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RESUMO: Niobato de sddio é um material dielétrico potencialmente
importante por suas propriedades piezoelétricas. Possui estrutura do
fipo perovskita, na sua forma mais estdvel. Os recentes avancos na
engenharia de tecidos tém se concentrado no uso de sinais bioguimicos
¢ fisico-quimicos para desencadear respostas celularves especificas e
incentivar uma melhor interacdo bioldgica entre o biomaterial e o tecido
vivo. A cerdmica prezoelétrica pode sev a chave para a funcionalizacdo
dos enxertos atuais, pois exibem comportamento elétricos gerados
mecanicamente. Neste trabalho, foi adotada a producdo do niobato de
sddio (Ne NbO}}_. wm biomaterial piezoelétrico, em composicoes molares
diferentes, pelo método sol-gel com o objetivo de observar as alteragdes na
microestrutura utilizando técnicas microscopia eletronica de varredura
(MEV). A sintese for eficiente e a microestrutura estd de acordo com o gue
foi encontrado na literatura
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1. Introduction

issue engineering has focused on the stu-

dy of biochemical and physicochemical

signals, with the aim of obtaining specific

cellular responses and encouraging a better inte-

raction between living tissue and implanted mate-

rials. Studies in this area indicate that the use of

electrical stimuli can promote an increase in the
speed of healing and tissue regeneration [1. 2].

Studies led to the development and use of ex-

ogenous electrical stimuli in the treatment of bone

fractures in different parts of the human skeletal

system. However, the use of punctual and non-

constant electrical sttmuli does not lead to re-

sponses as efficient as reported in the literature.

ABSTRACT: Sodwum niobate is a potentially important dielectric
material for its piezoelectric properties. It has a perovskite-like
structure, inits most stable form. Recentadvances intissue engineering
have focused on the use of biochemical and physicochemical signals
to trigger specific cellular responses and encourage better biological
interaction between the biomaterial and hiving tissue. Piezoelectric
ceramics may be the key to the functionalization of current grafis,
as they exhibit mechanically generated electrical behavior. In this
work, the production of sodium niobate (E\-’m\-’bOj), a piezoelectric
biomaterial, in different molar compositions, by the sol-gel method
was adopted in order to observe the changes in the microstructure
using scanming electron microscopy (SEM) techniques. The synthesis
was efficient and the microstructure is in agreement with what was
found in the literature.

KEYWORDS: Sodium niobates. Sol-gel. Piezoelectric

Because of this. the clinical efficacy and safety of
these exogenous electrical stimulation methods
are being considered inconsistent and inconclu-
sive. Because there 1s a lack of a sufficient number
of randomized and well-controlled clinical studies
to prove its use [1.2.3].

The high demand for new intelligent materials
that can favor the tissue regeneration process leads
to the study of new materials containing electrically
active components or materials that can be polar-
1zed. Piezoelectric ceramics that have a perovskite
structure are the most suitable for this type of ac-
tion [2.3.4,5].

Piezoelectric ceramics could be the key to the
functionalization of current implant designs. They
exhibit mechanically generated electrical behavior.
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The piezoelectric ceramic most used so far 1s lead
zirconate titanate Pb[Zr(x)T1,__ JO, (PZT), where
the composition x 1s used to adjust specific proper-
ties for memory or piezoelectric devices. However,
due to the toxicity of these lead-containing devic-
es. much effort has been devoted in recent years
to finding suitable lead-free alternatives to PZT. A
promising alternative materials system 1s the sol-
gel synthesis of sodium potassium niobate (Na.K)
NbO,. While the structural and electronic proper-
ties of one end member potasstum niobate (KNbO,)
are relatively well known. this is much less the case
for perovskite sodium niobate (NaNbO,) [5, 6. 7].

Sodium niobate 1s a ceramic that at room tem-
perature has an orthorhombic structure, space
group Pbma. The interest in this material 1s based
on its perovskite phase which exhibits piezoelectric
properties. There are a variety of NaNbO, prepara-
tion routes that mostly use niobium pentoxide. The
synthesis using solid solution 1s well known. howev-
er. the sol-gel synthesis leads to obtaining materials
with better homogeneity and with a shorter pro-
duction time [8].

In this work. the production of sodium niobate
(NaNbO,) was adopted by the sol-gel method in dif-
ferent molar compositions. the heat treatment was
carried out at a calcination temperature of 650°C
and sintering at 1130°C with the objective of ob-
serving changes in the microstructure. With the
control of these parameters. it will be possible to
obtain an ideal synthesis prediction to guide fur-
ther studies of application of this ceramic for bone
regeneration.

2. Materials And Methods

The work consists of the synthesis of sodium nio-
bate (NaNbO?) by the sol-gel method following the
steps used by Jigong (2010) [9]. The author took
into account the phase diagram of sodium and po-
tassium niobate figure 2. where, at one end there
1s the presence of sodium niobate and at the oth-
er, potassium niobate [10]. The reagents used are
shown in Table 1 below.

87 - rmcT ],

Tab. 1. Reagents used mn the synthesis of NaNbO3 by
the sol-gel method.

MANUFAC-
REAGENTS PURITY (%)
TURER
Na CO, 99.8 Vetec
Nb,O, 99,96 --
Citri id
e ad 99,5 Baker
C.H,0.H,0
Ammonia - Merck
Polyvinyl al-
olyvinyl a B Merck
cohol (PVA)

Source: Own authorship.

The precursors used as raw material were Na,CO,
(99.8%). Nb205 (99.96%) and citric aad (C,H,O..H,O,
99.5%). The detailed scheme of the process 1s shown
in the flowchart below figure 1. The heavy carbon-
ate was dissolved in deionized water and stirred for
20 min. Citric acid (the molar ratio of citric acid
to total cation content was 2 to 1) was dissolved in
delonized water in a beaker and stirred for 20 min,
then added to the carbonate solution. Then, small
amounts of ammonia solution were added to ad-
just the pH value and form the sol. The Nb,O, was
added to the sol and the solution was stirred for
1h. after which it went through the homogeniza-
tion process in the ball mill. contamning alumina
balls. for 8h. After milling. the slurry was dried at
120°C to form a xerogel. The resulting xerogel was
calcined at 650°C for 2 h to obtain after sodium
niobate. The calcined powders were pressed into
tablets of approximately 3g and 12mm in diameter.
using polyvinyl alcohol (PVA) as a binder. After
firing the PVA. the pellets were finally sintered at
1130°C for 3h.
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Fig.1 - Flowchart of NaNbO3 synthesis by the
sol-gel method.
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The results are shown below through scanning
electron microscopy (SEM) characterization. For
comparison, sodium niobate was produced by two
different compositions. The first composition has a
stoichiometric ratio (A) one to one (1:1) of sodium
carbonate and niobium oxide, and the second, a
non-stoichiometric ratio (B) one to three quarters
(1:3/4) of sodium carbonate. sodium and niobium
oxide, respectively. The formula used to calculate
the reagents was as follows:

Na,CO, + Nb,O, — 2NaNbO, + CO,
Table 2 shows the molar ratio used for comparison:

Tab. 2 - Molar ratio of compounds.

NOMENCLA- PROPORTION
TURE OF
SAMPLES Na2CO3 Nb205
NaNbO, - A 1 1
NaNbO. - B 1 3/4

Fonte: Autoria prépria.

The samples were characterized by scanning
electron microscopy (SEM). The morphology of the
calcined and sintered powders was investigated us-
ing a scanning electron microscope, model QUAN-
TA 250 FEG. manufactured by FEIL installed in
the Electron Microscopy laboratory of the Instituto
Militar de Engenharia (IME) for analysis of micro-
structures via SE and BSE. In these analyses. sec-
ondary electron detectors — SE (brand SE Detector
R580 from FEI) and backscattered — BSE (model 6
Channel BSD Amplifier MK 3.1 from FEI) associ-
ated with the Spirit 1.9 control software were used.
The samples were covered with gold. deposited by
a LEICA model EM ACE600 metallizer under a
current of 50mA for 2 minutes.

3. Results And Discussion

Fig.2 presents the phase diagram of the KNbO,
— NaNbO,. system, where C. T. O and M indicate
cubic, tetragonal. orthorhombic and monoclinic
symmetry, respectively: F, A, P are the letters in-
dicated to represent ferroelectric, anti-ferroelectric
and para-electric behavior: S and L correspond to
the solid and liquid states. Itis possible to observe
along the strip on the right side where the composi-
tion of sodium niobate 1s fully displayed. Esse ma-
terial € totalmente dependente da sua composicao
e da temperatura de obtencao. Due to this. the
process of obtaining sodium niobate 1s extremely
important, since any difference in composition pro-
duces a different structure and. consequently. dif-
ferent properties.
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Fig. 2 - System phase diagram KNbO, — NaNbO,. . C, Fig. 3 - Scanning electron micrograph (SEM) of
T. O and M indicate cubic, tetragonal, orthorhombic and  samples of (a) NaNbO, - A and (b) NaNbO3 - B both
monoclinic symmetry. respectively; F, A, P for ferroelectric.  calcined. Magnifications of (a and b) 6.000X.
anti-ferroelectric and paraelectric behavior: S and L cor-
respond to the solid and liquid states.

NaNbO, (Mole %) N0
Source: LI (2013) [10].

3.1 Scanning Electron Microscopy (sem)

figure 3 and 4 show the micrographs obtained by
scanning electron microscope (SEM) of samples of
Natl'\'bO3 -Aand Natl'\'bO3 - B, both calcined at 650°C
for 2h. They denote how the variation in the micro-
structure equivalent to the compositional variation
incited m this work occurs. SEM mmages show the for-
mation of precipitates with irregular shapes. The cal-
cined samples do not present a great variation 1n size,
as can be easily noticed in the micrographs observed
in figure 3 and 4. However. a greater compaction of

the particles m the samples of NaNbO, — B compared

to NaNbO, — A 1s remarkable.
Source: Own authorship.




Fig. 4 - Scanning electron micrograph (SEM) of sam-
ples of (a) NaNbO, - A and (b) NaNbO, - B both calcined.
Magnifications of (a) 18.000X and (b) 20.000X.

Source: Own authorship.

Figure 5 and 6 show the micrographs obtamned by
scanning electron microscope (SEM) of NaNbO, - A
and NaNbO, — B samples, both calcined at 650°C for
2h and sintered at 1130°C for 3h. They denote how
the variation in the microstructure equivalent to the
compositional variation incited in this work occurs.
SEM images show the formation of precipitates with
irregular shapes. Figure 5(b) shows better homoge-
neity of the agglomerates compared to figure 5(a).
In figure 6(b) 1t 1s possible to observe that some par-
ticles presented grain size with greater growth than
the others observed in figure 6(a). which presented
grains with homogeneous sizes. It may be possible

to observe the presence of needles. they tend to ap-

pear when they are synthesized in low molar concen-
trations, therefore. the acicular and irregular shapes
observed in these samples are understood. The two
compositions can be compared by observing the var-
1ation in grain size for the slightly larger NaNbO, — B
sample in relation to the NaNbO, — A sample. In ad-
dition, they present greater compaction observed in

figure 5(b) and 6(b).

Fig. 5 — Scanning electron micrograph (SEM) of sam-
ples of (a) NaNbO3 - A and (b) NaNbO3 - B. both sin-
tered. Magnifications of (a and b) 6.000X

Source: Own authorship.




Fig. 6 — Scanning electron micrograph (SEM) of sam-
NaNbO3 - A and (b) NaNbO3 - B, both sin-
tered. Magnifications of (a and b) 15.000X.

ples of (z

Source: Own authorship.

Fig. 7 shows the sample NaNbO, — — A calcined at
650°C for 2h. In these samples it 1s possible to observe
the presence of precipitates in the form of sub micromet-
ric threads. This result 1s interesting since. according to
the literature, needles or nanoneedles are only obtained
in lower molar concentrations. as shown by the forma-
tion of small needles noted only mn this composition and

in the thermal treatment of calcination [11].

91 « RmcT (],

Fig. 10 - Scanning electron micrograph (SEM) of
the calcined NaNbO3 - A sample. Magnificatio
of 27.000X.

Source: Own authorship.

4. Conclusion

Sol-gel synthesis of sodium niobate was effective
i producing the sodium niobate phase (NaNbO,)
with the presence of a small percentage of niobi-
um oxide. The microstructure showed irregular
grain size and pores in the calcined samples and
good densification in the sintered samples. Thus.

the study of sodium niobate 1s valid for its use

in applications in biomaterials such as ceramics

that present the phenomenon of piezoelectricity.
where the tests will be carried out in later works.
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