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Synthesis of lead-free sodium niobate (NaNbO,) powder via

the combustion synthesis

We.a5. 5151 Inenns

ACH
1 2331
oro |
4
12909360

18N8 258

(v (Y] av a d °
lasunuarivayuanddsnntunglinasinnmans Yszdithuszana 2556

amumalulagnszaeunaudnummisaanszl



4 o . & : 3/
volasams myduasizinindn Fasaza TanfonluTeiwn (NaNb0,) Tae3Fuvuwnlng
' a Qv a v a 4
unaaidy uITeRus1e IRnuz Innmeans
Uszdfhnlszana 2556 $nnudunldSumsefuayy 50,000 w1
b4
szaznmimsite 1 Y aua 1 ga1an 2555 B9 30 fueeu 2556
#’ w 3/
¥o-ana HINTIAsINs

] . a a a = 4 Y] Yy
é}ﬂnﬂﬂ'lﬂ'ﬁi'ﬁnigﬂi. U515l Ineins v uad AUSININITAT TR _ . (W'J'ﬁu'ﬂﬂix‘lﬂ'li)

undage
& A

wandnils Tadianninl¥msnzmaiiil Tnssadranwumesea Tnd TsndonTuToiwa (NaNbO,) gn
dauanzinnTuunmn Tnsd 1R TaolH Tmdonlumsn (NaNo,) uazluTeidoumunzeen lod (4,0,)
Humsdedunazlflnadis (NH,CH,CO0H) ihimsiomas nisdnyngdnssumenidouveaas
A Taoldimafiamed luns i nuasivilomuidoame fusaoslade (TG-DTA) wuigfzen

u

o 9 . r ad a aaa 1%
Autuunaietiaei (muilti-stage reaction) gaungiizuduvesmamaifaz e ned (nitial temperature
Y 3 a ¥ ) o r A
T,) AU 200 99raIdee  waeinmalansunuuvesidions (XRD) uazmailayiSesniug
' a' 1 o r &’ a T w a 4
WosuBususaadn InsaTnll (FT-IR) wu1dadaulas Tuavesmslomasdenieond laduas
o dda -~ 1 o I’ = a d'l i &‘ a
gaunginmsimuna lmilidnswadensPamamesena lndiazvuiananmis Helsuasisomas
A 2 =2 A Ao oSt "oy A
UNINTY VINARANMASRA1aAAY Tﬂﬂwﬁﬂmuw\lmwaiawﬁ‘lﬂmﬂ?mmqwjﬂmmmaﬂax 93 il
Y o J j a 1 o a T o o 4 =y a"
loddadiulno TuavesmsiFomatnofioond ladnify 1.0 wazmnsaduasiziidauignsla
[ o P = & {
monaanmimauna laifigumnail 400 ssenwaiFa Slunal 4 92 Tu VUINOUN AR ALIINNGDA
da o T 1 1w
NI TAUDDNATOULUUADINTIA (SEM) UAUNIAY 226246 U1 TUINAT

=3

oo v ad a & a ' A
My : TogifieTaBiaaninlfmanzia TedonluTewa Nanbo, FFuuuwnnd



Research Title: Synthesis of lead-free sodium niobate (NaNbO,) powder via the combustion synthesis
Researcher: Asst. Prof. Dr. Naratip Vittayakorn

Faculty: Faculty of Science Department: Chemistry

ABSTRACT

Lead-free piezoelectric sodium niobate (NaNbO,) powdef was synthesized by the combustion synthesis
of sodium nitrate (NaNbO,) and niobium pentoxide (Nb,0,) using glycine (NH,CH,COOH) as the fuel.
Thermal behavior of precursor studied by thermogravimetric and differéntial thermal analysis (TG-DTA)
suggested the multi-stage reaction after an initial temperature 7, around 200°C. The product powders were
characterized after ignition using the X-ray diffraction technique (XRD) and Fourier traqsform infrared
(FTiR) spéctroscopy. The fuel-to-oxidizer molar ratié and calcination temperature were found to play an
important role on the perovskite phése formation and crystallite size. As increased in fuel ambunt, crystallite
size was found to be decreased. The maximum %wt perovskite equél to 93% was established using the fuel-
to-oxidizer molar ratio of 1.0. Monophasic perovskite phase NaNbO, was observed after calcination at

400°C for 4 h with an average particle size of 22646 nm.

Keywords : lead-free piezoelectric materials, sodium niobate, NaNbO,, combustion synthesis
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Combustion Synthesis of Lead-free Piezoelectric Alkali Metal
Niobate Family
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2Department of Electronics Engineeriné, Faculty of Engineering, King Mongkut's Institute of
Technology Ladb;abang, Bangkok 10520, Thailand
3Department of Chemistry, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang,
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Abstract

Nano-crystalline alkali metal niobate (ANbOs; A =K and Na) powders were synthesized by the
combustion of nitrate compounds and Nb,O, using glycine as the fuel. The chemical reaction,
nucleation mechanisms and influence of the fuel-to-oxidizer ratio to phase formation were studied.
The precursor and product powders were characterized, using the thermo gravimetric analysis (TGA),
Fourier transform infrared (FT-IR) spectroscopy, X-ray diffraction (XRD) technique, and scanning
electron microscopy (SEM). Different fuel-to-oxidizer ratios were found to be a key factor of the
process. As-prepared and calcined powders provided the perovskite structure with a nano-scale of

mean crystalline size.
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1. Introduction

Combustion synthesis (CS) or s-elf-propa;gating high temperature synthesis (SHS) has been
reported as a simple, rapid, energetically economic and low-cost method for producing various
industrially useful advanced materials [1]. This process is provided, based on the fundamentals of a
highly exothermic redox chemical reaction, in which an oxidation and a reduction reaction take place
simultaneously. This synthesis technique begins with a mixture of easily oxidizéd reactants (such as
nitrates) and a sui-table organic fuel (as a reducing agent). The mixture is then heated until ignition,
when it produces a self-sustaining combustion reaction with long duration of temperature that is high
enough for the synthesis to take place, even without an external heating source [2]. A large amount of
gas released during chemical reaction results in ultrafine nano-sized powder with dry, ﬂuffy,’ usually
crystalline and unagglomerated features [3]. Thus, combustion synthesis is known as a quick,
straightforward preparation process for producing homogeneous, very fine crystalline and
unagglomerated multicomponent oxide ceramic powders, without intermediate decomposition and/or
calcination steps [4]. Metal nitrate .was found to be the oxidizing salt preferred, due to its water

solubility. Furthermore, it possesses a relatively low melting temperature and permits achievement of
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.a homogeneous solution [1]. Combustion synthesis has been utilized to produce numerous
industrially useful refractory, magnetic, dielectric, semiconducting, insulator, catalyst, sensor,
phosphor, etc. oxide materials and carbide, boride, silicide, nitride, etc. non-oxide materials [1]. When
compéred with conventional ceramic processing, the most obvious advantages of combustion
synthesis are primarily: (1) high reaction temperature production that can volatilize low boiling point
impurities and, therefore, result in higher purity products; (2) reaction that has a simple exothermic
nature, and needs inexpensive processing facilities and equipment; (3) short exothermic reaction time
that results in low operating and processing costs; (4) high thermal gradients and rapid cooling rates
that ca_n produce new non-equilibrium vor metastable phases; (5) inorganic materials that can be
synthesized and consolidated simultaneously into a final product by utilizing the chemical energy of
the reactants; and (6) formation of nearly all sizes and shapes of the products [5]. These advantages
have engrossed researchers enough to become more active in researching the combusti?n synthesis of
new and improved materials, with specialized mechanical, electrical, optical and chemical properties.

Solid state reaction is a traditional and conventional method used for synthesizing oxide

ceramics [6], and has been used widely for mass production of several advanced industrial materials.
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It is probably one of the most fundamental and practical routine methods being used. The
stoichiometric constituent of oxides and carbonate starting materials are mixed and then calcined for
an appropriate duration at a high temperature in air or oxygen. Intermediate grinding is required to
obtain phase-pure and homogeneoué produc;c;c,. This mgthod is found to be relatively simple, but time-
consuming and energy intensive. As the Directives on Waste from Electrical and Electronic
Equipment (WEEE), Restriction of Hazardous Substances (RoHS) and End-of-Life Vehicles (ELV)
have enforced EU legislation on disposal of waste products since 2004, 2006 and 2003, respectively,
non-lead piezoelectric materials need to be considered for environmental protection [7-8]. One of the
main obstacles for commercial development of no;-lead piezoelectric materials seems to be
difficulties in processing, especially densification. Therefore, developmént of alternative methods,
which can produce powder with high sinterability and éontrolled stoichioxﬁetn'c composition, are
necessary and challenging.

The combustion synthesis was found to be a superior alternative chemical process because of

its characteristics, as explained above. This work synthesized perovskite alkali metal niobate (ANBO,;
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A =X and Na) powders via the combustion synthesis technique for the first time. The chemical
reaction, nucleation mechanisms and influence of fuel content to phase formation were studied.

2. Experimental Procedure

Exothermic redox reactiog could be initiated only when oxidizer and fuel were mixed
intimately in a fixed proportion. The elemental stoichiometric coefficient, (P, could be calculated for
releasing ' maximum energy by following the method of J éin et al. [9], which is based on
therrhochemical concepts used in propellant chemistry. The ratio between the total valencies of fuel
(glycine; NH,CH,COOH) and that of the oxidizer (sodium nitrate and/or potassium nitrate) should be
united. lTo satisfy the principle in th; present system, the nitrate (oxidizing valency = 57) to glycine -
(reducing valency = 9+) molar ratio was found to'be 1:0.56. The comi)rehensive reaction that forrﬁed
alkali niobate can be written as:
36NaNO, + 18Nb,O; + 20NH,CH,COOH — 36NaNbO, + 50H,0+ 28N, + 40CO, )]
36KNO, + 18Nb20; + 20NH,CH,COOH — 36KNbO, + S0H,0+ 28N, + 40CO, 2

18KNO, + 18NaNO, + 18Nb,0, + 20NH,CH,COOH

—> 36K, ;Na, ;NbO, + 50H,0 + 28N, +40CO,  (3)
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Various fuel-to-oxidizer ratios should be calculated for inveétigating and comparing the effect of fuel-
rich/fuel-lean mixtures on the synthesis of alkali niobate powder. Different fuel-to-oxidizer molar
ratios, such as fuel-deficient (<0.56), equivalent stoichiometric (0.56) and fuel-rich (>0.56) condition,
were applied.

For the comBustion synthesis, AR grade sodium nitrate (NaNO,; 99.5%), potassium nitrate
(KNO,; 99.5%) and niobium pent_aoxide (Nb,0,; 99.95%) were used as the starting materials, and
glycine (NH,CH,COOH; 99.7%) was used as fuel. Without a purification step, the appropriate
amount of starting materials was weighed, mixed with de-ionized water in a glass beéker and stirred
regularly for 30 min. The fuel (glycine) was then added and the mixture stirred for 30 ;rlin. After that,
the solution precursor was boiled on a hotplate inside a fume-cupboard under ventilation and then
evaporated. Once the solution had thickened and begun to dry, the ignition took place when the
temperature rapidly increased, resulting in self-sustaining combustion, with a large volume of rapidly
evolving gas products, and formation of voluminous powder.

To inveétigate thermal behavior of the precursor, the mixture of starting material was

determined using thermo gravimetric analysis (TGA, Perkin Elmer). The X-ray diffraction (XRD, -
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Advance D8) technique was performed on the combustion synthesized and calcined powders, using
Ni-filtered CuK radiation for phase identification and mean crystalline size calculation. The volume
fraction of the perovskite phase formation was considered by approximate calculation of the main X-
ray peak intensity ratio of alkali niobate and/or other secondary phases [10], according to the

following equation; % perovskite = (I,__..../(]

perovskite

+1,)) %100, where I, and I ; stand for

erovskite

intensities belonging to the strongest reflection peak of perovskite and secondary phase, respectively.

Based on the X-ray powder diffraction data, Scherrer’s formula [11] was used to calculate the

o d K
Pcosb,

crystallite sizes; , where D is the average crystallite size, k a constant equal to 0.94, A

the wavelength of X-ray radiation, ,B the full width at half maximum (FWHM) and ‘93 the diffraction
angle. As-synthesized and final powder products were characterized by using the Fourier transform
infrared (FT-IR, Perkin-Elmer Spectrum GX spectrometer) technique and scanning electron
microscopy (SEM, Hitachi S4700).
3. Results and Discussion

The TG/DTG plots of the stoichiometric precursor for NaNbO,, KNbO, and K, Na, ;NbO,

powders are shown in Figure 1. The combination observed on the TGA and DTG curves appeared to
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show three-stages of weight loss from room temperature to 900°C.‘ The first one .is of relative
importarice, as it is assumed to be at an initial temperature (T,) when the sample weight starts to
change rapidly during the chemical reaction [12]. A significant weight loss was observed as the
temperature reached 200°C, demonstrating tha’F the T, was at around this heat. This result suppoﬁed'
the concept of this smdy in that a hotplate gan be applied as a heating source to initiate the
combustion reaction at a temperature asilow‘ as that of the T}. As the temperature increased, weight
loss proceeded continuously until residual mass finally ‘remained. It was indicated that this reaction
belongs to a multi-stage reaction. The overall weight loss was found to be about 34.99%, 4}0.00% and
36.66%, which is close to the theoretical value of 34.71%, 36.87% and 35.75% for KNbO,, NaNbO,
and K, ;Na, ;NbO;, respectively. These overall weight losses correspond to the release of 50 mol H,0,
28 mol N, and 40 mol CO, related to Eq. (1), (2) and (3), respectively.

To investigate the effect of fuel proportion and oxidizing agent on phase formation, the
nitrate-to-glycine molar rétio of 1:0.56 (equivalent stoichiometric ratio) was used for the cprnbustion
synthesis. Figure 2 shows XRD patterns of the as-synthesized NaNbO,, KNbO, and K, ;Na, NbO,

powders. Regarding K, Na  NbO,, the presence of reflection peaks ascribed to the crystalline
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perovskite phase of the sample could be matched with orthorhombic potassium sodium niobate
JCPDS file no. 74-2025. This illustrated that the perovskite phase §f K, sNa, ;NbO, was produced
directly after the combustion process. The XRD patterns of KNbO, and NaNbO, could be correlated
to the diffraction peaks of szos- (_') (ICPDS file no. 30-0873) and NaNO, (M) (JCPDS file np. 85-
0859) starting materials, with no evidence found of a perovskite phase. This was correlated with the
experimental observation that auto-ignition did not occur in those conditions, although the equivalent
stoichiometric ratio was calculated for maximum energy release. Oxygen deficiency then could be
indicated in the system, and its environment might lead to combustion reaction and failure to follow
fhe theory. Thereby, variousﬁﬁlel-to-oxidizer ratios were carried out for investigating and cornp;ring
the effect of fuel-rich/fuel-lean mixtures on phase formation. Figure 3 shows the XRD patterns of as-.
synthesized KNbO, ceramic powders obtained from various fuel-to-oxidant molar ratios. For the
equiyalent stoichiometric (0.56) and fuel-deficient (0.5) raﬁos, diffraction peaks of Nb,O, (®) (JCPDS
file no. 30-0873) starting materials were detected, with no evidence of perovskite phase. These results

were correlated with the experimental observation of no ignition and combustion reaction in those

compositions. Furthermore, despite ultra-high fuel content with the fuel-to-oxidant molar ratio of 3
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being studied, no diffraction peak of perovskite phase was apparent. However, the diffraction pattern
correlated to the orthorhombic KNbO, perovskite phase (4) JCPDS file no. 32-0822, and the space
group, Cm2m (38), was found when using fuel-rich mixture with fuel-to-oxidant molar ratios of 1.0
and 2.0..These KNbO, minor peaks were found to accompany the major peak of K,Nb.O, (L)
JCPDS file no. 84-0812. Therefore, results from the fine nucleation condition of the monophasic
KNbO, phase, found that the fuel-to-oxidizer molar ratio of 1.0 created the highest volume fraction of
the perovskite phase formation (% perovs/kite), and was selected to investigate the effect of
calcination temperature. The volume fraction of the perovskite phase powder formgtion, which
resulted from the combustion method that used various fuel-to-oxidizer molar ratios, is shown in
Table 1. Thus, the as-prepared powder was c.alcined for 4 h at different temperatures, with a
heating/cooling rate of 20°C/min. The XRD patterns of those calcined KNbO, powders are .illustrated
in Figure 4. With regard to the powders calcined at relatively low temperatures of 300°C and 400°C,
their diffraction patterns suggested apparent un-reacted raw materials accompanied by a minor
perovskite phase, similar to those in as-prepared powder. As calcination temperatures increased to

500°C, diffraction peaks that could correspond to the orthorhombic potassium niobate perovskite
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phase (KNbO,) JCPDS no.32-0822 (®) were shown clearly with the minor peak of the K,Nb.O, »
secondary phase. The secondary phase'_was found to be a main problem, which was usually
discovered in synthesizing KNbO,, as many kinds of potassium niobate compounds with various
crystal structures could occur in the K,0-Nb,O, system,A such as K,Nb,O,, or KZN‘F)709 [13]. Apart
from‘ KNbO,, the combustion synthesis method also was used systematically to synthesize NaNbO,.
In the Na,0-Nb,O; system, as shown in Figure 2, the stoichiometric fuel-to-oxidize molar ratio of
0.56 was found td be unsuitable. No perovskite phase occurred when using the above fuel content.
After trying various fuel contents, as-synthesized NaNbO, with a fuel-to-oxidize molar ratio of 1 was
found to possess the highest value of 93% volume fract;m of the perovskite phase, comprising a
slight Nb,O, (*)(JCPDS file no. 30-0873) phase, as shown in Fiéure 5 (c). After calcination,- intensit};
of the Nb,O, phase was found to decrease with increasing calcination temperature (data not shown).
The diffraction peak corresponding to the Nb,O, disappeared after calcination for 4 h at 400°C,
whereas the monophasic perovskite NaNbO, phase was obtained, as illustrated in Figure 5 (d). This

NaNbO, phase (V) was consistent with JCPDS file no. 82-0606, which corresponded to an

orthorhombic structure with the space group, P2 ma (26). When comparing with a KNbO, preparation
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[XRD pattern shown in Fig. 5 (a) . and (b)], the calcination temperature used to achieve the
monophasic NaNbO, phase was lower because the perovskite phase of 35% found for as-synthesized
KNbO, powder was lower than that of 93% for NaNb’O3. Nevertheless, these results implied that the
fuel content and calcination temperatgre play an important role in perovskite phase formation. The
most suitable fuel-to-oxidize molar ratio should be used in order to produce a high perovskite phase
form or monophasic phase power. In addition, corresponding average crystallite sizes, as determined
from the XRD pattern in accordance with Scherrer’s equation, are shown in Table 2. As

K, sNa,;NbO, powder increased in fuel content, the average crystalline size (D) was found to

‘decrease with regularity from 29 + 11nm (ratio of 0.56) to 14 £ 3 nm (ratio of 1.0). As the fuel

content increase exceeded that used, t_he values were stable and increased slightly when the fuel
content reached the ratio of 1.8‘ (16 £ 6 nm). Likewise, the average crystalline size (D) of NaNbO,
was found to decrease f‘rom 44.51 £ 11.99 nm (ratio of 0.7) to 23.79 + 5.52 (ratio of 1.8), and then
increase to 26.11 + 13.69 nm (ratio of 2.0). The elevated fuel content was found to result in a smaller
crystalline size (related to a small particle size) of p.owder, due to the larger amount of gas evolved.

Nevertheless, higher fuel content that releases more energy can accelerate the crystallite growth and
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lead to fonnation of agglomerates. As a consequence of additional cost and more carbon residual, an
extremely high fuel-to-oxidizer molar ratio (fuel-rich rati;)) did not always provide the desired powder
production.

Figure 6 shows the FT-IR spectroscopic studies of the as-synthesized and éalcined alkali
niobate powders. The IR band at ~3,500 cm’ was assigned to O-H asymmetric stretching (V,), as
observed in all samples. It also was related to the moisture content of the KBr pellet, as the scissor
bending mode (V,) of HO-H at 1,600 om’”. Regarding the precursor powders of KOISI\.Ian,NbO3 and
NaNbO, without heat treatment [Fiéure 6 (a) and (c)], the IR spectrum indicated characteristic band
peaking at ~1,612, ~ 1,385 and ~890 cm_l, which corresponded to the anti-symme;t_ric carboxyl
group stretching vibration, anti-symmetry NO;l stretching and bending vibration, respectively [14].
These spectrums alsd were found in as-prepared NaNbO, powder [Figure 6 (d)]. These result?,
showed existence of the carboxyl and N.O;1 group that belonged to the starting material in samples
without apparent broad absorption bands at a low wave number of ~673 cm_l, which was believed

to be the vibration (V3) mode of the Nb—O bond in the corner-shared NbO, octahedron [15].

However, this broad band of Nb-O bond was newly found in as-synthesized K, Na, ;NbO, powder
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and NaNbO, powder calcined for 4 h at 400°C [Figure 6 (b) and (e)], without observation of any
starting material band. This result led to assumption that the perovskite niobate phase was
synthesized, which correlated to XRD analysis, and indicated success in synthesizing monophasic
Perovskite K, sNa, NbO; and NaNbO, after the combustion proce§s and calcination for 4 h at a
temperature as low as 400°C, respectively.

SEM images of the as-prepared powders, KNbO, (a), KO'SNao'SNb.O3 (b), NaNbO, (-c) and
NaNbO, calcined at 400°C (d), are presented in Figurg 7. No evidence of a différent phase was found
in thosg results. The as-prepared KNbO, SEM image [Figure 7 (a)] reveals rectangular particles with
an average particle size of 230 + 54 nm. The as-prepared powders, K,sNa, NbO, and NaNbO,
[Figure 7 (b) and (c)], are composed of aggregated polyhedral in nanoparticle shape, due to their
extremely small dimensions and high surface energy of the powders obtained [16]. The average
particle sizes, which can be estimated from micrographs, were found to be in the range of 229 + 52

~nm and 137 + 52 nm for as-prepared K, sNa, sNbO, and NaNbO,, respectively. However, the particle

growth of calcined powder appeared to be seen in the calcined powder of NaNbO, with a relatively
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higher average particle size of 226 + 46 .nm. It can be said that the firing process tends to produce
agglomerated particles and grain growth.
4. Conclusion

The combustion synthesis was used spccessfully for synthesizing alka}i metal niébatg
(ANbO,; A =K and Na) powders. Crystalline X, ;Na; ;NbO, powder was synthesized directly after
the combustion process. Monophasic perovskite NaNbQ, and KNbO, powders were obtained
following an additional calcination step. The fuel-to-oxidizer ratio was found to be the key factor for

perovskite phase formation and characteristics of the powder obtained. This combustion synthesis

!

method was studied as an alternative way to produce nano-crystalline powder alkali metal niobates
(ANbO,; A =K and Na), with the desired chemical composition, ?nd reduced time and cost.
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Figure legends

Fig.1 The TG/DTG plots of the stoichiometric precursor for NaNbO,, KNbO, and K, ;Na, ;NbO,

powders.
Fig.2 XRD patterns of the as-synthesized NaNbO,, KNbO, and K, ;Na, NbO, powders.

Fig.3 XRD patterns of as-synthesized KNbO, ceramic powders obtained from various fuel-to- '

oxidant molar ratios.

' Fig.4 ~ XRD patterns of KNbO, powders calcined at different temperatures for 4h with a

heating/cooling rate of 20°C/min.

" Fig. 5 XRD patterns of the as-prepared powders, KNbO, (a), KNbO, calcined at 900°C (b), as-

prepared NaNbO, (c) and NaNbO, calcined for 4 h at>400°C. :

! Fig.6 = FT-IR spectroscopic studies of the precursor of the powders, X, ;Na, ;NbO, (a), as-
synthesized K, ;Na, ;NbO, using a ratio of 0.56 (b), NaNbO, (c), as-synthesized NaNbO, using a ratio

of 1.0 (d) and NaNbO, calcined at 400°C (g).

Fig. 7 SEM images showing as-synthesized powders of KNbO, using a ratio of 1.0 (a), as-synthesized
K, sNa, sNbO; using a ratio of 0.56 (b), as-synthesized NaNbO, using a ratio of 1.0 (c) and NaNbO,

calcined at 400°C (d).
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Table headings

Table 1 Volume fractions of the perovskite phase formation of KNbO,, NaNbO, and K, ,Na, ,;NbO,

powders obtained from various fuel-to-oxidant molar ratios

Table 2 Average crystalline sizes of KNbO,, NaNbO, and K, sNa, ;NbO, powders obtained from

various fuel-to-oxidant molar ratios
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Table 1
Ywtperovskite Fuel-to-oxidant molar ratios

0.56 0.6 0.8 1.0 12 14 1.6 1.8
As-prepared 100.00 100.00 100.00 100.00 83.04 74.13 75.22 76.83
K, sNa, ,NbO, .

0.7 0.8 0.9 1.0 1.2 14 1.6 1.8 2.0
As-prepared 92.87 92.48 92.53 9291 91.33  89.49 88.89 91.35 62.77
NaNbO,

Calcination temperature (OC)
As- 300°C. 400°C  500°C 600°C 700°C  800°C  900°C
prepared

KNbO, 35.42 44.69 30.92 85.47 95.47 95.65 96.65 96.49
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Table 2
D Fuel-to-oxidant molar ratios

0.7 0.8 0.9 1.0 12 14 1.6 1.8 2.0
As- 445111 4250%  3731F  20.00% 2745 2620+ 2440f  23.79% 2612t
prepared 1.99 11.54 8.54 5.29 5.86 597 492 552 13.69
NaNbO,

Calcination temperature (OC)
200°C  300°C  400°C  500°C  600°C 700°C 800°C 900°C

CalcinedN  29.95%4

3151 27.84F  30.82%  38.84%  60.72%  70.87F 8527t

aNbO, 51 4.02 7.12, 543 . 8.09 8.09 9.22 1565

0.56 0.6 0.8 1.0 1.2 14 1.6 1.8
As-prepared 1 2883f1 2599 21.40F6  13.99F2. 13.10% 1339Ff 1375t  15.88%
K, ;Na, NbO, 0.58 *11.5 56 72 4.43 4.68 4.67 6.48

Y
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Fig. 1 - The TG/DTG plots of the stoichiometric precursor for NaNbO,, KNbO, and K, Na, ;NbO,

powders,
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B=NaNO, JCPDS 1n0.85-0859
@=Nb,0, JCPDS n0.30-0873
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Fig. 2 XRD patterns of the as-synthesized NaNbO,, KNbO, and K ;Na, NbO, powders.
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® Q =K2Nb7019 JCPDS No.84-0812
. N .
¢ ®
L 4
* e o, . 0.50

g | 0.56

Intensity (a.u.)

l -KNb()3 JCPDS file No.32-0822
{i s _ L\ N, :

o 5 60 0 8
26/degrees

Fig. 3 XRD patterns of as-synthesized KNbO, ceramic powders obtained from various fuel-to-

oxidant molar ratios..
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Fig. 7 SEM images showing as-synthesized powders of KNbO, using a ratio of 1.0 (a), as-synthesized
Ky sNa,NbO, using a ratio of 0.56 (b), as-synthesized NaNbO, using a ratio of 1.0 (c) and NaNbO,

calcined at 400°C (d).





