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Abstract. The modern trends in the development of cement process
technologies include: high individual production line capacity reaching 12.000
tons of clinker per day, informatization, digitalization of production
management, intellectualization of cement equipment operations, the use of
artificial intelligence, widespread use of industrial waste, alternative fuels,
energy-saving production processes, and reduction of carbon dioxide
emissions.

The paper examines the possibilities of using industrial waste as raw materials
for producing low-temperature clinkers and mineral additives in composite
cements in order to reduce CO2 emissions.

Low-energy compositions of raw mixtures for clinker production have been
developed, which include coal mining waste, lead slag, tephrite-basalt, and
clinker from the agglomeration of zinc ores. In these raw mixtures, waste
replaces up to 20-25% of natural raw materials, allows clinker formation to
complete at 1300-1350°C, increases kiln productivity, and reduces carbon
dioxide emissions into the atmosphere by 15-20%. Burnt clay shales from the
Betpakdala and Kuyuk deposits were studied as active mineral additives in
composite cements to reduce the clinker component, reduce carbon dioxide
emissions into the atmosphere, and improve the environmental situation. The
processes of shale burning were studied, and the activity of mineral additives
was determined depending on the heat treatment temperature. Composite
cements with active mineral additives of up to 15% by weight were obtained.
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Modern trends in the development of cement production

Introduction

Cement is the most important binder, and cement and concrete based on it remain the main
resource materials consumed in all areas of construction. The cement industry plays a key role in
the construction industry of Kazakhstan and the world. The cement industry bears an important
responsibility for capital construction and plays an invaluable role in the process of
industrialization, urbanization and modernization of all countries. At the same time, a new wave
of scientific and technological revolution has had a profound impact on cement production
methods, which are gradually moving towards high class, intellectualization and greening,
standing at the forefront of an era of great changes unseen in a century. They contribute to a more
qualitative, efficient and sustainable development of the cement industry, and solve the issues
facing the development of the global cement industry [1, 2].

The main problems of cement production are high fuel and energy intensity, as well as
environmental pollution with carbon dioxide emissions. The clinker firing temperature in a rotary
kiln reaches 1450 °C, the fuel consumption in the kiln and decarbonizer to produce 1 ton of clinker
is 110-120 kg of conventional fuel, while up to 850-900 kg of CO: is emitted into the atmosphere
for each ton of clinker produced.

The state of issues of industrial waste disposal in cement production

Since the 1970s, cement companies have been studying and working to replace natural
resources with production waste. With the development of science and technology and the
increasing awareness of people about environmental protection, the issue of sustainable
development is receiving more and more attention. The Eco-Cement cement plant was established
in Japan in the mid-1990s. In the ratio of cement raw materials, the proportion of ash from the
incineration of municipal waste and sewage sludge approached 50%. Half of the cement plants in
Japan recycle various waste. In 2002, the average waste utilization of cement plants in Japan was
more than 355 kg per ton of cement. European cement companies recycle more than 1 million tons
of hazardous waste per year. In Europe, combustible waste is widely used as an alternative fuel for
clinker burning in rotary kilns and calciners [2, 18].

Most cement plants in the United States use waste fuel as raw materials and fuel, with the
overall fuel substitution rate in these companies ranging from 10 to 20%.

For the production of Portland cement clinker, it is proposed to use large-tonnage
technogenic waste from the metallurgical and chemical industries, as well as igneous rocks and
various mineralizers of the clinker firing process. Many wastes are close in composition and
properties to natural raw materials, but are much cheaper than the extraction of natural ones [3].

Currently, the disposal of technogenic waste is one of the significant problems of the
modern world. In developed countries, a significant amount of technogenic materials are utilized
in the production of Portland cement, since cement production is a large-tonnage process.
Scientists have developed effective ways of using technogenic waste as raw materials, mineral and
fuel-substituting additives. Some technogenic products have already undergone heat treatment in
the process of producing the main products, and some of them contain a number of clinker
minerals [4].

The use of the calcium cycle has been chosen as the most suitable option for capturing CO-
for this application. The reuse of the CaO waste generated by CO; capture in a cement plant and
the recovery of the energy released from the cooling and clinker capture system to generate
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additional energy are the main advantages of this proposal. In this work, flow charts and heat and
mass balances are calculated. The results show alow CO; reduction cost of 12.4 €/t, which is lower
than any other combination of a power plant with a capture system or a cement plant with a
capture system, making this proposal economically very attractive. In addition, due to the
increased energy efficiency, the reduced use of raw materials and decarbonized materials, and the
CO2 capture system, a significant amount of CO2 emissions can be avoided by 94%. (Luis et al.,
2021) [5].

The solution to energy saving and ecology issues in cement production is waste disposal,
replacement of a part of clinker with high cost price with natural or artificial, i.e. natural or man-
made additives, production of low-clinker cements [6-8]. Additives are not available in all regions
where cement plants are located. The most accessible are pozzolans, blast furnace, phosphorus
slags, ashes, etc. The task of researchers is to find and increase the range of

One of the ways to reduce the amount of harmful emissions into the atmosphere, carbon
dioxide released during the production of Portland cement clinker is the use of active mineral
additives containing silicon dioxide, which reduce the proportion of clinker in the composition of
cement. That is, it is necessary to develop effective compositions of composite cements in which
part of the expensive clinker is replaced by active mineral additives. Reducing the proportion of
clinker accordingly reduces the volume of CO; emissions into the atmosphere. This is a pressing
global problem that is of concern in Europe, the USA, China and all other countries of the planet [9-
12].

In recent years, the cement industry has paid much attention to mineral additives. This is
not a new direction, because for several decades, standards have allowed the use of limestone, slag,
pozzolana, ash and dust as additives. But the renewed interest in optimizing the use of these
materials can be considered relevant today. The use of additional raw materials here - mineral
additives allows not only to reduce the cost of cement (in most cases, these materials are much
cheaper than clinker), but also to reduce the specific amount of CO; emissions [13, 14].

Sivkov S.P. et al. studied the thermodynamic activity of compounds in Portland cements that
harden during carbonation and hydration, and also calculated the level of partial pressure of CO;
and established the activity of carbonation of CO32- in mineral compounds. The authors found that
the compounds are capable of carbonization under the influence of dry or wet carbon dioxide to
form calcium carbonates [15].

Smolskaya E.A. et al. in their work considered the effect of thermally activated clays on the
properties of Portland cement. The authors found that thermally activated clays can replace up to
25% of Portland cement clinker without loss of strength and quality of cement, which made it
possible to reduce carbon dioxide emissions during cement production [16]. Ram K. et al. studied
the effect of kaolinite concentration from two separate clays (collected in the East and South-
Eastern Europe) on the durability of concrete. Clay with a low kaolinite content contained 18%
kaolinite, while clay with an average kaolinite content contained about 41% kaolinite. The authors
proved that kaolinite content has a moderate effect on compressive strength, but has a significant
effect on other durability indicators [17]. By a government decree in the Russian Federation,
starting in 2025, cement plants are required to use at least 6% recycled raw materials in cement
production [19].

In addition, there has been a boom in research and development around the world to green
cement technology and improve the characteristics of environmentally friendly cement concrete.
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Backin 2021, at the G20 summit, the countries expressed their intention to stop greenhouse
gas emissions by the middle of the 21st century [20]. Countries intend to formulate long-term
strategies to achieve zero emissions by 2030. G20 leaders called for keeping climate change at 1.5
degrees, but this will require “meaningful and effective action and commitment from all countries.”

Heidelberg Cement is launching a pilot project to capture CO2 [21]. The ACCSESS project is
being implemented in a consortium with the Norwegian Sintef Energi AS, which leads the
community. The consortium includes 18 partners. The aim of the project is to significantly reduce
the costs in the CCUS (Carbon Capture, Use And Storage) value chain and to develop transport
systems to optimize the delivery of CO2 emissions from mainland Europe to CO2 storage areas in
Scandinavia and the North Sea. As part of the ACCSESS project, Heidelberg Cement will be the first
company to use CCUS in Eastern Europe by launching a new CO; capture technology at its cement
plant in Gurajdzha, Poland. The emission capture plant allows for greater use of waste heat and
simplifies the monitoring of secondary emissions. In Uzbekistan, automatic emission tracking
systems have been installed at a number of cement plants in order to study the impact of industrial
enterprises on the environment. A “stationary observation point” has been created at
Akhangarancement JSC, located in the Tashkent region. This serves as an important factor in
reducing the impact of industrial enterprises on the environment of adjacent territories [22].

Heidelberg Materials has launched the world's first zero-carbon cement in Europe under
the new brand evoZero [23]. evoZero achieves a zero-carbon footprint by using carbon dioxide
capture and storage technology at the Heidelberg Materials plant in Brevik. The CO> capture and
storage technology does not change the existing cement production process; the chemical
composition and properties of the cement remain the same. The zero-carbon technology therefore
covers the entire range of cements from CEM-I to CEM-IIIL. The installation at the Brevik cement
plantis the world's first industrial-scale CO2 capture facility. Completion of the facility is scheduled
for the end of 2024. Once operational, 400,000 tonnes of CO2 per year will be captured and stored,
which corresponds to 50% of the plant's emissions and is equivalent to taking around 180,000 cars
off the road. The British Gauldon plant [24] will use 20 thousand tons of ceramic waste and
industrial scrap as an alternative raw material in cement production. Recycled ceramics will
partially replace natural slate.

Summarizing the above material, the following can be noted:

1. Portland cement with active mineral additives is an easily produced and popular material
today;

2.Research on the development of composite cements is aimed not only at reducing the cost
of Portland cement, improving environmental conditions, but also at ensuring high quality of the
resulting products and using local reserves of available raw materials;

3. Rational waste disposal will significantly reduce the carbon footprint of cement
production.

The methodology

The aim of this research is to study the possibility of using industrial waste as raw materials
for obtaining low-temperature clinkers and mineral additives in composite cements.

In this work, waste from crushing limestone from the Sastyubinskoye deposit, clinker from
the Waelz zinc ore of the Achisai metallurgical plant, electrothermophosphorus slags from the
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Novo-Dzhambul phosphorus plant in Taraz, and waste from coal mining in the Lenger mines
(Turkestan region) were studied to obtain clinkers as alternative raw materials and corrective
additives. All of the above technogenic raw materials are located in close proximity to three large
cement plants in Southern Kazakhstan - Standard Cement LLP, Shymkentcement LLP and
SastobeTechnologies LLP. Accordingly, logistics and transportation costs for delivering industrial
waste to these enterprises will be affordable.

To study the composition of raw materials, industrial waste, and the obtained cement
clinker, chemical analysis methods were used according to GOST 5382-2019 Cements and
materials for cement production. Chemical analysis methods [25]; X-ray phase analysis of raw
materials and clinkers was carried out on a DRON-3 derivatograph [26], an ENDEAVORDS
diffractometer, and an X-ray (S8 Tiger) device [26-28]; electron microscopic studies were
performed on a JEOL JSM-6490 LV microscope [26, 28]. The quality of clinker firing was assessed
by the content of undigested (free) CaO, which was determined by the ethyl glycerate method [29].

The chemical and mineralogical composition of natural and technogenic raw materials was
studied, and the possibility of their rational use in the production of clinker and cement was
established (Table 1).

Table 1. Chemical composition of natural and man-made raw materials

Natural and man-made Chemical composition, mass%
raw materials, deposits SiO; ’A1203 |Fe203 ‘CaO ‘MgO \803 \ cl

Natural raw materials

Limestone of the Kazygurt 486 | 0.72 0.81| 51.75| 0.36 | 0.02| 41.12
deposit
Loess of the Tekesu 50.54| 10.35| 443 | 1391 267 | 0.21| 13.06
deposit

Man-made raw materials that have undergone heat treatment
Electrothermophosphorus | 42.68 | 0.74 | 0.17 | 41.18 | 455 | 0.4 -
slag (ETPS)
Clinker for the production | 27.55 | 5.74 | 33,5 | 1733 | 6.07 | 1.31 | 6.5
of zinc ores from the

Achisai plant
Man-made raw materials that have not been subjected to heat treatment
Waste from crushing 9.63 | 1.72 1.26 | 46.0 | 0.55 | 1.15 | 36.2

limestone from the
Sastyubinskoye deposit
Waste from coal miningin | 55.50 | 10.60 | 2.01 3.21 | 0.70 | 0.79 | 24.08

the Lenger mines

In addition to the chemical composition of the raw material, its mineralogical composition
is important, which affects the technological process, the firing of clinker and the properties of
cement.

Limestone from the Kazygurt deposit (Shymkentcement LLC) contains about 82% calcite,
is characterized by a high content of the clay mineral illite - 7.8%.

42 Ne2(151)/ 2025 JLH. l'ymunes amviHdarul Eypaszus yammuix ynugepcumeminiy XABAPIIBICHI.
TexXHUKAIbIK FblAbIMOAp HCaHE MEXHOA02UsLIAD CepUsiChl
ISSN: 2616-7263. eISSN: 2663-1261



Modern trends in the development of cement production

In order to obtain composite cements, as well as to reduce the proportion of clinker in
cement, clay shales were studied, which will be used as a mineral additive. Averaged samples were
selected from the samples by quartering. Clay shales were studied using SEM, X-ray diffraction,
DTA and spectroscopic methods.

Average chemical composition of materials, %: Clinker sample No. 4 (Table 3) SiO2 -18; Al203 - 3;
CaO0 - 55; Fez03/FeO - 3; Naz0 - 0.42; K20 - 1.2; MgO - 1.5. Clay shale of the Mynaral deposit SiO>
-71; Al;03 - 10; CaO - 5; Fez03/FeO - 11; Naz0 - 2; K20 - 0.5; MgO - 0.5, Clay shale of the Kuyuk
deposit - SiO2 -53; Al;03 - 10; CaO - 5; Fe203/FeO - 11; Naz0 - 2; K20 - 0.5; MgO - 0.5.

The study of clay shale from the Mynaral deposit as a mineral additive was carried out in
accordance with the requirements of GOST 25094-2015, the chemical composition was
determined according to GOST 5382-2019 [29, 30].

Findings/Discussion

At the initial stage of the experimental part, the main physical and chemical changes during
the firing of clay shales at temperatures of 700-900 °C were studied (Figure 2).

® Guartz
Hydromica
Chlorite
Kaolinite
1 Calcite
Halmatite
Rutile

700 °C

800 °C

900 °C

Figure 2. X-ray phase analysis of Mynaral shale fired at temperatures of 700-900 °C
On the X-ray diffraction pattern of clay shales (Figure 2), fired at a temperature of 700 °C,
the diffraction maxima of the following minerals were recorded: a-quartz; hydromica; chlorite;
kaolinite; calcite; hematite; rutile.
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At 800 °C, the diffraction maxima of the following minerals were recorded: 3-quartz; mica;
chlorite; kaolinite; calcite; hematite; rutile.

At a firing temperature of 900 °C, the diffraction maxima of the following minerals were
recorded: B-quartz; dehydrated mica; chlorite; kaolinite; calcite; hematite; rutile.

The study of the activity of the shale of the Mynaral deposit was carried out by the classical
method of lime absorption from a lime solution. Figure 3 shows the dependence of the pozzolanic
activity of Mynaral shales fired at 700, 800 and 900 °C.
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Figure 3. Dependence of the pozzolanic activity of Mynaral slate on the firing
temperature

Analysis of the obtained data showed that firing parameters have different effects on the
properties of additives, which is due to their chemical and mineralogical composition. Thus, when
firing Mynaral slate at 800-900°C, an additive with maximum pozzolanic activity was obtained.

Our studies have shown the possibility of replacing natural raw materials for clinker
production with industrial waste, which will reduce fuel consumption for clinker firing, increase
furnace productivity, and reduce CO; emissions into the atmosphere [31-33]. The following waste
and non-traditional raw materials are proposed for this purpose: coal mining waste from the
Lenger coal mines, limestone crushing waste, lead slag from the Shymkent plant, clinker from the
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Waelz zinc ore production at the Achisai plant, and tephrite basalt from the Daubabinskoye
deposit.
Table 3 presents data on the effect of firing temperature and mixture compositions on the
content of free Ca0 in cakes.
Table 3. Effect of mixture compositions and firing temperature on the firing process
of low-energy clinkers

Mixture Component composition of raw materials, Modular Content of free CaO, %,
wt.% characteristics during firing, °C
Limestone|Coal Coal
mininglcip ders W3St * | [ ead
waste | KN tephrite- slag Loess| KN | n | p [1300| 1350 {1400(1450
basalt
(1:1)
Control 78.2 - 1.5 - - 120.3|10.90(2.41|1.68 8.63| 6.36 |3.52|1.68
1 78.12 18.91| 2.97 - - - 10.92(2.41.08/10.21]| 5.37 |3.28|1.48
2 76.94 |18.02 - - 5.04| - |0.90|2.411.14/593| 1.73 |1.29(0.97
3 7737 |17.67 - - 496 - (092(2.41.14/713]| 1.63 |1.53|1,26
4 75.14 - - 2217 |2.69| - 10.85|2.411.26/2.23| 094 |0.57 |0.35
5 76.39 - - 21.37 [2.24| - |0.90|2.4|1.26/2.52| 1.38 |1.08|0.68
6 75.33 - - 18.31 [6.36| - [0.92|2.2|0.84/1.17| 1.03 | 0.62 |0.28
7 76.79 - - 20.68 [2.53| - 10.92|2.411.27/2.78| 1.78 | 1.26 |0.75
8 77.45 - - 20.11 |2.44| - |0.95(/2.4/1.27/3.81| 1.86 |1.41|0.87

The firing of the control limestone-loess raw mix is completed at 1450 °C. The introduction
of about 5% lead slag has a significant mineralizing effect in batches No. 2 and 3. The content of
unassimilated CaO at a temperature of 1350 °C decreases to 1.63-1.73%.

Raw mixes No. 4, 5, 7 and 8 contain 20-22% coal waste and 2.5-2.7% lead slag. Sufficiently
complete assimilation of calcium oxide (1.39-1.85%) in these mixes is achieved at 1350 °C.

The value of the silicate modulus affects the amount of lead slag introduced. Thus, in raw
mix No. 6, with a decrease in the silicate modulus to two, the introduction of lead slag increases to
6.25%. This leads to a significant acceleration of the clinker formation processes, a sufficiently
complete assimilation of Ca0O into clinker minerals is completed at 1300 °C, which is 150 °C lower
than in the control batch. In other experimental raw material batches with KH = 0.9 - 0.92, the
clinker formation processes are completed at 1350 °C. The content of free CaO in clinkers is 0.93 -
1.74%, which meets the requirements of the plant's process regulations. The X-ray diffraction
pattern of clinker is shown in Figure 4.

[t was found that the clinker sintering process significantly depends on the lead slag content
in the batch: an increase in the slag content accelerates the processes and reduces the clinker firing
temperature. The results obtained indicate that it is possible to obtain low-energy clinkers at
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temperatures of 1300-1350 °C. This will lead to a decrease in fuel consumption for firing and
savings in traditional raw materials for cement production.

2,78

d: 2.18; 2.61; 2.78; 3.03A — C3S; d=1.74; 1.94; 2.71; 2.82A — C,S; d=1.89; 2.82; 2.97; 4.08A — C3A; d=2.003; 2.14; 2.65A
— C4AF.

Figure 4. X-ray phase analysis of clinker from raw material batch No. 2, fired at 1350°C

The following main clinker minerals were identified in low-energy clinker No. 2: C3S d =
2.18; 2.61; 2.78; 3.034; C2S d = 1.74; 1.94; 2.71; 2.824; C3A d = 1.89; 2.82; 2.97; 4.084; C4AF d =
2.003; 2.14; 2.65A (Figure 2). No noticeable peaks of other minerals were detected.

A micrograph from a chip of low-energy clinker No. 5 is shown in Figure 5. Analysis of the
micrograph allows us to conclude that the crystallization of minerals is clear, their distribution is
uneven. Along with areas where alite has a regular geometric shape, there are areas with an

indefinite crystal shape.

.

10 63 30Pa

/X700 20pm” "
Figure 5. Micrograph of clinker from the raw material batch “limestone + (coal mining
waste + tephrite basalt (1:1) + lead slag”
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Alite crystallized in the form of minerals of various sizes, sometimes quite large up to 100-
140 microns. Lead slag together with tephrite basalt had a fairly strong mineralizing effect on
firing, the temperature of the end of clinker sintering decreased from the traditional 1450 °C to
1350 °C, alite crystals grew to fairly large sizes, the residual content of CaOfee was 1.39%. Belite is
represented by crystals of round and oval shape, cracks are observed on the surface of belite
granules. The content of the intermediate phase is quite large and it is represented mainly by
calcium aluminoferrite, which is represented by light needle-shaped crystals.

Our studies have also shown the possibility of energy-saving production of cement clinkers
from raw mixes consisting entirely of industrial waste. In raw material batches containing 78.8-
79.9% of Sastobe limestone crushing waste, 3.84-5.16% of zinc ore Waelz clinker, 15.2-17.3% of
phosphorus slag, high-quality clinker can be obtained at 1350 °C. The content of free CaO in
clinkers is 1.4-1.5%. Calcium fluoride in phosphorus slag, zinc oxide contained in Waelz clinker,
lower the sintering temperature of clinker, accelerate mineral formation processes, and improve
the clinker structure. Reducing the firing temperature and fuel consumption will reduce CO and
NOx emissions into the atmosphere, utilize man-made products and reduce the pressure on the
environment. The optimal compositions of batches are with KH = 0.9-0.92.

According to the results of X-ray phase analysis, the following minerals are formed in the
clinker synthesized at 1350 °C: alite (d =3.05; 2.7726; 2.595; 2.33; 2.172; 1.973; 1.757; 1.484 A);
belite (d=2.78; 2.758; 2.595; 2.425; 2.268; 2.172; 2.037; 1.973; 1.882 A); C4AF (d = 7.3224; 2.772;
2.678; 2.63 A).

Microscopic analysis of the clinkers showed the formation of hexagonal and pentagonal
alite crystals, rounded belite crystals. Crystallization of clinker minerals is clear and good. The size
of alite crystals ranges from 20-30 to 40-60 microns.

Thus, in the process of firing cement clinkers, phosphorus and lead slag, zinc ore Waelz
clinker, and tephrite basalt lead to the appearance of a liquid phase at low temperatures, improve
its properties, have a mineralizing effect on firing, accelerate the formation of the main minerals
belite and alite, facilitate the completion of clinker formation processes at temperatures 100°C
lower than in traditional raw mixes, and accelerate the sintering process of clinker. The content of
free CaO in low-energy clinkers fired at 1350°C is within the plant standard.

Another effective way to reduce carbon dioxide emissions into the atmosphere during
cement production is to reduce the clinker component in cements by introducing active mineral
additives.

We have conducted experiments on the use of fired shales from the Mynaral deposit and
the Kuyuk deposit as additives to composite cements. In accordance with the requirements of
GOST 310.4-81, samples without additives and with additives of shale from the Mynaral deposit
and Kuyuk were molded after 3, 7 and 28 days, tested in a hydraulic press and strength indicators
were established.

With the addition of 15% of clay shale from the Mynaral deposit, fired at 900 °C, the
maximum value of the strength of the cement stone for 28 days was obtained - 50 MPa.

After completing the physical and mechanical tests of cements without additives and with
additives of 5-15% of fired shale from the Mynaral deposit, a chemical analysis of the hydrated
cement stone was carried out.

The chemical composition of the cement stone was determined using raster electron
microscopic analysis. The presence of oxides P20s, Cr203, BaO, TiO2, Mn203 in the amount of 0.2-
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0.5% in Portland cement in the form of solid solutions in clinker minerals leads to the acceleration
of cement hydration and an increase in the strength of the cement stone. The formation of a strong
structure of cement stone based on low-basic calcium hydrosilicates (CSH) contributes to an
increase in its strength at the initial stage. The content of oxides in cement stones containing a
mixture of shale without impurities and burnt clay is shown in the graph in Figure 6.

60
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N
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S 30
= 700 °C
o
© o0 - 800 °C
=900 °C
10 -
0 .

Si02  AI203 Fe203  CaO H20
Main oxides in hardened cement stone after 28 days

Figure 6. Oxide content in cement stone without additives and with additives of burnt
clay shale from the Mynaral deposit

The following diffraction maxima were recorded in the X-ray diffraction patterns of the
cement stone: portlandite - Ca(OH)2, d / n: 4.92; 3.11; 2.63; 1.924; 1.791 A; dicalcium hydrosilicate
- C2SH (B), d / n: 4.80; 2.94; 2.77; 2.26; 1.872 A; dicalcium hydrosilicate - C2SH (C), dicalcium
}Dlydrosilicate - C2SH (A), d / n: 4.21; 3.28; 2.67; 2.42; 1.786 A; d / n: 3.04; 2.84; 2.70; 1.909; 1.896
A.

Burnt shale contains active silica and alumina oxide, which quickly react with cement
minerals and their hydration products to form stable hydrate compounds. As a result, the strength
of 3-day cement stone with 15% shale burned at 900 °C increases by 8% compared to cement stone
without additives. The strength of cement stone with the addition of 10% shale burned at 800 °C
at the age of 28 days increased by 10%. Clay shales burned at 700-900 °C react with minerals
contained in cement, as well as with Ca(OH)2 to form structured calcium hydrosilicates of the C2SH
(A), C2SH (B) type, which have high water resistance and provide increased strength of cement
stone.

Conclusion

Modern trends in the development of cement process technologies are: high unit capacity
of the production line, informatization, digitalization of production management,
intellectualization of cement equipment, energy saving of the production process and reduction of
carbon dioxide emissions.
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The chemical and mineralogical composition of industrial waste in Southern Kazakhstan
and the possibility of using it to produce cement clinker have been established.

Low-energy compositions of raw material mixtures have been developed for producing
Portland cement clinker, including limestone crushing waste, coal mining waste, lead and
phosphorus slag, tephrite basalt and zinc ore Waelz clinker. These wastes replace from 20-25% to
100% of natural raw materials, allow completing clinker formation processes at 1300 - 1350°C,
increasing furnace productivity and reducing harmful carbon dioxide emissions into the
atmosphere by 15-20%. The processes of firing raw mixes consisting entirely or partially of
industrial waste are completed at 1350°C. This will reduce the consumption of nozzle fuel for firing
clinker, increase furnace productivity and reduce the volume of CO: emissions into the
atmosphere.

High-quality cement clinker was obtained based on raw mixes with Waelz clinker of zinc
ores of the Achisai Metallurgical Plant, phosphorus slag, coal mining waste of the Lenger mines and
sodium fluoride. The phase composition and microstructure of low-energy clinkers were
identified. Involvement of industrial waste in the raw material cycle will reduce environmental
pollution and improve the environment.

By introducing additives of burnt shale from the Betpakdala deposit, it is possible to obtain
composite cements with a decrease in the share of the clinker component by 10-15%, which will
reduce harmful emissions of carbon dioxide into the atmosphere by the same amount. Research in
this area will expand the raw material base of active mineral additives for the production of
composite cements with low carbon dioxide emissions into the atmosphere.
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E. [loranosa ?, A. Hyp>kan!

THxcHo-KasaxcmaHckull yHugepcumem umeHu M.Ayazosa, lllvimkenm, Kazaxcmat;
2Pocculickull XUMUKO-mexHo102uyeckull yHugepcumem umeHu /].U.MeHdeneesa, Mockaa,
Pocculickas ®edepayusi

COBpeMeHHble TCHAECHIOUH PA3BUTUA HEMEHTHOI'O IPOU3BOACTBA

AHHOTanMA. PaccMoTpeHa BO3MOXKHOCTD MOJIYYEHUST TOPT/IAH/ILIEMEHTHOTO KJIMHKepa C
MCII0JIb30BAHUEM  MaJIO9HEPTOEMKHX, pecypcocOeperaruiux TEXHOJIOTMU.  YCTaHOBJIEH
XUMHUYECKUH U MUHEPAJIOTHYEeCKUH COCTaB KPYMHOTOHHAXKHBIX OTX0/0B MPOMBbIIIJIEHHOCTH JIJIsI
MaJIOOHEPTOEMKOTO TMOJIyYeHHs TMOPTJIAH/JALIEMEHTHOTO KJIWHKepa Ha 3aBoax HxkHoro
Kazaxcrana. [lokazaHa  BO3MOXHOCTb  3aMeHbl JepULUTHOM  Kese30cojepKalien
KOPPEKTHUPYIOILeHd MN06aBKU KJIWHKEPOM BeJiblieBaHUS IMHKOBBIX PyA. [Ipy 3TOM KJIHWHKeEP
BeJIbIIEBAaHUS B COCTaBe ChIpbEeBOH IIMXTHI BBIMOJHSIET HECKOJIBKO 3a/1a4: SIBJISIETCS YKeJIe3UCTOU
KOPpPEKTUPYIOILel 106aBKOM, paboTaeT Kak MUHEpPaJIU3aTop MPOLLecCCOB KIMHKEPOOOpa3oBaHu4,
BHOCUT B IIMXTY yroJb WU MO3BOJIIET CHU3UTbH PACX0Jl MPUPOJHOrO TOIJIMBA. ITO OYJeT
CMOCOGCTBOBAaTh CHIDKEHHIO pacxoja (OPCYHOYHOTO TOIJIMBA HAa OOXWUI KJIMHKepa U
yMeHbIlleHHI0 BbIOpocoB CO2 B aTMocdepy. YcTaHOBJIeHA BO3MOXXHOCTb IOJIYY€HUS
MOPTJIAaH/[LIEMEHTHOTO KJIMHKEpa Ha OCHOBE OTXOJIOB NMPOMBIIIJIEHHOCTH U3 pa3paboTaHHBIX
MaJIOSHEPTOEMKHX pecypcocOeperamiux CbhIpbeBbIX CMeCed C KJIUHKEPOM BeJibIleBaHUS
IIUHKOBBIX PyJi AYHMCaliCKOTO MeTa/I/IyprHuecKoro 3aBojia, $ocPOpHBIM IIJIAKOM, OTXOJAMHU
yrJeA00bIlYM JIEHTepPCKUX IAaXT U GTOPUCTBIM HaTpueM. [IpuMeHeHHe A06ABOK 060MCGKEHHBIX
ClIaHLleB MecTopoXxAeHUsi bBeTnakpgana Jjsd moJiydeHUsT KOMIO3UIMOHHBIX LEMEHTOB CO
CHUPKEHHUEM JI0JIM KJIMHKepHOU cocTaBstomel Ha 10-15 % u yTuaMsanys KpynHOTOHHAXHbBIX
OTXO/I0B MPOMBIIJIEHHOCTH MO3BOJIUT CHHU3HUThH 3arpsi3HEHHE OKPYXAIOIIEH Cpeabl W YIyYIIUTh
HKOJIOTUIECKYIO 0OCTAaHOBKY B PErHOHE.

KioyeBble c/0Ba: IIeMEHTHbIM KJMHKep, OGXHI, OTXOJbl, KJWHKep BeJiblieBaHUs
[IMHKOBBIX PY/I, PacX0/i TOMJIMBA, KOMIO3ULIMOHHBIN [|€MEHT.

b. AmupasueB 1, B. TaiimacoB 1, A. KyanabikoBa 1, E. [loTranoBa 2,
A. Hypxan!

ILleMeHT 6HAIPiCiHiH Ka3ipri JaMy TeHJeHI A/ 1apbl

1 M. dyezoe amvuiHdarbl Ohmycmik KazakcmaH yHusepcumemi, lllvimkenm, KazakcmaH;

2 /1. U. Mendeseee amviHdarbl Pecell Xumusi-mexHo.102usiAblK yHUgepcumemi, Mackey, Peceli
®edepayusicol
Anpartna. IloptaanaueMenTTi KiMHKep/Ai a3 sHeprusHbl KaXKeT eTeTiH, pecypcTaphbl
YHEM/ZIEUTIH TEXHOJIOTUSAJIApAbl KOJILAHY apKbLIbl ajJy MYMKIHZIr KapacTelpbliraH. OHTYCTIK
KasakcraH 3aybITTapblH/a NOpTAaHALeMeHTTi KiinHKep /i a3 3HepryusaHbl KQXKeT eTeTiH aly YIUiH
ipli TOHHaXXAbl OHEPKICINl KaJAbIKTapbIHbIH, XUMUAJBIK K9He MHWHEepPaJOTUAJBIK KypaMbl
6esrisiensi. KypambiHzia Temipi 6ap »KeTicneWTiH Ty3eTy KOCHAcblH MBIPBIII KeHJEepiH uiey
KJIMHKepIMeH aJIMacTblpy MYMKIiHZIri KepcetisireH. COHbIMEH KaTap, LIMKi3aT IIMXTACbIHbIH
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B. Amiraliyev, B.Tamasov, A. Kuandykov, E. Potapova, N. Ainabekov

KypaMbIH/JlaFbl KJIMHKep OipHelle TancblpMasap/bl OpblHAAWAbL: Oy 6e3Ai Ty3eTy Kocnachl,
KJIMHKep Ty3iJly NpoLecTepiHiH MHHepaln3aTopbl peTiHJe KYMBbIC iCTeWzi, lMXTara KeMip
eHri3e/ii )koHe TaOWFU OTBIH IIbIFbIHBIH a3alTyFa MYMKIHJIK 6epeni. Bya KinHkepzi xafy yuiiH
WHXXEKTOPJIbIK OThIH LIBIFbIHbIH a3alTyFa )xoHe aTMocdepara CO2 mIbIFapblHABIIAPbIH a3alTyFa
KeMeKTecei. AuuMcal MeTa/UIyprysblK 3aybIThIHbIH MBIPBIII KeHJEepiH ujey KJIUHKepiMeH,
dochop KoxkbIMeH, JleHrep LIaxTaJapblHbIH, KeMip 6HJipy KaJAblKTapbIMeH )9He HaTpHUU
bTopuziMeH a3ipJieHreH a3 SHeprUsHbl KaXeT eTeTiH pecypc YHeMJeUTiH IuKi3aT
KOCIaJIapblHAH OHEPKACINl Ka/JAbIKTaphbl HeTi3iHJe NOpTJIaHALEeMEeHT KJIMHKEPIiH aly MYMKIHAIr
6enrisienai. KiuuHkep Kypampac OediriHig, ysaeciH 10-15% - fa TeMeHJeTe OTbIPhII,
KOMIIO3ULMAJIBIK, LieMeHTTep ajy YIUiH beTnmakzasna KeH OpHBIHBIH, KYHZIpiireH TakKraTac
KOCNaJIapblH KOJIJAHY >KOHe OHEepKICINTiH ipi TOHHaNbIK KaJJbIKTapblH KdJere jXapaTy
KOpLIaFaH OPTaHbIH, JIAaCTAHYbIH a3alTyFa >KoHe OHIpJeri 3KOJIOTHUAJBIK XKaFAan/bl )KaKcapTyFa
MYMKIiHJIiK 6epeJi.

Ty#iH ce3aep: neMeHT KJIMHKePI, KYWAipy, KaJAbIKTap, MbIPbILI KeH/lePiH UJley KJIUHKeDI,
OTBIH LIBIFBIHBI, KOMIIO3ULIUAJIBIK L|eMEHT.
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