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Purpose. The impact of conditions and parameters of microwave radiation on the change in the
physical and mechanical properties of cement materials has been studied, particularly on the stability
of their strength characteristics.

The methods. The following methods were used: analysis of modern scientific concepts of mi-
crowave radiation application in industrial purposes, considering the safety of its use; study of the
impact of microwave heating on the kinetics of product properties; determination of the compressive
strength limit of mortars and concretes; comparative analysis. The samples were cement-sand cubes
with dimensions of 5x5x5 c¢cm, produced according to standards, and cured until they achieved their
design strength. When applying UHF radiation to the samples, it was considered that its influence at
early stages could disrupt the hydration processes.

Findings. The results of the study on the impact of microwave radiation on the change in physical
and mechanical properties of building mortars and concretes based on cement are presented. The
parameters of microwave radiation that influence the physical and mechanical properties of cement-
sand samples have been identified. The application of microwave radiation during the removal of
water from the internal layers of the mortar mixture leads to an increase in the strength of cement
mortars and concretes. The energy consumption when using UHF technologies is lower compared to
thermal treatment.

The originality. Dependencies between the power and duration of UHF radiation and the
strength characteristics of the samples have been established. Quantitative parameters of the radiation
affecting the process of their destruction have been determined.

Practical implementation. The research conducted will expand the scientific basis for justifying
the use of microwave radiation to influence the properties of cement mortars and concretes. The im-
pact of UHF radiation can accelerate the hardening process of cement mixtures. This can be useful in
conditions where rapid hardening of the material is required, such as in emergency construction work.
However, the acceleration of the reaction may lead to a decrease in the quality of the final product if
all parameters are not carefully controlled.

Keywords: safety of UHF radiation use, parameters of microwave radiation, cement-sand cubes,
physical and mechanical properties, strength.

Introduction. For the first time, the ultra high-frequency (UHF) range of electro-
magnetic radiation was used in the late 1930s in radar systems for detecting enemy
aircraft and ships. Today, a wide variety of devices operate using UHF energy. One of
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the advantages of UHF heating is its high efficiency in converting UHF energy into
heat within the volume of the heated objects. A promising area of UHF radiation use
has become its thermomechanical impact on various natural minerals. UHF energy al-
lows for selective mineral destruction with specific energy consumption many times
lower than traditional methods of destruction (crushers, ball mills, etc.) [1].

Currently, UHF energy plays a significant role in many sectors of the economy.
It is considered an energy-saving technology, which is why in recent years there has
been a growing interest in the practical use of UHF energy for industrial purposes. The
main areas of UHF energy application include:

— thawing frozen soils;

— loosening and crushing rocks;

— separating ores into components;

— complete extraction of metals from waste and sludges.

Microwave radiation has several advantages: — fast and contactless heating; —

UHF energy is simply transferred to almost any part of the heated object, rather than
heat;
— uniform heating; — enables virtually instantaneous cessation of thermal effects on the
processed material; — microwave heating has a high efficiency in converting UHF en-
ergy into thermal energy, with the theoretical efficiency value being close to 100%; —
high level of safety and automation.

It should be noted that the method of breaking solid structures using microwave
radiation is being developed for use with rocks. However, the destructive effects of
microwave radiation on construction materials, particularly on concrete and hardened
mortars, have not been widely studied, and the combined effect of parameters such as
radiation power, exposure duration, and the influence of moisture on their physical-
mechanical properties has not been explored.

Several studies provide an overview of the application of powerful microwave
electromagnetic field sources in the mining industry for loosening rocks, present the
dielectric characteristics of minerals, discuss the mechanism of thermomechanical rock
destruction by microwave fields, and describe the requirements for the loosening mode
before grinding, along with the results of trial experiments. The research by Arzhanni-
kov A.V., Bychenkova V.A., and others is somewhat fragmented, and they have for-
mulated requirements for the microwave generator, determining the range of electro-
dynamic parameters within which the use of microwave radiation for concrete destruc-
tion is most effective [2].

In turn, in the studies of H. Satish [3], the positive effect of low-energy microwave
radiation (in the range of 150 W) on the formation of thermal cracks in the structure of
basalt rock samples is noted. In his work, D. A. Jones [4] models the preliminary for-
mation of thermal cracks in ore samples due to UHF radiation to facilitate their subse-
quent destruction. Peyman Nekoovaght [5, 6] indicates that microwaves penetrate the
rock and create macro/micro-damages on the surface of the rocks due to the thermal
expansion coefficient within the grains, which facilitates the destruction process. Com-
prehensive studies presented in work [7] are dedicated to the practical application of
mechanical rock destruction using microwave radiation, and three-dimensional
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modeling of the effect of microwave radiation on stresses in granite samples is also
presented.

In work [8], it is shown that microwave treatment with microwave fields posi-
tively affects the properties of composite materials for thermal insulation based on lig-
uid glass. The results presented in work [9] show that the use of UHF radiation in the
fields of chemistry and construction materials plays an especially important role, along-
side volumetric internal heating of the material, in the so-called non-thermal effect.
The effect of UHF radiation on uncured concrete or mortar mixtures produces a com-
pletely different outcome. During the preparation of cement-based mortar, it is exposed
to electromagnetic radiation after being mixed with water. While thermal treatment
heats the upper layers of the material and the heat is subsequently transferred from the
hotter layers to the cooler ones, microwave treatment causes internal heating of the
concrete or mortar mixture. The mixture is irradiated with a high-frequency electro-
magnetic field, accompanied by heating. The use of UHF radiation is beneficial when
removing water from the inner layers of the mortar mixture by affecting water mole-
cules, which results in an increase in the strength of products based on cement mixtures.

A perspective direction for research is not only the problem of assessing the qual-
ity of ensuring the stability of the strength characteristics of materials [10, 11], but also
the influence of microwave radiation conditions on the alteration of their physical prop-
erties. This work attempts to investigate the effect of radiation power and exposure
duration on the process of destruction of cement-sand samples. This will provide a
scientific basis for using UHF radiation not only for the destruction of concrete and
other construction materials, but also for rocks.

Purpose. The main objective of this scientific work is to investigate the influence
of UHF radiation conditions and parameters on the physical-mechanical properties of
construction materials, particularly evaluating the stability of their strength character-
istics. To achieve this goal, it is necessary to experimentally determine the effect of the
duration and power of UHF radiation on the strength characteristics of cement-sand
mortar samples.

Research methodology. One of the obstacles to the widespread implementation
of UHF technologies, including in the construction industry, is the potential danger to
humans from microwave radiation exposure. When using microwave heaters, it is nec-
essary to follow regulatory documents, control the energy flux density, and the specific
absorbed power per unit mass of the body. To reduce the impact of microwave radia-
tion, existing sanitary and hygienic standards must be followed. The main ones are the
sanitary rules and norms [12].

UHF radiation exposure can accelerate the hardening process of cement mixtures.
This can be useful in situations where rapid hardening of the material is required, such
as during emergency construction work. However, the acceleration of the reaction may
lead to a decrease in the quality of the final product if all parameters are not carefully
controlled.

For the experiment, a «Fairline» microwave oven was used, with the following
radiation power range: minimum — 100 W, average — 500 W, maximum — 900 W, as
well as a KL-200/R press from "Tecnotest". The samples were cement-sand cubes with
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dimensions of 5x5x5 cm. They were prepared from the required amount of cement-
sand mortar with a mix ratio of 1:3 (by weight) and a water-cement ratio (W/C) of 0.45.
The components were measured using electronic scales. The cement and sand were
mixed for 1 minute. Then, a hole was made in the center of the dry mixture, into which
the required amount of water was added. The water was absorbed into the mixture for
30 seconds, after which the mixture was manually stirred with a round spatula for 8
minutes (according to standards, at least 5 minutes when mixing manually). The result-
ing mortar of normal consistency was used to fill the molds — the cubes. Each mold
was then vibrated on a vibration table for 15 seconds. This recipe was used for the
preparation of all cubes for the study. After curing for 24 hours, the cubes were re-
moved from the molds and placed in a chamber with moist sawdust to gain standard
strength. After 28 days of curing, the cubes were ready for the experiment [2].

Results. Since the effect of microwave radiation involves the conversion of elec-
tromagnetic energy into thermal energy by interacting with water molecules through
ultra-high-frequency radiation, it is advisable to use it for removing water from the
inner layers of mortar or concrete mixtures. It is worth noting the low energy consump-
tion when using UHF technologies compared to thermal treatment. Additionally, the
drying process is accelerated when UHF technologies are applied.

The conduct of the research is regulated by the relevant standards [13, 14]. For
the experiment, 24 cement-sand cubes were prepared. The experiment aimed to deter-
mine the impact of UHF radiation power and exposure duration on the change in
strength characteristics of dry (at natural moisture content) samples and samples satu-
rated with water. During the experiment, strength tests were conducted under uniaxial
compression on both dry and water-saturated samples, which were previously exposed
to UHF radiation (at minimum, medium, and maximum power levels) for a duration of
1 to 3 minutes. Six cubes (3 dry and 3 water-saturated) that were not exposed to UHF
radiation served as control samples. Their strength was determined on a testing press.
The results of three tests showed the average strength of the samples: -for dry samples
— 37,2 N/mm?; for water-saturated samples — 30,5 N/mm?.

In the next stage of the experiment, 9 cubes were taken, which were saturated with
water for 2 hours. The water-saturated cubes were exposed to UHF radiation for 1, 2,
and 3 minutes at minimum, medium, and maximum power levels. The results of the
tests are presented in table 1.

Table 1
Strength of water-saturated samples
Time of exposure Strength of water-saturated samples, MPa (N/mm?)
to UHF radiation Power 100 W Power 500 W Power 900 W
1 min 29,64 (2,78)* 28,53 (6,42) 26,16 (14,20)
2 min 27,65 (9,31) 27,11 (11,08) 22,92 (24,82)
3 min 26,5 (13,08) 17 (44,24) 16,12 (47,13)

* —the loss of strength in % relative to the control samples is indicated in brackets
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The final stage of the experiment involved the use of the following 9 cement-sand
cubes of natural moisture content. The samples were exposed to UHF radiation for 1,
2 and 3 min at minimum, average and maximum power. The test results are presented
in table 2.

The analysis of the results showed that the treatment of samples with UHF radia-
tion primarily affects the reduction of strength in water-saturated samples. This occurs
because the water molecules within the structure of the mortar mixture begin to move
actively (vibrating within individual clusters) when heated under the influence of mi-
crowave radiation. During this movement, micro-damages are formed.

Table 2
Strength of dry samples
Time of exposure Strength of dry samples, MPa (N/mm?)
to UHF radiation Power 100 W Power 500 W Power 900 W
1 min 36,16 (2,7)* 36,08 (2,9) 32,23 (13,3)
2 min 34,65 (6,8) 32,05 (13,8) 28,33 (23,8)
3 min 33,91 (8.,8) 27,7 (25,5) 27,33 (27,03)

* — the loss of strength in % relative to the control samples is indicated in brackets

The exposure of microwave radiation to cement-sand samples at natural moisture
content (dry samples) leads to a decrease in their strength by 2,7% to 13% when ex-
posed to microwave radiation in the range of 100 to 900 W for 1 minute, and by 8,8%
to 27% when exposed to the same power ranges for 3 minutes (fig. 1). It should be
noted that a promising direction for future research is the study of the inverse problem,
namely, the application of UHF radiation during the dissolution of concrete or other
mixtures in water, which, after hardening, would lead to an increase in the strength of
the products.
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Fig. 1. Reduction in strength of dry samples in % depending
on the duration of radiation
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The greatest impact of UHF radiation on the reduction of sample strength (at a
radiation power of 900 W and exposure duration of 3 minutes) is observed when the
samples are pre-soaked — up to 47% compared to a 27% reduction in strength in dry
samples (fig. 2).
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Fig. 2. Reduction in the strength of wet samples in % depending
on the duration of radiation

The most destructive effects of UHF radiation on cement-sand samples were ob-
served at power levels ranging from 500 to 900 W for durations of 2 to 3 minutes.

Scientific novelty and practical significance. When applying microwave radia-
tion to the samples, it was taken into account that, at early stages of curing, hydration
reactions occur according to Baykov's theory. If microwave radiation is applied at these
early stages, water will be removed from the material volume of the samples, and the
hydration processes will be disrupted, leading to cracking and a loss of strength.

The research found that the most significant impact of UHF radiation on the for-
mation of artificial cracks and micro-damages in cement-sand samples occurs when
they are pre-saturated with water and exposed to radiation power levels between 500
and 900 W for 3 minutes.

With shorter exposure times, the strength loss in cement-sand samples is some-
what lower compared to the control samples. However, it should be noted that the con-
trol sample of water-saturated cement-sand mortar (or, essentially, fine-grained con-
crete) only had 82% of the strength of the dry sample.

Pre-wetting the cement-sand mortar before subsequent microwave radiation helps
create micro-damages in the concrete body, which, in turn, simplifies the destruction
process.

Conclusions. When using UHF heating, heat generation occurs directly within
the material itself, making this type of heating more efficient and easily controllable,
which allows its use in energy-intensive technologies for the production of building
materials. UHF radiation is an effective tool for energy resource conservation in mod-
ern manufacturing technologies.
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The recommended parameters for processing cement-sand mortar samples to fa-
cilitate their destruction are as follows:

— Pre-saturation of concrete with water;

— UHF radiation power of 900 W for optimal results;

— Exposure duration of 2-3 minutes.

In the absence of the possibility to saturate the concrete with water, the effect of
microwave radiation at a power of 900 W with the same duration (2—3 minutes) will
be 62—65% lower (the strength of dry samples is 27 MPa compared to 17 MPa for wet
samples).

The conducted research is promising for solving such an urgent problem as the
cleaning and «rehabilitation» of buildings contaminated with radioactive waste. The
basis of this cleaning method lies in the following processes: 1) chipping on the free
surface under the influence of a shock wave generated by local heating of the surface
layer of the solid body by powerful UHF radiation; 2) brittle destruction of the near-
surface layer due to shear deformation caused by the strong anisotropy of the stressed
state. Undoubtedly, the advantages of the cleaning method using powerful pulsed UHF
radiation flows include remote control of the process, ensuring no direct contact of
personnel with radioactive contamination, the relative safety of the electromagnetic
radiation used in the technology, and finally, the possibility of creating a mobile instal-
lation. In connection with the above, determining the characteristic UHF radiation pa-
rameters for the destruction of the surface layer of concrete used in nuclear power
plants is of interest.

The use of UHF radiation may also be applicable in the technology of manufac-
turing concrete, mortars, and mixtures, as well as in the processing and cementation of
liquid and solid radioactive waste, particularly in their burial.
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AHOTANISA
Merta. [locnimKkeHo BIUTMB YMOB Ta MapaMeTpiB MiKPOXBUIBOBOTO BUIIPOMIHIOBAHHS Ha 3MiHY (i3HKO-
MEXaHIYHUX BIaCTUBOCTEW IEMEHTHUX MaTepiajiiB, 30KpeMa Ha CTaOLIBHICTh iX XapaKTEePUCTUK MIITHOCTI.

Metoauka. Bynu BUkopucTaHi Taki METOAM: aHANI3 Cy9aCHUX HAYKOBUX KOHIICTIIf BUKOPUCTAHHS
MIKPOXBHJIBOBOI'O BUITPOMIHIOBaHHSI Y IPOMUCIOBUX IIUIAX 3 ypaxyBaHHIM Oe3leku Horo 3actocy-
BaHHS, JIOCITIPKEHHS BIUIMBY MUKPOXBHJILOBOTO HArpiBy Ha KIHETHKY BIIACTHBOCTEH BHPOOiB; BU3HA-
YEeHHsI MeX1 MIIIHOCTI PO34MHIB 1 OETOHIB Ha CTHCK; MOPIBHSUIbHUIA aHali3. 3pa3Ku - [IEMEHTHO-II-
1aHi KyOUKH po3MipoM 5X5X5 cM, BUTOTOBJICHI 3TiIHO HOPMATUBIB, BUTPUMaHI 10 HAOyTTS HAMU
MmapouHoi mirtHocTi. [Ipu 3actocyBanni HBU-BunpomiHioBaHHS Ha 3pa3ku 0ys10 BpaxoBaHOo, 1110 HOro
BILJIUB Ha paHHIX TepMiHaX MOK€ IMPU3BECTH JI0 MOPYIIEHHS MPOLIECIB TiapaTaliii.

PesyabTraT. HaBeneHo pesynbTaTH JOCHIIKEHHS BIUIMBY MIKPOXBUJIBLOBOI'O BUIIPOMIHIOBAHHS Ha
3MiHY ()13MKO-MEXaHIYHUX BJIACTMBOCTEW OyNiBEIbHMX PO3YMHIB Ta OETOHIB Ha OCHOBI IIEMEHTY.
BceraHnoBieHo nmapameTpu MIKpOXBHJIBOBOTO BUIIPOMIHIOBAaHHS, 1110 J1alOTh 3MOT'Y BIUIMBATH Ha ¢i-
3MKO-MEXaHiuHl1 BJACTUBOCTI LIEMEHTHO-MIIIAHNUX 3pa3KiB. 3aCTOCYBaHHS MIKPOXBUJIBOBOTO BUIIPO-
MIHIOBaHHS IIPU BHUJAJIEHHI BOJIM 3 BHYTPILIHIX LIApiB PO3UYMHHOI CyMillli MPU3BOJUTH 10 MiJBU-
IIEHHS MIITHOCTI IIEMEHTHUX PO3YMHIB 1 O€TOHIB, €HeproBUTpaTu npu 3actocyBanni HBY TexHoo-
il HUK4e MOPIBHSAHO 3 TEIIOBOIO 00POOKOIO.

HaykoBa HoBM3HA. BcTaHOBIIEHO 3a1€KHOCTI MK MOTYXHICTIO Ta TpuBajiicTio HBY-Bunpominio-
BaHHS Ta MIIHICHUMM XapaKTEPUCTHKAaMH 3pa3KiB, BU3HAu€HI KUIbKICHI MapaMeTpH BUIIPOMIHIO-
BaHHS, K1 BIUIMBAIOTh HA MPOLEC IX pyHHYyBaHHS.

IIpakTnyna 3HaunMicTh. [IpoBeneHi JOCTIKEHHS 103BOJIATh PO3IIUPUTH HAYKOBY 0a3y ais 00-
IPYHTYBaHHSI 3aCTOCYBaHHS MiKpPOXBHJIFOBOTO BUTIPOMIHIOBAHHS [Tl CIIPSIMOBAHOTO BILUIMBY Ha Ba-
CTHBOCTI IIEMEHTHHUX pO34HHIB Ta OeToHiB. Bruins HBYU-BunpomiHioBaHHS MOXKE MPUCKOPUTH TPO-
1[eC TBEPAIHHS HEMEHTHHUX cyMiiei. [le Moxke OyTH KOPHCHO B yMOBax, Jie HOTPIOHE MIBUAKE TBEP-
JIHHS MaTepiany, HalpHKIaJ, PH eKCTPEeHUX OyaiBeabHUX poboTax. OHaK, IPUCKOPEHHS peaKiii
MOJKE TIPU3BECTH JI0 3HIDKEHHSI SIKOCTI KIHIIEBOTO IPOIYKTY, SKIIO HE KOHTPOJIFOBATH BCi ITApAMETPH.

Knwuoei cnosa: 6e3nexa suKopucmanHs MiKpOXeuib08020 8UNPOMIHIOBAHHS, napamempu MiKpoXeu-
JIb0B020 BUNPOMIHIOBAHHSL, YeMEHMHO-NIWaHT KYOUKY, (i3UKO-MEeXaHiuHi 61acmugocmi, MiyHicmb.
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