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This work presents a study of ceramics with the (Nay.52Lio.04)0.97L80.01Nbg .9 Tag.1 O3 composition through their Raman spectra. In
previous studies [1], this composition has shown good permittivity and piezoelectric parameter values that justify a deeper investigation. Two
sets of samples of these ceramic compounds were prepared using different methods. The first set was prepared using a classical solid-ste
reaction of oxides and carbonates, as described in Ref. [2]. The second set was prepared using thgMNeNEDdr. The Raman spectra of

the samples obtained by the direct ceramic method consisted of 5 modes. In contrast, the spectra of the samples obtained using the precurs
showed a shift of the wavenumber of the £~1) mode peak towards lower values and consisted of seven modes with the appearance of
two additional modes, £ (v3) and k4(r4). Notably, using the precursor preparation route led to important improvements with a more
straightforward method than Saidal. [3].
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1. Introduction doping of piezoceramics causes changes in the crystal struc-
ture, and the apparition of defects affects the response of the
cell, and those changes can be seen in the Raman spectra.

For this reason, Raman Spectroscopy is used in the studies of

dn‘fergpt elements such as LI, La, and Ta is used to move t.hﬁ']ese piezoceramics. The intensity and the wavenumbers of
transition temperature of the tetragonal (T) to orthorhomblc:[he characteristic Raman modes depend, to a certain degree,

(O) phase ‘°V_V‘.”“d room temperature, that is,_the Polymo_rphi8n the presence of defects that affect the vibration modes of
Phase Transition (PPT), where the properties of the piezqy . oxygen octahedra [4,8-10]

ceramics are enhanced. The doping with La has the effect
of lowering the O-T transition temperature as well as the The study of compositions that differ only in using the
Curie temperature [4], while doping with Li increases theNaNbG; precursor was motivated by the search for alter-
Curie temperature but diminishes the O-T transition tempernatives to obtain high dielectric permittivity values ang k
ature [5-7]. Doping with Li, La, and Ta further enhancescoefficient values. We found that the dielectric permittivity
the shift of the ferroelectric-paraelectric transition tempera-with a value of 6800 with minimum dielectric losses was the
ture, as characterized by the Curie temperatugg) (Where  highest achieved in KNN ceramics. Dielectric measurements
the crystalline symmetry of KNN changes from tetragonal toshow that La and Li doping reduces the transition tempera-
cubic. Such complex doping is hecessary to obtain the KNNures compared to those of undoped KNN (tetragonal-cubic
piezoceramic values of the parametgy dnd the permittivity Tr_c = 264°C and orthorhombic-tetragonabL = 90°C).

as high as those in the lead zirconate titanate (PZT) piezocédysteresis loop obtained by PFM shows an effective piezo-
ramics. There are different issues to solve in the KNN piezoelectric coefficientles = 164 pC N°!, comparable to the best
ceramic, such as the dependence of the morphotropic phasalues of PZT and KNN ceramics. However, the reason un-
transition on temperature and the loss of Potassium (K) anderlying this study is the fact that the improved piezoelec-
Sodium (Na) during the sintering of the piezoceramics. Thdric properties of the compound are strongly related to tex-

The doping of K 5sNay 5NbO; (KNN) piezoceramics with
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ture. The goal is to produce platelet shaped grains. Thator was synthesized from the topochemical reaction between
is why the material obtained through the NaNb@ecur-  Bis 5Nas 5Nbs0;5 (BINN) and NaCOs, using the Reactive-

sor performs better. This preparation technique favors obTemplated Grain Growth Method. The obtained precursor
taining platelet shaped grains similar to those obtained byvas then made to react through a solid-state reaction with the

Saito et al. [3] in his seminal research, but with a sim-
pler preparation method. Sai&t al [3] achieved outstand-
ing piezoelectric parameter values in o(KNay 52Lig.04)

(Nbg.s6Tag.1 Shy.04)O3 piezoceramics by using a variant of

same reactants at the sintering temperature of 120 a
controlled atmosphere [1]. This combined method uses the
precursor as a seed so that the resultant compound grows on
the structure and with the orientation of the NaNbfecur-

the reactive-templated grain growth technique. Similarly, insor. The crystal structure of the samples was determined by

the present work, the KNNLiTalga; samples obtained us-

X-ray diffraction (XRD) using a Philips X’'pert diffractome-

ing the NaNbQ@ precursor with our two-step method show ter with CuKa radiation from 10 to 90° in 26, 0.02 step and

exceptional values of the permittivity andsdparameter as
reported in Ref. [1], attributed to the activation of thg, {/3)
and k4 (v4) Raman modes.

2. Experimental

Ceramics with (K.44Nag.52L10.04)0.97L80.01NDg.9 Tag.1 O3
(KNNLiTaLag.g;) composition were prepared in two ways,
first by solid-state reaction of oxides and carbonatesC®s
(99.0%, FagalLab), N&Os; (99.0%, Fagalab), L#s
(99.99%, metal Basic, Alfa Asear), NOs; (99.9%, metal
Basic, Alfa Aesar), LiCO; (99.0%, FagalLab) and @5

exposition time of 0.5 s, at 30 kV and 16 mA. Micro-Raman
measurements were performed in a Labram Dilor Microra-
man, with a 10 mW AF laser with\ = 514 nm emission
wavelength.

3. Results and discussion

3.1. XRD measurements

For both patterns, corresponding to the sample prepared
without the use of the precursor, labeled MX11 [Fig. 1a)]
and the sample obtained using the precursor labeled TEX04
[Fig. 1b)], the fitting was based on a mixture of an orthorhom-

(99.0%, FagalLab) as was described in Ref. [2]. The sinbic perovskite phase of the Amm2 space group and a tetrag-

tering process was performed at 12G0under a controlled
atmosphere in sealed crucibles covered with KNNLiTada

onal perovskite of the P4Amm space group. Reflections asso-
ciated with a spurious phase (tungsten-bronze phase) are also

powders to prevent the loss of volatile components. In thgresent. Lattice parameters are presented in Table | for the

second method, a two-step procedure, the NaNpf@cur-
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FIGURE 1. XRD pattern corresponding to the a) MX11 sample obtained without the Nadb&zursor [2], and b) TEX04 sample obtained

using the NaNb® precursor.

TABLE |. Phases present, space group, lattice paramé”@m(ﬁ sample percentage content without using the precursor (MX11).

Sample Phases present Space Group Lattice param‘ie)ters( Percentage content (%)
a b c
Tetragonal P4mm 3.945(2) 3.945(2) 4.005(2) 46.08
MX11 Orthorhombic Amm?2 3.936(3) 5.584(4) 5.656(4) 45.26
Tetragonal P4bm 12.554(9) 12.554(9) 3.953(6) 8.66

Conventional Rietveld Rp, Rwp, Re and h®5.1, 25.0, 19.1 and 1.71
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TABLE Il. Phases present, space group, lattice paramef\;aemd percentage content of the sample obtained using the precursor (TEX04).

Sample Phases present Space Group Lattice param°>e)ters( Percentage content (%)
a b c
Tetragonal P4mm 3.952(5) 3.952(5) 3.986(5) 66.12
TEXO04 Orthorhombic Amm2 3.934(6) 5.586(1) 5.611(2) 13.57
Tetragonal P4bm 12.5598 12.5598 3.9444 22.01

Conventional Rietveld Rp, Rwp, Re and &h26.7, 27.1, 24.0 and 1.272

3.2. Raman measurements articles on non-doped KNN and doped KNN with Li and
i 2 d 2b) show th ¢ 00 La[2,4,8,10,12,13].
Figures 2a) an ) show the Raman spectra from 100 to Since no differences in the XRD patterns of both samples

700 cnr, corresponding to the normal vibrational mOdeSare observed, we conclude that the presence of these modes
of the (Nb/Ta)Q oxygen octahedra of the MX11 and TEX04 . ! P

samples at 2(C, respectively. The Raman spectra were fit.1S caused by the use of the precursor obtained by the RTGG

; i A method in preparing the sample that causes alterations in the
ted using a LabSpec 6-HORIBA Scientific software by the(Nb/Ta)Q; octahedra. Additionally, the XRD patterns of the

GaussLor () method. The baseline of all spectra was suh-
tracted before the fitting; twenty iterations and a maximum EX04 sample do not show the same texture as those ob-

shift of 5 cnT! were considered. For the 100-700 chre- served in the XRD patterns of Saito et al. [13].

gion, the spectra were fitted with five GaussLor peaks for The MX11 XRD pattern shows the same phase compo-
the MX11 sample and seven for the TEX04 sample. Thesition, the only difference being the presence of traces of a
modes were identified using previously published works orfungsten bronze secondary phase due to the shorter sintering
Raman spectroscopy of KNN based materials as referend@ocess time. However, these structural alterations attributed
[6,11-13]. The wave number values and intensity for the Rat0 the precursor were not detected in the XRD patterns. The
man spectra of the MX11 and TEX04 samples are presente@gtivation of the I, (3) y Fx,(-4) modes is due to the pres-

in Tables 1Il and 1V, respectively. After the corresponding ence of polarization vectors perpendicular to the basal plane
fitting process, k., (v6), Fog(15), Fay(v4), E,(v2), Fi,(v3)  @s determined from the PFM micrographs. This is the reason
and A ,(v1) vibrational normal modes were identified and afor the exceptional values of permittivity angds;dparameter
small band corresponding to the spurious Tetragonal Tung? the TEX04 sample [1], that is, through the activation of the
sten Bronze (TTB) phase [6, 11-13], wherg,&1), E,(v2) Fi.(v3) y Fo4(r4) modes associated with oscillations in the
and R, (v3) are stretching modes, and,f/5), F,,(v4) and plane perpendicular to the basal plane of the structure, as can
Fo.(v6) are bending modes [10, 12, 13]. The,f3) y  beseeninthe graphs of the KNN modes in Refs. [10,11] and
F2,(v4) modes in the Raman spectra are not reported in thE'easured by PFM [1].
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FIGURE 2. Adjusted Raman spectrum for the a) MX11 sample witk0.0626, and b) TEX04 sample wig?=0.0088.
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TaBLE Ill. The wave number values and intensity for the Raman spectrum of the MX11 sample.

Modes Bu(l/e) Fgg(l/s) Eg(l/g) Alg(lll) Flu(l/3)
Sample Wave No. Intensity Wave No. Intensity Wave No. Intensity Wave No. Intensity Wave No. Intensity

MX11 197.78 0.46 247.08 0.93 564.94 0.34 613.31 0.76 672.28 0.09

TABLE IV. The wave number values and intensity for the Raman spectrum of the TEX04 sample.

Modes Ru(v6) Fzg(l/s) Fzg(lj4) Eg(VQ) Alg(l/l) Fi.(v3)+TTB
Sample Wave No. Intensity Wave No. Intensity Wave No. Intensity Wave No. Intensity Wave No. Intensity Wave No. Intensity

TEX04 191.87 0.37 242.93 0.88 287.0 0.19 554.0 0.25 603.0 0.078 642.8 0.23

Doping KNN with Li, La at the A site of the per- 4. Conclusions
ovskite structure distorts the (Nb/Ta)@ctahedra. It shifts
the orthorhombic-to-tetragonal (O-T) phase transition temThis work presents a study of ceramics with the
perature (b_r) of Kg.5Nay5NbO; towards room temper-  (Kg.44Nag 52Li0.04)0.97L20.01Nbg 9 Tag.1 O3 composition
ature (RT). The shift is accompanied by a decrease in théhrough their Raman spectra. These ceramics were pre-
wavenumber of the A (v1) mode peak. This behavior is ob- pared using two methods: a classical solid-state reaction of
served in Tables Il and IV, where the; v1) mode peak is oxides and carbonates, and a two-step procedure involving
at a lower wave number than that of the orthorhombic phaseéhe synthesis of the NaNbQprecursor using the Reactive-
placed at 614 cm! [2,4]. The shift towards lower wave Templated Grain Growth (RTGG) method. The obtained
numbers results from doping with & y Li ™1, which have  precursor was then reacted with appropriate carbonates and
smaller ionic radii than K and Na . This increases the dis- oxides through a solid-state reaction to obtain the desired
tance between A ions and the coordinated oxygens, reducingpbmposition. The Raman spectra of the samples obtained by
the force constant and modifying the oscillation frequenciesthe ceramic method consisted of five modes, while the spectra

In the case of the TEX04 sample, seven bands are olsf the samples obtained by the two-step method consisted of
served, and in the band corresponding to thg#;) an over-  seven modes with the appearance of two new mode$yB)
lap is observed with the band corresponding to the TTB phasand F,(~4). Although this structural alteration attributed to
in 642.8 cnT!. It is shown, by the values of the dielectric the precursor was not detected in the XRD patterns, the ac-
permittivity, the importance of the presence of the tungstenivation of the k,(3) and k,(v4) modes, associated with
bronze phase to achieve high values of dielectric permittivoscillations in the plane perpendicular to the basal plane of
ity in ceramics of the type of KNNLiTaLgy,. Everything the structure, led to exceptional values of the permittivity and
seems to indicate that the precipitation in a coherent way ofls; parameter in the TEX04 sample. The doping of KNN
the TTB phase ensures the high values of the dielectric pewith Li and La at the A site of the perovskite structure dis-
mittivity. The use of the NaNb@precursor and the precipita- torts the (Nb/Ta)@ octahedra and induces a shift of the wave
tion of the bronze tungsten phase determines the obtainmentimber of the A,(v1) mode peak towards lower values.
of the very high values of the Dielectric Permittivity in the This shift is a consequence of the presence of the tetragonal
TEX04 sample (Table V). phase at room temperature due to doping with Li and La re-
ducing the force constant and, consequently, modifying the
TABLE V. Sintering temperature$ ) and Dielectric Permittivity  oscillation frequencies.
(&) of different samples.

Sintering TT
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