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The efficiency of carbon nanotubes produced by CVD-method on a nickel catalyst at a protection from
microwave radiation is shown. These data are confirmed by scanning electron microscopy, energy disper-
sive X-ray analysis and spectral analysis of the microwave radiation in the frequency range 26-40 GHz.
The observed value of the transmission coefficient S21, up to —42.7 dB, is in agreement with considered
possible absorption mechanisms of electromagnetic wave energy in carbon nanoscale systems “CNT-nickel
nanoparticles”. The application of carbon powder materials in shielding of electromagnetic radiation has

been theoretically justified.

Keywords: Carbon nanotubes, Nickel catalyst, Electromagnetic radiation, Scanning electron microscopy,
Energy dispersive X-ray analysis, Transmission coefficient.

1. INTRODUCTION

Constant broadening of telecommunication market
led to the appearance of great number of radio-
frequency systems, made the problem of electromagnet-
ic protection acute, required the generation of broad-
band absorbing materials. Composites on the basis of
carbon nanotubes (CNTs) that feature the high aspect
ratio of length to width, electroconductivity, are prom-
ising for the creation of microwave radiation absorbers
even at a low concentration of CNTs. Absorption at
CNTs composites with a weight concentration of 35 %
with a 1 S/m conductivity amounts to the level compa-
rable with products on the basis of carbon soot with a
concentration of 20 % [1], which is explained in [2] by
the characteristic of CNTs value of [/ d ~ 103.

2. EXPERIMENTAL SECTION

Carbon nanotubes were grown by catalytic pyrolysis
of carbon hydrogen gas (CVD). As a source ethanol was
used heated to 46 °C at a pressure of 15 kPa. Magnetic
nanoparticles of nickel (with size of not more than
200 nm, as seen from Fig. 1) produced by sol-gel tech-
nique that were as catalysts were put onto single-
crystal silicon substrate.

Fig. 1 — Electron microscopic image of nickel catalyst (amplifi-
cation 75000x)
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Fig. 2 — Electron microscopic image of carbon nanotubes
(amplification 150000x)

Synthesis was conducted at a temperature of 600 °C.
Minimum diameter of synthesized CNTs was found equal
to 20 nm (Fig. 2). Surface morphology and the composition
of the samples studied were determined with scanning
electron microscope (SEM) JEOL JSM6610LV (W-
cathode) and energy dispersive X-ray analyzer (X-Max
Silicon Drift Detector Oxford Instruments) (Fig. 3).
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Fig. 3 — Carbon (black line) and nickel (grey line) profiles ac-
cording to energy dispersive analysis data

Microwave absorption was investigated with Ag-
ilent's N5230A PNA-L microwave vector network ana-
lyzer over the range 26-40 GHz at a passage through
powder samples of CNTs. S-parameters were obtained
at input and output of a two-port as coefficients of re-
flection (CR) and transmission (CT) S21 (Fig. 4). The
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shape of the transmission coefficient curve is character-
istic of broad-band absorbers since at CR
S11 =1 dB+2 dB the maximum value of S21 is lower
than — 25 dB, which means the wave attenuation of
more than 300 times, and the transmitted radiation is
only 0.3 %.

3. RESULTS AND DISCUSSION

Such absorption is due to the appearance of conduc-
tion currents in medium. High conductivity of material
leads to the monotonic absorption of electromagnetic
(EM) radiation. At such interaction of nanoparticles
with field Joules heat is released whose specific power
@ =j E, where j, E are the density of eddy currents and
rigidity coefficient, respectively, in the wire. At interac-
tion of CNTs-composites with microwave radiation it
should be, obviously, taken into account natural fre-
quencies due to the fact that nanoparticles have electric
or magnetic dipole moments [3]. When these frequen-
cies coincide with microwave frequency the absorption
by CNTs arrays becomes resonant in character with
reasonably high absorption coefficient (up to 40 dB).
Natural frequencies of CNTs in analogy with elastic
system may be calculated from equation.
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where y— rigidity constant, m — CNTs mass.

Unlike [4] under these conditions there are no mul-
tiple reflections in the system «CNTs-nickel nanoparti-
cle», as it follows from plot (Fig. 4). This is probably due
to firstly, great distances between nickel nanoparticles
and secondly, the fact that CNT radius is considerably
lower than the skin-layer &= (#féo)~2,where
f— microwave frequency, &= uopx— permeability,
o— electroconductivity. The maximum values on the
curve (Fig. 4) likely stem from the excitation of surface
currents, which is accompanied by the reduction of EM
radiation owing to the Joules heat.

In doing so, the maximum attenuation of EM radia-
tion is determined by the minimum transmission coeffi-
cient, which at 34.84 amounts to — 37.37dB, and at
29.64 GHz — 42.70 dB and is of clearly resonant charac-
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ter. Equiphase condition of distribution profiles (Fig. 3) is
indicative of the link between magnetic nanoparticles and
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Fig. 4 - Amplitude-frequency characteristic of transmission
coefficient S21 of carbon nanotubes obtained by CVD-
technique on nickel catalyst (scale from — 5 to — 45 dB)

nanotubes, which favors the elastic scattering of electro-
magnetic energy. When these particles interact with the
field of EM wave, ponderomotive forces originate. The
forces cause vibrations due to the elastic properties of
nanotubes with the frequency according to formula (1).
Typical rigidity coefficient of nanotubes, as a rule, is be-
tween 100 and 1000 [5], and the center of mass of the
system “CNTs-nuckel nanoparticle” is shifted clearly be-
cause of grater nickel density. Predicted size of carbon
nanotubes determined by the minimum frequency is
equal to 3.13 um, which is in accord with typical relation
[/ d of CNTs that lies within 100-1000.

4. CONCLUSIONS

Thus, the analysis conducted has revealed high ab-
sorption capability to the microwave radiation of the sys-
tem “CNT- nickel nanoparticle” due to both high conduc-
tivity and the aspect ratio characteristic of CNTs. This is
responsible for the action of two mechanisms concurrent-
ly: elastic resonant of the whole system and electromag-
netic absorption because of nanoparticle electric or mag-
netic dipole moments.
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