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Abstract

Due to the ever-increasing restrictions connected to the use of toxic lead-based materials, the
developing of lead-free piezoceramics has become one of the most urgent tasks. In this context,
potassium sodium niobate materials, KNN, have attracted a lot of interest as promising candidates due
to their excellent piezo properties. For this reason, many efforts have been addressed to optimize the
synthesis process now suffering by several drawbacks including the high volatilization of potassium
and sodium at the conventional high temperature treatments and the use of expensive metal precursors.
To overcome these issues, a new modified Pechini method to synthesize single phase KosNaosNbO3
powders, from water soluble metal precursors, is presented. Microstructural and structural parameters
have been characterized by X-ray diffraction (XRD). Depending on the amount of citric acid added to
the starting reagents, two pure single-phase KosNaosNbO3 (2g citric acid) and Ko.sNao7NbOs (0.2 ¢
citric acid), respectively, were obtained with a good crystallinity at a moderate temperature of 500 °C.
The piezo responses of the as calcined systems have been tested by piezoresponse force microscopy
(PFM). KosNaosNbOs exhibits a much higher response with respect to the other phase, which relates

to the larger crystallinity and to the chemical composition.
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1. Introduction

Piezoelectricity is the property of many materials to generate an electrical charge, if subjected to
mechanical forces (direct piezoelectric effect) or, conversely, to display a mechanical deformation
when exposed to an electric field, (reverse piezoelectric effect).l: 21 Since the first real application of
piezoceramic in the sonar during the First World War, a large number of piezo-devices, including
ultrasonic medical imaging, ultrasonic non-destructive testing, speakers, resonators, gas igniters,
gyroscope, pressure sensors, etc that had a considerably impact on own life.>4 Many of these
technological applications are mainly composed by lead-based ceramic (PZT), today considered not
suitable for their toxicity.®) For these reasons, in the last years, the attention of the scientific
community and industries has been directed to alternative lead-free systems.[®! To this regard, un-
doped and doped KxNa1-xNbO3z (KNN) systems attracted growing interest as promising candidates due
to their excellent piezoelectric (390-490 pC/N) good electromechanical constants (Kssz 83%) and high
Curie temperature (Tc ~ 217-304 °C).["®1 From a crystallographic point of view, KNN presents
orthorhombic crystal structure at room temperature and two phase transitions at higher temperatures,
orthorhombic to tetragonal at Tc = 200°C and tetragonal to cubic at Tc = 420°C, respectively. Above
this temperature, the sample loses its piezoelectric propriety. 1% Although the solid-state reaction route
is normally used to synthesize KNN materials, several drawbacks emerged and are discussed in the
current literature.!131 Even below the temperatures required for sintering the powders (> 1100 °C),
volatilization of alkaline ions is taking place, producing undesired secondary phases and hampering a
good densification of the powders.[*6! For these reasons, soft chemical routes have been recently
explored with the aim to overcome the above-mentioned barriers in the production of KNN-based
systems.!”2% In particular, these routes are expected to reduce the loss of highly volatile potassium
content in the KNN systems giving good chemical stoichiometry and compositional
homogeneity.[?°2!1 Typically, the starting materials are nitrates, carbonates and acetates, as well as
niobium alkoxides as Na, K and Nb sources, respectively. However, the high cost and easiness to
hydrolysis of niobium alkoxides are limiting factors of these processes for scaling up applications. 2%

241 Niobium (V) oxide is considered a good alternative as Nb precursor for its low cost and for the
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possibility to obtain metal complexes with chelating species in water.?>281 The principle of this
method is that hydroxycarboxylic acids, amino acids or some other natural organic compounds are
used to protect and stabilize high valence metal ions, activating them to enhance solubility and
reactivity in water. On the other hand, the many steps involved in the preparation process with niobium
oxide reagent, are time consuming and imply drawbacks for the use of hydrofluoric acid (HF) in order
to prepare niobic acid or at high temperature.?>31 Recently, ammonium niobate (V) oxalate hydrate
has been efficiently used as Nb-source in different complex forms through the chemical chelation in
water for enhancing its gel formation capability.2231 The most promising candidate as chelating agent
is represented by the citric acid. It is a polydentate ligand with a hydroxylic functional and three
carboxylic groups and, among its several benefits, it allows to easily form soluble and stable chelating
complexes with metal cations in an acidic or alkalescent solution. Generally, citric acid is widely used
in the modified Pechini method and in the sol-gel combustion method. 344l

In this work, we report on a simple and direct method to synthesize highly pure crystalline KNN
powders. KNN was prepared by sol-gel method using, for the first time to the best of our knowledge,
ammonium niobate (V) oxalate hydrate and acetate of sodium and potassium as metal sources. The
synthesis was conducted varying the amount of citric acid, used as chelating agent. The structure of
the final product was characterized by X-ray diffraction. Moreover, the piezoelectric activity of the

two as-prepared samples was also evaluated and correlated with the structural properties.

2. Experimental

Commercially available reactants, i.e. potassium acetate (C2Hz02K, > 99.0%, Aldrich Chemicals),
sodium acetate (C2H3z02Na > 99.0%, Aldrich Chemicals), ammonium niobate oxalate monohydrate
(C4H4NNbOg-H20, 99.99%, Aldrich Chemicals), citric acid monohydrate (CeHgO7:H20, 99.5%,
Aldrich Chemicals), acetone (CsHesO, 99.9 %, Aldrich Chemicals) and distilled water (milli-Q), were
used as raw materials without further purification.

A modified Pechini method was used for the synthesis of the KosNaosNO3s (KNN) powders which

is illustrated schematically in the flow-chart depicted in Figure 1.4
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Citric acid monohydrate (2 g) was dissolved under stirring in 10 ml of distilled water. 5 mmol of
ammonium niobium oxalate monohydrate (ANO) were then added to the as-prepared citric acid
solution, and mixed, under continuous stirring, at 60 °C for 20 min. The alkali acetates with a molar
ratio 1:1, were dissolved in 5 ml of water and subsequently added drop-by-drop to the solution of ANO
and citric acid previously prepared. 2 ml of acetone were then added, at room temperature, to the clear
solution and mixed for 30 minutes under stirring. After that, the solution was heated to 100 °C and
maintained at this temperature for 4 h until obtaining a transparent gel. The final gel was calcined
under air in an alumina crucible at 350 °C for 5 h. The as-calcined powders were finely ground for a
few minutes in an agate mortar. Subsequently, few drops of polyvinyl alcohol (PVA) were added to
the powders which were then compacted in a cylinder-shaped shape disk of 10 mm diameter and 2
mm of thickness by a uniaxial pressure of 1500 kg/cm? for 15 minutes using a hydraulic press. The
disks were further annealed at 500 °C, with a heating ramp of 5 C°/min, for 5h. A second pellet was
prepared using the same protocol by varying the initial amount of citric acid (0.2 g).

The crystalline phases of the KNN pellets were measured by X-ray diffraction (XRD) using a
PANalytical X Pert PRO diffractometer, with a CuKa tube (A = 0.15418 nm) equipped with a graphite
monochromator in the diffracted beam and a X’Celerator linear detector. Further XRD investigations
were conducted using a SMARTLAB diffractometer with a rotating anode of Copper working at a
power of 40 kV and 100 mA, with a graphite monochromator and a scintillation tube.

Quantitative analysis of the crystalline phases, structure and microstructure parameter
determinations were performed with the MAUD program (Multiple Analysis Using Diffraction), a
diffraction/reflectivity analysis program mainly based on the Rietveld method.[*?! Visualization of
crystals morphologies were realized by the VESTA software.[*!

Surface morphology of the powders and disks, were investigated by scanning electron microscopy
(SEM) by means of a FEI Q250 microscope.

The local properties of the samples were characterized from the calcined pellets using an atomic
force microscope (AFM) MFP-3D (Asylum Research, an Oxford Instruments company, USA).

Conductive tips from Nanosensors model EFM (k = 2N/m, Ptlrs coating) were used for the
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characterization of the electronic state in Kelvin Probe Force Microscopy (KPFM) mode and the
piezoelectric properties by Piezoresponse Force Microscopy (PFM). The experimental setup is shown
in Figure 2. In PFM, an ac voltage is applied to a conductive tip used as a top electrode in contact with
the surface in a strong indentation regime: while the topography image is recorded in the so-called
contact mode, in piezoelectric samples a mechanical excitation produced by the inverse piezoelectric
effect is detected as a dynamic oscillation of the tip giving rise to the PFM signal. In ferroelectric
materials, the amplitude of PFM signal is proportional to the magnitude of the polarization vector
(directly related to the piezoelectric tensor), and the phase of the PFM gives information about the
polarization direction. For the PFM imaging, the dual amplitude resonance tracking (DART) mode
was employed. In DART mode, the sample is excited by an ac voltage at the contact resonance
frequency of the tip, and in this way, the inverse piezoresponse signal of the sample, which produces
a displacement oscillation of the surface of only a few pm, is naturally enhanced by the quality factor
Q of the contact resonance frequency. In this case, the effective measured PFM amplitude of the
oscillation can thus be approached by the equation A=Q-d33° V4. Asylum AFM software for DART
mode calculates the Q value for every point by fitting the PFM resonance signal to a single harmonic

oscillator, from which it extracts an effective value for the absolute sample surface displacement.

3. Results and Discussion
3.1 Synthesis and structural characterization of the KNN system

As it emerged from the most relevant literature, aluminium niobate oxalate reagents were
extensively used as niobium precursor for synthesizing niobium-based oxides. The peroxo ligands
significantly enhance their solubility in water and their air stability.*¥ The addition of chelating
agents, such as citric acid, allows to stabilize the niobium reagent forming a peroxo-citrato-niobium
precursor, as it was proposed by Narendar and Messing.[**) Although this stable complex is observed
under excess of HoO> medium, its occurrence can not be rejected in the direct reaction of niobium
oxalate with the citric acid in water.

In this investigation, in order to minimize the number of reagents, the citric acid was used as

chelating and to trigger the polymerization during the formation of the transparent gel. In this manner,

7



©CO~NOOOTA~AWNPE

use of H>O; and ethylene glycol, the latter typically used in Pechini method, were suppressed. For this
study, two critical temperatures, 350 °C and 500 °C, have been selected. In Figure 3, the SEM images
of the KNN synthesized with 2 g of citric acid at the two different temperatures (350 and 500 °C), are
shown.

In the left side micrograph (Figure 3 A), the surface of the post-heated gel shows the clear presence
of pores ascribable to the release of CO; gas during the annealing process. The CO2 evolution is a
consequence of the thermal decomposition of the complex oxalates formed through the gelation, as it
was already observed by Yao et al. and further confirmed by Rani and coauthors.[*® 251 Upon
compaction and subsequent annealing at 500 °C, the surface morphology of the final pellet changes
with respect to the un-treated powders. As a consequence of the annealing treatment and uniaxial
pressure, evidenced in Figure 3 B, the pores definitely disappeared together with a significant crystal
growth and the presence of small particles, in agreement with other synthetic procedures.[*”!

The corresponding XRD pattern is reported in Figure 4. Conversely to the amorphous pattern
observed for the system treated at 350 °C (not reported here), the XRD pattern of the pellet annealed
at 500 °C shows diffraction peaks consistent with occurrence of the Ko sNaosNbO3 phase (JPCDS #
71-0946) of space group Amm2 also referred in literature as KNNOS.

The Rietveld analysis applied to the experimental profile allows to estimate, with a discrete
confidence (Rwp = 4.72 %), the cell parameters of the orthorhombic cell, the average crystallite size
and microstrain. Microstructure and crystal structure parameters are reported in Table 1.

As confirmed by X-ray diffraction analysis, a “good” crystalline Ko sNagsNbOs3 (<D> = 590 A)
can be obtained by the as-reported sol-gel route after annealing at 500 °C or above. A similar result,
in terms of low calcination temperature, was obtained by Stavber and co-authors, which produced pure
KNN (K:Na =1) starting from ammonium niobium oxo-tris(oxalate) monohydrate and potassium and
sodium nitrate.[*!) Recently, also Rani et al. synthesized Ko sNaosNbOs3 powders by sol-method but, at
the same temperature of calcination of 500 °C, the final product showed a lower crystallinity (average
size domain extension ~ 240 A) accompanied by the presence of an undesired secondary phase

(K3NbsO17).12]
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In order to better clarify the effect of the citric acid and to optimize its use in the synthesis of the
KNN systems, a second pellet was prepared decreasing the amount of the chelating agent (0.2 g). SEM
images of this KNN system heated at 350 °C and 500 °C, are shown if Figure 5 (A) and (B),
respectively.

Similarly to the previous sample, the largest pores (~ 2 um) observed in the powder heated to 350
°C (Figure 5 A), completely vanished when the powder was compacted and calcined at 500 °C (Figure
5 B). For this sample, the surface morphology of the pellet appears covered by big particles with a
reduced number of pores. The X-ray diffraction analysis conducted on the ceramic disk and depicted
in Figure 6, reveals a sequence of reflections similar to that already observed for the first sample
(Figure 4). However, just the tetragonal structure with space group P4/mm associated to the
Ko.3Nag7NbOs phase (JPCDS Card # 74-2459), according to literature also referred to as KNNO3,
yields the best fit with a satisfactory Rwp of 3.73 %.

The values of cell parameters, determined after the fit to be a = 3.9742 A and ¢ = 3.9806 A,
respectively, are slightly different from those given by Baker et al. [¥®l, to the point that the cell can be
regarded as nearly cubic phase. However, the worst fit obtained with the Pm-3m space group (Rwp cub
= 6.2%) should exclude the main occurrence of this structural habit.[*84%1 An average crystallite size
of 200 A was obtained, roughly three times smaller than that estimated in the as-synthesized
Ko.5sNagsNbOs system. The refined lattice parameters, average crystallite size extension and average

microstrain are reported in Table 2.

The different phase stoichiometry obtained from the solution prepared with 0.2 g of citric acid,
despite the initial K-Na ratio of 1, suggests that a significant amount of K ions was not involved in the
first steps of the reaction. It is well known that the K ions tend to easily evaporate, as K>O, during the
calcination treatment, leading to a non-stoichiometric synthesis.'*%°% In fact, in the solid-state route,
for compensating the K-volatilization process, extra source of potassium is typically added to the
starting materials. Considering that the same final temperature of 500 C° was used for the calcination
of the pellets, the low amount of citric acid may not adequately stabilize the metal ions in the initial

solution and then favouring their partial precipitation. This observation can be supported by different
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studies which demonstrated that a different ratio of the chelating agents, significantly influenced the
stability of the metal ions in the solution.[**?] A study conducted by Shafer at al., devoted to the
synthesis of PZT by sol-gel combusted process, underlined that there is a critical content of citric acid

below which the precipitation could not be avoided.[

3.2 Piezoelectric characterization

In Figure 7 A, a representative topography image (7x7 um) of the KosNaosNbO3z sample calcinated
at 500°C is shown. The surface morphology appears quite homogeneous in agreement with the SEM
micrograph reported in Figure 3 B. The surface potential (Figure 7 B) as measured by KPFM
visualized on the same zone, evidenced a considerable degree of homogeneity within two main distinct
domains (violet and yellow/orange) with a difference on the respective work functions of only a few
tens of mV.

Figure 8 shows the topography, amplitude and phase obtained by the Vertical PFM (VPFM)
inspection of the Ko sNagsNbO3; sample measured in DART mode. The top of the Ko.sNao sNbOs grains
can be associated to the bright areas in topography picture (Figure 8 A) corresponding to regions with
the highest piezo response (PR). Furthermore, the local electromechanical response is considerably
suppressed in the proximity of the grain boundaries (GB), evidenced in Figure 8 B as the dark
perimeters around the domains. The PFM phase map (Figure 8 C) presents different domains with a
phase distribution centered mainly around two values (yellow and purple), with a phase contrast of up
to 180°. The combination of the amplitude and phase images is coherent with the presence of
ferroelectric grains with a distribution of polarization vectors on different directions. Since we are only
sensitive to the out of plane signal, grains with a higher degree of polarization tilting with respect to
the surface normal will give a weaker VPFM signal. If we concentrate on the grains with a higher
PFM amplitude (blue areas), it is possible to assign a polarization predominantly out of plane pointing
up for the ones with yellow PFM phase contrast and a polarization pointing down for the ones with
purple PFM phase contrast. The maximum of the PFM amplitude corresponds to a sample surface
displacement of 160 pm, as measured with an applied ac voltage of 2V, which gives an effective

piezoelectric coefficient value of dszerr= 80 pm/V. This value is in agreement with the results obtained,

10
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for example, in the pressureless sintered un-doped KNN ceramics (70 — 15 pm/V).[5253501 However,
such values are clearly below the ds; coefficient values resulted from spark plasma sintered (148
pm/V) and hot pressed (160 pm/V) KNN materials,>*!?! and quite far from the giant ds3 achieved in
KNN doped systems (360 - 452 pm/V).535¢]

PFM hysteresis measurements were conducted on different points at different grain positions. It
was not possible to switch the polarization direction by applying ac voltages up to 10 V as also
confirmed by the absence of hysteresis in the loops, placing possible ferroelectric coercive fields above
this value.

Surface analysis on the surface of the Ko 3sNao.7NbO3z calcinated at 500°C disk is provided by KPFM
measurements reported in Figure 9. From the topography map (Figure 9 A) it emerges the presence of
grains with different dimension and shape that are about one order of magnitude bigger than the ones
for KosNaosNbOs. The surface potential map (Figure 9 B) clearly shows two zones with significant
difference in work function (~100 mV), that can be related to either a local charging effect or different
crystalline planes of the grains. These two easy distinct regions have been characterized by VPFM and
two distinct behaviours have been detected as shown in Figure 10. The bright area of the KPFM image
shows worm-like features in the VPFM signal (Figure 10 A-B-C) that can be attributed to topography
cross-talk as shown by the strong correlation observed in Figure 10 B and C), while in areas with dark
KPFM, it is possible to observe different stripe shaped configurations (Figure 10 C-D-E). The presence
of two different crystalline phases was excluded by the X-ray diffraction analysis performed on the
calcined disk (Figure 6). However, it appears evident that the microstructure of the bright area is still
porous while the structure of the dark kelvin area is already solid. This may correspond to grains that
have not been completely growth upon the thermal annealing at 500 °C.

Comparison between the amplitude PFM images of the different areas still give a coherent
homogeneous value for all of them, with an average around 1.4 pm of surface effective displacement
under an applied ac field of 2V, an effective piezoelectric coefficient value of dazers = 0.7 pm/V, and
almost no phase contrast among the stripe domains. This result is coherent with the absence of

ferroelectric polarization out of plane, but still, it is obvious that there is a parallel stripe nanodomains

11
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structure in the plane, maybe correlated with in-plane polarization or with the presence of ferroelastic
domains. Finally, PFM hysteresis loops show no hysteresis and it is not possible to switch the
polarization out of plain for voltages up to 10 V. It is important to note that for the Ko.3Nao7NbO3
sample, the surfaces of the grains where almost flat on the 1 pum scale as compared with the
KosNaosNbO3 sample, for which the average diameter of the grains was ~200 nm. This different
characteristic sizes might strongly determine the possible ferroelectric properties of the samples and
domains configuration, i.e., favoring the conformation of single domain grains for the Ko sNaosNbO3
sample and promoting the appearance of multidomain configuration for the microblocks of
Ko.3Nao.7NbOs. Although the result for Ko3Nao7NbOs is quite encouraging if compared with dss
reported values of also low magnitude for a KNN system prepared by sol-gel route at very high
temperature of 650°C-1100 °C, it results almost about two orders of magnitude smaller than those
obtained in the KosNaosNbO3 system presented in this work.1 The reasons of such considerable
difference of the piezo response observed in the two specimens may be ascribed to the large difference
of symmetry of the two structures. While both compounds are non-centrosymmetric, the P4/mm
tetragonal phase is nearly cubic (of space group Pm-3m) owing to the similarities of the a and b lattice
parameters with ¢ (see Table 2). In this case the six oxygens surrounding niobium ions are making an
almost regular octahedron. Conversely, in the Amm2 orthorhombic structure (Table 1), the Nb atoms
are inside octahedral coordination where six the oxygen atoms at the apices are subjected to distortion
due to different Nb-O distances allowed by the space group symmetry.

A structural/microstructural origin could also be a further reason for this significant difference
occurred between the dsz values of the KNN system syntheses. In particular, larger crystallinity (<D>
=~ 600 A) and near MPB composition (0.5) play a crucial role in the enhancement of the piezoelectric
response in the KosNaosNbOs system. However, further investigations are necessary to better
understand and evaluate the impact of further parameters on the PR improving such as the domains

wall pinning, defects and dislocations contributions.

4. Conclusion

12
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In summary, a versatile, efficient and cost-effective sol-gel method for the preparation of the
KosNaosNbOs powders, has been presented. This method uses, for the first time by our knowledge,
potassium acetate, sodium acetate and ammonium niobate oxalate monohydrate as K, Na and Nb water
soluble metals sources. Citric acid is introduced as chelating and polymerization agent and its amount
results crucial to stabilize the niobium metal ions in the solution. The addition of a critical amount of
the citric acid (2g) provides, in fact, an excellent control of the chemical composition of the final KNN
piezoceramic. The calcination of the powders at 500 °C, leads to the formation of the single-phase
orthorhombic KosNaosNbOs compound with a good crystallinity (average size 590 A) and a desired
chemical composition, which contribute positively to the large local piezo response observed by
VPFEM. The piezoelectric coefficient dsz of ~80 pm/V, derived by PFM spectroscopy analysis on the
local domains, results comparable with the values estimated in the most performing hot-pressed KNN
materials, but with the advantage of synthesis at lower temperature. On the other hand, the powders
prepared with a lower amount of citric acid (0.2 g), upon calcination at 500 °C, crystallize in the
potassium-poor tetragonal phase Ko.3sNao7NbOs. PFM spectroscopy measurements performed on this
sample, reveal a local piezo response of dss of less than 1 pm/V, which results by far lower if compared
with KosNaosNbOs3, but closer to many values obtained for un-doped KNN ceramics prepared by sol-

gel route.
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Figure 1. Flowchart of the synthesis of the KNN powders. ANO: ammonium niobium oxalate

monohydrate.
Citric acid +
10 ml H,0
5.0 mmol of
Mixed under stirring ANO

at 60 °C for 20 min.

ANO + Citric
Acid + H,0
Clear solution

2.5 mmol C,H;0,Na +
2.5 mmol C,H;0,K
were dissolved in 5
ml of H,0

Mixed under stirring
at 60 °C for 30 min.

Clear
solution

2 ml of acetone

Mixed under stirring at
room temperature for
30 min.

Clear

solution

Heated to 100 °C for
4 h.

Transparent
gel

Calcination to 350 °C
for 5 h and further
annealing at 500 °C for
5h.

Final powders
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Figure 2. Schematization of the experimental set-up used for the SKPM and PFM measurements.

e N ‘ Position
Laser Diode Y5\\ N \ sensitive
A ) detector

A

Cantilever
k=2N/m
Coating: Ptlr;
Electrical holder

KNN disk : :
Silver paint

Magnetic stainless
steel disk

Figure 3. SEM micrographs of the Ko sNao sNbO3 powders prepared by 2 g of citric acid and calcinated
to 350 °C (A) and disk calcinated at 500 °C (B).
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Figure 4. Experimental XRD pattern (blue squares) and the Rietveld refinement profile (red line) of
the KNN ceramic (K: Na = 1) prepared with 2 g of citric acid and calcinated at 500 °C. Inset:
projections of the Ko sNao sNbOs3 structure viewed along the b and ¢ axis. Yellow spheres correspond
to the alkali-earth cations, each occupied 50%, while green distorted octahedra are composed by
oxygens (red spheres) surrounding Nb cations (grey spheres).

w

Intensity (a.u.)

R = 4.72%

|

| I I Il Il [l

30 40 50 60 70

Scattering angle 26 (°)

Figure 5. SEM micrographs of the KosNaosNbO3 powders prepared by 0.2 g of citric acid and
calcinated to 350 °C (A) and 500 C (B).
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Figure 6. Experimental XRD pattern (blue squares) and the Rietveld refinement profile (red line) of
the KNN ceramic prepared with 0.2 g of citric acid and calcinated at 500°C. Inset: projections of the
Ko.3Nao7NbO; structure viewed along the a and ¢ axis. Yellow spheres correspond to the alkali-earth
cations, each occupied 50%, while green distorted octahedra are composed by oxygens (red spheres)
surrounding Nb cations (grey spheres).
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15 Figure 7. A) Topography, and B) KPFM image corresponding the changes of the surface work
16 function selected area of the Ko.sNaosNbO3 disk. Topography shows a grain distribution with and
average diameter size of about 200 nm. Kelvin contrast is kept below 30 mV, indicating a quite
19 homogeneous composition of the material.

42 Figure 8. A) Topography of a selected area (1x1um) of the Ko.sNaosNbOs disk. B) 3D image of the
43 topography with overlaped PFM Amplitude as the color scale and C) 3D topography with the PFM
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Figure 9. A) Topography, and B) KPFM image corresponding the changes of the surface work
function selected area of the Ko3Nao7NbO3 disk. Topography shows a grain distribution with and
average diameter size of several microns, one order of magnitude bigger than the observed grain
distribution of the previous sample. Strong Kelvin contrast denotes a phase segregation for different

areas of this sample.

Figure 10. Topography of two different areas of the Ko.3Nao7NbOs3 disk A) bright kelvin contrast and
D) dark kelvin contrast. B) and E) are 3D images of the topography with overlaped PFM Amplitude
as the color scale and C) and F) are 3D topographies with the PFM Phase as the colour scale.
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Table

Table 1. Crystallite size, microstrain, lattice cell parameters and z fractional coordinates for the atomic
species, derived by the Rietveld refinement applied to the system prepared with 2 g of citric acid and

annealed at 500 °C.
Phase a (A) b (A c(A) Crystallite Size (A)
Ko.5Nag.sNbOs 3.9475 5.6267 5.6633 590
(KNNO05), Amm2
Z(Na, K) ZNb Z01 202
z fractional
coordinates 0.009 0.529 0.536 0.232

Table 2. Crystallite size, microstrain, lattice cell parameters and z fractional coordinates for the atomic
species, derived by the Rietveld refinement applied to the system prepared with 0.2 g of citric acid and

annealed at 500 °C.
Phase a(A) b (A c(A) Crystallite Size (A)
Ko.3Nao.7NbO3 3.9742 / 3.9806 200
(KNNO03), P4/mm
Z(Na, K) ZNb Z01 202
z fractional
coordinates 0.890 0.335 0.740 0.0335
25



©CO~NOOOTA~AWNPE

Table of Contents

Potassium sodium niobate, KNN, powders have been efficiently synthesized by a versatile and
cost-effective sol-gel method exploiting water soluble metal sources and citric acid. The systems
calcined at 500 °C, have been structurally characterized by X-ray diffraction and scanning electron
microscopy. The KNN system with a chemical composition KosNaosNbOs shows a good crystallinity
and a large local piezoresponse measured by Vertical Piezoresponse Force Microscopy (VPFM).
Keyword
Piezoceramics, Potassium Sodium Niobate, Modified-Pechini method, Piezoresponse Force

microscopy, X-ray diffraction
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