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Abstract 

This paper investigates the effect of a magnetic field on the grinding processes of Portland cement and the axial tensile 

strength of cement stone. It was found that the dispersion composition of Portland cement is affected by the magnetic field 

in two modes. Moreover, the grinding of Portland cement without a magnetic field has subtle modes within small particles 

(0.1–0.4 microns). The grinding of Portland cement with a magnetic field demonstrates an increase in the mode area of 

small particles and a decrease in the area of large particles (more than 1.6 microns), with an increase in processing time. 

In this work, the previously established magnetoplastic effect was confirmed in cement stone only in crystalline samples. 

The determined effect on cement stone is to reduce its strength by 53-59% and simultaneously increase relative deformation 

by 63–149%, depending on the specimen size and type. The magnetoplastic effect is also visually recorded on scans of the 

crack edges in cement stone examined using probe microscopy. The obtained experimental data confirm the validity of the 

proposed hypothesis of the effect of the magnetic field on polycrystalline materials with isotropic structure, in particular 

portland cement and cement stone, which consists in the fact that the magnetic field contributes to the accumulation of 

dislocations in the material, an acceleration of their movement, and the development of cracks. 

Keywords: Electromagnetic Mill; Magnetic Field; Deformation; Energy Consumption; Magnetoplastic Effect; Cement Stone. 

 

1. Introduction 

Currently, around 2.4 billion tons of CO2 are released into the atmosphere when Portland cement is produced around 

the world. Herewith, the production of Portland cement is extremely energy-intensive: the consumption of fuel 

equivalent for firing 1 ton of clinker amounts to 215 kg; electricity for grinding the same is 119 kWh [1]. Hence, it is 

natural that we search for technological solutions to reduce the amount of portland cement used in cement or to reduce 

the energy consumption during grinding. 

One of the most effective methods of grinding Portland cement is the use of an electromagnetic mill, which has 

proven its advantage in creating clinkerless binders [2], regulating the kinetics of grinding copper ore [3], and with dry 

and wet grinding [4]. To improve the efficiency of the electromagnetic mill, studies have been conducted aimed at 

tracking the movement of the working medium in the mill [5, 6]. To improve the design of the electromagnetic mill so 

as to reduce energy consumption, various mills design solutions were proposed, mainly to ensure a uniform magnetic 

field inside the unit's mixing chamber to reduce electric losses [7–11]. However, it should be noted that the effect of the 

magnetic field on the properties of the material being ground during the operation of the electromagnetic mill has not 

been studied in the scientific literature. 
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There are sufficient large number of works devoted to the effect of the magnetic field on the structure and properties 

of solids [12–14]. Koplak et al. (2014) determined that 66% of all articles devoted to the effect of the magnetic field on 

crystal properties relate to magnetic fields with an induction of 0.1–0.9 T [15]. It is stated that the relative change in the 

physical properties of solids when exposed to a magnetic field, i.e., ΔI/I, in weak fields (~0.1–1 T) is the same for a wide 

range of materials and amounts to ~ 5%. However, Alshits et al. (2010) studied the mobility of edge dislocations in 

NaCl and LiF crystals and recorded a decrease in the dynamic braking coefficient of dislocations by 4.5 times when 

exposed to an electron beam (pulsed magnetic field) [16]. The effect of a magnetic field reduces the microhardness in 

NaCl single crystals, but this process is reversible, with a relaxation time lasting up to 18 hours [14]. It has been 

established that exposure to a magnetic field changes the strength and plastic characteristics of materials [17, 18]. 

Morozov et al. (2019) consider the formation of an elastic-plastic wave in a nonequilibrium near-surface area when 

exposed to a pulsed electromagnetic field [19]. It is shown that a voltage wave is formed in two stages in this area. The 

magnetoplastic effect, discovered in 1987 by Alshits et al. (1987), is characterized by an increase in metal plasticity in 

a magnetic field, associated with the detachment of dislocations in a magnetic field from paramagnetic centers of 

impurity and their movement in the internal voltage field [20]. It is established that the microhardness tends to change 

from the threshold value of induction of magnetic field B = 0.1 T, which is due to the existence of an energy barrier, the 

excess of which leads to the detachment of dislocations from paramagnetic centers [21]. A decrease in yield strength 𝜎𝑇 

is the reason for a decrease in microhardness in a magnetic field, according to the known ratio 
𝐻𝑚

3
= 𝜎𝑇 [22]. This 

phenomenon, called strength degradation, is associated with the detachment of dislocations from paramagnetic centers, 

which are point stoppers. The relative change in the velocity of dislocations in a magnetic field is expressed by Equation 

1 [23]: 

𝛥𝑣

𝑣0
=

1

2

(𝑈𝑆−𝑈𝑇0)

𝑘𝑇
(

𝐵

𝐵0
)

2

  (1) 

(where 𝑣0is the average dislocation velocity; 𝛥𝑣– the change in the average dislocation velocity in the magnetic field; 

𝑈𝑆and 𝑈𝑇0– the dislocation separation energy from the paramagnetic impurity in the singlet and triplet states of the 

"radical pair": the electron spin in the dangling bond of the dislocation core and the electron spin of the paramagnetic 

impurity; 𝐵– the magnetic induction vector of the external magnetic field; 𝐵0– the saturation field, that is a characteristic 

parameter for this material; 𝑘– Boltzmann's constant; 𝑇temperature), which demonstrates that, other things being 

equal, an increase in magnetic induction has a strong effect on the mobility of dislocations. The accumulation of defects 

in the material under magnetic field when the material is being machined under the effect of a magnetic field (activation) 

should not only change the geometric characteristics of the particles of the material being processed, but also the physical 

and chemical properties of the surface layer of particle material.  

Kotov et al. (2000) shows that with electromagnets introduced into the ball mill casing, one could significantly 

increase the efficiency of ore grinding by controlling the movement pattern of metal balls [24]. Egorov et al. (2017) 

found that when processing a dispersed medium in a magnetically liquefied layer, grinding process becomes more 

intensive compared to the grinding in a hammer mill without exposure to electromagnetic field for the same period of 

time, accompanied by a decrease in coherent scattering areas and the formation of additional micro-deformations [25]. 

Meanwhile, there is no information about the influence of the magnetic field value on the fracture velocity of the ground 

material. In the majority of scientific works magnetic field is considered as a factor of influence on the stability of 

cement grout [26], in estimating of the cement hydration [27], either in the production of the magnetic cement [28] thus, 

there are no approaches to determination the impact of the magnetic field on the ground medium in the vortex mill.  

The presented analysis of scientific and technical information indicates that when grinding materials in machines 

that use an electromagnetic field, the effects that contribute to this field being destructive to the processed material 

should be observed. The purpose of this work is to determine the effect of the magnetic field on the strength of cement 

stone and the kinetics for grinding portland cement in a mill when exposed to a magnetic field. This paper adopts a 

working hypothesis that the electromagnetic field contributes to the accumulation of dislocations in the material, an 

acceleration of their movement, the development of cracks (as one of the aspects of the magnetoplastic effect). 

2. Materials and Methods 

2.1. The Determination of Portland Cement Dispersion 

In order to achieve these objectives, the research consists of two consecutive phases. At the first phase of the research 

the characteristics of dispersion properties of portland cement processed by the vortex layer device were determined. 

During the test, CEM I 42.5 B portland cement (Novotroitsk, Russia) was used, as per the requirements of EN 197-

1. The specified portland cement has the following mineralogical composition: C 3 S – 64-65%, C 2 S – 11-13%, C 3 A 

– 5-6%, C 4 AF – 14-15%. The plasticizer Melflux 2651 F (hereinafter referred to as ML) was used as an additive – a 

chemical additive based on polyether carboxylate (the polymer chain is formed by α, β–unsaturated carboxylic acids), a 

400-600 kg/ m3bulk density powder, produced by BASF concern. 
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A mixture of Portland cement and plasticizer was mechanically activated in a 297 vortex layer device (VLD) 

manufactured by Regionmettrans LLC (see Figure 1). The method for processing portland cement in VLD is shown in 

[11]. The maximum processing time of portland cement was 8 minutes. VLD generates a rotating magnetic field that 

drives metal rods to grind portland cement powder. 

 

Figure 1. Typical structure of a rotating electromagnetic field machine: 1– inductor’s magnetic core; 2 – inductor’s three-

phase coil; 3 – non-magnetic cylindrical case of the machine’s working body; 4 – ferromagnetic needles; 5 – the material 

processed; 6 – the cover. 

The granulometric composition of the dispersed Portland cement powder was evaluated using a HORIBALA-950 

laser particle size analyzer. The specific surface area was evaluated by the air permeability method with a PSX-9 device 

and the BET method (using Nova 1200e Quantachrome analyzer). The distribution of the size of the portland cement 

particles during VLD crushing is determined. 

2.2. The Determination of the Impact of Magnetic Field on Cement Stone Strength at Axial Tension 

In the second phase of the study, the magnetic field’s effect on the strength of cement stone was determined. To this 

end, two types of cylindrical samples were made: type 1: 300 mm long and 46 mm in diameter; type 2: 241 mm long 

and 37 mm in diameter. The specimens were made out of cement paste mixture with a water-cement ratio of 0.2. Each 

type of sample has a total of 60 pcs. The filler was not used in order to exclude the effect of the filler contacting the 

cement stone. Plasticizer ML was used in the amount of 1% of the total mass of portland cement. 

For the purpose of simulating the effect of the magnetic field on the strength of cement stone, an inductance coil was 

designed. In this case, the value of the magnetic field induction inside the coil should be approximately equal to the 

value of the induction inside the working chamber of the vortex intensifier (0.2-0.3 T), used for mechanical activation 

of portland cement. The parameters of the coil were determined by preliminary calculations. Designed for experimental 

research, the inductance coil is made of PET 155 copper wire with a cross–sectional area of 1.5 mm2 with 16,000 turns 

and has the following geometric characteristics: length of 135 mm, winding thickness of 50 mm, inner diameter of 46.5 

mm. The value of the magnetic induction was tested by a magnetometer equipped with a ZMST-5 Hall sensor. The 

connection diagram of the coil and its exterior view are shown in Figures 2-a and 2-b.  

 

 

(a) (b) 

Figure 2. a-Coil connection diagram; b-exterior view of the assembled coil 

Experiments were conducted with the following testing equipment. Universal test machines IR 5082-5 and IR 5082 

with pneumatic or manually operated grips and an electromechanically operated middle crosshead. Deformations of 

specimens during the tests are measured directly and indirectly, directly with an extensometer and indirectly with the 

measurement of middle crosshead displacement. Specimens can be tested for flexural load, tension, and compression. 

The testing machine is operated by a PC that also collects and analyzes the obtained data. 

Some specimens that required additional measurements of some additional parameters, such as strain, were tested in 

a testing machine connected to a tensiometry equipment NI сDAQ9188 chassis and NI 9219 modules connected to the 
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additional PC. The strains during the test were monitored in real time with NI LabView software, which also conducted 

data acquisition and analysis. Data obtained from the testing machine PC and tensiometry PC were merged and 

synchronized for further analysis. Samples of each type have been tested for axial extension under and without magnetic 

fields (30 samples per series). The results of the obtained data dependencies are as follows: voltage and relative 

deformation. 

The relative deformation value is eliminated by a tension sensor on the extended surface in the middle of the sample 

along the load application. The values were removed at each step before and after applying the load to the sample, and 

the average value was calculated. Based on the test data, dependency diagrams between relative deformations and the 

applied sample loads were constructed. Later, the diagrams were analyzed according to criteria accepted by the authors, 

such as deformation growth rate, straightness of the sections of the ascending and descending branches, and curvature 

of the diagram. An analysis of the diagram is shown in the text section of the article. 

SEM tests of the obtained cement stone specimens were made out using an electron microscope consisting of an 

AZtec X-MAX energy dispersion spectrometer. With the resolution of the spectrometer being 127 eV, the first 

stonestone was alloy Au/Pd in the ratio 80/20 on the turbomolecular pumped coater T150 ES, and after that, the surface 

was shot at an accelerating voltage of 5 keV. The main parameters of the experiment are an accelerating voltage of 20 

keV, a working segment of 9 mm, and a sound depth of sounding less than 1 lm. Following the axial tension tests, the 

cleavage of the specimen surface was tested using a Multimode V scanning (research) probe microscope with an 

electrochemical adaptor installed. 

3. Results and Discussions 

3.1. Effect of the Magnetic Field on The Dispersion Kinetics of Portland Cement 

To evaluate the effect of the electromagnetic field on the destruction of non-magnetic material particles, which 

include Portland cement, changes in its dispersed composition were tested after it had been processed in a vortex 

intensifier. The variable processing parameters were as follows: the processing duration and the value of magnetic 

induction inside the working chamber of the equipment. The measurement data of the magnetic field induction inside 

the vortex intensifier's chamber along the opposite poles is shown in Figure 3-a. The inductor magnetic field is 

characterized by an intensity that does not depend on the nature of the medium, but is determined only by the geometric 

dimensions of the circuit and the value of the current (A/m). For a salient-pole inductor, the dependence of magnetic 

induction on the current consumed by the inductor windings is shown in Figure 3-b. 

  

(a) (b) 

Figure 3. a-Distribution of the measured value of magnetic induction inside the working chamber along the line between 

opposite poles; b-The value of the required current consumed by the inductor windings to produce necessary induction in the 

center of its bore hole. 

Figure 3 shows that the lowest value of magnetic field induction (0.2 T) is in the center of the working chamber, 

which increases from the center to the edge. It is assumed that the induction of the magnetic fields depends on the current 

force of the inductors' windings, which is linear. It has been established that a significant amount (up to 48%) of the 

vortex layer's power is converted into heat, with no more than 35% used for the mixing and grinding processes [3, 4]. 

When ferromagnetic elements interact with each other and the slip bushing, a voltage difference (up to 17 mV) is 

produced, having intermittence with a frequency of 4...10 microseconds. This leads to an electrolytic effect in electrically 

conductive media, with up to 15% of the vortex layer's power used for electrolysis and only about 2% of the energy 

spent on producing a high-frequency magnetic field and acoustic vibrations in the medium [5–9]. The magnetic field 

induction modulus on the circular current axis at a distance z from its center is determined by the Biot-Savart law: 

𝐵 =
𝜇𝜇0𝐼𝑅2

2(𝑅2+𝑧2)3/2,  (2) 
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where μ is the magnetic permeability of the material, μ 0 = 4·π·10-7Gn/m is the magnetic constant, I is the current rate 

in the wire, R is the radius of the circular current, z is the distance from the center of the circular current. In accordance 

with Equation 2, a graph of the magnetic field induction distribution inside a coil designed for experimental studies is 

constructed, where the abscissa axis is the length of the coil (m) (Figure 4). 

 

Figure 4. Distribution of magnetic field induction inside the experimental coil 

The obtained maximum value of the magnetic field induction inside the coil, equal to 0.26 T, is confirmed by 

measurements using a Hall sensor magnetometer. Thus, the obtained value is almost identical to the magnetic field 

induction value of the VLD working chamber. The effect of the vortex intensifier processing duration on the dispersed 

composition of Portland cement particles is shown in Figure 5. 

 
 

(a) (b) 

  

(c) (d) 

Figure 5. a- the dependence of the granulometric composition on the portland cement particles processing duration in VLD; 

b- the dependence of the indicator 𝑲𝒒on the portland cement particles processing duration in VLD; c- the dependence of the 

indicator 𝑲𝑺on the portland cement particles processing duration in VLD; d- The dependence of the indicator acceleration 

𝑲𝑺on the portland cement particles processing duration in VLD. 
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The data presented in Figure 5 demonstrate that an increase in the processing duration in VLD leads to a significant 

change in the dispersed composition of the Portland cement powder: a pronounced polymodality of the particle 

distribution is observed, with an increase in the first mode located in the small particle region (0...2 microns) and a 

decrease in the second mode located in the region of particles larger than 2 microns. A detailed analysis of the dispersed 

distribution of Portland cement particles was carried out using the following criteria: 

 Reduced particles fraction for the mode within the range of particle sizes: 

𝐾𝑞 =
(𝑑𝑚𝑎𝑥,𝑖(𝑡)−𝑑𝑚𝑖𝑛,𝑖(𝑡))

𝑚𝑎𝑥

𝑑𝑚𝑎𝑥,𝑖(𝑡)−𝑑𝑚𝑖𝑛,𝑖(𝑡)
×

𝑄𝑖(𝑡)

𝑄𝑖,𝑚𝑎𝑥
  (3) 

 Reduced specific surface area of the mode particles: 

𝐾𝑆 =
𝑆𝑖(𝑡)

𝑆𝑚𝑎𝑥
  (4) 

where 𝑖is the mode number (𝑖 = 1, 2); 𝑡‒ processing duration in VLD; 𝑄𝑖(𝑡)‒ the total particle content of the 

corresponding mode; 𝑄𝑖,𝑚𝑎𝑥 ‒ the maximum total particle content of the corresponding mode; 𝑑𝑚𝑎𝑥,𝑖(𝑡)and 

𝑑𝑚𝑖𝑛,𝑖(𝑡)‒ respectively, the maximum and minimum diameter of the mode particles; (𝑑𝑚𝑎𝑥,𝑖(𝑡) − 𝑑𝑚𝑖𝑛,𝑖(𝑡)) ‒ 

the maximum range of particle diameters in the entire range of portland cement particles processing duration in 

VLD; 𝑆𝑖(𝑡)‒ the specific surface area of the particles of the corresponding mode 𝑆𝑚𝑎𝑥‒ the maximum specific 

surface area of the particles of the corresponding mode in the entire processing range in VLD. 

Distribution data analysis for Portland cement particles (Figure 5-a) shows that the criterion 𝐾𝑞for the first (highly 

dispersed) mode in the investigated range of processing time is confined to a linear law with high determination 

coefficient 𝑅2 = 0,96 (Figure 5-b). This behavior is caused by both an increase in the total content of highly dispersed 

particles and a decrease in the range of particle diameters. The main feature is the proportionality of variations in these 

values within the investigated range of Portland cement particles processing duration in VLD. 

The variation in the second mode has a different form: the indicator value tends to saturate𝐾𝑞(𝑡). By comparing the 

values of the indicators 𝐾𝑞  for the first and second modes we can see that they differ by an order of magnitude. This 

indicates a more significant change in the same indicator for the second mode, which is associated with a small variation 

in the particle diameter range, which compensates for the decrease in the total particle content for this mode. 

The dependence of the indicator 𝐾𝑆 (which is more self-explanatory) on the portland cement particles processing 

duration in VLD has a more complex pattern of variation with saturation and is described by a function of the form 

𝐾𝑆 = 1 − 𝑒𝑥𝑝(−𝛼𝑡𝜃)  (5) 

where 𝛼and 𝜃are empirical coefficients, the values of which are given in Table 1: 𝛼 is a coefficient characterizing the 

increase rate of the reduced specific surface area of particles; 𝜃 is a coefficient characterizing the rate of deceleration of 

the reduced specific surface area of particles. 

Table 1. Values of empirical coefficients 𝑲𝑺 = 𝟏 − 𝒆𝒙𝒑(−𝜶𝒕𝜽) 

Mode 
Empirical coefficients 

𝜶 𝜽 

Mode I 0.09 1.80 

Mode II 0.09 2.14 

Data analysis in Figure 5-b and Table 1 shows that an increase in the processing time in VLD leads to an increase in 

𝐾𝑆both the first and second modes indicators. At the same time, the braking coefficient of the second mode is 𝜃 lower 

(by 19%), which indicates a higher rate of transition of this mode particles to a more dispersed state (the first mode). In 

addition, the given saturation (which is probably characteristic property of the vortex intensifier and ferromagnetic 

bodies used) indicates the possibility of selecting the optimal mode in terms of its efficiency, that is, achieving a high 

specific surface area of particles with a minimum processing time required. To do this, it is enough to accept: 

𝑑2𝐾𝑠

𝑑𝑡2 = 𝑚𝑖𝑛  (6) 

Figure 5-d shows that the specified condition corresponds to the process duration lasting 𝑡 = 4 minutes. Thus, the 

VLD's effective processing time for portland cement is 4 minutes. The data obtained match the conclusion that the 

effective activation time in the electromagnetic mill is 3-7 min [8-10]. 
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3.2. Effect of the Magnetic Field on the Strength of Cement Stone 

The cylindrical samples were tested for axial tension both without the influence of magnetic field and under the 

influence of magnetic field (MF) (Figure 6). The magnetic field is generated by an experimental coil shown in Figure 2. 

The results of the axial tension test of the cylindrical samples are shown in Table 2. 

  
(a) (b) 

Figure 6. Testing scheme: A – without the effect of a magnetic field; B – when exposed to a magnetic field created by the coil 

Table 2. Axial tensile test results 

No. item F 1, kN Rbt1, MPa F2, кН Rbt2, MPa No. item F3, кН Rbt3, MPa F4, кН Rbt4, MPa 

1 1.93 1.16 0.72 0.43 31 0.96 0.89 0.46 0.43 

2 1.88 1.13 0.77 0.46 32 0.99 0.92 0.44 0.41 

3 1.95 1.17 0.75 0.45 33 0.94 0.87 0.39 0.37 

4 1.88 1.13 0.76 0.46 34 1.01 0.94 0.42 0.39 

5 1.91 1.15 0.77 0.47 35 0.83 0.77 0.35 0.33 

6 1.86 1.12 0.76 0.45 36 0.91 0.85 0.38 0.35 

7 1.86 1.12 0.78 0.47 37 0.84 0.79 0.34 0.32 

8 1.86 1.12 0.75 0.45 38 0.80 0.74 0.38 0.35 

9 1.86 1.12 0.80 0.48 39 0.85 0.79 0.41 0.38 

10 2.03 1.22 0.78 0.47 40 0.87 0.81 0.37 0.34 

11 1.88 1.13 0.77 0.46 41 0.77 0.72 0.42 0.39 

12 1.86 1.12 0.75 0.45 42 0.76 0.70 0.39 0.37 

13 1.69 1.02 0.80 0.48 43 0.89 0.82 0.37 0.34 

14 1.69 1.02 0.77 0.46 44 0.74 0.69 0.39 0.36 

15 1.86 1.12 0.80 0.48 45 0.83 0.77 0.42 0.39 

16 1.69 1.02 0.75 0.45 46 0.78 0.72 0.43 0.40 

17 1.91 1.15 0.77 0.46 47 0.83 0.78 0.37 0.34 

18 1.93 1.16 0.78 0.47 48 0.83 0.77 0.41 0.38 

19 1.69 1.02 0.74 0.44 49 0.75 0.70 0.42 0.39 

20 1.88 1.13 0.78 0.47 50 0.85 0.79 0.39 0.37 

21 1.86 1.12 0.74 0.44 51 0.78 0.72 0.40 0.37 

22 1.88 1.13 0.77 0.46 52 0.85 0.79 0.38 0.36 

23 1.91 1.15 0.76 0.45 53 0.88 0.82 0.40 0.37 

24 1.88 1.13 0.77 0.46 54 0.85 0.79 0.37 0.35 

25 1.86 1.12 0.74 0.44 55 0.82 0.76 0.37 0.35 

26 1.86 1.12 0.76 0.45 56 0.93 0.87 0.38 0.36 

27 1.86 1.12 0.77 0.46 57 0.84 0.78 0.38 0.35 

28 1.88 1.13 0.74 0.44 58 0.84 0.78 0.40 0.37 

29 1.88 1.13 0.80 0.48 59 0.81 0.76 0.39 0.36 

30 1.86 1.12 0.77 0.46 60 0.86 0.80 0.40 0.37 

 Rbt1 = 1.1 ± 0.1 Rbt2 = 0.46 ± 0.02  Rbt3 = 0.94 ± 0.15 Rbt4 = 0.36 ± 0.05 
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Table 2, R bt1 and R bt2 shows the axial tensile strength of type 1 specimens (300 mm long and 46 mm in diameter) 

with and without exposure to the magnetic field generated by the coil, respectively; R bt3 and R bt4 are the axial tensile 

strength of type 2 specimens (241 mm long and 37 mm in diameter) with and without exposure to the magnetic field 

generated by the coil, respectively; F n is the breaking force. 

Figures 7 and 8 show averaged diagrams "stress – relative deformations". 

  

Figure 7. Diagram "stress – relative deformations" of type 1 specimens 

 

Figure 8. Diagram "stress – relative deformations" of type 2 specimens 

The data in Table 2 shows that the effect of a magnetic field reduces axial tensile strength. Moreover, with the cross-

sectional area of the specimens decreasing, the effect of the magnetic field is more significant. Thus, for type 1 specimens 

(diameter 46 mm), the effect of a magnetic field reduces axial tensile strength by 17%, and for type 2 specimens 

(diameter 37 mm), axial tensile strength is decreased by 28%. By comparing the values of axial tensile strength reduction 

with the ratio of the cross-sectional areas of the specimens of the said types, S1/S2 = 1.55, one could suggest that the 

effect of the magnetic field is localized in the surface layers of the specimens. 

The diagrams "axial tension – relative deformations" ("𝜎 − 𝜀") show the presence of a magnetoplastic effect: for 

type 1 specimens, relative deformations are increased by 65%, as compared to the specimens tested with no exposure to 

a magnetic field, for type 2 specimens’ relative deformations are increased by 51%. Naturally, in accordance with the 

Mises–Hencky theory [29] (the energy theory of the limit state of deformable material), this leads to a change in energy 

consumption for deformation and destruction of cement stone: 
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𝑈𝑡𝑜𝑡 = 𝑈𝑑 + 𝑈𝑓  (7) 

where 𝑈𝑡𝑜𝑡 is is the total energy consumption for material's resistance to the external load; 𝑈𝑑 is energy consumption 

for material's deformation; 𝑈𝑓 is energy consumption for material's destruction with new surfaces formed. The values 

included in Equation 7 can be determined by the area of the diagram "σ-ε" [30]: 

𝑈𝑡𝑜𝑡 = ∫ 𝜎𝑏𝑡(𝜀)𝑑𝜀
𝜀

0
  (8) 

Values calculation data 𝑈𝑡𝑜𝑡according to the Equation 8 are shown in Table 3. According to Table 3 it can be seen 

that the energy consumption for type 1 cement stone specimens' deformation and destruction when exposed to MF is 

decreased by 33%, and for type 2 specimens – by 30%. The data obtained improve and supplement the idea of reduction 

the resistance of solids under the influence of magnetic field for crystals and polymers [15, 16, 18]. 

Table 3. Energy consumption for deformation and destruction of cement stone under tension 

Specimen type 𝑼𝒕𝒐𝒕 without exposure to MF 𝑼𝒕𝒐𝒕 when exposed to MF 

1 0.93 0.62 

2 0.73 0.51 

Note: Units of measurement for the values included in the table: kJ/m3. 

Having processed the data shown in Figures 7 and 8 using the formulas: 

𝜎𝑗 =
𝜎𝑚𝑎𝑥

𝜎𝑖
;  𝜀𝑗 =

𝜀𝑚𝑎𝑥

𝜀𝑖
  (9) 

where 𝜎𝑗 and 𝜀𝑗 are the relative values of stresses and deformations, we obtain the diagrams shown in Figure 9. 

  
(a) (b) 

Figure 9. Diagrams "σrel – εrel" in relative coordinates: a) for type No. 1 and 2 specimens without exposure to a magnetic 

field; b) for type No. 1 and 2 specimens when exposed to a magnetic field 

The analysis of these diagrams, given in relative coordinates (Figure 9), with the exception of the descending branch 

of the diagram, allows us to identify some features of the magnetic field effect. Regardless of the effect of the magnetic 

field, the presence of a change point in the deformation rate for type 2 specimens is a common feature. It was found that 

after being exposed to a certain load, the specimen's deformation rate decreases: without the effect of a magnetic field, 

by 52%, and when exposed to a magnetic field, by 71%. It is difficult to attribute this fact solely to the deformation of 

the test installation units. The reasons for this are: 1) the absence of this fact for type No. 1 and 2 specimens; and 2) the 

displacement of the change point coordinates in the deformation rate under the effect of a magnetic field. 

The displacement of the change point in the specimens' deformation rate, which is a distinctive feature of the magneto 

plastic effect, in relative coordinates for the abscissa axis is ∆𝜎 = 0.27, which is equal to 50% relative to the abscissa 

of the specified point for the diagram "σrel – εrel" without the effect of a magnetic field. The ordinate of the change point 

in the deformation rate has also changed – by ∆𝜀 = 0.32 or 48% with respect to the ordinate of the specified point in 

the diagram "σrel – εrel" without the effect of a magnetic field. At the same time, it is obvious that the energy consumed 

for deformation in order to reach the change point in the deformation rate is decreased significantly by 3.9 times. 

It is also important to note that the magnetic field affects the deformation rate in the second section of the diagram 

"σrel – εrel" (after the change point in the deformation rate). For the first section, the values of the coefficient of 𝑘linear 

dependencies 𝜀отн = 𝑘𝜎отн + 𝑏shown in Figure 9 both with and without a magnetic field applied are approximately 

equal (the difference is less than 0.4%). For the second sections of the diagram "σrel – εrel", the coefficients 𝑘have 

different values: the deformation of the cement stone specimen when exposed to MF increases by 35% (from 𝑘 =
0.656to𝑘 = 0.888). The external magnetic field of cement stone samples changes the deformation and fracture rate 

process, especially in compressed granite samples [31-33]. 
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The magnetoplastic effect can be visually seen as a change in the nature of the crack edges' surface (Figure 10). The 

nature of the crack surface in the cement stone deformed with no magnetic field applied has a classic nature: extended 

relatively smooth areas have cracking development after exposure to a load of a specific limit value; the relative fraction 

of the crack surface, typical for plastic deformation, is insignificant (Figure 10-c). The crack edge surface of the cement 

stone, which was exposed to a magnetic field during the test, is significantly different. Not only has the area of the 

cracking development changed (it decreases multiple times), but so has the nature of its development (Figure 10-d). The 

development of several "steps", which lead to the formation of a cracking area, can be identified. Therefore, the external 

impact of the magnetic field on exposed samples causes a displacement effect and cracks. The installed effect 

complements the data obtained from pure crystals [34–37]. 

    

  

(c) (d) 

Figure 10. Chipping of specimens' surfaces after testing: a, c without the effect of a magnetic field in 3D and 2D images; b, 

d- when exposed to a magnetic field in 3D and 2D images, respectively 

This result is a visual representation of the validity of the hypothesis put forward, namely the hypothesis on the effect 

of the magnetic field on the properties of polycrystalline materials, in particular Portland cement and cement stone. 

4. Conclusion 

According to theoretical and experimental research, it was found that the effect of a magnetic field on cement stones 

was to reduce their strength by accumulating structural defects, electro-dislocation interactions between defects, and 

cracks in the mouth and borders. There is not only a change in the area of crack growth (decomposed into folds), but 

also in its form of "steps" formation, which culminates in the formation of the crack location. 

The external behavior of the magnetic field in tensile stresses on cement stone increases relative deformations by 51 

to 65% and the deformation rate. The effect of magnetic fields is more significant with the reduction in the sample's 

cross-section. The energy costs of breaking cement composites under magnetic field influence were reduced by 30 to 

33%. 

(a) (b) 
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The granulometric composition of Portland cement crushed in the electromagnetic mill has a two-mode distribution. 

At the same time, the total number of fine-dispersed particles has increased, and the range of variation in particle 

diameter has decreased in relation to the treatment length of the vortex layer device. 

Therefore, magnetic fields affect the stress-strain state of the material, reduce its strength, increase the rate of 

development, and increase the absolute values of plastic deformations. The established effect of magnetic fields on 

polycrystalline materials with isotropic structures (cement stone) can be used in the processing technology of concrete 

waste to reduce its grinding costs. 
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