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EFFECT OF ULTRASONIC TREATMENT ON PERMITTIVITY
OF COMPOSITES BASED ON MULTIWALL CARBON NANOTUBES

Dotsenko O. A., Kachusova A. O.
Tomsk State University
36, Lenina Ave., Tomsk,
634050, Russian Federation,
Tel. (3822) 413-989, e-mail: dot_ol_09@rambler.ru

Abstract — In this paper, microwave properties of multiwall carbon nanotubes composites are presented. Before polymerization
the composites were treatment by ultrasonic. The multiwall carbon nanotubes used in the composite were about 9.4 nm in diameter.
The results showed that the ultrasonic treatment increases real and imaginary permittivity of the composites.

BNMUAHUE YNbTPA3BYKOBOWU OEPABOTKN HA AN3NEKTPUYECKYIO
NMPOHULAEMOCTb KOMIMNO3UTOB HA OCHOBE MHOIOCTEHHbIX
YIMEPOAHbIX HAHOTPYBOK

Oouenko O. A., Kauycosa A. O.
Tomckul 2ocy@apcmeeHHbili yHugepcumem
np. JleHuHa, 36, 2. Tomck, 634050 Poccusi
Tel. (3822) 413-989, e-mail: dot_ol_09@rambler.ru

AHHOmMayusi — B pa60Te npeactaeneHbl pe3ynbTathbl NCClegoBaHUA MUKPOBOJTHOBBLIX CBOWCTB KOMMO3WUTOB HA OCHOBE MHOrO-
CTEeHHbIX YrnepoaHbIX HaHOpr6OK. MoaroTtoBneHHass cMecb Obina o6pa60TaHa ynbTpa3ByKoOM nepen nonumepusauven. [uametp
HaHOprGOK, ncnosnb3dyeMblX Mpu N3rotoBreHnn KOMNO3NTOB, paBeH 9.4 HM. Pe3yJ'IbTaTbI NOKa3blBaAOT, YTO YyIbTpa3ByKOBasA 06pa60TKa
yBenuynBaeT BeleCTBEeHHY 1 MHUMYIO YacCTu LWISJ'IeKTpVNeCKOIZ npoHUUaemMoCTun.

l. Introduction

Composite materials are used for production of ra-
dio-technical matters and devices. They require different
fillers with certain electrodynamics characteristics, in
particular, with the maximum level of magnetic losses in
the microwave. [1, 2]

The multiwall carbon nanotubes have the unique
mechanical and electrical properties, high aspect ratio
and large surface area. It is reason, that multiwall carbon
nanotubes have application in various fields of sciences
and industries. [1-4]

Application of nanotubes as independent materials is
difficult, they possess of volatility and low bulk density.
For this reason, nanotubes are used as filler in the man-
ufacture composite [3-5], which can be used to solve
problems of electromagnetic compatibility.

Methods of changes of electrophysical properties of
composite materials of external influences on their struc-
ture are investigated insufficiently. One way to change
the internal structure of composite materials is ultrasonic
trearment. [6,7].

In this paper, microwave properties of multiwall car-
bon nanotubes composites are investigated. Before
polymerization the composites were treatment by ultra-
sonic.

Il. Main Part

The fillers of composites were multi-walled carbon
nanotubes (MWCNT). MWCNT were obtained by cata-
lytic gas-phase deposition of ethylene in the presence of
FeCo/Al,O3 catalyst in Institute of Catalysis SB RAS [8].
The average nanotubes diameter is 9.4 nm, length > 15
um, purity > 97.5%.

Urethane alkyd lacquer was used for production of
experimental samples. In the liquid state it has small vis-
cosity. It allows fillers to move easily. For production of
mix for experimental samples 1 wt.% of MWCNT was

added to 99 wt.% of lacquer. The mixture was placed in
a glass beaker. The mixture was sonicated by ultrasonic
device “Alena” (Fig. 1). Probe was inserting into a glass
beaker with mixture. The mixture was sonicated for 1, 2,
3, 4 and 5 minutes at 50 VA power. Mixtures were mold-
ed into a planar plate, which size is 70x20x0.5 mm?®.
Process of polymerization was carried out for 48 h at the
room temperature.

Fig. 1. Experimental ultrasonic system to dispersing
MWCNT.

Puc. 1. OSkcnepumeHmarnsHas yrnbmpasgykosas
cucmema 0ns1 ducnepeupogaHuss MYHT

The real and imaginary permittivities were measured
by cavity method. Agilent's E8363B vector network ana-
lyzer was used to measure of electromagnetic response
of the rectangular cavity. The sample for measuring was
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a long and thin rod with sizes 2x2x70 mm. Complex
permittivity were calculated using the approximation of
the perturbation method. Measurements were made at
temperature of 24 £ 1 °C.

The complex permittivities of experimental samples
were measured at 3.6, 7.0 and 13.0 GHz. They are
shown on Fig. 2 and Fig. 3.

® 36GHz
® 7.0GHz
A 130GHz

Real permittivity, rel.un.

0 T T T
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Time, min

Fig. 2. Dependence of real permittivity of the time
of ultrasonic treatment.

Puc. 2. 3asucumocmsb delicmeumernibHOU Yyacmu
Quanekmpuy4eckol MPoHUyaeMocmu om epemMeHuU
ynbmpa3seykoeol obpabomku
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Fig. 3. Dependence of imaginary permittivity of the time
of ultrasonic treatment.

Puc. 3. 3asucumocms MHUMOU Yyacmu
Ouanekmpuyeckol MpoHUUaeMocmu om epemMeHu
ynbmpa3ssykogol obpabomku

Ill. Discussion

Urethane alkyd lacquer is has values of real permit-
tivity nearly 4 rel.un. at the frequency range 3-13 GHz.
From Fig. 2 we can see, that adding nanotubes of 1
wt.% to the lacquer have increased values of the permit-
tivity from 5 till 8 rel.un. at different frequencies. Values
of permittivity have changed by ultrasonic irradiation.
There is a maximum permittivity values. It is at 3 min of
ultrasonic treatment for different frequencies.

Ultrasonic irradiation destructed agglomerates of
nanotubes, adhesive material wetted entire surface and
agglomerates uniformly distributed throughout the volume

of composite. Decrease of permittivity, when we have time
of processing more than 3 minutes, may be caused by the
destruction of the nanotubes under the action of ultrasonic
irradiation. This is in agreement with the previous observa-
tion Fromyr at al. [6] and Canebaatal. [7]

IV. Conclusion

In this paper we investigated of MWCNT composite
materials after ultrasonic treatment. It is shown that op-
timal ultrasonic processing time was 3 minute, when real
and imaginary permittivity increased twice or more. Thus
we can change the structure and electromagnetic char-
acteristics of MWCNT composite materials without
changing the concentration of the fillers.

These materials can be used to developing new ra-
dio equipment.
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