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ABSTRACT

Portland cement production is associated with high energy consumption and CO, emissions,
highlighting the need for alternative raw materials to improve environmental sustainability.
Research findings indicate that porphyrite, a natural silicate rock, exhibits pozzolanic and hydraulic
activity, making it a promising additive in composite cement production. In this study, the
physicochemical properties and hydration processes of porphyrite-modified Portland cement
were analyzed using X-ray diffraction (XRD), differential thermal analysis (DSC), and Fourier-
transform infrared spectroscopy (FTIR). The compressive strength and setting time of cement
samples were tested according to GOST 30744-2001 and GOST 310-91 standards. The results
showed that porphyrite addition slightly slowed the hydration process, reducing CsS content while
promoting the formation of calcium hydroxide (Ca(OH),). Cement containing 20% porphyrite met
the 32.5N strength class requirements and demonstrated stable mechanical properties. Water
absorption tests confirmed a gradual hydration process, with no sudden crystallohydrate
formation observed. This study confirms that porphyrite is an effective mineral additive,
contributing to cement durability, reduced clinker consumption, and lower energy demand. Future
research should focus on the long-term stability of porphyrite-based cement using advanced
thermal analysis techniques.
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Introduction

In modern

construction

[2]]. In this regard, extensive scientific research is
being conducted to enhance the environmental
materials  systainability of the cement industry and reduce its

manufacturing, one of the pressing tasks is to  carbon footprint [[3], [4]].

improve the Portland cement production process

The prospects for producing composite Portland

cement manufacturing, a significant amount of  ttracting the attention of researchers. In particular,

natural resources is consumed

for clinker it has been proven that the incorporation of natural

production, and during the thermal decomposition
of carbonate raw materials, a large volume of CO, is
released into the atmosphere. Studies show that
CO, emissions from cement production account for
approximately 7-8% of total industrial emissions [[1],

and industrial mineral additives—such as silicate
rocks, volcanic ash-based materials, and industrial
by-products—improves the physical and mechanical
properties of cement [[5], [6]]. For instance, studies
conducted by Gartner et al. demonstrated that
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adding silicon oxide-rich components to the cement
composition not only preserves strength but also
significantly reduces CO, emissions by decreasing
the clinker content [[7], [8], [9], [10]].

Scrivener and co-authors studied technological
solutions for the production of low-carbon cement
and analyzed the effect of mineral additives on the
hydration process [11]. The results of the study show
that the addition of silicon oxide-rich mineral
components to the cement composition increases
their hydraulic activity while maintaining the
strength of cement composites during long-term
operation [12].

Moreover, according to the research conducted
by Wang et al., additives in OPC (Ordinary Portland
Cement) can significantly affect the cement
hydration process. Experimental results showed a
strength reduction of more than 30%, which was
attributed to the retardation of the hydration
process [[13], [14]]. These findings are crucial for
studying the impact of porphyrite additives on
cement hydration and its strength characteristics.

Studies indicate that the incorporation of
natural silicate rocks, such as porphyrite, into
construction materials can significantly enhance
their physical, mechanical, and chemical properties.
Porphyrite is a volcanic-origin rock, with silicon
dioxide (SiO,), aluminum oxide (Al,0Os), and iron
oxide (Fe,0s) as its main components. Due to its
chemical  composition,  porphyrite  exhibits
pozzolanic and hydraulic activity, making it suitable
for use in combination with various binding
materials [[15], [16], [17], [18], [19]].

The production of composite cement with the
addition of porphyrite has been recognized in recent
years as one of the key innovative directions in the
construction materials industry. This method
enhances the overall energy efficiency of the cement
manufacturing  process and  reduces its
environmental impact. In traditional cement
production, clinker is used as the main component;
however, its calcination requires high temperatures
(approximately 1450°C). This process consumes a
significant amount of thermal energy and releases a
large volume of CO; into the atmosphere due to the
thermal decomposition of carbonate raw materials
[[20], [21], [22]].

The incorporation of natural additives, such as
porphyrite, into the cement composition allows for
a reduction in clinker content, which, in turn,
decreases the overall energy consumption during
production. Additionally, due to the natural
composition and chemical properties of porphyrite,
its pozzolanic and hydraulic activity contributes to
improving the physical and mechanical properties of

cement. For example, silicon dioxide (SiO,) and
aluminum oxide (Al,03) present in porphyrite
actively participate in the hydration process,
promoting the formation of additional binding
phases, which positively affects the strength and
durability of the material [23].

Reducing clinker content lowers emission levels,
thereby contributing to the reduction of the carbon
footprint in the construction materials industry. For
this reason, cement production with porphyrite
additives is not only economically beneficial but also

highly relevant in terms of environmental
sustainability.
Moreover, various studies show that the

strength and durability of porphyrite-based types of
cement can exceed that of traditional cement.
Particularly under long-term operation, such
cements demonstrate high resistance to moisture,
sulfate ions, and other aggressive external factors.
This expands the potential applications of porphyrite
types of cement in road construction, marine
infrastructure, and other structures exposed to
harsh environments.

Silicon dioxide (SiO,) present in porphyrite
reacts with calcium hydroxide (Ca(OH),) when
combined with cement or other hydraulic binders,
forming additional calcium silicate hydrates (C-S-H)
[[24], [25]]. This process enhances the density and
strength of the material. As a result, the compressive
and flexural strength of materials with porphyrite
additives increases. Furthermore, aluminum oxide
(Al,03) and iron oxide (Fe,03) in porphyrite improve
the chemical stability of the material and its
resistance to external influences.

In addition, due to its pozzolanic activity,
porphyrite influences the hydration process of
cement and other binding materials. During this
process, the reactive ions of SiO; and Al,O3 present
in porphyrite interact with the hydration products,
strengthening the material's microstructure. For this
reason, porphyrite additives are considered a
promising component for the production of
concrete and other high-strength construction
materials.

Another important feature of porphyrite is its
environmental efficiency. The production of
traditional clinker-based binding materials requires
significant energy consumption and is accompanied
by carbon dioxide (CO,) emissions into the
atmosphere. The use of natural additives, such as
porphyrite, helps reduce the carbon footprint of the
production process. In this regard, in recent years,
many researchers have been exploring the potential
of porphyrite for the production of environmentally
friendly binding materials.
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This article presents a scientific analysis of the
potential for producing composite Portland cement
based on the clinker of Karakalpak Cement LLC and
porphyrites from the Karatau deposit, as well as the
changes in mineralogical composition,
microstructure, and the increase in hydraulic activity
as a result of mechanical activation of mineral
additives.

The study aims to investigate the hydration
kinetics, microstructure changes, and mechanical
properties of composite cement based on
porphyrite, as well as to assess its potential for
industrial production.

In addition, this article provides a detailed
examination of the possibilities of using porphyrites
from the Karatau deposit in cement production,
their impact on the hydration processes, and the
physico-chemical properties of Portland cement.

Experimental part

As the research material, porphyrite from the
"Karatau-1" section of the Karatau deposit was
selected. The primary matrix for forming the
compositions of composite Portland types of
cement (CPC) was ordinary Portland cement clinker
(Cl) from LLC "Karakalpak Cement." Gypsum stone
(GS) from the Kogon deposit was used to regulate
the setting time.

Standard methods corresponding to the
following regulatory documents were used for
conducting physico-chemical studies and physico-
mechanical tests. The chemical analysis of Portland
cement clinker from LLC "Karakalpak Cement,"
gypsum stone from the Kogon deposit, and
porphyrite from the "Karatau-1" section of the
Karatau deposit was carried out by GOST 5382-91
(“Cements and materials for cement production.
Methods of chemical analysis”).

The hydraulic activity of porphyrite was
determined according to Oz DSt 336:2024 “Active
mineral  additives for cements. Technical
requirements.” The results were evaluated
according to the requirements of GOST 31108-2003
based on the Student's t-test criterion. The physico-
mechanical properties of cement samples with
porphyrite additives (PC) were studied according to
GOST 310.4-81 “Types of cement. Methods for
determining the strength limit in bending and
compression.” The evaluation of the results was
carried out according to the requirements of GOST
31108-2020 “Cements for general construction.
Technical requirements.”

The physico-chemical properties of "green"
cement composites were studied using the following
analytical methods: X-ray phase analysis (X-ray
diffractometer XRO-6100, Shimadzu), DTA -
thermal analysis (Netzsch Simultaneous Analyzer
STA 409 PG), IR spectroscopy (Fourier spectrometer
“IRTracer-100,” SHIMADZU CORP), and electron
microscopic analysis (scanning electron microscope
JSM-6490LV with INCA Energy energy-dispersive
microanalysis systems and HKL-Basic structural
analysis).

Results and Discussion

The chemical and mineralogical composition of
clinker during the cement production process
directly affects its strength, hardening kinetics, and
hydraulic activity. The composition of the portland
cement clinker (PC) produced by "Karakalpak
Cement" LLC meets the requirements of O‘z DSt
2801. This clinker contains the main oxides: CaO
(58.93%), SiO, (18.03%), Al,0; (6.22%), and Fe,0;
(3.94%), whose ratio determines the hydraulic
activity of the clinker. A high sulfate content can
affect the clinker hardening process; therefore, to
enhance its hydraulic activity and stability, the use of
mineral additives is advisable. The high content of
alite (C3S — 55.04%) and belite (C,S — 17.81%) in the
clinker ensures rapid hardening and positively
influences the mechanical properties of the final
product.

Porphyrite, being one of the natural silicate
rocks, exhibits pozzolanic activity due to its high
content of silica (Si0, —51.42%) and aluminum oxide
(Al,03 — 18.51%). The mineralogical composition of
porphyrite from the Karatau deposit allows it to be
used as a pozzolanic additive in the production of
Portland cement.

SiO, and Al,O; contained in porphyrite react
with Ca(OH), during the hydration process, forming
additional calcium silicate hydrate (C-S-H), which
enhances the strength of concrete and other
construction materials. Moreover, the presence of
Fe,0s (7.53%) and MgO (0.98%) in porphyrite
ensures its chemical stability and increases the
material's resistance to environmental impacts.

Gypsum stone is used in cement production as
the primary setting regulator. When mixed with
clinker, it prevents the excessive reaction of CiA
(tricalcium aluminate) with SOs, thereby limiting the
rapid setting of cement and providing the necessary
time for its processing. In this study, the gypsum
used contains 92.02% CaS04:2H,0, which indicates
its high quality as an additive (Table 1).
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Table 1 - Chemical composition of raw materials

Material name Oxide content, mass %
k.m.y SiO2 Al1:03 Fe203 Sa0 MgO SOs Pr. >
0.32 18.01 6.25 3.92 58.91 1.99 5.56 5.05 100.0
Clinker PC Mineralogical composition of Clinker, mass %
C3S-55.04; C2S-17.81; C3A-5.15; C4AF-15.47; CS-1.65
Porphyrite 5.71 51.43 18.52 7.52 5.27 3.9 0.92 6.82 100.0
Gypsum stone 20.31 2.79 0.48 cn. 30.99 cn. 42.81 2.62 100.0
CaS04.2N20 =42.80x2.15 =92.02%
The Karatau-1 deposit is located in the e 721.38 cm™and 758.02 cm™ — Si-O-Si

Karauzyak district of the Republic of Karakalpakstan,
80 km southeast of the Kegeyli settlement, with total
reserves exceeding 63 million tons. The porphyritic
rocks of this deposit consist of fine particles, have a
light gray color, and may acquire a brownish tint due
to the presence of iron oxides. Due to the high silicon
dioxide content (SiO, — 51.42%), these rocks belong
to the group of pyroxene porphyrites.

Research results confirm that the porphyrite
composition includes quartz (Si0,), feldspars
(KAISi30s — NaAlSisOg — CaAl,Si,0g), micas (biotite
and muscovite), as well as amphiboles and
pyroxenes. These components provide porphyrite
with high mechanical strength and chemical
resistance. Infrared (IR) spectroscopy of the
porphyrite sample revealed absorption peaks in the
400-1100 cm™ range (Figure 1).
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Figure 1 - Infrared (IR) spectroscopic analysis
of porphyrite

The main recorded peaks are distributed as
follows:

e 453.27 cm™and 470.42 cm™ - Si-O-Al
bonds typical for feldspars and amphiboles;

® 592.15cm™ and 648.08 cm™ — stretching
vibrations of pyroxenes and amphiboles;

bonds, indicating the presence of quartz and
feldspars;

e 981.77 cm™ —a pronounced absorption
maximum associated with quartz stretching
vibrations.

The physical and chemical properties of
porphyrite allow its wide application in the
construction industry. The high compressive
strength and chemical resistance are associated with
the following factors:

e High density and mechanical strength — due
to the presence of hard minerals (quartz, feldspars,
pyroxenes).

e Chemical resistance — the presence of
silicates and oxide minerals makes porphyrite
resistant to acidic and alkaline environments.

e Thermal stability — the content of silicon
dioxide (SiO,) and aluminosilicate minerals ensures
the stability of the rock at high temperatures.

The results of the study show that porphyrite,
due to its composition, can be used as a mineral
additive in cement production. In particular, it has
the potential to enhance the strength of cement and
improve its hydraulic activity. Moreover, the use of
porphyrite in road pavements and the production of
durable construction materials is also considered
feasible.

The mineralogical composition of porphyrite
was determined based on the results of X-ray
diffraction analysis (XRD). The most intense peaks on
the diffractogram correspond to various minerals. A
detailed analysis of the obtained data is provided
below:

e Quartz (SiO,) — d/n values (0.424; 0.333;
0.244; 0.228; 0.212; 0.182).

e Feldspars — d/n values (0.631; 0.495; 0.468;
0.400; 0.375; 0.365; 0.318; 0.291; 0.282; 0.182;
0.178).

e Calcite (CaCOs) — d/n values (0.303; 0.249;
0.228; 0.209; 0.200; 0.188).
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e Hydromicas (muscovite, biotite, etc.) — d/n
values (0.495; 0.365; 0.352; 0.333; 0.303; 0.291;
0.282; 0.254).

e Chlorite minerals — d/n values (0.700; 0.631;
0.495; 0.468; 0.385; 0.375; 0.365; 0.291; 0.259;
0.244; 0.228; 0.212; 0.188; 0.182; 0.178; 0.156)
(Figure 2).
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Figure 2 - X-ray diffraction (XRD) spectrum of porphyrite
from the "Karatau-1" deposit

The presented image shows the XRD spectrum
of porphyrite rock, containing various peaks. The
most intense peaks on the diffractogram confirm the
presence of quartz, feldspars, and hydromicas.
Specifically, the peaks with d/n = 0.375 and 0.365
correspond to  feldspars, indicating the
predominance of silicate minerals in the
composition of porphyrite. Additionally, the peaks
with d/n = 0.424 and 0.333 indicate the dominant
content of quartz.

The presence of hydromicas and chlorites in the
composition of porphyrite affects its mechanical
properties, allowing its use as an active mineral
additive in cement compositions. Hydromicas and
chlorites exhibit pozzolanic activity and contribute
to the formation of calcium silicate hydrate (C-S-H),
which provides additional strength during hydration.

To study the thermal properties of porphyrite,
differential scanning calorimetry (DSC) analysis was
conducted. According to the research results, a two-
step water loss process is observed when heating
porphyrite samples (Figure 3).

At the first stage (in the range of 25-140°C) at
Tmax = 60°C, a pronounced endothermic effect was
observed, associated with the release of water
molecules adsorbed on the surface of porphyrite.
The enthalpy of this reaction was -138.5 J/g,
indicating a high content of free or weakly bound
water in the porphyrite structure.

DSC muimg)

Temperatre 1C

Figure 3 - Differential scanning calorimetry (DSC)
analysis of porphyrite

In the second stage (Tmax = 125.4°C), the
release of chemically bound water from the crystal
lattice of the mineralogical composition of
porphyrite occurred. This process is due to the
thermal decomposition of hydrated minerals (e.g.,
hydromicas or chlorites), with the reaction enthalpy
being -10.91 J/g. The obtained results are crucial for
understanding the hydration properties of
porphyrite in the cement production process. They
serve as the basis for assessing the feasibility of
using porphyrite as an active mineral additive in
composite types of cement.

According to the study results, the hydraulic
activity of porphyrite based on the Student's t-
criterion was t = 24.47. This indicator significantly
exceeds the threshold value of t = 2.07 established
by the O‘z DSt 336:2024 standard. This proves that
porphyrite possesses sufficient hydraulic activity
and can be used as an active mineral additive in
Portland cement.

Silicon dioxide (SiO,) and other oxides present in
porphyrite play a vital role in the hydraulic binding
processes, contributing to the increased strength of
cement. The conducted research has scientifically
justified the potential of using porphyrite and
sandstone as mineral additives in Portland cement
production.

The production of composite cement based on
porphyrite can not only improve product quality but
also be economically efficient. The use of natural
mineral additives reduces clinker consumption and
helps decrease energy costs.

The addition of porphyrite to Portland cement
clinker significantly affects the grinding process.
According to the data presented in Table 2 and
Figure 4, the research results show that as the
amount of porphyrite increases, the fineness of the
cement powder decreases. Sieve analysis through
sieve Neo. 008 (4900 openings/cm?) revealed that the
difference in fineness between pure Portland
cement and types of cement with 10-25%
porphyrite addition ranges from 0.5% to 2.0%.
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Table 2 - The influence of porphyrite addition on the grindability of Portland cement clinker

Ne p/p Cement Component Ratio, wt. % Grinding Time, Residue on Sieve Ne 008,
Designation Clinker + Gypsum Porphyrite min wt. %
stone
1 PC-DO 100 - 40 9.5
2 PC-D10 90 10 40 10
3 PC-D15 85 15 40 11
4 PC-D20 80 20 40 115
5 PC-D25 75 25 40 11.5

This process is explained by the fact that the
physico-mechanical properties of porphyrite affect
the grinding of clinker. Specifically, when milling the
raw mix with the addition of porphyrite, the
adhesion forces between particles and their density
change, leading to a reduction in the number of fine
fractions. This, in turn, influences the final particle
size distribution of the cement and determines its
rheological (flow) properties.

6:30 -

Time

PC-DO PC-D10 PC-D15 PC-D20 PC-D25

PC-DO PC-D10 PC-D15 PC-D20 PC-D25

End 5:20 4:09 5:17 517 6:00

Start 4:00 3:06 4:09 3:30 4:15

Figure 4 - The change in the setting time of portland
cement produced by "Karakalpakcement" LLC depending
on the porphyrite additive content (mass %): 1 - PC-DO
(0% porphyrite); 2 - PC-D10 (10% porphyrite); 3 - PC-D15
(15% porphyrite); 4 - PC-D20 (20% porphyrite); 5 - PC-
D25 (25% porphyrite).

From the provided table and diagram, it is
evident that increasing the porphyrite content
reduces the cement setting time. Without additives,
Portland cement (PC-D0O) began its initial setting
after 4 hours, while the final setting lasted 5 hours

and 35 minutes. With the addition of 10% porphyrite
(PC-D10), the initial setting time decreased to 3
hours and 15 minutes, while the final setting was
completed within 4 hours and 15 minutes. As the
porphyrite content increased, the initial setting time
was further reduced, and with 25% porphyrite (PC-
D25), it dropped to 3 hours and 5 minutes, with the
final setting occurring in 4 hours and 10 minutes.

These results show that porphyrite reacts with
clinker, accelerating the cement hydration process.
This reduces the time required to achieve initial
strength, making the cement more convenient for
use in construction processes within shorter periods.

To determine the actual hydraulic activity of the
cement, a technological batch was prepared,
containing 80% clinker and 20% porphyrite, in
accordance with the requirements of GOST 30744-
2001. The resulting cement was tested following the
methodology of GOST 310-91 using standard
prismatic samples with dimensions of 4x4x16 cm
(Table 3).

According to the table, increasing the porphyrite
significantly affects the compressive
strength of the cement.

Cement with 100% clinker showed the highest
strength:

2 days —34.1 MPa
7 days —36.0 MPa
28 days — 48.0 MPa

With the addition of 10% porphyrite, the
strength slightly decreased:

e 2days—27.0 MPa

e 7days—31.0 MPa

e 28 days—36.5 MPa

With 15-25% porphyrite content, the strength
decreased even further. For cement with 25%
porphyrite, the strength after 28 days was 31.8 MPa.

content

—— 45 ——



Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use

of Mineral Resources

Table 3 - Physical and mechanical properties of types of cement with porphyrite additive

Ne Mass percentage of component ratio Compressive strength of 2x2x2 cm cube samples, MPa
Clinker Porphyrite 2 days 7 days 28 days

1 100 - 34.1 36.0 48.0

2 90 10 27.0 31.0 36.5

3 85 15 25.1 29.0 35.0

4 80 20 20.5 28.8 34.5

5 75 25 20.0 28.0 31.8

Flexural/compressive strength of standard sanded P

ortland cement specimens measuring 4x4x16 cm, MPa

2 days 7 days 28 days
1 Clinker 100% - - - 7.2/38.6
2 Clinker 80% 20% 4.9/24.2 5.8/32.5 6.9/34.6

Table 4 - Changes in the hydration activity of portland cement with porphyrite additives

Ne Cement type Amount of chemically bound water (%) at the following time intervals:
2 days 7 days 28 days 90 days
1 PC-DO 11.89 13.4 19.54 17.56
PC with Porphyrite additive 11.61 11.47 13.63 15.26

The analysis shows that the porphyrite additive
affects the cement strength (Table 4). However,
cement with 20% porphyrite meets the
requirements of grade PC-D20 (32.5N). Such cement
reached a strength of 32.5 MPa after 7 days, which
complies with the requirements of GOST 30744-
2001. Cement with 80% clinker and 20% porphyrite
demonstrates optimal strength characteristics.
Based on the results of 28-day tests, cement with
20% porphyrite achieved a cement strength subclass
of 32.5N, confirming its suitability for construction
use (Figure 5).

25

— — 2
=] w =1

w

Content of chemically bound water, %

0 1 3 i/ 28 90
Time and hardening, days

Figure 5 - The change in the content of chemically
bound water during the hardening process of blended
types of cement depending on the porphyrite content:

Nel (———) PC-DO (pure portland cement); No2
(——) PC-D20-PO (portland cement with 20%
porphyrite addition).

These results validate the stability of the
mechanical properties of types of cement with
porphyrite additives and their potential application
as building materials.

The hydration results of Portland cement with
porphyrite additives indicate that porphyrite
extracted from the "Koratov-1" site of the Koratov
deposit modifies the hydration process of Portland
cement. In such cement, water absorption
decreased to 0.28-1.77% within 2-7 days, and by
the 28th day, the amount of bound water became
nearly identical (18.63% and 19.54%).

The introduction of porphyrite led to a 20%
reduction in C3S content, causing a slight slowdown
in the hydration process. However, the resulting
cement stone demonstrated high strength, meeting
the strength class 32.5N requirements.

After three months of observation, the amount
of bound water reached 15%, which is 2.3% lower
compared to conventional cement. This indicates a
gradual hydration process and the absence of rapid
crystallohydrate formation, which contributes to
enhanced durability and strength of the cement.

On the diffractograms of cement with the
addition of porphyrite, prominent lines of calcium
hydroxide and calcium carbonate were observed
within the first day, with their intensity remaining
almost unchanged for up to three days (Figure 6).

The study results demonstrate that the addition
of porphyrite significantly affects the hydration
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process of Portland cement. The data on the change
in the amount of chemically bound water
correspond to the XRD results. Although, at the
initial stage (within the first day), the amount of
chemically bound water in cement with porphyrite
is higher, at the 28-day and 90-day intervals, this
indicator is lower compared to traditional Portland
cement (PC-DO0), indicating a slight deceleration of
the hydration process.

Portlandite (Ca(OH),), 104|

C-S-H (Calcium-Silicate{Hydrate phases), 101

—=———(CaMg(COs),) or Hydrated phases, 021

=

—
&

1| | [
W | i ‘ Lol
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Figure 6 - X-ray Diffraction Pattern of Portland Cement
with 20% Porphyrite Addition, Hydrated in
Water for 28 Days

The diffractogram clearly shows distinct lines
corresponding to calcium hydroxide (Ca(OH),) and
calcium carbonate (CaCOs), indicating the parallel
progression of hydration and carbonation processes.

During hydration, the presence of hydrated
calcium silicate phases (C-S-H) was also detected,
which form as a result of the decomposition of C3S
(alite) and C,S (belite). However, the addition of
porphyrite slightly slows down this process, which
may reduce the early strength development rate of
the cement but does not affect its final strength.

Conclusions

In the course of the conducted research, the
hydration processes of Portland cement with the
addition of porphyrite, as well as its physico-
chemical properties, were studied. The obtained
results showed the following:

¢ Hydration process — the addition of porphyrite
slightly slowed down the cement hydration rate;
however, the final degree of hydration did not
significantly affect the cement strength. This is

o
Theta-2Thets (deg)

mainly due to the reduction in C3S content and the
formation of calcium hydroxide (Ca(OH),) in the
cement system.

e Chemically bound water content — an increase
in the amount of bound water was observed during
the first day, but at the 28- and 90-day intervals, this
indicator was lower than that of traditional Portland
cement (PC-DO0), indicating a gradual hydration
process.

e X-ray phase analysis (XRD) — distinct lines of
calcium hydroxide and calcium carbonate were
clearly recorded in the cement with porphyrite
addition, with their intensity remaining unchanged
during the first three days. This confirms the slower
hydration of minerals in the cement system.

e Mechanical properties — the strength
indicators of cement stone with porphyrite addition
meet the requirements of strength subclass 32.5N
cement, ensuring its stability.

These results confirm that the use of porphyrite
as an additive can be an effective solution in cement
production, offering an alternative raw material.
Further, more detailed studies on the long-term
stability of cement with porphyrite addition, using
thermal analysis and other physico-chemical
methods, are necessary.
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LlemeHT eHepKacibiHaeri KemipTeri menwepiH a3aiTy ywWiH TabuFu cunmkar

XbIHbICTapPbIH NaiiganaHy
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TYWIHAEME

MopTnaHALeMeHT eHAipici Ken sHepruAHbl TYTbiHaAbl aHe CO,-HbiH, WblfapblHAbINapbl 6ap. byn
SKOMOTUANBIK TYPAKTbINbIKTbI XaKcapTy ywiH 6anama WuKi3aT KaxeT 60naTbiHbIH KepceTep;.
3epTTey HaTUXKeNepi TaBUFU CUNMKAT KblHbICbI NOPPUPUTTIH, NYLLLONAHABIK }KaHE rMAPABAUKANbIK,
6enceHainirin KepcetTi, 6yN OHbl KOMMO3WUTTIK LEMEeHT eHAjipiciHae mnepcnekTusasbl KocnaFa
aliHangpipaabl. byn 3eptreyae nopduputneH mogudurkaumanaHFaH NOpPTAAHALEMEHTTIH, GU3NKa-
XUMMANBIK  KacueTTepi MeH ruapaTauMa  npouectepi  peHTreHAiK  audpakuma  (XRD),
anddepeHumanapl Tepmuanbik Tangay (DSC) kaHe dDypbe-TpaHchopmaumanbiK UHPPaKbI3bIA
cnektpockonua (FTIR) KemerimeH TangaHabl. LleMeHT yarinepiHiH KbiCy KywWwi MeH KaTy yaKbITbl
MemCT 30744-2001 »oHe MemCT 310-91 craHgapTTapbl 6oibiHWa TeKkcepingi. Hatuxkenep
KepceTkeHaen, nopdMpuUT KocbinFaHga ruapaTtauma npoueci asgan 6asynanabl, C3S menwepi
asangpl, 6yn Kanbuui ruppokcuaiHii (Ca(OH),) TysinyiHe biknan etedi. KypambiHaa 20%
nopouput 6ap uemeHT 32,5N 6epiKTiK KAacbiHbIH TanantapbiHa cai 60A4bl XaHe TypakTbl
MexaHWKanblK Kacuettepai KepceTTi. CyAbl CiHipy CbIHaKTapbl KpPUCTannorMapaTt KeHeTTeH
TY3iAMENTIHIH, rmapaTtauma npoueci bGipTiHAen KypeTiHiH pacTtagbl. byn 3epTrey nopoupwut
LLeMEHTTIH 6epiKTiriHe, KNMHKEPA TYTbIHYAbl a3alTyFa KOHE SHEPIUAFa CYPaHbICTbl TOMEHAETYre
bIKMan eTeTiH TMIMAI MWHepanabl Kocna ekeHiH Aanengedi. bonawak 3epTreynepge 03biK
TEPMUANDBIK Tanaay aAicTepiH KonAaHa oTbipbin, NOPGUPUT Heri3iHAEr LeMEeHTTIH, y3aK mep3imai
TYPaKTbI/bIFbIHA Ha3ap ayAapy Kepek 6onaabl.

TyiiiH ce3dep: MNouzonaHablk 6enceHainik, rmaparauma npoueci, Kaabumii rmapokenai (Ca(OH)z),
bU3MKa-XMMUANBIK KacueTTepi, peHTreH caynenepidii, andpakumacel (XRD), auddepeHumanab
TepmuaAnbik Tangay (DSC).
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Bblbpocamm CO,, 4TO NoAYepKMBAET HEOBXOAMMOCTb UCMO/Ib30BaHUA a/bTEPHATUBHOMO CbiPbA
[ONA NOBbIWEHMA 3KOMOTMYECKON YCTOMYMBOCTU. PesynbTaTbl MCCNEA0BaHMIN NOKa3biBakOT, YTO
nopoupuT, ABNAIOWMINCA NPUPOLHOM CUAMKATHOM Moponoi, obnagaeT nyuuoNaHUYECKOW U
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TMAPABANYECKON aKTUBHOCTbIO, YTO Ae/aeT ero NepcrnekTMBHOM A06aBKOM Npu NpousBoacTBe
KOMMO3UTHOrO LemeHTa. B AaHHOM wWccneaoBaHWM 6blaM  MpoaHanuM3upoBaHbl  GU3MKO-
XUMUYEeCKMe CBOWCTBA M MpoLecchl ruapatauuy nopTaaHAueMeHTa, MoAuGULMPOBAHHOTO
nopdUpPUTOM, C MCNONb30BAHMEM PEHTreHoBCKOW audpakummn (XRD), avddepeHumansHoro
Tepmuyeckoro aHanusa (DSC) u mHdpaKpacHoW cnekTpockonuu c npeobpasoBaHvem Pypbe

MNoctynuna: 15 mapma 2025 (FTIR). Mpo4YHOCTb Ha CXaTve M BpemMA CXBaTblBaHMA LEMEHTHbIX 06pasuos onpegensann B
PeueHsuposaHue: 19 mapma 2025 cooTBeTcTBMM €O cTaHaapTamun TOCT 30744-2001 n TOCT 310-91. Pe3ynbTaTbl NMOKasanun, 4To
MpuHnaTa 8 neyatb: 17 anpens 2025 nobasneHne nopdupmUTa HECKOIbKO 3aMe/IAeT NpoLecc rmapaTaumm, CHuXana cogepaHue CsS,

HO cnocobcTByeT 06pasoBaHuMto rMapokemaa Kanbuma (Ca(OH),). LemeHT ¢ 20% coaepikaHuem
nopduputa cootBeTcTBoBan TpebOBaHMAM MPOYHOCTHOro Knacca 32.5N u gemoHcTpuposan
cTabunbHble MeXaHu4Yeckue CBoMCTBa. WcCMbiTaHMA Ha BOAOMOI/OWEHUE NOATBEPAUAU
nocTeneHHbIN npouecc rnapatauum 6e3 peskoro obpasoBaHUA KpUCTannorMapatos. [aHHoe
nccnenoBaHWe NoATBEPKAAET, YTO NopdUpUT AnfeTca aPpdeKTUBHON MUHEpanbHOM f0baBKoW,
cnocobcTBytoLEelt NOBbIWEHWIO AONTOBEYHOCTU LIeMEHTA, CHUMKEHUIO noTpebneHna KAMHKepa v
YMEeHbLUEHUIO 3HeprosatpaTt. B  panbHelllem pEeKOMEHAYeTCA W3yYuTb  JONTOCPOYHYHO
CTabunbHOCTL LemeHTa ¢ aobasneHnem nopoduputa ¢ NPUMEHEHWEM NepPeaoBbIX METOAOB
TEPMUYECKOrO aHan3a.

Knrouesbie cnoea: TyuonaHoBaA aKTMBHOCTb, Mpouecc ruapaTtauuu, rMAPOKCUA, Kanbuwma
(Ca(OH),), bU3nKo-xumnyeckmne CBOICTBa, pPeHTreHoBCKas andpakuma (XRD),
avoddepeHumansHblii Tepmuyeckuii aHanms (DSC).
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