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Young’s modulus (E) and Poisson’s ratio (v), which were plotted against
concentration levels to identify trends.

The tool also supports statistical analysis by calculating mean values,
variances, and confidence intervals, which were used to create histograms
with overlaid normal distribution curves, confirming the consistency of the
results across all simulations. Support for the CSV format ensures convenient
data export for further analysis in other tools, while automation features, such
as batch processing of simulation data, significantly reduce the time required
for data processing and visualization, making the research process more
efficient.

Conclusions. The developed software product proved to be a key tool
for analyzing the elastic properties of polycrystalline copper, providing
efficient data processing and visualization through histograms, graphs, and
stress distribution plots. This enabled the identification of optimal parameters,
such as a sample size of 20 mm and a concentration of 15%-25%, for stable
material behavior. The software product contributes to the integration of
Ukrainian research into the European scientific space by simplifying complex
materials science studies.
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Abstract. The recent decline in gas production in Ukraine is largely attributed
not to the depletion of its resource base, but to the overexploitation of easily
recoverable reserves and the lack of development of more complex ones. As a
result, the search for new hydrocarbon reserves and the redevelopment of
existing fields are becoming increasingly challenging. These efforts are further
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complicated by the need to operate under extreme well conditions, including
high pressure and temperature (HPT), which are becoming more common in
modern oil and gas exploration and production.
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Introduction: he current decline in gas production in Ukraine is
determined not so much by the reduction of the resource base as, primarily, by
the fact that easily recoverable reserves were being intensively depleted, while
more difficult-to-produce reserves were not being developed at all. However,
the search for new and development of old hydrocarbon reserves may be
complicated by the need to perform operations under extremely unfavorable
well conditions, since more and more work related to the exploration and
production of oil and gas has to be carried out at high reservoir pressures and
temperatures (HPT). Thus, for example, according to the results of the analysis
of subsea system development trends, performed by Welling and Company, in
11% of wells planned for drilling in the next 3-5 years, the forecast bottomhole
temperatures will exceed 177 °C, and in 26% of wells, bottomhole pressures
are expected to be from 70 to 100 MPa [1].

However, in Ukraine, only PCT 1-100 and PCT II-50 grades are
produced from grouting cements, intended for cementing oil, gas and other
wells in conditions of low, normal and moderate temperatures, i.e. at
temperatures not higher than 50-100 °C.

Presentation of the main research material.

For separating layers in deep oil and gas wells, it is necessary that the
cement mortar formulation ensures the stability of the cement stone under
HPT. Grouting cements are constantly exposed to difficult well conditions and
must reliably lock casing strings and separate formations for many years. For
solving such complex technical problems, it is necessary to develop new
cement binders for reliable service under VTT conditions, which are
characterized by high mechanical strength, heat resistance, and resistance to
the aggressive effects of formation (usually sulfate) and sea waters. Thus,
current trends in oil and gas production dictate new requirements for materials
applied in plugging production wells.

It is known that the introducing of barium-containing compounds to the
composition of Portland cement has a positive effect on its sulfate resistance
[2]. The authors [3, 4] propose to introduce barium carbonate into Portland
cement clinker to increase sulfate resistance, since BaCO3 inhibits the
formation of ettringite, and in the work [5], barium carbonate or sulfate in an
amount of up to 5 wt. % is introduced directly into the Portland cement raw
material mixture.

We synthesized two compositions of barium-containing Portland
cements, containing 55 wt. % BaO (BPC-1) and 50 wt. % BaO (BPC-2),
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respectively. The tests were carried out according to the methodology outlined
in [6]. We chose rather strict experimental conditions, namely: samples after
manufacturing and storage for 7 days of hardening under normal conditions
were placed in a 3% MgS0O4 solution and were tested after 28 days of storage
in an aggressive environment. Also, since during service they can
simultaneously be exposed to not only mineral but also fresh water, the cement
samples were hardened in distilled water.

The sulfate resistance coefficient was determined as the ratio of the
compressive strength of samples after 28 days of storage in an aggressive
environment to the strength of a sample of the same cement after hardening in
water. Cement is considered not resistant to a given aggressive environment if
the resistance coefficient KS < 0.9 - in the case when the concrete is in water
or strongly filtering soil (coarse sand, fractured rock, etc.) or KS < 0.8 - in the
case when the concrete 1s surrounded by weakly filtering soil (clay, loam, etc.)
[2]. Table 1 shows the results of determining the sulfate resistance of
synthesized cements.

Table 1. Sulfate resistance of barium-containing Portland cements

Compressive strength after 28 days of
Cement hardening, MPa Sulfate resistance
3% MeSO4 coefficient
° e distilled H,O
solution
BPC-1 26,4 32,6 0.8
BPC-2 61,2 51,0 12

The decrease in the sulfate resistance coefficient of BPC-1 is due to the
presence of a larger amount of hydroaluminate in the hydration products than
in BPC-2, since it is known that MgSO4 primarily reacts with hydroaluminate,
forming compounds with a higher density. In our opinion, this drawback can
be corrected by reducing the content of tricalcium aluminate in BPC-I.
Crystallites formed on the surface of samples hardened for 28 days in a 3%
MgSO4 solution were studied using X-ray diffraction analysis. As the
obtained results show, the main component of these crystallites is barium
sulfate, the formation of which on the surface of the samples ensures high
sulfate resistance of the obtained materials.

Cement samples continued to be stored in MgSO4 solution for 6 months
(the solution was changed every 15 days). The composition of the layer
formed on the surface of the samples after 6 months of storage in an aggressive
environment was also determined by X-ray phase analysis. It was found that




283

it consists of BaSO4 and MgSO4+6H20 crystallites. It was found that the
compressive strength of cement samples after 6 months of storage in a 3%
MgSO04 solution for BPC-1 almost did not change and was 26.5 MPa (solution
pH — 9), and for BPC-2 it increased significantly and reached 73.5 MPa
(solution pH — 7).

Conclusions. Thus, the developed barium-containing Portland cements
are characterized by high sulfate resistance compared to conventional Portland
cements and can be used for service in conditions of both fresh and aggressive
sulfate waters.
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