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OtaenoyHas pacagHass kKoMno3nuuns,
moanununpoBaHHas yrnepogHbiMu
HaHOTPyOKamMu, Ons 3aLNTbl

OT 3J/1IeKTPOMAarHUTHbIX NMNosien

Research of the electromagnetic absorption
of finish facade composition modified

with carbon nanotubes

B Hacrosiliee BpeMsi akTMBHOE MCIIOJIb30BaHUE BJIEK-
TPOMArHUTHBIX TOJIeH, CBSI3aHHOE C pa3BUTUEM PaJIUOCBsI-
3U, TEJICBUIEHMS], MOOMJIBHOM CBSI3U, PalMOJOKALIUU, TIPU-
BOJIMT K MOSIBJICHUIO TOTIOJTHUTEIHLHOTO 3JIEKTPOMAarHUTHO-
ro ¢ona. CioxHas 3JeKTpOMarHUTHasE 0OCTaHOBKA CKJIa-
NIBIBAETCS B KPYMHBIX TOPOIaX, Ile MICTOUHUKAMM JIEKTPO-
MarHuTHbIX Toneit (DMII) pagnodyacTOTHOro auMama3oHa
SIBJISIIOTCSL PAIMOLICHTPBI CBSI3W, BEIllaHUs, TEJCBUICHUS,
PaaMoIOKalIMOHHBIE CTAHIIUM, CPEJICTBA CYXOIYTHOM IO/~
BVDKHOM PamMOCBSI3U U APYTHUe UCTOUHUKH [1].

OCHOBHBIM METOIOM 3allIUTHI YeJI0OBEKA OT 3JIEKTpOMar-
HUTHOTO M3JIyUYeHMS SBJSIETCS KpaHUpPOBaHUE. DKpaHU-
pOBaHME TaKXKe SIBSIETCSI OCHOBHBIM METOIOM 3allUThl B
Pa3IMYHBIX 00JIACTSIX TEXHUKM [2].

IMpu pazpaboTke KOHCTPYKLMI 3KpaHOB, TOTIJIOIIAI0-
IMUX 3JEKTPOMAarHUTHbIE BOJHBI (DMB), ucnonb3yrorcs
pa3IMIHbIe MaTepraIbl, 00JIaTaroIINe CTIOCOOHOCTBIO OTpa-
KaTh WJIM TIOTJIONIaTh 3JeKTPOMAarHUTHBIE W3JIy4eHUs
(DMMU) B onpeneaeHHOM auvariazoHe yactor. CiaeayeT oT-
METUTh, UTO B MMPUPOJIE HE CYIIECTBYET HU UJEATbHO OTpa-
KaIOIIMX, HU UACAIBHO MOTJIOIIAIIINX 3J€KTPOMArHUT-
HYI0O SHEPTUIO MaTepuajoB, IO3TOMY ItogaBiiecHue HMU
qarie BCero obecreunBacTcs 3a CueT 000MX ITPOIIECCOB.

OnHUM U3 aKTyaJbHBIX HaNpaBJeHU SBISETCS co3/a-
HME OTAEJOYHBIX COCTABOB HA OCHOBE CUJIMKATHON MaTpu-
11bl, MOAM(DULIMPOBAHHOMN YIEPOAHBIMU HAHOCUCTEMAMM.

JI71s IpUTOTOBJIEHUST OTIEIOYHBIX COCTABOB MCITOJIb30-
BaJIM B KAayeCTBE CBSI3YIOLIETO XXUIKOE HATPUEBOE CTEK-
10 (Momynmb 2,7—2,9; cpemHss IUIOTHOCTH 1,45 T/cM?).
YuuTtbiBasi €ro HeA0CTATKHU KaK CBS3YIOIIEro, B COCTaB KOM-
MO3ULMI BBOAWIM B KauecTBE OTBEpAUTENsI Oesblil opT-
JIAaHALEMEHT, CIIOCOOHBII HUBEJIMPOBATh 3TU HEIOCTATKH.
Jns mpenoTBpallieHusi MTHOBEHHOTO TBEPJAEHUSI CUCTEMbI
BBOIWJIN 3aMeTUTEIb, KOTOPHI CITOCOOeH BpeMEHHO Hell-
TPaJIM30BaTh ACHCTBUE MOPTIAHIIIEMEHTA 32 CUeT 00pa3o-
BaHUsI TPYIHOPACTBOPMMOW TUIEHKU Ha TOBEPXHOCTH €T0
yactull. s yaydmeHus: GU3MKO-TEXHUYECKMX XapaKTe-
PUCTUK CUJTMKATHOTO MOKPHITHUSI U OMHOBPEMEHHO JUISI TI0-
BBILIEHUS TIJIOTHOCTU CTPYKTYPHI UCITOJb30BaI TOHKOMO-

Nowadays, the active use of electromagnetic fields con-
nected with the development of radio, television, mobile com-
munication, and radiolocation leads to creating an additional
electromagnetic background. Complex electromagnetic envi-
ronment is formed in large cities, where the sources of electro-
magnetic fields (EMF) of radio frequency band are radio
centers of communication, broadcasting, television, radar sta-
tions, means of land mobile radio and other sources [1].

The main method of human protection from electromag-
netic radiation is shielding. Shielding is also the main method
of protection in various fields of technology [2].

In the design of shields absorbing electromagnetic waves
(EMW) various materials are used that have the ability to
reflect or absorb electromagnetic radiation (EMR) in a cer-
tain range of frequencies. It should be noted that naturally
there are no materials perfectly reflecting or perfectly absorb-
ing electromagnetic energy, so EMR suppression is often
achieved due to both processes.

One of the important trends is creating finishing compo-
sitions based on silicate matrix modified with carbon nano-
systems.

While preparing the finishing compositions liquid sodium
glass was used as a binder (module 2.7—2.9, average density
of 1.45 g/cm’). Its disadvantages as a binder being taken into
consideration, and white Portland cement was added in the
composition as a hardener which can neutralize these disad-
vantages. To prevent instant curing of the system an inhibitor
was added which can temporarily neutralize the effect of
Portland cement by forming hardly soluble film on the sur-
face of its particles. To improve the physical and technical
characteristics of the silicate coating and at the same time to
increase the density of the structure limestone powder with
the particles of a diameter of 45 microns was used. Multi-
walled carbon nanostructures (carbon nanotubes)
GraphistrenghtTM by Arkema company, France were used
for the structure forming of the finishing silicate composition
and the shielding effect.

The shielding properties of the composition were exam-
ined with the measuring equipment with a generator of ultra-
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JIOTBIA M3BECTHSAK C OUAMETPOM Ya- R, Om-cm
ctul 45 mxMm. Ins ctpyktypoobpaso- R Ohm-cm

BaHUs OTAEJIOYHON CUJIMKATHON KOM- -
MO3ULIUM U CO3MaHUsl IKpaHUpPYIOllle- 107

ro 3¢deKkTa MCHOoIb30BaJIl MHOIO-

CJIOMiHBIE YTJIEPOIHbIE HAHOCTPYKTY-

pet (YHT) GraphistrenghtTM cdbupmbt
Arkema, ®panius.

DKpaHUPYIOIINE CBONCTBa KOMITO-

SULHUHN MCCICOOBAIN C ITOMOIIbBIO MU3-

MCDHTGHBHOﬁ YCTaHOBKHM C I€HEpPATO- 10t

POM U3JTy4eHUs CBEPXBBICOKOI YacTo-
16l (CBY) Ha yacrore 1 I'T1. JIns mpo-

BeleHMsI DKCIIepUMeHTa ObUla BhIOpa-

Ha 31/1r3aroo6pa3Haﬂ aHTCHHa.

B OKCIIEpUMEHTaX MCIIOJIb30BaJIn

1
METO/, MPOLIEIIIEr0 PagroBoIHoBoro 10
U3JIy4EHUsl, OCHOBAHHLIA Ha pEru-

CTpallMy¥ TapaMeTpoB TIPOIIEMINENH 4

BOJIHBL. OOBEKT KOHTPOJISI U Te€HepU-

pylolliasi aHTeHHa pacrojarajuch He-

[
0 —
0,1%

MOABUXHO. JIeTeKTopHasi aHTeHHa Te-
pemMeliajiach Ha OIpeAeJIEeHHOM pac-
CTOSTHUM OT KOHTPOJIMPYEMOTO OOBEK-
Ta. Takum 00pa3oM, CHUMaIaCch 3aBU-
CUMOCTh IEeTeKTUPYEMOTO HampsiKe-
HUS OT PACCTOSIHUS 0 KOHTPOJIUpPYe-
Moro oobekTa. [lo 3HaueHuI0 Hamnps-
JKEHUI JeTeKTopa 10 TapuPOBOYHBIM JTaHHBIM CTPOWJIN 3a-
BUCHMOCTb HaIpPSKEHHOCTU 3JI€KTPOMAarHUTHOTO TIOJIST OT
PACCTOSTHUSI IO KOHTPOJIUPYEMOTO OOBEKTA.

B cunukarHoli Kpacke, MOIM(PUIIMPOBAHHOW MHOTO-
CJIOMHBIMU YIJIEPOAHBIMU HAHOTPYOKAMM, OIIPEeISUIA 3a-
BUCUMOCTb 3¢ (PeKTUBHOI Morionaonieit CmocoOHOCTH OT
koHueHTpauuu YHT. B cepuu obOpasioB pacripeneiieHue
VYHT B 06beMe ObIO paBHOMEPHBIM, 4 OPUEHTAINS X CIIY-
yaifHoi. Takue o6pa3iibl MOXXHO CUYUTATh OJHOPOIHBIMU U
M30TPOTTHBIMU TP U3MEPEHMIX B CAHTUMETPOBOM JHaria-
30He mMH BoygH. KoHuentpauus YHT B oOpasiax Bapb-
nposaiach ot 0 1o 3 mac. % [3].

VYnenbHOE COMPOTUBIIEHUE CUJIMKATHOTO TTOKPBITUS, MO-
nudunmpoBanHoro YHT, ymeHbl1aeTcst Bo3pacTaHMEeM KOH-
LIEHTPpalMU YIJIePOAHBIX HAHOTPYOOK (puc. 1). Kak BumHO 13
puc. 1, Mpy yMEHBIIEHUY YIEIBHOTO COTTPOTUBIICHUST CUTH-
KaTHOTO TIOKPBITHUS CIeAyeT OXMAATh YMEHbIIIEHUe OTpaxa-
Io1El CITOCOOHOCTY MOKPBITUSI 1711 2JIEKTPOMArHUTHOTO U3-
JIy4EHHUSI, YTO TMO3BOJIUT CO3[aTh SKPaHUPYIOUIUN 3(pGheKT
MPY HAHECEHUM TOKPBITUS Ha 3allUINAEMYI0 TTIOBEPXHOCTD.
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Puc. 1. 3aBUCUMOCTb CONPOTMBNEHUS OT KOHLEHTPALMM HAHOTPYOOK B COCTaBE MOKPbLITHS
Fig. 1. Dependence of resistivity on carbon nantubes concentraion in the coating composition

high frequency radiation (UHF) at a frequency of 1 GHz.
A zigzag antenna was selected for the experiment.

The method of the transmitted radio wave radiation
based on registering the parameters of the transmitted wave
was applied in the experiments. The tested object and the
generating antenna were fixed. The detector antenna was
moving over a certain distance from the tested object. Thus,
the dependence of the detected voltage on the distance over
the tested object was read. Basing on the values of the detec-
tor and calibration data, the intensity dependence of the
electromagnetic field on the distance over the tested object
was constructed.

In the silicate paint modified with multi-walled carbon
nanotubes the dependence of the effective absorption capac-
ity on the concentration of CNTs was determined. In a series
of samples the CNTs distribution in the volume was uniform,
and their orientation was random. Such samples can be con-
sidered as homogeneous and isotropic, being measured at the
centimeter range of wavelengths. The CNT concentration in
the samples ranged from 0 to 3% from the mass [3].
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Puc. 2. MI/IKDOCTDyKTypa cKona MoandULMPOBAHHOIO CUIIMKATHOIO MOKPLITUS (&); 3aBUCUMOCTb MOrNOLLEHUS 3/1IEKTPOMArHUTHOro na3ny4eHua ot cogep-

XaHWs yrinepoaHblX HAHOTPYOOK (6)

Fig. 2. Microstructure of spall of the modified silicate coating (a), dependence of electromagnetic radiation absorption on the content of carbon nanotubes (b)
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[TornomeHne 3JeKTPOMArHUTHOTO M3JIyYeHUS TIOJ-
TBEPXKIAeTCsl CTPYKTYPOU MOAMMUIIMPOBAHHOTO CUJIMKAT-
HOro MmokpbiTusi. IIpoBeneHHble (HU3UKO-XUMUUYECKUE HC-
cienoBaHusl ¢ ucnonab3doBaHueM MK-cnekTpanbHOro aHa-
m3a, ITA [4] 1 pacTpoBOii 3JI€KTPOHHON MWKPOCKOIITUN
TTOKa3aJIu CYIIeCTBeHHOEe M3MEHEHWE CTPYKTYPBI U COCTaBa
KOMTIO3UIIMY TP MOAMMUKALINKI €€ YIJIePOAHBIMU HaHO-
TpyOKamu (puc. 2, a).

OkpaHupymwoinure cBoiictBa YHT obecrieunBaloTcsi Mx
XOpolleid MPoBOAUMOCTbI0. Moaudukaiusi CUIMKaTHOTO
TTOKPBITHUST TUCTIEPCUEH YTIIEPOIHBIX HAHOTPYOOK IIPUBOIUT
K ITOTJIOIIEHMIO 3JIEKTPOMATrHUTHOTO M3J1yueHus 10 38 % [5].
DddekTrBHASA MOTIOIIAIIIAs CIIOCOOHOCTh YBEIMYNBACT-
Cs C POCTOM KOHILIEHTpPAllUM TPOBOASIIET0 HAHOAMCTIEPC-
HOTO HamoJHuTeNs1 (puc. 2, 6).

PesynbraThl UcciaeqoBaHU MOTYT ObITh MCIOIBb30BaHbI
MPU CO3MaHUN BBICOKO3(GhEKTUBHBIX CJIA000TpaxkalomMnX
pPaaMOTIONJIOIIAIOIIMX TIOKPBITUN, CHMXAIOIMIUX OO0l
YPOBEHB 3JIEKTPOMArHUTHOTO M3TyUYCHMS.

BBeneHue B CHIMKATHYIO KOMIO3ULIMIO HAHOAMCIEPC-
HBIX CTPYKTYpP THUIIA YIJIEPOJHBIX MHOTOCIOMHBIX HAHOTPY-
0OK IMO3BOJISIET CTUMYJIMPOBATh CTPYKTYpooOpa3oBaHUE
KOMITO3ULIMI U yaydiiaTh ee (pU3UKO-TeXHUUECKHUE CBOM-
ctBa. DU3BMKO-XMMUYECKUE UCCIEAOBAHUS CTPYKTYPH MO-
IUGUIMPOBAHHOTO CMJIMKATHOTO MTOKPBITHUS TIOKA3aJId BO3-
MOXHOCTb PEeTryJIMpOBaHUsA MOPMOJOTUM KPUCTAJUIOTUI-
paTHBIX (pa3 ¥ yBeTMUYEHUST KOHTAKTHOM MOBEPXHOCTH MEX-
Iy HUMU 32 cyeT (hOPMUPOBAHUST CTPYKTYPhI MOBBIIIEHHOM
MMPOYHOCTH 1 BOJIOCTOMKOCTH.

JlobaBieHne B cocTaB KOMIMO3MIIMOHHOTO Marepuaia
YIJIEPOIHBIX HAHOCHCTEM OITHOBPEMEHHO MPUBOIUT K PO-
CTY 3HAYEeHWI TOTJIOLIEHMUSI C TOBBIIIEHUEM KOJUYECTBA
BBOJIMMBIX HAaHOTPYOOK. BBemeHue B cocTaB KOMITO3MII-
OHHOTO MaTepuaja YrJepoJHbIX HAHOTPYOOK MPUBOIUT K
YBEJIMUEHWIO 3HAYEeHUs momToleHns Ha 31% mipu 1o6aBke
YHT B Bune cycnensuit B KonudectBe 0,1% Macchl u Ha
38% mpu nobaske YHT B Bume cycrieH3uil B KOJUIECTBE
3 mac. %.

KioueBble clioBa: MHO20CA0lIHbIE YenepoOHble HAHOMPYO-
KU, Hcudkoe cmekao, nopmaanouemeHm, moouguyuposanue,
IKPAHUPOBAHUE, INCKMPOMACHUMHOE U3LYHEHUe.
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The specific resistance of the silicate coating modified
with CNTs decreases with the increase of carbon nanotubes
concentration (Fig. 1). As Fig. 1 shows, a decrease in the
specific resistance of the silicate coating should be expected
to be accompanied with a decrease of the reflectivity of the
coating for the electromagnetic radiation which will create a
shielding effect while applying the coating on the protected
surface.

The absorption of electromagnetic radiation is confirmed
with the structure of the modified silicate coating. The con-
ducted physical and chemical studies using infrared spectral
analysis, differential thermal analysis [4] and scanning elec-
tron microscopy have showed a significant change in the
structure of the composition modified with carbon nanotubes
(Fig. 2, a).

The shielding properties of CNTs are due to their good
conductivity. Modification of the silicate coating with carbon
nanotubes dispersion leads to the absorption of electromag-
netic radiation up to 38% [5]. The effective absorption ca-
pacity increases with the concentration of the conducting
nanosized filler (Fig. 2, b).

The research results can be used to create high-efficient
low-reflective radio absorbing coatings that reduce the over-
all level of the electromagnetic radiation.

Adding nanosized structures like carbon multi-walled
nanotubes to the silicate composition can induce composi-
tion structure forming and improve its physical and technical
properties. Physical and chemical studies of the structure of
the modified silicate coating have shown the possibility of
regulating the morphology of crystalline hydrate phases and
increase of the contact area between them due to forming the
structure of the increased strength and water resistance.

Adding carbon nanosystems to the composite material
increases the absorbance values with an increase of the
amount of added nanotubes. Adding carbon nanotubes to the
composite material increases the absorption value by 31%
with the addition of CNTs in the form of a suspension in the
amount of 0,1% from the weight and 38% with the addition
of CNTs in the form of a suspension in the amount of 3%
from the weight.

Keywords: multi-walled carbon nanotubes, liquid glass,
Portland cement, modifying, shielding, electromagnetic radia-
tion.
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