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Abstract. Electrical conductivity, dielectric permittivity and dielectric losses of a novel na-
nocomposite material obtained by the infiltration of an asbestos matrix with Rochelle salt were
studied in the frequency range 100 Hz — 100 kHz. A low-temperature shift of the Curie point

T, of the “guest” substance’s upper ferroelectric transition due to the influence of confined
geometry was observed.
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Annoramua. B nnanazone yactor 100 I'm — 100 xI'u mccaenoBaHbl 371€KTPONPOBOAHOCTD,
JNIUBJIEKTPUYECKAS TPOHULIAEMOCTb U IMBJIEKTPUYECKUE TOTEPU HOBOTO HAHOKOMITO3ULIMOHHOTO
MaTepuasia, IOJYYeHHOTO BBEACHUEM CErHETOBOW coiu B MaTpully acbecta. OOHapyxeH

HU3KOTEMIIEPATYPHbIi CABUT BepxHeld Touku Kiopu 7. CErHETOR/MEKTPUYECKOrO Mepexoaa
BEIlIeCTBA-«TOCTSI», OOYCIOBJIEHHBI OTPAHUYEHHOU TeOMETpHUEii.

KnoueBbie cyioBa: cerHeToBa COJIb, TOYKa KIOpI/I, aC6€CT, MaTpUYHbIE HAHOKOMITO3UThI
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Introduction

The idea of using nanoporous “host” matrices (examples include opal, zeolite, and asbestos,
etc.) for fabricating three-dimensional superlattices from nanoparticles of “guest” substances
within the regular systems of calibrated voids and channels of these dielectric “host” matrices was
proposed at the end of the twentieth century [1, 2].

One of the interesting applications of regular porous dielectric matrices is their use in the creation
of quantum confined nanocomposite ferroelectric materials in order to study confined geometry
effects. A theoretical explanation of the Curie point 7. shift towards lower temperatures [3] is
based on Landau phenomenological theory. This low-temperature shift of the 7. value has been
frequently observed in experiments with ferroelectric nanoparticles in porous matrices [4—S8].
However, in some cases [9, 10] a T value shift towards higher temperatures is also possible in
systems of ferroelectric nanoparticles in “host” porous matrices, compared with the temperature
of the phase transition in a bulk “guest” substance.

The aim of this study was to determine experimentally the dielectric properties of the well-
researched ferroelectric substance [11—18], i. e. Rochelle salt (KNaC,H,O.x4H,0, hereinafter
referred to as RS) embedded into a chrysotile-asbestos matrix near the upper ferroelectric Curie
point (7., = 297 K for the bulk RS material). Chrysotile-asbestos (Mg,Si,0,(OH),, magnesium
hydrosilicate) consists of fibers formed from twisted MgO and SiO, layers and contains parallel
channels (tubes) with an internal diameter of ~ 5 nm (Fig. 1). This nanoporous “host” matrix was
successfully used earlier for fabrication different nanocomposites [19, 20].

Fig. 1. Structure of asbestos porous dielectric matrix [20]

Materials and Methods

The Rochelle salt was embedded into asbestos matrix from a saturated aqueous solution at
room temperature (mass concentration of the initial supersaturated solution was 1500 g/L at
T = 303 K); the RS / asbestos nanocomposite sample was then washed with distilled water.
Then the sample was dried at 7= 300 K, and the procedure was repeated to increase the pore
filling factor. After applying graphite contacts to the sample surfaces, it was clamped between
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two copper electrodes (their sizes were 2mmx>2mm) of the measuring cell. The thickness of the
asbestos fiber bundle was about 1 mm. For control, similar measurements were also carried out
on a bulk Rochelle salt, as well as on the asbestos “host” matrix. Temperature dependences of
the nanocomposite electrophysical characteristics (dielectric permittivity, dielectric losses and
electric conductivity) were studied using a high-precision RLC-meter MS5308 at frequencies of
100 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz. The error bars did not exceed 5%. The temperature
was measured on one of the electrodes using a two-channel thermometer GM 1312 (instrument
accuracy 0.1 K).

Results and Discussion

The temperature dependences of dielectric permittivity &' for the initial asbestos matrix
(curve ), for the bulk ferroelectric (curve 2) and for the RS / asbestos nanocomposite (curve 3)
are presented in Fig. 2.

It is easy to see that due to the confined geometry there is a noticeable shift of 7. (AT = 3 K)
towards lower temperatures. This shift value is smaller than the low-temperature shift of 7.
(AT = 5 K) observed earlier [7] in the RS / zeolite nanocomposite since the diameters of the
channels in asbestos (~ 5 nm) are larger than the diameters of the pores in NaA zeolite crystal
(~ 1 nm). It should be also noted that the initial asbestos matrix has a much smaller &' value (&' = 6
at 100 Hz) without any observable temperature dependence in the studied temperature range.
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Fig. 2. Temperature dependences of the dielectric permittivity for the asbestos “host” matrix (curve 1),
for the bulk Rochelle salt “guest” substance (curve 2), and for the RS / asbestos composite (curve 3)
at a frequency of f= 100 Hz

Arrhenius temperature dependence of the electrical conductivity for the RS / asbestos
nanocomposite is presented in Fig. 3. One can see that the curve has a kink near the temperature
T. = 294 K of the ferroelectric-paraelectric phase transition in composite. The composite’s
electrical conductivity as well as the conductivity activation energy value £ = (0.56 = 0.02) eV
in the paraelectric phase are higher than those for the initial asbestos matrix, where Arrhenius
plot with very small activation energy (~ 0.04 eV) is monotonic without any features in the

temperature region under study [21].
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Fig. 3. Arrhenius temperature dependence of the electrical conductivity for the RS / asbestos
nanocomposite at a frequency of f= 100 Hz
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Figure 4 shows the frequency dependences of dielectric losses tgd for the initial asbestos “host”
matrix (curve /) as well as for the RS /asbestos nanocomposite (curve 2). In both cases, it is
possible to observe a power-law dependence of dielectric losses tgd on frequency f (tgd ~ f ),
where the exponent is n = 0.07 for the initial asbestos “host” matrix and » = 0.20 for the
RS / asbestos nanocomposite. Thus, both graphs display a smooth decrease of dielectric losses
with frequency without any extremes in the studied frequency range from 100 Hz to 100 kHz
which is typical for many dielectrics.
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Fig. 4. Frequency dependences of dielectric losses for the asbestos “host” matrix (curve /)
and for the RS / asbestos nanocomposite (curve 2) at a temperature of 7= 295 K

Conclusion

The novel nanocomposite ferroelectric / asbestos material obtained by the infiltration of a
chrysotile-asbestos “host” matrix with a Rochelle salt “guest” substance demonstrates a shift of the
Rochelle salt’s upper ferroelectric transition Curie point 7. by ~ 3 K towards lower temperatures,
compared with the temperature of the phase transition in a bulk ferroelectric. This shift value
is smaller than the low-temperature shift of 7. observed earlier in the ferroelectric / zeolite
nanocomposite since the diameters of the asbestos channels are larger than the diameters of the
zeolite pores.
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