2015. — Vol. 101, 

No. 1. — P. 80–90. https://doi.org/10.1016/j.conbuildmat.2015.10.048 

5. Chemical admixtures-Chemistry, applications and their impact on concrete microstructure and durability / J. 

Plank, E. Sakai, C.W. Miao, C. Yu, J.X. Hong // Cement and Concrete Research. — 2015. — Vol. 78, No. 1. — P. 

81–99. https://doi.org/10.1016/j.cemconres.2015.05.016 

6. Mechanical and dynamic properties of high strength concrete modified with lightweight aggregates presaturated 

polymer emulsion / Y. Tian, S. Shuaifeng, H. Shuguang // Construction and Building Materials. — 2015. — Vol. 

93, No. 1. — P. 1151–1156. https://doi.org/10.1016/j.conbuildmat.2015.05.015 

7. Development of multi-mineral binders / Yu.D. Chistov, A.S. Tarasov // Russian Chemical Journal. — 2003. — 

Vol. 4, No. 1. — P. 12–17. 

8. Polymer concrete based on epoxy and polyester resins using asbestos-frictional materials waste / S.A. Strulev, 

V.P. Yartsev // Academy. Architecture and Construction. — 2011. — Vol. 3, No. 1. — P. 109–111. 

9. Complex additive for cement binder / Shirshaeva D.V., Ustyugov A.S. // Selected papers of the 65th Jubilee 

University Scientific and Technical Conference of Students and Young Scientists. — Tomsk. 2019. — P. 878–

879. 

10. Effects of ultrafine fly ash on the properties of high-strength concrete / F. Jingjing, L. Shuhua, W. Zhigang // 

Journal of Thermal Analysis and Calorimetry. — 2015. — Vol. 121, No. 1. — P. 1213–1223. 

https://doi.org/10.1007/s10973-015-4567-3 

11. Modified Cement-Based Mortars: Crack Initiation and Volume Changes / I. Havlikova, V. Bilek, L. Topolar, H. 

Simonova, P. Schmid, Z. Kersner // Materials in Technology. — 2015. — Vol. 49, No. 4. — P. 557–561. 

https://doi.org/10.17222/mit.2014.179 

12. The influence of penetrating special polymer sulfur binder, Polymerized sulfur applied as the industrial waste 

material on concrete watertightness / M. Ksiazek // Composites Part B, Engineering. — 2014. — Vol. 62, No. 1. 

— P. 137–142. https://doi.org/10.1016/j.compositesb.2014.02.027 

13. Mix design process of polyester polymer mortars modified with recycled GFRP waste materials / M.C.S. Ribeiro, 

A. Fiuza, A.C.M. Castro, F.G. Silva, M.L. Dinis, J.P. Meixedo, M.R. Alvim // Composite Structures. — 2013. — 

Vol. 105, No. 1. — P. 300–310. https://doi.org/10.1016/j.compstruct.2013.05.023 

14. Prospective plasticizing additive for cement systems from post-alcohol bard / V. D. Cherkasov, V. I. Buzulukov, 

A. I. Emelyanov // Bulletin of the Volga regional branch of the Russian Academy of Architecture and Building 

Sciences. — 2014. — Vol. 17, No. 1. — P. 264–266. 

https://doi.org/10.1080/19648189.2012.675148
https://doi.org/10.1007/s11595-012-0512-5
https://doi.org/10.1016/j.conbuildmat.2015.10.048
https://doi.org/10.1016/j.cemconres.2015.05.016
https://doi.org/10.1016/j.conbuildmat.2015.05.015
https://doi.org/10.1007/s10973-015-4567-3
https://doi.org/10.17222/mit.2014.179
https://doi.org/10.1016/j.compositesb.2014.02.027
https://doi.org/10.1016/j.compstruct.2013.05.023


Technobius, 2022, 2(3), 0023  

 

15. Evaluation of initial setting time of fresh concrete / R.C.C. Piyasena, P.A.T.S. Premerathne, B.T.D. Perera, S.M.A. 

Nanayakkara // Proceedings of National engineering conference. — 2013. — P. 47–52. 

16. GOST 31108-2016 General Construction Cements. — 2016. 

17. GOST 8736-2014 Sand for construction works. — 2014. 

18. TU 5870-002-14153664-04 Complex additives for concrete and mortars. — 2005. 

19. GOST 23732-2011 Water for concretes and mortars. — 2011. 

20. GOST 310.3-76 Cements. Methods for determining the normal density, setting time and volume change 

uniformity. — 1976. 

21. GOST 10178-85 Portland and slag-portland cement. — 1985. 

 

 

Information about authors: 

Rauan Lukpanov – PhD, Professor, Scientific Supervisor, Solid Research Group, LLP, Astana, 

Kazakhstan, rauan_82@mail.ru 

Duman Dyussembinov – Candidate of Technical Sciences, Associate Professor, Senior Researcher, 

Solid Research Group, LLP, Astana, Kazakhstan, dusembinov@mail.ru  

Aliya Altynbekova – Researcher, Solid Research Group, LLP, Astana, Kazakhstan. PhD Student, 

Department of Technology of Industrial and Civil Construction, L.N. Gumilyov Eurasian National 

University, Astana, Kazakhstan, kleo-14@mail.ru 

Zhibek Zhantlesova – Junior Researcher, Solid Research Group, LLP, Astana, Kazakhstan. PhD 

Student, Department of Technology of Industrial and Civil Construction, L.N. Gumilyov Eurasian 

National University, Astana, Kazakhstan, zhibek81@mail.ru 

 

Author Contributions: 

Rauan Lukpanov – concept, methodology, visualization, funding acquisition. 

Duman Dyussembinov – analysis, interpretation, resources. 

Aliya Altynbekova – data collection, testing. 

Zhibek Zhantlesova – editing, modeling, drafting. 

 

Received: 05.09.2022 

Revised: 13.09.2022 

Accepted: 19.09.2022 

Published: 19.09.2022 

 

 

mailto:rauan_82@mail.ru
mailto:dusembinov@mail.ru
mailto:kleo-14@mail.ru
mailto:zhibek81@mail.ru

