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Metal-containing nanocomposites containing nanoparticles of organic and inorganic materials, attract
considerable attention of specialists in recent years due to a large number of possible applications.

NiCo nanoparticles have been obtained on the surface of unoxidized and oxidized multiwall carbon nanotubes
(MWCNT) by chemical precipitation of the corresponding carbonates from a solution of hydrazine hydrate at a
temperature of 350 K. Oxidation of MWCNT was carried out in a solution of potassium dichromate and sulfuric acid.

The purpose of this work is to synthesize composites of MWCNT/NiCo and to find differences in their
electrophysical properties dependent on the nature of the MWCNT surface.

The transmission electron microscopic and radiographic studies showed the presence of phases composites with
the size of crystallites of 20-30 nm. The packing density of agglomerates of metal particles is higher in composites
with unoxidized MWCNT. The metal particles are arranged on the surface of MWCNT more evenly and in shape
more close to spherical in composites with oxidized MWCNT.

The method of thermogravimetric analysis shows that the process of composites oxidation during heating for a
composite containing oxidized MWCNT is more intense. It indicates a smaller particle size of metals.

The real and imaginary components of the complex dielectric and magnetic permeabilities of the disperse
composites was determined by the methods of ultrahigh-frequency interferometry. The corresponding values are
somewhat higher for composites containing oxidized MWCNT in the ultrahigh-frequency range. The values of
imaginary magnetic permeability are higher by 18 % for unoxidized MWCNT composites at low frequencies. The
electrical conductivity at low frequencies is 2.9 and 1.6 Ohm™"-cm™ for composites containing unoxidized and
oxidized MWCNTs, respectively.

Keywords: multiwall carbon nanotubes, nanocomposites, complex dielectric and magnetic permeability,
ultrahigh-frequency range

INTRODUCTION polymers, graphite-derived materials) matrices
[1,5, 11, 12].

Multiwall carbon nanotubes (MWCNT) have
become widespread as component parts in
nanocomposites, since they have unique
mechanical, thermal and electrophysical
properties. MWCNTSs can be used for microwave
absorption of electromagnetic radiation due to
high conductivity, porous and multilayer
structure, a large specific surface area and a
significant ratio of length/diameter, etc. [13].

The importance of finding new methods for
obtaining and researching composites is due to
their multifunctionality, capability to combine
the properties of individual materials in one
[3, 14]. Most often, bimetallic NPs are obtained
at the same time as the restoration of two metal
ions under conditions of stabilization of the
chemical composition, size, and shape of
particles. NPs have different forms, they exist in
the form of alloys or contact agglomerates, such
as kernel-shell, etc.

Metal-containing nanocomposites containing
nanoparticles (NP) of organic and inorganic
materials attract considerable attention of
specialists in recent years [1, 2] due to a large
number of possible applications [3]. Promising
areas for the introduction of such structures are
catalysis and electrocatalysis [4,5]. In
electronics, such composites are used as
electrode materials for solar and fuel cells [6, 7],
electric and biosensors [8,9], as well as
anticorrosion coatings and much more. They
acquire the best catalytic, thermal, optical,
electrical, and magnetic properties in comparison
with monometallic and bimetallic particles
without the presence of a matrix. Consequently,
the presence of a matrix not only plays the role
of a substrate, but is a functionally active
element [10]. Composites are obtained on the
surface of various inorganic (kaolin, zeolites and
zirconium) and organic (artificial and natural
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The purpose of this work is to synthesize
composites of MWOCNT/NiCo and to find
differences in their electrophysical properties
dependent on the nature of the MWCNT surface.

MATERIALS AND METHODS

The MWCNT was manufactured by the
CVD method at the factory «TM Spetsmash»
according to TU-U 03291669-009:2009. The
NiCo particles were obtained by chemical
precipitation of nickel and cobalt carbonate from
a solution of hydrazine dihydrate [15] at the
temperature of 350 K. Oxidation of MWCNT
was carried out in a solution of ammonium of
potassium dichromate and sulfuric acid [13]. For
the synthesis of MWCNT/NiCo composites, the
technique was modified: co-precipitation of a
solution of carbonates and a suspension of
nanotubes at a boiling point of hydrazine hydrate
at a mass ratio of components of 8:1. The
addition of KOH in a suspension of nanotubes
created appropriate conditions for the synthesis
of metal particles. By adding MWCNT centers
of crystallization are created, stabilizing the size
and chemical composition of nanoparticles.

Two different types of MWCNT/NiCo
composites were synthesized: with unoxidized
and oxidized multiwall carbon nanotubes.

Before synthesis, the MWCNT suspension
was pre-treated with an ultrasound disperser.

X-ray diffraction analysis was performed by
powder diffractometry on a DRON-4-07
diffractometer while the emission of an anode
line CoK, with a nickel filter in the reflected
beam at the geometry of the Breguet-Bretagne
shooting. The morphology of the specimens was
studied using a JEOL JEM-1230 transmitted
electron microscope.

Fig. 1.
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Investigation of the real (¢) and the
imaginary (&") components of the complex
dielectric permittivity of composites was made in
ultra-high frequency (UHF) ranging 8-12 GHz
and using an interferometer RFK-18 which was
based on measuring the phase difference.
Standing wave ratio and the weakening of P2-60
by the no-electrode method. And the
conductivity was found at low frequencies of
0.1, 1 and 10 kHz with two-contact method using
an immittance meter E7-14 [17]. The relative
error of €', €”, o, W', u” did not exceed = 5 %.

The  thermogravimetric = measurements,
namely mass loss (TG) and differential thermal
analysis (DTA), were performed using a
Derivatograph Q-1500 D (Hungary) device in a
static air atmosphere. A sample weighing
100 mg was heated in a ceramic crucible from
room temperature to 1250 K at the rate of
10 K/min.

EXPERIMENTAL RESULTS AND
DISCUSSION

Transmission electron microscopy was used
to study the size and shape of composites.

It is shown that there are metal particles with
the size of ~20-220 nm (Fig. 1) on the MWCNT
surface; in more detailed images on nanotubes,
metal particles of 20 nm can be observed.
Probably large particles are agglomerates
consisting of small ones [16]. In composites with
non-oxidized MWCNT, the density of packaging
of agglomerates of metal particles is higher, in
composites with oxidized MWCNT, particles are
arranged on the surface of MWCNT more evenly
and differ in shape more closely related to the
spherical one.

TEM images of of MWCNT/NiCo composites with unoxidized (@) and oxidized (b) nanotubes



O.M. Lisova, S.M. Makhno, G.M. Gunya, P.P. Gorbyk

The results of the X-ray diffraction (Fig. 2)
indicate the presence of MWCNT, nickel, and
cobalt phases as well as the absence of reflexes
of incoming carbonates. Low intensity peak at
30.4° indicates the presence of nanotubes [18].
Particles of nickel may correspond to peaks of
44.9° — octahedral (111), 52.2 and 91.8° — cubic

the peaks of 52.2° and 91.8° may indicate the
presence of bimetallic Ni-Co particles with cubic
crystal lattice (200) [16]. The average crystallite
size calculated by Scherrer’s equation is 21 and
25 nm for oxidized and unoxidized MWCNTs,
respectively. The intensity of the peaks relative
to the metals is somewhat higher for unoxidized

systems. nanotubes, which also indicates a larger
The cobalt crystalline lattice of a cubic crystallite size.
system correspond to peaks of 52.2° (111); 61.2° The electrophysical characteristics are
(200); 91.8° (220); hexagonal — 55.9° (101). So presented in the Table.
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Fig. 2. The composites diffraction of MWNT/NiCo: unoxidized MWCNT (/), oxidized MWCNT (2)
Table. The electrophysical characteristics of MWCNT/NiCo composites
On frequency 8 GHz On frequency 1 kHz
Dielectric Magnetic Specific electrical Magnetic
permittivity permeability conductivity o, permeability
Ohm'em™ . "
s! s" u' u!l ll' ”’
Unoxidized 7.3 6.4 2.6 22 29 25.3 0.33
MWCNT/NiCo
Oxidized 7.6 6.9 32 2.6 1.6 252 0.27
MWCNT/NiCo

The value of electrical conductivity of
composites with oxidized MWCNT at 1 kHz is
lower in comparison with those of samples with
unoxidized MWCNT, but it has better magnetic
losses at microwave range. At low frequencies,
the level of magnetic losses is somewhat lower
for composites containing oxidized MWCNT,
which is obviously due to the smaller size of
metal nanoparticles. The electrophysical
characteristics  of  the  systems  under
consideration do not depend on the frequency

364

within the limits of the error, in the frequency
range of 0.1-10 kHz.

A thermogravimetric analysis method (TGA)
was used to investigate the properties of
composites (Fig. 3).

As see on TGA data (Fig. 3 ) the oxidation
process during heating of composite containing
oxidized MWCNT is more intense, this is
probably due to the smaller size of metal
particles. The oxidation process of this system
begins and ends at lower temperatures. From
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[17] it is known that the process of oxidation of
nanotubes takes place in the temperature range
of 450-900 °C, these limits can differ + 30 °C as
dependent on the type of nanotubes and the
method of their obtaining. Consequently, a sharp
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decrease from 470 to 600 °C for both composites
(Fig. 3 @) on the mass loss curve (TG) can be
explained by the oxidation of nanotubes, after

600°C the metal oxidation  process
predominates.
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Fig.3. TG (a) and TGA (b)) MWCNT/NiCo composites: unoxidized MWCNT (/), oxidized MWCNT (2) as

function of temperature

CONCLUSIONS

NiCo nanoparticles were obtained on the
surface of unoxidized and oxidized multiwall
carbon nanotubes (MWCNT) by chemical
precipitation of the corresponding carbonates
from a solution of hydrazine hydrate The
transmithion  electron = microscopic ~ and
radiographic studies have shown the presence of
phases composites with the size of crystallites of
20-30 nm, the large particles are agglomerates
consisting of small ones. The packing density of
agglomerates of metal particles is higher in
composites with unoxidized MWCNT. The
metal particles are arranged on the surface of
MWCNT more evenly and in shape more close
to spherical in composites with oxidized
MWCNT.
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The real and imaginary components of the
complex dielectric and magnetic permeabilities
of the disperse composites was determined by
the methods of ultrahigh-frequency
interferometry. The corresponding values are
somewhat higher for composites containing
oxidized MWCNT in the ultrahigh-frequency
range. At low frequencies, the level of magnetic
losses is somewhat lower for composites
containing oxidized MWCNT, which is
obviously due to the smaller size of metal
nanoparticles.

The method of thermogravimetric analysis
shows that the process of composites oxidation
during heating for a composite containing
oxidized MWCNT is more intense. It indicates a
smaller particle size of metals.
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Enexrpodiznuni BaacTuBocti komno3uris ByrJenesi HaHoTtpyOku/ NiCo
O.M. JlicoBa, C.M. Maxno, I'.M. I'yus, ILIL I'opOux

Tuemumym ximii nogepxui in. O.0. Yyuxa Hayionanvhoi akademii Hayk Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, oksana.garkusha@gmail.com

Ooepacano Hanoyacmuuku NiCo Ha nosepXHi HEOKUCHEHUX mda OKUCHEeHUX 0azamouaposux ey2neyesux
nanompyook (BBHT) memoodom XimiuH020 0caddiceHHs 8i0n0GiOHUX KapboHamié 3 po3yuny ciopazunciopamy, 3a
memnepamypu tioeo kuninua. Oxucnenns BBHT npogoounu é po3uuni Oixpomamy Kaniito ma cipyauoi KUciomu.

Memorw pobomu € cunmes xomnoszumie BBHT/NiCo ma ecmarnoénieHHsi 8iOMIHHOCMEU iX eneKmpo@izuthux
enacmusocmell 8 3anedicHocmi 8i0 npupoou nogepxui bBHT.

IIposedeni enekmpoHHO-MIKPOCKONIYHI MA PeHmeeHo2pAPiuHi O0CHIONCeHHsT NOKA3AAU NPUCYmHuicmos as
KOMNO3UMi6 HAHOMEmMpPOo8020 po3mipy 3 poamipom kpucmanimie 20-30 um. B komnozumax 3 neokucnenumu BBHT,
WINbHICMb YNAKOBKU A2IOMepamie Memanesux 4acmuHoK euwd, 6 Komnosumax 3 okucHenumu BBHT uwacmunxu
posmauiogari no nogepxui BBHT pignomipuiwie i 6i0pizHsaomucs popmoro, 0inbut O1U3bK010 00 ChepuyHoi.

Memoodom OugepenyianbHo-mepmMiuHO20 AHANIZY NOKA3AHO, WO Ol KOMNO3UMA, SKUL MICMUmMb OKUCHEHI
BbBHT, npoyec OKucHenHs KOMNO3umieé npu HazpieanHi 8i00yeacmuvcs OLIbUL THMEHCUBHO, WO MAKONC 8KA3YE HA
MeHwull po3mip yacmunok memanig. Memodamu Hadsucoxkouacmommuoi inmepgepomempii usHauweno OilicHi ma
VABHI CKIA008i KOMNIEKCHUX OleleKMpUu4Hoi ma MAcHIimHOI NpoHUKHOCMeU OucnepcHux komnozumie. [lna
Komno3zumis, wo micmame okucueni BBHT, 6i0nogioni 3muauenHns € Oewo SUWUMU 6 HAOBUCOKOUACHOMHOMY
dianaszoni. Ha HU3bKUX 4acmomax 3HavenHs YA6HOi MAZHIMHOI npoHuKHOCcmi € euwumu Ha 18 % 015t KOMRO3UMIa 3
neoxucnenumu BBHT, a enexkmponpogionocmi oopisniooms 2.9 ma 1.6 Ov e onsn komnosumis, wo micmamo
Heokucheni ma oxucteni BBHT 6i0nogiono. Biominnicme xapakmepucmux modxce 6ymu nog si3ana 3 000amKoso
0bpoobrorw BBHT i nasguicmio 3HauHOl KitbKocmi QQYHKYIOHANbHUX 36 '3Ki6 HA NOBEPXHI.

Knrwowuosi cnosa: bazamowaposi eyzneyegi HAHOMPYOKU, HAHOKOMROZUMU, KOMNJIEKCHI Oielekmpudna ma
MAZHIMHA NPOHUKHOCMI, HA0BUCOKOUACMOMHULL OIANA30H

JIeKTpO(pu3nyecKkne CBOMCTBA KOMIO3UTOB yriiepoaHbie HaHOTPYOku/NiCo
O.M. JIucora, C.H. Maxno, I'.M. I'yns, IL.IL. I'opOux

Hnemumym xumuu nosepxnocmu um. A.A. Yyuxa Hayuonanvroti akademuu Hayk Ykpaursl
yi. I'enepana Haymosa, 17, Kues, 03164, Ykpauna, oksana.garkusha@gmail.com

Hanouacmuysr NiCo Ovbinu nonyueHvl HA NOBEPXHOCINU HEOKUCTEHHbIX U OKUCIEHHbIX MHO20CIOUHbBIX
yenepoouvix Hanompyoox (MYHT) memoOoom Xumuueckozo O0cajicoeHus CcOOMEemCcmeyiowux Kapoonamos us
pacmeopa eudpazuneuopama, npu memnepamype e2o kunenusi. Oxucnenue MYHT npoeodunu 6 pacmeope
ouxpomama Kaus u CepHoOll KUCIOMBbI.

Lenv pabomut — cunmesuposame komnosumoel MYHT/NiCo u ebisigums omauyus 08yX CUCMeM 6 3a8UCUMOCIU
om npupoodsi nogepxrocmu MYHT.

Ilpogedennvie  31eKMPOHHO-MUKPOCKONUYECKUE U peHmeeHozpaguueckue  UCCIe008aHUus  NOKA3AMU
npucymcemeue (paz KOMNo3umos HaAHOMempo8o2o pasmepa ¢ pazmepom kpucmaniumog 20-30 um. B komnosumax c
neokucaennoimu MYHT, niomnocmv Yynakosku aciomepamos Memaiiudeckux yYacmuy evluie, 8 KOMNO3UMAX C
oxucnennou MYHT uacmuywr pacnonosicenvt no nosepxnocmu MYHT pasnomepuee u omauuaiomesi gpopmoti, 6onee
61u3KoU K chepuueckoll.

Memooom OugppepenyuanbHo-mepmuuecko2o anaIusa NoKA3aHo, Ymo OJisi KOMNO3UMA, KOMOPbLL COOePHCUM
oxucnennvie MYHT, npoyecc oxucienuss KOMRO3UMOE NPU HASPESAHUU NPOUCXOOUm Oofee UHMEHCUBHO, YMO
Makdice  YKA3bleaem HA  MEHbWUN  pasmep  Hacmuy —Memannos. Memooamu  c8epxeblcoKOUACMOMHOU
unmepgepomempuu onpeoeneHvl OeuCmeumenbHvle U MHUMbIE COCMABIAIOUUE KOMNIEKCHbIX OUDIEKMPUUECKOU U
MAZHUMHOU NPOHUYAeMocmell OUCNEPCHbIX KOMNO3umos. s komnozumos, cooepocaugux oxuciennvle MYHT,
coomeemcmayrouue 3HA4eHUsT HeCKONbKO BblUe 6 CB8epX8blcOKOUACmomHoM ouanasone. Ha mnuskux wacmomax
3HQUeHUe MHUMOU MAZHUMHOU npoxuyaemocmu eviute Ha 18 % 0na xomnozumos ¢ neoxucnewnoimu MYHT, a
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-1l
anekmponposooHocmu pasnvt 2.9 u 1.6 Om -cm ' 01 KOMRO3UMO8, COOEPHCAUUX HEOKUCIeHHble U OKUCTIeHHble
MYHT coomeemcmeenno. Omauyue xapakmepucmux Modicem Oblimb CEA3aHO C OONOIHUMENbHOU 00pabomKou
MYHT u nanuyuem 3nauumenbHO20 KOAUHECMEad (YHKYUOHALbHBIX CE513ell HaA NOBEPXHOCHIU.

Knrwuesvie cnosa: muozocnoiinvie yzzzepodﬂbze Haﬂompy6i<u, HAHOKOMNO3umasl, KOMNJI1EKCHble Ouaﬂekmpuuecmzﬂ
U macHumuas nposuyaemocmu, C@epx@blCOKOll(lCWIOmell/‘i ouanasou
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