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Abstract – During burning of Portland cement clinker, a large 

amount of both clinker and aspiration dust accumulates in 

electrostatic precipitators and rotary kilns; therefore, rational use 

of these products containing a certain portion of a complete raw 

material is an important task in the cement industry. It is noted 

that reuse of dust from electrostatic precipitators through 

recycling in the kiln is impossible, since it contains a high amount 

of alkali-containing impurities, and this will have a negative effect 

on the clinker quality. Therefore, the paper presents a practicable 

method of utilization of cement kiln dust in production of alkali-

activated clinker-free binders and concrete based on these binders. 

The results obtained in the study of cement kiln dust are presented, 

and the energy dispersive and comparative analyses of the test 

powders are carried out. The results of chemical analysis are used 

to determine the relationship between oxides in the form of 

appropriate moduli and saturation factor. Recipes for alkali-

activated binders are developed, and their properties are studied. 

Keywords – portland cement clinker; aspiration dust; 

electrostatic precipitator dust; alkali metals; dispersion; rotary kiln; 

dust emission.  

I. INTRODUCTION 

For many years, Portland cement has been considered a  
high-demand material in the construction industry. Its 
production and industrial consumption is growing rapidly from 
year to year, and it is an important indicator of the national 
economic development. However, according to the СРСВ 
(Central Pollution Control Board) [1, 2], the production of 
Portland cement can be classified as hazardous production due 

to large amount of emissions into the environment. Emissions 
of different nature take place at almost all technological stages 
of cement production. Harmful substances contained in gas-air  
emissions include aspiration and clinker dust from rotary kilns, 
lime, large amounts of carbon dioxide and sulfur compounds, 
dioxins, etc. 

Klinker burning rotary kilns are the main source of dust 
emission (30% of dust removal) due to the fact that the clinker 
burning process is based on the counterflow principle, when 
exhaust flue gases involve fine particles of the burning raw 
mixture into the flow. It has been found that production of a 
kilogram of clinker accounts for up to 7.5 m3 of exhaust gases 
with a dust content of up to 70 g/m3 [3.4]. However, in 
accordance with sanitary standards for industrial enterprises, 
the dust concentration in the indoor air should not exceed 0.04 
mg/m3, the carbon monoxide content in the air should not be 
higher than 0.03 mg/m3, and that of hydrogen sulfide should not 
be more than 0.02 mg/m3. In the air emitted into the atmosphere, 
the dust concentration should not exceed 0.06 mg/m3, so that 
when dust  is dispersed in the atmosphere outside the sanitary 
protection zone, the average daily dustiness should not exceed 
0.15 mg/m3 [11–15]. 

Thus, in order to prevent harmful emissions into the 
atmosphere and harmful effect on the environment and 
humanity, dust should be thoroughly removed from kiln gases 
when passing through the cleaning system. An effective dust 
collector can be considered as an electrostatic precipitator, the 
cleaning degree of which is 98–99%, with dust content at the 
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inlet of 25–30%, and permissible dust concentration in 
emissions of 0.1–0.5 mg/m3. 

During burning of Portland cement clinker, a large amount 
of both clinker and aspiration dust accumulates in electrostatic 
precipitators and rotary kilns, therefore, rational use of these 
products containing a certain portion of a complete raw material 
is an important task in the cement industry [16–20]. It should 
be noted that recycling of dust from electrostatic precipitators 
through recovery in the kiln is impossible since it contains a 
certain amount of alkali-containing impurities, and this will 
negatively affect the clinker quality. 

II. METHODS AND MATERIALS 

Therefore, this paper presents a practicable method of 
cement kiln dust utilization to obtain alkali-activated clinker-
free binders and concretes based on these. These methods could 
be developed since a cement plant in the Chechen Republic has 
been operating since 1974, and Portland cement clinker is burnt 
in two rotary kilns with a clinker productivity of 1200 tons per 
day [3, 21–24]. 

We have investigated cement kiln dust collected from 
electrostatic precipitators located in two different zones of the 
kiln. In the cold end of the kiln, the released dust is referred to 
as aspiration dust, and its composition is similar to the 
composition of the initial raw material mixture. In the final hot 
zone of the furnace, clinker dust is formed in the cooling 
sections and the clinker conveyor gallery. The clinker dust is 
sufficiently abrasive dark gray powder, the fineness of grinding 
determined by screening using sieve No. 008 showed a residue 
of 23%. Aspiration dust is light beige powder, much more 
dispersed than clinker dust, and the fineness of grinding showed 
a residue of 18%. The specific surface of the studied powders 
was investigated using the PSKH-12 instrument by air-
permeability method. Table 1 shows the properties of the 
selected samples. 

TABLE I.  PROPERTIES OF DUST FROM ELECTROSTATIC 

PRECIPITATORS 

No 

Dust from  

electrostatic 

precipitators 

True 

density, 

g/cm3 

Bulk 

density, 

g/cm3 

Fineness of 

grinding, 

m2/kg 

1 Aspiration dust 2.59 1.13 210 

2 Clinker dust 3.12 1.24 280 

 

Energy dispersive microanalysis of the test powders of dust 
from electrostatic precipitators collected using a Quanta 3D 200 
i scanning electron microscope with an integrated Genesis 
Apex 2 EDS microanalysis system by EDAX showed similar 
chemical compositions of clinker and aspiration) dust with 
portland cement clinker and initial raw mixture, respectively. 
However, it should be noted that the content of alkali metal 
oxide K2O in the aspiration dust sample is 6.43%, whereas in 
the clinker, it decreases to 1.57% (Table 2). This can be 
attributed to the fact that clinker dust was formed in the hot zone 
of solid-phase synthesis in the rotary kiln at 1300 °C and higher 
temperatures, where alkali metal oxides are burnt out and 
decomposed [5–8]. 

TABLE II.  CHEMICAL COMPOSITION OF DUST FROM 

ELECTROSTATIC PRECIPITATORS 

Oxide composition Clinker dust Aspiration dust 

MgO 1.49 0.97 

Al2O3 4.11 4.68 

SiO2 16.89 20.31 

K2O 1.57 6.43 

CaO 71.64 64.15 

Fe2O3 4.3 3.47 

III. RESULTS 

Micrographs taken with a scanning electron microscope 
allow a comparative analysis of the electrostatic dust structure. 
Clinker grains magnified 5000 times are represented by large 
volumetric particles with pronounced cleavage and small 
leaves. Clinker minerals can be clearly observed (Fig. 1). The 
analysis of micrographs of aspiration dust showed that the 
grains have a looser and porous structure; the initial stage of 
mineral formation can be observed (Fig. 2). 

As noted earlier [4, 20–24], reuse of dust from electrostatic 
precipitators in the technological cycle is not reasonable, since 
chemical analysis confirms the presence of alkali metals, the 
content of which, according to GOST, is strictly limited to not 
more than 0.67%. Moreover, addition of aspiration dust to the 
raw material mixture leads to the sludge thickening, which 
complicates its transportation to the feeders of rotary kilns. 

To perform the comparative analysis and to study the 
compressive strength of cement kiln dust, the ratios between 
oxides in the form of appropriate modules and saturation factors 
(Table 3) were determined based on the results of chemical 
analysis; the clinker by the Chiri-Yurt plant was taken as a 
control sample. 

 

  

  

Fig. 1. Micrographs of clinker dust grains at different magnification 
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Fig. 2. Micrographs of aspiration dust grains at different magnification 

The obtained modular characteristics of the studied powders 
showed that they significantly differ from the clinker 
characteristics. The saturation factor was observed to increase. 
It was established that saturation factor of industrial clinkers is 
in the range of 0.85–0.95. Higher values indicate the increased 
content of tricalcium silicate and different terms of stiffening 
and heat release during mineral hydration. 

TABLE III.  MODULAR CHARACTERISTICS OF POWDERS 

STUDIED 

Material Moduli 

saturation 

factor 

SF 

silica 

modulus n 

alumina 

modulus р 

Aspiration dust 1.30 1.8 1.08 

Clinker dust 0.98 2.6 1.18 

Clinker  0.92 2.2 1.30 

 

The silica modulus, which indicates the presence of silicate 
minerals and fluxes, varies from 1.7 to 3.5 for common Portland 
cement clinker. The alumina modulus, which presents the ratio 
of fluxes in the clinker, is in the range of  
1–2.5. The obtained results show that the moduli of cement kiln 
dust clearly characterize the source of its formation in a specific 
burning zone, which was confirmed by energy dispersive 
microanalysis. 

This study proposes a practicable technique to use cement 
kiln dust, that is, to obtain alkali-activated clinker-free cements. 
Clinker and aspiration dusts were used to prepare test beams of 
40x40x160 mm in size from the mixture of cement kiln dust 
(480 kg), quartz sand from the Chervlenskoye deposit (1440 kg) 
mixed at a ratio of 1:3, and volcanic ash (50 kg). Mixing was 
carried out with liquid glass and silica modulus of 2.8 with a 
density of 1.24 g/cm3, and a highly concentrated alkaline 
solution of sodium hydroxide. Alkaline activator consumption 
was 120–128 liters. After one day, the prepared samples were 
removed from the forms and dried in a drying cabinet at 40 °C 

for a couple of days. Next, the samples were placed in water for 
28 days for maturation. It should be noted that water in the 
vessel was replaced with clean water during the first three days 
due to the process of leaching. Recipes and characteristics of 
the obtained binders are shown in Table 4.  

TABLE IV.  RECIPES AND PROPERTIES OF ALKALI-ACTIVATED 

BINDERS 

Properties of binders 
Cement kiln dust 

clinker 

dust 

aspiration  

dust 

grouting fluid– liquid glass  

AS/CD 0.25 0.26 

Start of setting min 34 26 

End of setting, min 45 42 

Average density, kg/m3 2090 2080 

Water absorption, % 4.2 5.3 

Compressive strength, 
МPа: 

  

7 d 32.5 24.1 

28 d 68.7 49.6 

grouting fluid – sodium hydroxide  

AS/CKD 0.26 0.27 

Start of setting g, min 38 30 

End of setting, min 55 54 

Average density, kg/m3 2100 2110 

Water absorption, % 5.1 5.6 

Сompressive strength, 

МPa: 

  

7 d 22.7 17.2 

28 d 41.6 26.5 

a. Note: AS – alkaline solution; CKD – cement kiln dust 

 
The study results showed that the use of alkali-activated 

cement kiln dust will enable the production of cement stone 
with high strength properties. On the 28th day, samples of 
clinker dust mixed with sodium metasilicate and samples of 
aspiration dust showed compressive strength of 68.7 MPa and 
49.6 MPa, respectively. Caustic soda used as an alkaline 
activator showed significantly lower values of 41.6 MPa and 
26.5 MPa, respectively. Therefore, alkaline activator directly 
affects the properties of alkali-activated binders. 

 

IV. CONCLUSION 

The analysis of the use of cement industry waste, namely 
clinker and aspiration dust, showed that daily emissions of dust 
into the atmosphere contribute to the environmental pollution. 
In addition, the amount of dust caught by electrostatic 
precipitators needs to be stored and thus requires some land 
areas, which will definitely harm people working in this 
industry or living nearby. 

Therefore, it is necessary to rationally use cement kiln dust 
in the production of alkali-activated binders, and the resulting 
strength of cement stone obtained confirm the effectiveness of 
this method [9, 10]. 

Thus, the proposed method for cement kiln dust utilization 
will make it possible to partially replace expensive and power-
consuming Portland cement in the construction industry. 

459

Atlantis Highlights in Material Sciences and Technology (AHMST), volume 1



References 
[1] A. Dietz, H. Ramroth, T. Urban, W. Ahrens, H. Becher, “Exposure to 

cement dust, related occupational groups and laryngeal cancer risk: 
Results of a population based case-control study”, Int J Cancer, no. 108, 
2004. 

[2] Y.I. Al-Neaimi, J. Gomes, O.L. Lloyd, “Respiratory illnesses and 
ventilator function among workers at a cement factory in a rapidly 
developing country”, Occup Med (Lond), no. 51, pp. 367–373, 2001. 

[3] S-A.Yu. Murtazaev, M.Sh. Salamanova, Yu.V. Vataev, “Cement industry 
of the Chechen Republic”, Bulletin of the Academy of Sciences of the 
Chechen Republic, vol. 1 (22), pp. 109–114, 2014. 

[4] S-A.Yu. Murtazaev, M.Sh. Salamanov, A.Kh. Alaskhanov, T.S-
A. Murtazaeva, “Modern cement technologies based on the advanced 
methods of dust and gas cleaning”, Current Problems of Modern 
Materials Science, Vol. 2, pp. 99–107, December 18–19, 2015. 
[Collective monograph. All-Russian Scientific and Practical conference 
dedicated to the 80th anniversary of the Honored Researcher of the 
Russian Federation, Doctor of Technical Sciences, Professor 
Kh.I. Ibragimov, 287 p., 2015]. 

[5] G. Nesvetaev, Y. Koryanova, T. Zhilnikova, “Оn effect of 
superplasticizers and mineral additives on shrinkage of hardened cement 
paste and concrete”, MATEC Web of Conferences "27th R-S-P Seminar, 
Theoretical Foundation of Civil Engineering (27RSP), TFoCE 2018", no. 
04018, 2018. 

[6] S.A. Stelmakh, M.P. Nazhuev, E.M. Shcherban, A.V. Yanovskaya, 
A.V. Cherpakov, “Selection of the composition for centrifuged concrete, 
types of centrifuges and compaction modes of concrete 
mixtures”, Physics and Mechanics of New Materials and Their 
Applications (PHENMA 2018) Abstracts & Schedule, p. 337. 2018. 

[7] A. Shuisky, S. Stelmakh, E. Shcherban, E. Torlina, “Recipe-technological 
aspects of improving the properties of non-autoclaved aerated concrete”, 
MATEC Web of Conferences "International Conference on Modern 
Trends in Manufacturing Technologies and Equipment, ICMTMTE 
2017", no. 05011, 2017. 

[8] A.A. Soldatov, I.V. Sariev, M.A. Zharov, M.A. Abduraimova, “Building 
materials based on liquid glass”, Current problems of construction, 
transport, engineering and technosphere safety, pp. 192–195, 2016 
[Proceedings of the IV-th annual scientific and practical conference of the 
North Caucasus Federal University. N.I. Stoyanov (editor). 398 p., 2016]. 

[9]  S-A.Yu. Murtazaev., M.Sh. Salamanova, M.S. Saidumov, 
A.Kh. Alaskhanov, “Investigation of the properties of concrete based on 
clinker-free binders”, Prospects for the development of the fuel and 
energy complex and the current state of oil and gas engineering education 
in Russia dedicated to the 105th anniversary of M.D. Millionshchikov, 
pp. 392–399 [All-Russian Scientific and Practical Conference, 576 p., 
2018]. 

[10] Yu.M. Bazhenov, L.A. Alimov, V.V. Voronin, Technology of concrete, 
building products and structures. Moscow: ACB Publishing House, 2008, 
350 p. 

[11] Yu.M. Bazhenov, D.K-S. Bataev, Kh.N. Mazhiev, Fine-grained concretes 
obtained from secondary raw materials for repair and restoration of 
damaged buildings and structures: a scientific publication. Grozny: 
Sultanbegova Kh.S., 2011, 342 p. 

[12] D.K-S. Batayev, M.S. Saidumov, T.S-A. Murtazayeva, “Composition of 
high-strength concrete based on industrial and natural raw materials”, 

Current problems of modern construction science and education, pp. 109–
117, October 2017 [All-Russian Scientific and Practical Conference 
dedicated to the 60th anniversary of the Faculty of Civil Engineering, 
Grozny State Oil Technical University named after Acad. M.D. 
Millionshchikov, 460 p., 2017]. 

[13] V.S. Lesovik, S-A.Yu. Murtazaev, M.S. Saydumov, Building composites 
based on screenings of crushing of concrete scrap and rocks: scientific 
publication. Grozny: Tipografiia, 2012, 192 p. 

[14] M.I. Afonina, E.V. Kozyreva, “Features of the construction of sports 
facilities in the former industrial zones. Days of Student Science”, 
pp. 390–392, 2017 [Scientific and Technical Conference on the results of 
research of students of the Institute of Construction and Architecture, 488 
p., 2017]. 

[15] E.M. Scherban, S.A. Stelmakh, A.K. Khalyushev, “Development of the 
composition of pozzolan cement based on volcanic tuff”, Construction. 
Architecture. Economy, pp. 110–113, 2018 [International Forum 
"Victorious May, 1945", 258 p., 2018]. 

[16] S.A. Udodov, “Repeated introduction of plasticizer as a tool to control the 
mobility of concrete mixture”, Scientific papers of the Kuban State 
Technological University, vol. 9, pp. 175–185, 2015. 

[17] A.A. Soldatov, A.V. Galych, I.V. Sariev, “Experience of using sodium 
silicate as a binder in the production of building materials”, Currrent 
problems of construction, transport, engineering and technosphere safety, 
pp. 186–188, 2016 [North-Caucasus Federal University, the 254th 
Annual Scientific and Practical Conference, 254 p., 2016]. 

[18] S.A.Yu. Murtazaev, M.Sh. Salamanova, “Clinker-free binders based on 
finely dispersed mineral components”, Ibausil conference proceedings, 
vol 2, pp. 707–714, 2018 [Ibausil conference, 997 p., 2018]. 

[19] M. Salamanova, M. Khubaev, M. Saidumov, T. Murtazayeva, “Self-
Consolidating Concretes with Materials of the Chechen Republic and 
Neighboring Regions”, International journal of environmental & science 
education, vol. 11 (18), pp. 12719–12724, 2017. 

[20] V.S. Lesovik, N.I. Alfimova, P.V. Trunov, “Reduction of energy 
consumption in manufacturing the fine ground cement”, Research Journal 
of Applied Sciences, vol. 9, iss. 11, pp. 745–748, 2014. 

[21] S-A.Y. Murtazaev, Sh.Sh. Zaurbekov, A.Kh. Alaskhanov, 
M.S. Saydumov, T.S-A. Murtazaeva, M.R. Khadzhiev, “Impact of 
Technogenic Raw Materials on the Properties of High-Quality Concrete 
Composites. International Symposium "Engineering and Earth Sciences: 
Applied and Fundamental Research" (ISEES 2018)”, Advances in 
Engineering Research, vol. 177, pp. 275–279, 2018. 

[22] V.S. Lesovik, L.K. Zagorodnyuk, A.E. Mestnikov, A.I. Kudinova, 
D.A. Sumskoi, “Designing of mortar compositions on the basis of dry 
mixtures”, International Journal of Applied Engineering Research, 
vol. 10, iss. 5, pp. 12383–12390, 2015. 

[23] S-A.Y. Murtazaev, M.Sh. Mintsaev, S.A. Aliev, M.S. Saydumov, 
“Strength and Strain Properties of Concrete, Comprising Filler, Produced 
by Screening of Waste Crushed Concrete”, Published by Canadian Center 
of Science and Education, vol. 9 (4), pp. 32–44, 2015. 

[24] D.K-S. Bataev, A.A. Uzaeva, S.A. Uzaeva, M.A. Uzaev, 
T.A. Tuzurkaeva, “Study of Shrinking Deformations of Repair 
Compositions on Barkhan Sands, International Symposium on 
Engineering and Earth Sciences (ISEES 2018)” Advances in Engineering 
Research, vol. 177, pp. 254–257, 2018.

 

460

Atlantis Highlights in Material Sciences and Technology (AHMST), volume 1

https://elibrary.ru/item.asp?id=35728214
https://elibrary.ru/item.asp?id=35728214
https://elibrary.ru/item.asp?id=35728214
https://elibrary.ru/item.asp?id=35728209
https://elibrary.ru/item.asp?id=36062343
https://elibrary.ru/item.asp?id=36062343
https://elibrary.ru/item.asp?id=36062343
https://elibrary.ru/item.asp?id=35442860
https://elibrary.ru/item.asp?id=35442860
https://elibrary.ru/item.asp?id=31041302
https://elibrary.ru/item.asp?id=31041302
https://elibrary.ru/item.asp?id=31040024



