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Abstract. Lead-free ceramics Lij15NagogsNbO; are synthesised using a conven-
tional solid-state process. A single-phase perovskite ceramic structure is identified
with an X-ray powder diffraction technique. An energy-dispersive X-ray spectros-
copy analysis performed for individual grains of our sample shows a fairly homoge-
neous distribution of all the elements throughout the grains. The dielectric permittiv-
ity ¢ and the loss tangent tand are measured under uniaxial pressure. With increasing
pressure, the peak in the &7) curve decreases, becomes diffused, and finally shifts
towards lower temperatures 7. The value tand increases with increasing uniaxial
pressure, while its local maximum also shifts towards lower temperatures.
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1. Introduction

A sodium-lithium niobate solid solution is based on a mixture of NaNbO; and LiNbOs. The so-
dium niobate (NN) has a perovskite-type structure and represents one of the best-investigated
materials of all the niobates [1-3]. It is antiferroelectric at the temperatures ranging from 233 to
644 K, with an orthorhombic structure in a rhombic orientation. The NN belongs to a ferroelectric
state with a rhombohedral structure below 233 K. An orthorhombic symmetry in a parallel orienta-
tion is observed for this compound at 644-848 K and it becomes cubic above 914 K. From the
structural point of view, the pure NN undergoes six different phase transitions at the temperatures
233, 644, 753, 793, 848 and 914 K (see [2—4]). Finally, an antiferroelectric-to-paraelectric phase
transition takes place at 644 K [4-9].

A polycrystalline lithium niobate (LN) belongs to ilmenite-type materials. LiINbO; possesses
ferroelectric properties and undergoes a ferroelectric-to-paraelectric phase transition at the tem-
perature of about 1402 K, becoming cubic at this point. At the room temperature it belongs to a
rhombohedral system [10]. Because of its good optical and piezoelectric properties, the LN has
found wide applications in electronics and nonlinear optics [11-13]. The system NaNbO;—LiNbO;
(LixNa; (\NbO;) is also interesting, especially in the case of high lithium concentrations. The com-
pounds Li,Na; (NbO; are antiferoelectric at the room temperature at x < 0.02 and ferroelectric at
higher contents x [14].

" The materials of this work have been reported at the 2" Ukrainian—Polish-Lithuanian Meeting
on Ferroelectrics Physics (9—13 September 2012, Lviv, Ukraine).
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Reports on the optical properties of NagosLig0nNbO; single crystal have described five phase
transitions between 163 and 940 K, with the Curie temperature found around 640 K [4, 15]. Using
optical techniques and observing thermal evolution of optical birefringence in the single crystals
with x =0.02, an additional ferroelastic structural phase transition has been found inside the
paraelectric phase [13, 14]. According to these results, the above compound should be ferroelectric
at the temperature of about 940 K [15]. Above this point, the compound acquires a prototype cubic
phase m3m.

As for the solid solutions Li,Na; \NbO;, they have to be good candidates for fabricating pie-
zoelectric and pyroelectric components for different high-temperature purposes [16-21]. The aim
of this work is to investigate the influence of uniaxial pressure on the temperature changes seen in
the dielectric permittivity &, the dielectric loss tand and the electric conductivity o of
Lig15sNag 9ssNbO5 ceramic samples.

2. Experiment and discussion
2.1. Sample preparation

Lig15sNag.95sNbO; ceramic samples were prepared at the Institute of Solid State Physics, University
of Latvia (Riga). A conventional method was applied. The samples were synthesised from an ana-
lytically pure niobium pentoxide Nb,Os, sodium carbonate Na,CO;, and lithium carbonate Li,COs.
The reagents were wet stirred for 24 h with an ethanol addition. After filtrating the material was
synthesised at 1173 K. The samples were disintegrated, wet ground for 24 h, pressed under the
pressure of 15 MPa, and then sintered. The sintering temperature for Lij1sNagggsNbO; was
1433 K and the time of sintering was 4 h.

2.2. X-ray measurements

The X-ray measurements for Lijg;5NagossNbO3 were performed by means of a Seifert equipment
XRD 7 with horizontal goniometer, making use of the filtering Cug,, radiation. The phase analysis
was carried out using a RayfleX—Analysis Programme and JCPDC-ICDD cards. The sample of a
perovskite structure was single-phase. The X-ray measurements showed that, at the room tempera-
ture, the compound was characterised by the lattice constants @ = 0.5479 nm, b = 1.5523 nm and
¢=0.5559 nm, and the elementary cell volume V= 0.48142 nm’. The results obtained testified
that the lattice parameters of Lij ¢;5Nag 9gsNbO; decreased when compared with the pure NN.

2.3. Microstructure investigation

The microstructure of the sintered ceramics was investigated on fractures and polished sections.
This was carried out using an electron scanning microscope Hitachi S4700 with a field emission,
and a micro-analysing system Noran-Vantage located at the Biology and Geology Science Scan-
ning Laboratory, Jagiellonian University. Fig. 1 shows the model diffraction patterns seen in the
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Fig. 1. Energy-dispersive X-ray spectroscopy analysis of Lig g15Nag essNbO3.
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chosen micro-regions of surface of our Lij o15Nag9gsNbO; sample. No more than the expected ele-
ments can be seen in the diffraction patterns. The carbon sputtered on the surface of the sample
during its preparation is also visible. The photographs of fractures of Lig;5sNag 9gsNbO3 performed
with magnifications of 1000x and 5000x are shown in Fig. 2. The surface of the fracture goes
along grains as well as along the boundaries between the grains. The fracture has a fragile charac-

ter and a tendency to formation of crystalline structures can be observed in the grains.

)

Fig. 2. Photograph of microstructure of the surface of Ligo15sNagssNbO3; sample: panels (a) and (b) correspond
to magnifications of 500x and 5000x%, respectively.

2.4. Electrical properties
Silver electrodes were fixed on both surfaces of the sintered pallets for the measurements of di-
electric properties. Dielectric spectra as functions of temperature were measured with a BM595
RLGC-meter in the frequency range from 0.1 kHz to 20 kHz, with the amplitude 2 kV/m. A uniax-
ial load was applied parallel to the measuring electric field by means of a lever, with the weight
ranging from 0 to 100 MPa. Prior to all the measurements, the samples were maintained at 800 K
for 1 h. A capacitance was recorded under a constant pressure for successive heating and cooling
cycles at the rate of 100 K/h. The effect of uniaxial pressure on the dielectric permittivity ¢ is pre-
sented in Fig. 3. As seen from Fig. 3, the ¢ value decreases with increasing uniaxial pressure, espe-
cially at the temperature near the maximum. The shift of the phase transition is about
~ 0.2 K/MPa. The ¢ peak becomes more smeared, while the phase transition temperature 7,, de-
creases. A large thermal hysteresis is observed when the sample is heated and cooled.
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Fig. 4 shows the temperature dependence of the dielectric loss tand during the cooling run.
The insert in Fig. 4a displays the temperature dependences of the dielectric loss tand observed
during heating and cooling at p = 0 and 100 MPa. The minimal loss tangent value during the cool-
ing process is seen at the pressure p =0 MPa and the temperature 580 K. The tangent values in-
crease with increasing pressure, and the local minimum of tan¢d shifts towards lower temperatures
in both the heating and cooling modes.
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Fig. 5 shows the temperature dependences of the a. c. electric conductivity in the coordinates
In o= f{1000/7). The external conditions are given by the frequency /= 100 Hz and different pres-
sures in the cooling run. The straight-line segments seen in Fig. 5 in the high-temperature region

indicate that the electric conductivity can be described by the relation
E

a

o=o0ge K.

Using this formula, one can calculate the activation energy of the electric conductivity for the
temperature region 590-670 K. The corresponding parameters are as follows: £, =0.18 eV,
E;»=020¢V and E,3=0.24 ¢V for the pressures p; = 0 MPa, p, =20 MPa and p; = 60 MPa,
respectively. In the temperature range under investigation, the a. c. electric conductivity can be
treated as the main dielectric loss component [22]. For the temperatures higher than the phase
transition point 7,, (see Fig. 5), one can notice a straight component pointing out a thermally acti-
vated character of the a. c. conductivity. The mechanism of the electrical conduction changes with
lowering temperature. With increasing uniaxial pressure, the electric conductivity increases in the
whole temperature range.

The influence of the uniaxial pressure on the dielectric properties is similar to the influence
of the constant electric field. The uniaxial pressure affects mainly the dynamics of domains. It
retards the movement of domains and changes the nature of fastening of domains by structural
defects. Therefore the uniaxial pressure makes the domains hard to reorientate and leads to de-
crease in the domain-orientated polarisation and the dielectric permittivity. It can also generate
defects, causing additional internal stresses in the material [23]. The gradual shift of the phase
transition point towards lower temperatures can be associated with the behaviour of polar regions
[24, 25]. The small micropolar regions are combined under pressure into macroregions that gener-
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ate a macroscopic spontaneous polarisation. They extend a ferroelectric state during heating and a
paraelectric state during cooling. Moreover, a decrease of inter-ionic distances for the ceramic
materials can lead to occurrence of two competitive mechanisms. The first one is an increase in the
interaction constants, which leads to increasing 7,, and the second represents a decrease in the
dipole moments. Since the latter leads to decreasing 7, and is a predominant mechanism, 7,, de-
creases as in our material.
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3. Summary

The polycrystalline sample of Lij ;5Nag95sNbO; was obtained by means of a conventional ceramic
technology. The synthesised material was examined with the X-ray diffraction and the scanning
electron microscopy. The analysis of the X-ray diffraction pattern has testified formation of the
single perovskite phase, with an orthorhombic structure at the room temperature. The microstruc-
tural investigations have revealed that the samples are perfectly sintered. They contain a little
glassy phase and their grains are well shaped. The analysis of these experimental data has enabled
us to conclude that the peak in the &7) curve decreases with increasing pressure, becomes dif-
fused, and shifts to lower temperatures. The loss tangent tand increases with increasing uniaxial
pressure, while its local maximum shifts towards lower temperatures. Finally, the present study
shows that application of the uniaxial pressure has significant influences upon the dielectric prop-
erties of Lig o;5Nag 9gsNbOs.
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Anomauin. Kepamixy Ligg;sNayegsNbO3, wo ne micmumos C8UHYIO, CUHME308AHO 3 UKOPUCTAH-
HAM 3a206HONPUTIHAMO20 MEEPOOminbHo20 npoyecy. OOHOPA3HY NEPOBCLKUMMY CINPYKMYPY YT
Kepamiku i0eHmugikosano 3a X-npomenesum NOpOWKOSUM OupparyiuHum memooom. Auaniz
OKpeMUX 3epeH, NPOBeOeHUll 3a MemoooM eHepeooucnepciinoi X-cnekmpockonii, 3ac8iouug 00-
cums 0OHOPIOHUU PO3NOOLNL YCIX elleMeHmis y medxcax 3epen. Jienekmpuyuny npoHUKHICmMs & i MaH-
eenc kyma empam tg0 00CioNceHO nid i€l 0OHOBICHO20 MUCKY. 3i 3DOCMAHHAM MUCKY MAKCU-
mym 3anesicHocmi g(T) 3menuwyemocs, cmae posmumum i 3MIUYEMbCsi 8 00ACIb HUICHUX MeM-
nepamyp. 3uauenns tgd 3pocmac 3 NIOGUWEHHAM OOHOBICHO20 MUCKY, a U020 JTOKATbHUL MAKCU-
MYM 3MIWYEMbCA Y OIK HU3LKUX MEMNEPAMYD.
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