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The results on the production and testing of materials based on barium-containing
cement with a barium hexaferrite filler and concrete based on them are presented. High
rates of shielding of electromagnetic radiation in the frequency range 80-100 kHz make it
possible to recommend these building materials for the protection of biological and techni-
cal objects from the effects of electromagnetic radiation.
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BapiiiBmicHnii nemMeHT Ta 6€TOH AJs 3aXMCTY BiJ €JEeKTPOMATHITHOrO BHUIPOMiHIOBaH-
ua. [I.M.Ila6anosa, A.M.Kopozodcvka, M.B.Kycmos, O.B.Xpucmuu, C.M.Jlozeinkos,
M.IO.Isaujenro, [J.B.Tapadyda

IlpencraBieno pesyabTaTu OTPUMAHHSA 1 BuUOpoOyBaHb MaTepiasy Ha OCHOBI
OapiifiBmicHoro memenTy i 3amoBHIOBaua — rekcadepury 0Oapiio, a Taxko:x OeToHy Ha Iioro
ocHOBi. BrcoKi mokasHMKU eKpaHyBaHHS €JeKTPOMAarHiTHOrO BUIIPOMIHIOBAHHS B Aialras3oHi
yactor 80—-100 xI'n 403BOJAITL PEeKOMEHAYBATH JaHi OymiBelabHI MaTepianm A 3axucTy
Oiosoriuamx i TexHiUYHMX 00’€KTiB BiJ BILIMBY €JI€KTPOMAIHITHOIO BHUIIPOMIiHIOBAHHS.

IIpexcraBiensl pesyJbTaThl IIOJYUYEHNS M MCILITAHWM MaTepuaja Ha OCHOBe Oapwuiicomep-
JKaIero IeMeHTa M 3alloJHUTeNs — rexcadeppura 0apus, a Takyke 0eTOHA HA ero OCHOBE.
Bricokue mokasaTelyn SKPAHMPOBAHMUSA 3J€KTPOMATHMTHOI'O H3JIYYEHHsS B AUANA30HE YacTOT
80-100 kI, mO3BONAIOT PEKOMEHIOBATHL JAHHBLIE CTPOUTEJbHBLIE MATEPHAJbl AJA SAIUATHI
OMOJIOTMUECKNX M TEXHUUYECKUX OOBEKTOB OT BO3[EiCTBUS DJIEKTPOMATHHUTHOI'O M3JIYUYEHMUS.

© 2021 — STC "Institute for Single Crystals”

1. Introduction

One of the affecting factors of a nuclear
explosion is a powerful pulse of electromag-
netic radiation [1]. Electromagnetic radia-
tion destroys all electromagnetic devices in
the area affected by the radiation. The
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problem of protection of such systems is of

great importance.
According to the National Security Sys-

tem, vitally important life-support units and
systems should be located in special protec-
tive facilities [2, 3]. However, the available
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Table 1. Physical and technical properties of barium-containing cement stone.

Item No Indices Barium-containing Ferromagnetic ceramics
cement stone
1 Residual induction, TI 0.21 0.28
2 Coercive force, kA/m 340 276
3 Specific electrical resistance, Ohm-m 1.5-10° 1.6.106
4 Curie temperature, °C 465 320

technologies and materials used for these
purposes require placing them deep under-
ground or using thick-walled metal strue-
tures. Therefore, the development of new
materials resistant to the penetration of
electromagnetic radiation will significantly
simplify the design of protective facilities
and provide an increased level of the protec-
tion for electrical equipment.

Ferrites with a low value of magnetic
permeability (one of the defining indices for
the radiation protection) at low frequencies
are the most promising choice for creating
the materials that protect against electro-
magnetic radiation. Available compositions
of the materials possess good protective
properties. However, these are rather ex-
pensive and difficult to manufacture.
Therefore, a promising approach to the so-
lution of this problem is to create the mate-
rials with an appropriate combination of
physical, mechanical and protective proper-
ties, which can be obtained without the use
of complex technologies. As for building
materials, the problem can be solved using
special cement. The development and use of
special barium cements and barium cement-
based concretes for the construction of pro-
tective facilities will significantly increase
the resistance of such structures to the ef-
fects of electromagnetic factors.

2. Experimental

The purpose of this research was to syn-
thesize the experimental composition of ce-
ment clinker, to use it for the manufacture of
concrete specimens and to study their physi-
cal, mechanical and protective properties.

The set of investigations carried out for
the Ba—Al,03;—-Fe,05 [4] system allowed us
to select a rational composition for the bar-
ium-containing cement based on barium
monoaluminate (BaAl,O,) and barium
hexaferrite (BaFe ,0,9) that can efficiently
be used as a binder for the production of
special concretes and composite materials
that are resistant to the simultaneous ac-
tion of elevated temperatures and radiation.
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Industrial barium carbonate, alumina
and iron oxide were used as raw components
in proportion required for the formation of
barium monoaluminate and barium hexafer-
rite in the clinker. The synthesis was con-
ducted at the temperature of 1300°C, the
isothermal curing time was three hours.
The obtained clinker was ground to a spe-
cific surface area of 400 m2/kg.

The principal characteristic of the ferro-
magnetic properties of the material is its
magnetization curve, i.e. the dependence of
the residual magnetization of the specimen
on the magnetic field intensity.

All the specimens prepared on the basis of
the selected barium-containing cements with
a high content of hexaferrite have ferromag-
netic properties. Table 1 gives physical and
technical properties of the synthesized ferro-
magnetic barium-containing cements stone
and known ferromagnetic ceramics [4].

The use of the developed barium-contain-
ing binders based on barium aluminates and
barium ferrites has an advantage over ce-
ramics; this makes it possible to manufac-
ture non-fired products with ferromagnetic
properties of complex configuration and
large dimensions.

To obtain protective concretes based on
barium-containing cement with ferromag-
netic properties, barium hexaferrite (80 wt.
%) and cement in proportion of
BaFe,,04¢:BaAl,0, = 4:1 and in the amount
of 20 wt.% were selected as aggregates.

Barium hexaferrite has a hexagonal crys-
talline lattice with the single-axes anisot-
ropy and it is used as a ferromagnetic mate-
rial [7]. The magnetic properties of barium
hexaferrite are due to uncompensated antif-
erromagnetism that is characterized by a
low value of residual induction and a high
value of maximum magnetic energy. Barium
magnets obtained on the basis of barium
hexaferrite have a high cohesive force
(240 kA/m), high resistance to magnetic
fields, vibrations and shocks, withstand
structural aging and do not contain critical
elements [8].
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Table 2. Dependence of the concrete strength and porosity on the composition

Amount of cement, Amount of Compression strength margin, MPa at | Open porosity, %
mass % aggregate, mass% the age of days and nights
7 28
10 90 43.2 42.8 23.2
20 80 54.2 54.0 19.7
30 70 59.7 59.2 18.5
40 60 62.3 61.5 18.0
50 50 64.6 64.0 17.2

3. Results and discussion

Concrete specimens with dimensions of
20x20x20 mm were fabricated using the vi-
bromolding method (water/solid = 0.8). To
define an optimal ratio for the size of
grains of adjacent aggregate fractions we
used the formula given in [9]. The quantita-
tive ratio of the adjacent aggregate frac-
tions was optimized using the method of
simulating a simplex-lattice experiment
[10]. To obtain the concrete of high
strength, density and homogeneity, a three-
fraction aggregate mixture with a given ra-
tional quantitative ratio of grain size (wt.
%) is required: the fraction of 1.0 to
0.6 mm is from 20 to 30 wt. % ; the frac-
tion of 0.6 to 0.315 mm is from 30 to
50 wt. %; and the fraction less than
0.315 mm is from 40 to 60 wt. %. The
properties of concrete were studied taking
into consideration the optimal particle size
distribution of the aggregate.

The method of vibromolding was used for
the fabrication of the specimens with di-
mensions of 40x40x40 mm, based on bar-
ium-containing cement with ferromagnetic
properties and barium hexaferrite used as
an aggregate of a specified functional com-
position with the water-to-solid (W/S) ratio
equal to 0.085. The physical and mechanical
properties of concrete were studied depend-
ing on the aggregate-to-cement ratio in it;
the obtained data are given in Table 2.

The analysis of the research data (Table
2) show that an increase in the content of
cement in the concrete mixture results in an
increased strength of the hardened concrete
and in a decreased porosity. This indicates
that the added cement is actively involved
not only in the formation of concrete
strength, but also in the reduction of poros-
ity. The concrete compositions are charac-
terized by high strength indicators (from 48
to 50 MPa) and ferromagnetic charac-
teristics due to changes in the phase rela-
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tionship. A two-position installation of a
quasi-optical type was used to study the pro-
tective properties of the specimens of barium-
containing cement and the concrete based on
it under the action of electromagnetic radia-
tion [11]. During the tests, the radiation
power transmission coefficient and the reflec-
tion coefficient were measured at the fre-
quencies of 80, 84, 88, 92, 96 and 100 kHz.
The electromagnetic wave absorption coeffi-
cient was derived from the formula:

A=1-(R+T),

where A is the absorption coefficient; R is
the reflection coefficient, T is the transmis-
sion coefficient.

The electromagnetic wave shielding coef-
ficient was calculated using the following
formula:

E=A+R.

Table 3 gives the research data of the
protective properties of the compositions of
barium-containing cement and the concrete
based on it.

According to the research results, the
screening factor is increased with an in-
crease in the thickness of the layer of the
developed material. The data given in Fig.
show that the specimens made of the devel-
oped material have higher indices of the
shielding factors in comparison to those of
known protective materials.

The use of the developed barium-contain-
ing materials will significantly simplify the
design of protective structures and increase
the level of protection of electrical equip-
ment, maintenance personnel and various
control, communication, monitoring and life
support systems from the negative effects
of electromagnetic radiation. The developed
cement can also be used as a plaster compo-
nent; the applied layer should be 38 to 6 mm
thick that will allow us to reduce the inten-
sity of electromagnetic radiation on average
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Table 3. The shielding factor of obtained materials, dB

Item Specimens Specimen Radiation frequency, kHz
No thickness, 84 88 99 96 100
mm
1 Barium-containing 10 21.23 23.42 23.82 24.25 24.87 25.28
cement stone
2 Concrete 10 23.93 25.36 25.62 26.38 27.05 27.42
Special ceramic 10 18.50 21.50 21.80 24.10 24.50 25.00
30 diation factors. In addition, concrete tech-
o 2 nologies can be used to manufacture products
T 2 ] of complex configuration and different sizes
£ 20 for EMR protection in various industries.
o 3
215 References
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o 2- Concrete mixture 1. J.Spencer, The Heritage Foundation Back-
8 5 3- Special ceramic tile grounder, 1372, 3 (2000)'
0 2. M.Kustov, E.Slepuzhnikov, V.Lipovoy et al.,
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Radiation frequency, kHz

Fig. Comparative characteristics of shielding
factors of materials (thickness of 10 mm) as
a function of radiation frequency.

by an order of magnitude in the frequency
range of 80 to 100 kHz.

Original design solutions can definitely
lead to a significant decrease in the level of
the electromagnetic field generated not only
inside the protective structure, but also in
individual rooms.

4. Conclusions

According to the research results, the ob-
tained materials based on barium-containing
cement and barium hexaferrite aggregate
have high rates of shielding of electromag-
netic radiation in the frequency range of 80
to 100 kHz and high strength charac-
teristics (48 to 50 MPa). Therefore, these
construction materials can be recommended
for the protection of biological and techni-
cal facilities exposed to the action of pulsed
electromagnetic radiation. In addition, these
construction materials increase the resis-
tance of such facilities to the action of ra-
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