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THERMAL AND FREQUENCY STABILITY OF
DIELECTRIC CERAMIC Bag.3xNds.2,Ti18054
(x=0.15, 0.25)

ABSTRACT

A new dielectric material, barium neodymium titanate (BNT) ceramic can provide good
thermal and frequency stability on the dielectric properties. The synthesis of BNT ceramics
with x=0.15 and 0.25 was carried out using wet solid state method. The ceramics were
characterized by X-ray diffraction to identify the phase. The shifting of XRD peaks revealed
that higher content of neodymium ions inside the compound. Surface morphology of the
ceramics was determined using FESEM. Different compositions influenced the grain growth
of the ceramics. BNT ceramics with higher neodymium content showed higher porosity, and
higher resistance to shrinkage. The dielectric properties at low frequency from 40 Hz to 1
MHz were measured using Impedance Analyzer. The polarization effect inside the material
was discussed and compared. BNT ceramics with x=0.15 has higher dielectric constant.
These BNT ceramics showed the frequency and thermal stability with respect to the
dielectric constant.

Keywords: Dielectric properties; Microstructure; Polarization; Thermal stability

1. INTRODUCTION

The dielectric properties of most dielectric ceramics always show temperature and frequency
dependence [1-8]. The change in dielectric constant of a ceramic makes it the difficult to
design the materials for use at a certain temperature. Li et al. [9] studied a dielectric material,
BaTiO3;-Nag 5Big 5 TiO3-Nb,O5-MgO-Glass with Nd,O; addition, and found the capacitance
decreases when temperature increases. Su et al. [10] reported the relaxation behaviour of
TbCoysMng 50597 ceramics change with increasing temperature. Zaman et al. [11] showed
there are two peaks showing temperature dependent of the dielectric constant in the
temperature range of 500°C. Adhlakha et al. [12] revealed hopping of Fe ions is thermally
activated in Nig75ZngsFe.04 doped with BiFeO; composites that affect the dielectric
constant. Mocanu et al. [13] reported that Mg,Ni,_,Fe,O4 ceramic displays flatten semicircular
arc in complex impedance plot that pointed out the electrical properties of that material is
frequency dependent. One of the excellent dielectric ceramics is barium titanate, which has
a high dielectric constant [14]. However, BaTiO; ceramic has a curie temperature around
125°C [15, 16] which point to the changing behaviour of ferroelectric to paraelectric(A

[17] studied Curie point in barium calcium titanate solid solution and found Curie temperature
increases with increasing calcium ions. At this critical temperature, the dielectric constant
starts to reduce and influences the properties of the material. In this research, we have
design a dielectric material that has good thermal stability and frequency independent
dielectric properties. Addition of neodymium ions into barium titanate resulted in the
exchange of phase from perovskite to tungsten bronze structure. It has been reported by
Korchagina et al. [18] that neodymium has excellent results in low frequency and microwave
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dielectric properties of Ba,LnTaOg compared to other rare earth elements. Ohsato [19]
analysed the structural properties of tungsten bronze type solid solutions by discussing the
lattice parameters and positions of the ions inside the compound. Dielectric ceramic with
compositional formula Bag3xNds.2,Ti1g054, BNT (x=0.15) was prepared, and the
microstructure and dielectric properties were investigated. In order to understand the
important role of diffusion of neodymium ions, another dielectric ceramic BNT with x=0.25
was also fabricated and material properties were compared.

2. MATERIAL AND METHODS

The raw materials BaCOj3, Nd,O3, and TiO, powders with particle size below 100 nm were
used in this work. All powders were mixed and milled using liquid agent ethanol by magnetic
stirring method [11]. The powders were weighed according to the desired composition, and
milled for 24 hours. After the milling process, the slurries were dried for another 24 hours.
The final dried powders were pressed into pellets with diameter of 17 mm and thickness of
2.8 mm. The pellets were then sintered for 3 hours in air in a programmable furnace at
1300°C. BNT with x=0.15 and 0.25 were prepared in this work. The density of the samples
was measured using Archimedes’ principle. The structural properties of the ceramics were
determined by X-ray diffractometer (Phillips Expert Pro PW3040) with CuKa radiation
(A=1.5404A). The microstructure of the ceramics was observed using FESEM. The dielectric
properties of the samples were measured using Impedance Analyzer (Agilent Model 4294A)
from 40 Hz to 1 MHz at different measuring temperatures, from room temperature to 250°C.

3. RESULTS AND DISCUSSION

The XRD pattern of BNT ceramics with x=0.15 and 0.25 at sintering temperature of 1300°C
are shown in Fig. 1. It is found that both samples have a tungsten bronze type with
orthorhombic structure [19] without any secondary phases, and the patterns were similar. It
is clearly shown as Fig. 1 that both ceramics have many sharp peaks located in the 26
range, and the highest peak was situated around 31 to 32 degrees. Based on the similar
pattern of both ceramics, it is necessary to zoom into the highest peak in order to investigate
the relationship of the patterns and the compositions. The comparison of XRD peak between
the two compositions of BNT ceramics are given in inset figure of Fig. 1. It can be observed
that the highest peak of BNT sample shows shifting to the higher angle when higher Nd ions
were doped into the system, which indicates that there are more Nd ions fully incorporated
into A1 site of the tungsten bronze type structure which caused distortion in the lattice
arrangement. The internal spacing of the arrangement atoms decreases when there is more
barium ions replaced by neodymium ions. Interestingly, the shifting behaviour of the peak
not only shows the change of the structural distortion, but also could be used to predict the
dielectric properties of the sample. The BNT ceramic with x=0.25 shows the peak shifted to
higher 2 Theta position meaning that the dielectric constant of this sample would be lower
than BNT ceramic with x=0.15.
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83
84 Fig. 1 XRD pattern of BNT ceramic with x=0.15 and 0.25 at sintering temperature of
85 1300°C.Comparison of highest peak of two BNT ceramics (inset figure).
86

87 Table 1 shows physical properties of two different compositions of BNT ceramics. It should
88 be mentioned that BNT with x=0.25 shows less shrinkage than the other which implies that
89  there is more neodymium atoms present in the sample. It is stated in atomic properties in
90 periodic table [20] that the atomic size of neodymium is bigger than barium atom. Therefore,
91 when there are more barium atoms being replaced by neodymium atoms, the compound has
92 higher resistance to shrinkage. On the other hand, BNT with x=0.25 is more porous than
93 BNT with x=0.15. It could be related to mass loss during the sintering process. The higher is
94 the mass loss, the smaller is the density. In addition, the increase in porosity might be due to
95 the number of increasing vacancy in the compound. It can be figured out in structural
96 properties of the compound, if the number of barium atoms decrease in A2 site of a tungsten
97 bronze structure [21], then it will create a space. This space could not fill by larger size
98  atoms such as neodymium atom, which made this ceramic becomes less dense.

99
100 Table 1. Physical properties of BNT ceramics
" . 3 . o o Average grain
Compositions Density (g cm™) | Shrinkage (%) Mass loss (%) size (um)
x=0.15 4.57 43.59 3.96 0.754
x=0.25 3.60 39.73 4.90 0.586
101

102  Comparison of surface morphology between different compositions of BNT ceramics is
103 revealed in Fig. 2. The estimated grain size was analysed using linear intercept method by
104 choosing 200 grains inside the sample. The results show that BNT ceramic with x=0.15 has
105 bigger grain size than BNT ceramic with x=0.25. Both BNT ceramics have fully achieved
106 densification where the grains and grain boundaries can be differentiated clearly on the
107 surface. In view of the grain shape, BNT ceramic with x=0.25 did not shows much
108 rectangular grain shape as BNT ceramic with x=0.15. Not only that, BNT ceramic with
109  x=0.25 displays more porosity on the surface where there is more dark area that was
110  observed in Fig. 3 (b). This porous effect can also be confirmed by the measured density,
111 which reveals the sample has lower density. It could be noticed that, BNT ceramic with more
112 neodymium ions blocked the formation of longer grain shape. The porosity of this sample
113 influenced the dielectric properties of the material. The space between the grains made the
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material loses the ability to store charges. This was exhibited in the dielectric results, which
shows the higher neodymium content has lower dielectric constant.

\ ]

Fig. 2. Microstructure of BNT ceramic sintered at 1300°C; (a) BNT x=0.15 and (b) BNT
x=0.25

Fig. 3 shows the dielectric properties as a function of frequency for BNT ceramics with
x=0.15 and 0.25 at room temperature and 250°C. The results revealed that the dielectric
constant of both ceramics is independent of frequency from 40 Hz to 1 MHz. This property is
against the common behaviour of materials which normally showed the dielectric constant
decreases with increasing frequency [22-25]. The good frequency stability of these ceramics
is normally related to structure of the materials itself. The tungsten bronze type structure
always leads the dielectric constant of the material to behave independently of frequency. As
can be observed from the results, the Maxwell Wagner type of interfacial polarization [26-28]
does not occur in this type of material. In most materials, the dielectric constant is always
increased by this polarization effect, especially in the low frequency region. However, the
interfacial polarization was eliminated by these two BNT ceramics. This also indicates that
there is only orientation polarization [29] occurring in this material. The imaginary part of the
dielectric constant or loss factor [30, 31] as a function of frequency for BNT ceramics with
x=0.15 and 0.25 is shown in Fig. 4. The dielectric loss factor shows a decrease with respect
to frequency for both BNT ceramics at all measuring temperatures. No peak can be seen
from the results. Therefore, the relaxation of the ceramics could not be defined in this
frequency range. The decrement of dielectric loss factor indicates the lossy behaviour of the
material can be improved by selecting the correct frequency. On the other hand, when
different temperatures were applied to these ceramics, the dielectric loss factor showed no
effect at low frequency region. However, loss factor shows a slight increase at high
frequency region as temperature increases. This will give an impact to quality factor of the
materials. The comparison of dielectric constant as a function of measuring temperature at
selected frequency of 1 MHz is given in Fig. 4. The results show that, BNT ceramic with
x=0.15 has higher dielectric constant. This can be related to several factors. One of the
reasons might be related to the shifting behaviour of the highest peak of the ceramics.
Besides, the BNT ceramic with x=0.25 shows more porosity. On the other hand, both BNT
ceramics have good thermal stability in the dielectric constant with the applied measuring
temperature. This means that the dipole moment inside the material is already aligned and
the poling field did not influenced much on the dipole motions. The dielectric constant
showed no much difference indicating these materials can be used in high temperature
applications.
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Fig. 4. Dielectric constant as a function of measuring temperature for BNT 0.15 and
BNT 0.25 exhibiting thermal stability.

4. CONCLUSION

In conclusion, BNT ceramics with different compositions were fabricated. The shifting of
XRD pattern indicates the changing in the interplanar spacing of the compound. BNT
ceramic with higher neodymium ions content has higher porosity, and smaller grain size. The

Dielectric loss factor

dielectric properties show stability in frequency and temperature for both BNT ceramics.

Increasing of neodymium ions led to the decrease in the dielectric constant in the tungsten
bronze structure. Due to the frequency independence of the dielectric constant, these types

of materials can also be used in microwave technology and telecommunication system.
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