UDC 538.971

CALCULATION OF THE FREQUENCY ELECTRONIC TRANSMISSION
FACTORS AT THE PASSAGE THROUGH THE POLYMERIC
POLYIMIDE COMPOSITE MATERIAL FILLED BY BISMUTH
SILICATE

A.V. Pavlenko®, N.1. Cherkashina®, R.N. Yastrebinski®, A.V. Noskov?
Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russia;
?BelgorodStateNationalResearchUniversity, Belgorod, Russia
E-mail: natalipvl3@mail.ru

On this paper, a theoretical evaluation of the interaction of fast electrons with a polymer polyimide composite
filled with bismuth silicate was carried out, calculations were carried out for the specific energy losses of electrons
and transmission coefficients. It is shown that the Bi, C, and O atoms contribute well to the ionization losses, and the
radiation losses are practically due only to the Bi atoms. It has been established that at the electron energies from 1
to 6 MeV, interesting from the point of view of electronic protection of equipment in outer space, the losses are
mainly determined by the ionization of atoms, and not by the radiation losses. It is established that for an electron
energy of 6 MeV with a composite thickness of up to 0.8 cm, the transmittance by the number of electrons
predominates, and with a composite thickness of more than 0.8 cm, the transmission coefficient of electrons over the
energy begins to predominate. The high stability of the developed composite according to the flux of fast electrons
is shown in the general case of their fall at different angles to the normal of the target surface.

INTRODUCTION

The development of nuclear power for the
production of electricity, the use of energy and research
reactors, radionuclides and other sources of ionizing
radiation in various fields of the national economy,
science, technology and medicine is inextricably linked
with the problem of ensuring radiation safety [1-3],
with the limitation of the radiation effect on humans
And objects of the environment, as well as the tasks of
designing and creating new types of highly effective
radiation-protective materials [4-5]. Hence, it is
necessary to study the effect of ionizing radiation of
various natures on various materials and composites,
with the aim of developing completely new radiation
shielding screens that are highly effective with a
minimum thickness of protection.

At present, the silicate systems of the sillenite class
are of considerable interest to scientists and
practitioners. These are complex oxygen compounds of
the type (mBi,03°nSi0,), which have electrooptical and
magneto-optical properties, which, in combination with
photoconductivity, puts them among the promising
materials for the creation of laser radiation modulators,
PROM memory (Programmable Read-Only Memory).
In addition, bismuth silicates have photocatalytic
properties [6].

According to the symmetry of the crystal lattice, the
sillenites belong to the class of cubic oxides of the type
Bi;;MO,o (where M: Si, Ti, Ge). The most widely used
bismuth silicates, for which the technology of growing
large single crystals has been developed.

Silicates of bismuth of the syllenite class, possessing
a number of unique properties, have not yet been used
in the design of new types of radiation protection. Their
use requires a deep scientific and practical study of their
physical and technical characteristics under the
influence of radiation fields of different nature, as well
as the harsh conditions of outer space.

In this paper, a theoretical evaluation of the
interaction of fast electrons with a polymer composite
filled with bismuth silicate was carried out, calculations
were carried out for the specific energy losses of
electrons and transmission coefficients.

EXPERIMENTAL TECHNIQUE

As radiation-protective filler, bismuth silicate has
been studied. The authors synthesized the sillenite of
Bi1,Si0Oy by chemical precipitation of a water-soluble
organosilicon oligomer (MSN) and bismuth salt
solution followed by heat treatment at 773 K.

As a binder for the synthesis of radiation-protective
composites, a thermoplastic polyimide press powder of
the PR-20 grade with a density of 1,42 g/cm® was used.
The choice of polyimide as a binder is due to its unique
properties. So the radiation resistance is 10°Gy, the
heat resistance is up to 773 K, the cryogenic stability is
up to 77 K, the mechanical tensile strength is 100 MPa.

Analysis of the effect of fast electrons on the
composite in question was carried out by mathematical
modeling using standard formulas and techniques. For
this purpose, the elemental composition of the
composite was calculated (Table), whose density is
2.9 g/em®.

The elemental composition of the proposed radiation-
protectivecomposite

Content in the composite, wt.%

Bi Na Si O) C N H

48 4.2 4.5 18 232 | 34 0.7

The ionization losses of the electron energy
arecalculated by the formula:
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where A is the atomic mass of the element, Z is the
atomic number (the ordinal number of the element in
the periodic table)
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Since the investigated composite consists of atoms
of 7 different chemical elements (Bi, Na, Si, O, C, N,
H), each of them will contribute to ionization losses of
electron energy. We use the composition law of Bragg:
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Starting from the composition law of Bragg (2), the
ionization energy losses of electrons in the studied
polymer composite are written in the form:
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The radiative energy losses during the passage of
electrons through the substance are found from the

formula:
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Since the investigated polymer composite consists
of atoms of different chemical elements, it is necessary
to take into account the contribution of each to the
radiative losses of a fast electron. Therefore, the
radiative energy loss by radiation is determined by the
expression:
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The total energy losses in the polymer composite
studied were determined by the sum of the ionization
and radiation losses of the electron energy in the
substance.

To calculate the transmission coefficients for the
number of particles and for energy, the following
formulas were used:
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where Ny and E, are the number of incident electrons
and their Kinetic energy.

In addition, the angle of incidence of the electrons
was taken into account ¢ (the angle between the normal
to the surface of the composite and by the electron) to
the studied polymer composite.

To calculate the transmission coefficients of the

number of electrons, an empirical formula was used:
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where R, is the extrapolated range of electrons.
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The energy transmission coefficient has the
following form:
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Expressions Ty(x) andTg(x) can be used to accurate
calculations at electron energies of 0.4...6 MeV and
angles of incidence 0...45°, if these conditions are
violated, the error will be 20...30%.

Since the investigated polymer composite consists
of atoms of different types, instead of Z and A it is
necessary to use effective values, which are determined
by formulas:

Zett =2 Zis (20)
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RESULTS AND DISCUSSION

In Fig. 1 shows the curves showing the ionization
losses of the polyimide composite under consideration
(the fat curve) and the individual contribution of each
element to the ionization losses. From Fig. 1 it follows
that the Bi, C, and O atoms have a greater contribution
to the ionization losses. The contribution of the
remaining atoms is very small, so the curves practically
lie on the abscissa axis.

Also the analysis of Fig. 1 shows that an increase in
the energy of fast electrons from 1 to 6 MeV leads to
an insignificant increase in the specific ionization
losses in the polyimide composite.
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Fig. 1. Specific ionization losses of fast electrons in a
polyimide composite

In Fig. 2 shows curves plotted using formulas (6)
and (9), which show the radiation losses due to fast-
electron radiation in a polyimide composite (bold
curve) and the individual contribution of each
composite material to these losses

From Fig. 2 it follows that Bi contributes to the
radiation losses, while taking into account the low
density of the composite (2.9 g /sm®), the energy losses
are rather high, but small in comparison with the
ionization losses at the considered electron energies (3-
4 times in Dependence on energy).

Also the analysis of Fig. 2 shows that when the
energy of fast electrons increases from 1 to 6 MeV, the
specific radiation losses in the polyimide composite
increase significantly.
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Fig. 2. Specific radiation losses of fast electrons in a
polyimide composite



The total energy losses in the polyimide composite
studied are shown in Fig. 3. It follows from the figure
that for the electron energies from 1 to 6 MeV, which
are of interest from the point of view of electronic
protection of equipment in outer space, the losses are
mainly determined by the ionization of theatoms.
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Fig. 3. Dependence of the total specific energy losses of
fast electrons in the polyimide composite studied

Since the loss of energy of the electron in the
composite leads to its deceleration, we find the mean
range that determines the average path length that the
particle would pass through in the process of
deceleration in an unbounded and homogeneous
medium, provided that it continuously loses energy
along the entire path in accordance with the stopping
power. True runs are random and distributed near the
mean run.

In Fig. 4 shows a curve showing the dependence of
the mean free path of an electron in a composite as a
function of its initial kinetic energy. It can be seen that
in the obtained composite the average path of an
electron is sufficiently small in a wide range of initial
electron energies, which indicates the prospect of its use
for protection against the effect of electrons in outer
space.
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Fig. 4. The dependence of the mean free path of an
electron in a polyimide polymer composite on its initial
kinetic energy

Since fast electrons in outer space have a wide
energy range and a different directionality of the initial
velocity, it is also necessary to investigate the
transmission coefficients of electrons by the developed
polyimide composite.

The process of electron transmission through the
developed polymer composite was modeled in the work

by the Monte Carlo statistical method. In Figs. 5-9
graphically shows the results of modeling the
dependence of the transmittance coefficients on the
number of particles and energy, depending on the
thickness of the developed composite, for the angles
and initial energies presented in the figures.

T.(x) '

0 0.5 1 15

thickness, sm "

Fig. 5. Dependence of the transmission coefficient of
the number of electrons on the thickness of the
polyimide composite at an energy of 6 MeV and
different angles of incidence

Analysis of the data in Fig. 5 shows that as the
angle of incidence of the electron is increased, the
transmission coefficient of the number of electrons is
significantly reduced. Also, the data in Fig. 5 show that
as the thickness of the polyimide composite increases,
the transmittance of the number of electrons at all
considered angles of incidence decreases and tends to
zero. At a thickness of 1.2 cm, electrons with an energy
of 6 MeV are completely absorbed by the proposed
composite and the transmittance at high energies is
simply absent.
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Fig. 6. Thetransmission of the coefficient for the
electron energy from the thickness of the polyimide
composite at an energy of 6 MeV and different angles
of incidence

Analysis of the data in Fig. 6 shows that when the
angle of incidence of an electron increases, the electron
energy transmission coefficient decreases. As well as in
Fig. 5, the transmission coefficients for the electron
energy are noticeably lower, the thickness of the
composite is increasing and the curve tends to the
abscissa axis.

In Fig. 7 shows curves of the dependence of the
transmission coefficients of the number of electrons at
normal incidence on the composite for different initial
energies of the electron. It is noticeable that as the
electron energy increases from 1 to 6 MeV, the
transmission of coefficients of the number of electrons



with the same thickness of the composite also increases.
It is also observed in Fig. 8.
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Fig. 7. The transmission coefficient of the number of
electrons at normal incidence on the composite for
different initial electron energies
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Fig. 8. The transmission coefficient for the electron
energy at normal incidence on a polyimide composite
for different initial electron energies

In Fig. 9 shows two curves that allow one to
estimate the transmission coefficients with respect to
the number of particles and energy at normal incidence
on a polyimide composite and electron energies of
6 MeV. The analysis presented in Fig. 9 of the data
indicates that with a composite thickness of up to
0.8 cm the transmittance by the number of electrons
predominates, and with a composite thickness of more
than 0.8 cm, the transmission coefficient of electrons
over the energy begins to predominate.

On the basis of the data obtained, it can be
concluded that the developed composite is highly stable
with respect to the flow of fast electrons in the general
case of their incidence at different angles to the normal
of the target surface.

15
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Fig. 9. Comparison of the transmittance coefficients
for the number of particles and energy at normal
incidence on a polyimide composite and electron

energies of 6 MeV

CONCLUSION

The process of passage of fast electrons through the
developed composite material is studied; the process of
passage of fast electrons through the composite
material is simulated. The total energy losses of
electrons in the composite are calculated. It is shown
that the Bi, C, and O atoms make a greater contribution
to the ionization losses, and the radiation losses are
practically due only to the Bi atoms.

The dependence of the mean free path of fast
electrons in the polymer composite on their initial
Kinetic energy is investigated. It is shown that at an
electron energy of 6 MeV, the range in the composite is
1.2 cm. The transmission coefficients for the number of
particles and energy in the composite are modeled and
investigated, depending on the angle of incidence to the
normal of the composite and the initial energy of the
incident electrons. It is established that for an electron
energy of 6 MeV at a composite thickness of up to 0.8
cm, the transmittance by the number of electrons
predominates, and at a composite thickness of more
than 0.8 cm, the transmission coefficient of electrons
over the energy begins to predominate.

The high stability of the developed composite with
respect to the flux of fast electrons is shown in the
general case of their fall at different angles to the
normal of the target.

The article was prepared within a development
program of the Base University on the basis of BSTU
named after V.G. Shukhov.
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PACYET KO3®PUIUEHTOB ITPOITY CKAHUA BBICTPBIX 9JIEKTPOHOB IIPH
MPOXOXIAEHNUA YEPE3 IIOJIMMEPHBIN TOJTMMMHU/IHBIA KOMITO3UIITMOHHBIN
MATEPUAJL, HAITOJTHEHHBIU CUJIMKATOM BUCMYTA

A.B. Ilagnenxo, H 1. Yepxawmuna, P.H. Acmpeounckuii, A.B. Hockoe

[IpoBeneHsl TeopeTHuecKas OLEHKAa B3aMMOJCHCTBHSI OBICTPBIX 3JEKTPOHOB C IOJMMEPHBIM IMOJIMUMHIHBIM
KOMITO3UTOM, HAllOJHEHHBIM CHJIMKATOM BHCMYTa, M PACUeThl IO YACHbHBIM IOTEPSIM SHEPTHU 3JIEKTPOHOB U
KO3 HUIMEHTaM MpOoITycKanus. [lokazano, 4To GONBIIMI BKJIAX B MOHHU3AIMOHHBIC TIOTEPH BHOCAT atoMsl Bi, C u
O, a paguanMoOHHBIC IIOTEPH MPAKTHYIECKH OOYCIOBICHBI TOJBKO aToMamu Bi. VYcraHoBieHo, 4ro mpu
paccMaTpuUBaeMBIX PHEPTUSX 3JeKTpoHa oT | 10 6 MpdB, MHTEpecHBIX C TOYKH 3pEHHS AIICKTPOHHOM 3aIHTHI
anmapaTypsl B KOCMHYECKOM HPOCTPAHCTBE, MOTEPH B OCHOBHOM OIPENENAIOTCS HMOHM3AIMEll aToOMOB, a HE
palualMoOHHBIMU TTOTEPSIMU. Taroke ONpeNesieHo, YTo ISl SHEPTUH IEKTPOHOB 6 M»aB npu TomuuHe KoMno3uTa 70
0,8 cM mpeobnamgaeT KOAPPUIUEHT MPOMYCKAHUS MO YUCITY JIEKTPOHOB, a TIPU TOJIIMHE KoMmo3uta Oonee 0,8 cMm
HauuHaeT npeobianaTh KOI(PQHUIUEHT NPOITYCKAaHHs JJEKTPOHOB IO 3Hepruu. IlokazaHa BBICOKas CTOWKOCTh
pa3paboTaHHOTO KOMIIO3UTA 110 OTHOIIEHHIO K MOTOKY OBICTPBIX JJISKTPOHOB B OOINEM Cllydae MX MaJeHUs MO
Pa3HbIMHU YTIaMH K HOPMaJU MIOBEPXHOCTH MUIICHH.

PO3PAXYHOK KOE®ILIEHTIB ITPOITY CKAHHS HIBUAKHUX EJTEKTPOHIB ITPH
INPOXO/’KEHHS YEPE3 NOJTIMEPHUH ITOJIIMITHUN KOMIIO3UIIMHU A
MATEPIAJL, IO HAIIOBHEHUU CUJIIKATOM BICMYTY

A.B. Hagnenxo, H.1. Yepxamuna, P.H. Acmpebduncoxuii, A.B. Hockos

[IpoBeneHo TeopeTWYHA OLIHKA B3AEMOMIl IIBHIKUAX EIEKTPOHIB 3 TONIMEPHHM IONiiMiTHAM KOMITO3HTOM,
HATIOBHCHUM CHJIIKATOM BICMYTY, 1 PO3paxyHKH 3a NHTOMHMH BTpaTaMd €HEprii eNeKTPOHIB i KoedilieHTam
nponyckaHHs. [lokazaHo, oo HaHOIMBIIMIT BHECOK Y iOHI3amilHI BTpaTé BHocATh atomMu Bi, C 1 O, a pamiamiiiHi
BTpaTH MPAaKTHYHO OOYMOBJICHI TINBKH aToMamu Bi. BcTaHOBICHO, 1110 MPU PO3MIISIHYTHX €HEPrisx eleKTpoHa Bix 1
10 6 MeB, mikaBuXx 3 TOYKH 30py €IECKTPOHHOTO 3aXHCTY alapaTypd B KOCMiYHOMY IIPOCTOPi, BTPaTH B OCHOBHOMY
BU3HAYAIOTHCS 10HI3aLi€I0 aTOMIB, a HE pajialliiHUMK BTpaTamu. BeraHoBNeHO, 1110 Ut eHeprii enekTpoHiB 6 MeB
IpU TOBIIMHI KoMno3uty a0 0,8 cM mepeBaxkae kKoe(illieHT NMPOIYCKaHHS 10 YHCIy €JIEKTPOHIB, a MPHU TOBLIMHI
koMmmo3uty Oumpine 0,8 cM MOYMHAE MepeBakaTH KOE(DIIi€HT MPOIYCKaHHS €JICKTPOHIB mo eHeprii. IlokaszaHo
BUCOKY CTIHKICTh pO3pOOJICHOr0 KOMIO3UTY MO BIJHOIIEHHIO /0 NOTOKY IIBHJIKHUX EIEKTPOHIB Y 3arajJbHOMY
BUIAJKY IX MaJiHHS MiJ PI3HUMH KyTaMH 0 HOPMaJi MOBEPXHI MillleHi.



