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SiO, materials containing different magnetic fillev&"Fe; .0, are obtained by the sol-gel method. It
is studied the weakening of electromagnetic radiath the frequency range 8-11.5 GHz by the mdteria
obtained with the use of panoramic attenuation mess and panoramic standing wave voltage coeffi-
cient measurers. It is also estimated the atteoonatontribution of the radiation reflection frometimate-
rial surface. The materials obtained can be used disst layer of electromagnetic radiation absorgi
materials which reduce the level of reflected egerg

INTRODUCTION For the research we selected a mesoporous
silica matrix as a carrier matrix and used super-
fine powders of hexagonal ferrite of strontium
and barium as magnetic fillers. Some of them
contained additionally an admixture of iron oxide
phases and some other substances of various
chemical natures.

The natural radiation background is con-
stantly being added by various new sources of
electromagnetic pollution including electromag-
netic ultrahigh frequency waves. Some of them
are household appliances, cellular and satellite
communications, medical equipment, radio in-

stallat_ions, etc. [1]. Problems of electromagnetic EXPERIMENTAL
security appear when one uses devices or sys- _ | _
tems of ultra-high frequency because long last- The SiQ-Me Fe;019 nanocomposite ma-

ing and systematic influence of ultrahigh fre- terials containing different magnetic fillers
quency radiation yields negative effects on the were prepared by the sol-gel method. The flow-
human body. Therefore, the problem of protect- chart of the sol-gel process is shown in Fig. 1.
ing the population and the environment from the Silica sol was prepared by the combined alkoxi-
powerful radio emission is very important. de-colloidal method: first stage — the hydrolysis
An effective way to reduce to an acceptable Of tetraethylorthosilicate (TEOS) with catalyst
level the natural and man-made disturbance, HCI; the second stage — dispergation of aerosil
which interfere the work of electronic systems, T-30 (Wacker GmbH, Germany) in the hydro-
is based on the application of shielding and ab- lyzate and centrifugal separation of agglomera-
sorbing materials. Their operation is based on tes. In the next stage we injected fine-dispersed
the electromagnetic radiation weakening by the powder  of  various magnetic fillers
magnetic, dielectric, and resistive losses in the (Me"Fei,09) into the sol. The resulting mix-
material. It is known that electrically conduc- ture was carefully mixed and treated in an ul-
tive or magnetic particles can be used as the trasonic basin at 44 kHz for a few minutes for
radio wave absorbing materials, if they contain better dispersion and more uniform distribution
in their composition components that provide Of magnetic particles in the sol. That was fol-
energy losses of ultra-high frequency radiation lowed by the gelation process and gel drying

[2—4]. Such particles are usually distributed in a process. The gels were dried at the temperature
carrier matrix. of about 66C for 4-5 days.

* Corresponding authokapshaj@gsu.by
254 X®Tr12010. T. 1. Ne 3



Radiation Shielding Properties of Si0,~Me"Fe12010 Nanocomposite Materials

| Hydrolysis of TEOS |<:I[I1 Mixing with aerosil RESULTS AND DISCUSSION
L Characteristics of derived SieMc"Fe 01
| uttrasonic dispergation] materials interaction with electromagnetic radia-
Ll tion showed that all the investigated materials
\ Centrifugal separation | weaken the electromagnetic radiation in the range
EgH . , of 8-11.5 GHz (Fig. 2).
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|| Gel || Fig.2. Frequency dependence of the extinction of electro-
g magnetic radiation as it passes through, $igsed
| Drying gel | materials with different magnetic fillersa —

BaFgOgto-Fe0; x — BaFgligtZn, A —
BaFg,0O,5, ¢ — BaFeOgta-Fe0O; (Peccini's
Nanocomposite method)jo — SrFe,0y, (wWith dope); * — SrFg0;g

The extinction of electromagnetic radiation
consists of reflection and absorption. The first is
_ ] _ due to scattering at different angles at the imtera

The samples were disks with a diameter of tjon with the structural irregularities of the com-
(30+2) mm and a thickness of 4 mm. The concen- posite material. The second is a consequence of
tration of magnetic fillers in the samples was gjelectric and magnetic losses as well as of energy
30% wi. transfer to other species such as heat [1, 5].

Shielding properties research of the material The increase of the absorbed energy amount
samples are relz_;lted to the shielding effectiveness jg 5 positive factor in the effectiveness assessing
measurement, i.e. to the measurement of the of the radio absorbing materials. On the other
electric and magnetic components of the elec- hang, the reflected energy should be as small as
tromagnetic field in the same point of space be- possible. It is essential that the wave is not re-
fore and after the material installation. The at- flected at the surface of the material but goes
tenuation coefficient of electromagnetic radia- deeply into it almost normally to the surface re-
tion and the reflection coefficient of electromag- gardless of the angle of incidence.
netic waves from the sample characterise the = Therefore, to estimate the contribution of the
effectiveness of screening of the samples. To reflection from the surface into the electromag-
study the shielding characteristiqs of f[he_gener- netic radiation extinction by the SioMe"Fe 050
ated samples, we used panoramic extinction me- composite materials produced, we measured the
ters in the examination of the extinction coeffi- standing wave voltage coefficienKgm). Since

cient. To estimate the energy reflection value, the reflection coefficient of electromagnetic
we used the panoramic standing wave voltage wayes from the sample is

-

Fig 1. The scheme of synthesis of nanocomposite ma-
terials

coefficient meters working on the principle of P
separation and direct detection of levels of inci- K, =10lg ref (1)
dent and reflected waves. In the measuring pro- nc

cess the signal proportional to the incident power and the modulus of the reflection coefficient (R)
was selected by the incident wave oriented detec- is associated with the measured valuKaév as
tor and the signal reflected from load was se- K —1

lected by the reflected wave oriented detector. R=—"—"—o (2)
KSWV + 1
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the reflection coefficients were calculated follow- No.1, No.4). But the best reflection coefficientswa

ing the formula demonstrated by the sample No.4.
K =201 Kow ~1. (3) These nanostructure SidMe'"Fe,0;9 mate-
'Ef Kow +1 rials can be used as a first layer of the electro-

The reflection coefficients calculated for the magnetic radiation absorbers which reduce the
electromagnetic radiation incidence on the mate- level of the reflected energgt the same time, to
rials investigated are given in Table 1. increase the effectiveness of screening, one can

All the investigated composite materials re- use a metal plate (or metal foil) as a second layer
flect electromagnetic radiation poorly. The best

results were demonstrated by the materials con- 7

taining barium hexaferrite (Bap®.9) and bar- 69 |

ium hexaferrite with alpha-ferric  oxide LT

(BaFeOigta-Fe,03) produced by Peccini's &5 *

method. Depending on the incident radiation fre-

guency they reflect 4-9% and 3-6% of the inci-

dent radiation, respectively. , ) , , , , ‘ ,
Taking the incident electromagnetic radiation & &5 9 95 10 105 11 115

to be 100% and defining that the extinction of the Frequeney, GH

electromagnetic radiation (E) due to the sample is Fig.3. Frequency dependence of the absorption of radia-

nou N RREW

Absorption, %

determined by the ratio of the incident wave signal tion propagating through the composite materials
(Pino) and the signal passed through the sanile ( based on SiPwith different magnetic fillersa —
P BaFg,O.gta-F&0s; x — BaFeOgtZn; A —
E = 10|g£ 4) BaFg;0, ¢ — BaFeOigta-FeO; (Peccini's
P, method)p — SrFeg0y (with dope); * — SrFg0;g
and CONCLUSIONS
I:)inc = Pref + Pabs + Ptr ! (5) . . .
we calculated the part of the incident radiation Nanocomposite materials based on silicon

absorbed as it passes through the compositediox_ide containin'g as fiIIers,'r'nagnetic ferrites
SiOMe"Fe,0;s material. Frequency depend- of dlfferer_1t chemical composition and structure
ence of the absorption of radiation propagating &ré Obt"f}'ned by the sol-gel method. These
through the composite materials based on,Si0 SIO-Me Fe,015 materials weaken electromag-
with magnetic fillers of different composition and  Netic radiation in the frequency range 8-11.5 GHz,
structure is shown in Fig. 3. t_helr Weak_nes_s magnitude depends on Fhe magnetic
The analysis of the results obtained indicates that filer and is higher for samples containing barium
due to the combination of all three parameters, tha hexaferrite as compared to strontium hexaferrlt(_a.
characterise the properties of radio absorbing and The part of the reflected energy for some of them i
radio shielding materials, the most promising sam- '€ss than 6 % in the entire range of frequencies in
ples are those which contain barium hexaferite Vestigated. This allows recommending them for use
(BaFe,O:, N0.3) and barium hexaferrite with the @S @ first layer of absorbers of electromagnetic ra
addition of alpha-iron oxide (Bap®g+a-FeOs,, diation reducing the level of reflected energy.

Table 1. The reflection coefficients of the electromagnetdiation of frequency 8.0-11.5 GHz by the contgosi
materials based on Sj@ith different magnetic fillers (reflection coeffents — dB.)

Sample Radiation frequency

No filler 8.0 8.5 9.0 95 10.0 105 11.0 115

1 BaFq,0;gta-F&0; -7.86 -7.56 7.67 752 770  -7.97  -851 -8.99
(acetat method)

2 BaFe,0:5+Zn (II) 5.43 5.18 5.6 543 581 624  -6.80 -7.52

3 BaFe,Oro 1128  -1065  -10.43  -10.88 -11.63 -1251 -13.20 13.97

4 BaFq,0,gta-F&,0; 41230  -1220  -1230 -1220 -1412  -1412 -1412 412

(Peccini’'s method)
5 SrFeOu -8.51 -8.09 -8.29 829  -851 870 -9.31 -9.54
(with dope)
6 SrFe,Oy, 7.70 7.35 752 752 752 809 -851 8.75
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PanioekpaHyioui BJ1acTHBOCTI HAHOKOMIIO3UII THUX SiOMe' Fe;,010 marepiais,
OTPHMAHMX 30JIb-T€JIb METO0M

M.H. Kamuaii, B.E. I'aiimnyn, H.B. HaconoBa

Tomenvcwruti deparcasuuti yuigepcumem im. @panyucka Cropinu
eyn. Paoancera 104, 246019 omensv, Binopyce
bBinopycvxuii deporcagnutl yrnieepcumem inghopmamuxu i padioenekmpoHiKu
eyn. I1.bpiexu 6, Mincox 220013 binopyce

3onv-2env memodom ompumani SiQ, mamepianu, wo micmame pizHi MASHIMHI HANOBHIOBAYL Me"Felgolg. 3 6u-
KOPUCAHHAM NAHOPAMHUX 8UMIPIO8AYI8 0CIAOIEHHS MA NAHOPAMHUX BUMIPI0GAYiE Koediyichma cmosa4ol Xeuui 3a
Hanpy2010 8ueueHe 0CAAONCHHs HUMU eeKMPOMASHIMHO20 SUNPOMIHIO8aHHs 6 Olanazoni yacmom 8...11,5ITy. Oyi-
HEHO GHecOK 8i0bUmMmsL 6i0 NOGePXHi mMamepiany 6 ociabnenus unpominiosants. Ompumani Mamepiaiu MONCymb
Oymu 6UKOPUCIAHI 8 AKOCTI NEPULO20 wapy padionoiuHa418 eleKmpoMASHIMHO20 SUNPOMIHIOBANHSA, SKE SHUNCYE
pisensb enepeii, wjo 8i0ouUeacmvCs.

Paguosxkpanupymoiniue cCBOMCTBA HAHOKOMITIO3UIITHOHHBIX SiOz—MeII Fe2019maTepuanos,
NMOJIy4YeHHBIX 30J1b-TeJIb MEeTOA0M

M.H. Kamuaii, B.E. I'aiimuyn, H.B. HaconoBa

Tomenvckuil 2ocyoapcmeennviii ynusepcumem um. @panyucxka Cxopumvl
ya. Cosemckasn 104, omeny 246019 Fenapyce
Benopycckuii 2ocyoapcmeennulil ynugepcumem uH@OpMamuxy u paouodieKmpoHuKy
ya. I1.Bposku 6, Munck 220013 benapyce

3onb-2enb  memodom noayuenvt SiQ, mamepuanvi, codepocaujue paziuuHvie MASHUMHbIE HANOIHUMENU
Me"Fe;;056. C ucnonvsosanuem nanopamnbix usmepumenesi ociabnenus u naHOPAMHbIX usMepumeneii Kos(auyu-
eHma cmosyell 6ONHbl N0 HANPANCEHUIO UYHEeHO OClaONeHue UMU DNeKMPOMASHUMHO20 U3NYYeHUs 6 OUanasoHe
yacmom 8...11,5'Ty. Oyenen 6x1a0, BHOCUMBITL OMPAANCEHUEM O NOBEPXHOCINU MAMEPUATA, 8 OCAONeHUe U3TyYe-
nus. Ilonyuennvie mamepuansl Mo2ym Obimb UCHONL308AHbI 8 KAYECHEe Nepeo2o Closi paduono2iomumeneli djex-
MPOMASHUTNHO20 U3YUEHUs, CHUNCAIOWEe20 YPOGEHb OMPAlCaeMoli SHepUll.
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