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ABSTRACT

Samples of 0.9Pb(Fe1/2Nb1/2)O3−0.1PbTiO3 were mixed with ZnO at 0, 1, 2, and 3 wt.%, and were 
synthesised by mixed oxide through a two-step sintering method. Phase transition of the samples was 
analysed by using X–ray diffractometer (XRD) and Fourier transform infrared spectroscopy (FTIR). The 
dielectric properties were determined by LCR meter at 1 kHz, 10 kHz, and 100 kHz. The results showed 
that the morphotropic phase boundary of 0.9PFN−0.1PT shifting to tetragonal phase and suppressed 
pyrochlore phase when ZnO was added into 0.9PFN−0.1PT. In addition, FTIR spectra peak showed zinc 
and oxygen bond bonding vibration at frequencies range 3,452 cm−1 and 3,792 cm−1 after level doping 
ZnO of 3 wt.%. The samples exhibited the maximum dielectric constant at temperature for 144ºC. The 
dispersion of dielectric constantly decreased with increasing ZnO contents. The relaxor ferroelectric of 
0.9PFN−0.1PT ceramic shifted to normal ferroelectric with increasing ZnO contents.

Keywords: Dielectric properties, ferroelectric material, FTIR, microstructure, XRD, ZnO

INTRODUCTION

Many applications in memories and sensors 
are applied from piezoelectric devices which 
are produced from relaxor ferroelectric 
ceramics with lead–based complex perovskite 
structure, and are favoured by researchers in 
physics field (Cross, 1996; Vladimír et al., 
2003). Pb(Fe1/2Nb1/2)O3−PbTiO3 (PFN−PT) 
ceramic is well known for ferroelectric 
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materials that have been developed by researchers for portable microelectronic applications 
(Kim et al., 2011). Generally, the perovskite structure of ferroelectrics ceramic has been obtained 
on the basis of complex lead niobate perovskite Pb(B′ Nb)O3 (where B′ = Mg2+, Zn2+, Fe3+) 
(Mackeviciute, et al., 2015). Meanwhile, the regarded pyrochlore phase exists in microstructure 
of PFN−PT ceramics because of Pb2+ vacancy. Pyrochlore phase was suppressed by either 
using columbite method or two-steps sintering into mixed oxide process (Moetakef & Nemati, 
2007) which had an effect to produce piezoelectric properties. Singh et al. (2008) found that the 
structure of (1 – x) PFN–xPT was in monoclinic phase for x < 0.05 and predominantly tetragonal 
phase for x > 0.10, whereas the two phases coexist in the intermediate composition range. The 
morphotropic phase boundary (MPB) depends on composition, which is a technique for showing 
maximum dielectric properties (Park & Shrout, 1997) (1 – x)PFN–xPT is a maximum peak of 
the dielectric constant at x = 0.08 (Singh et al., 2008). The (1 – x) PFN–xPT system is reported 
on the dielectric properties of highly leaky samples (Wang et al., 2005), which cannot attain 
the phase transition at a higher temperature. To improve the physical and electrical properties 
for applications lead-based relaxor ceramics,which were produced by doping with transition 
oxides (ZnO, CuO, La2O, Fe2O, MnO2, etc.), have been intensively investigated. For example, 
Zhang et al. (2009) found that Ce doped PNW–PMN– PZT ceramics were able to optimize 
piezoelectric and dielectric properties with stable temperature. In addition, the researchers 
(Kang et al., 2004; Feng, Rongzi et al., 2009) revealed that PMN−PNN−PZT ceramics modified 
with Zn2+ and Li+ ions exhibited excellent electrical properties and Curie temperature (TC = 
251ºC), at 960ºC for low sintering temperature. In addition, Yan et al. (2012) studied the effect 
of MnO2 on the phase structure and ferroelectric behaviour of PMN–PZT ceramics found that 
the Mn2+ ion substitute on Zr4+ and Ti4+ sites induced a hardening effect. In addition, Wattanasarn 
and Seetawan (Wattanasarn & Seetawan, 2014) reported Zn atom has affected the tetragonal 
structure and improved the highest temperature that can be achieved due to a single normal 
vibration (Debye temperature) of PbTiO3 with first principle calculation.

The synthesised ferroelectric material plays a crucial role for responding to the 
microstructure and electrical properties. In this work, the 0.9Pb(Fe1/2Nb1/2)O3−0.1PbTiO3 
(0.9PFN–0.1PT) ceramics occupy into MPB of (1 – x)PFN–xPT system which is prepared 
by columbite mixed oxide. The ZnO was added into 0.9PFN−0.1PT ceramics with solid state 
reaction. The samples were investigated in microscale for traces of atomic vibration by Fourier 
transform infrared spectroscopy (FTIR) method. In the phase transition, the temperature is 
dependent on the dielectric behaviour that corresponded to ferroelectric properties of 0.9PFN–
0.1PT and 0.9PFN−0.1PT: xZn ceramics. By adding ZnO into the 0.9PFN–0.1PT it is expected 
to decrease the pyrochlore phase, as well as affect the dielectric properties of 0.9PFN–0.1PT.

MATERIALS AND METHOD

The 0.9PFN–0.1PT: xZn were obtained by solid state reaction technique, limiting Zn atoms 
substituted in any vacancies and also protecting the temperature of maximum dielectric constant 
which would be shifted when ZnO contents were increased, and the researcher chose x = 0, 1, 
2, and 3 wt.%. In this study, the 0.9PFN–0.1PT: xZn ceramics were synthesised by columbite 
method. Firstly, iron niobate (Fe2Nb2O4: FN) was prepared from the stoichiometric ratio for 
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precursor, which composed of Fe2O3 (98%), and Nb2O5 (99.9%). The materials were mixed 
with ball milling, and fired at 1000ºC for 6 h. Secondly, 0.9PFN–0.1PT: xZn was prepared 
by mixing oxide materials that were composed of FN, PbO (99%) excess with 4 mol% for 
compensate PbO which volatilised during the heat treatment, TiO2 (98%) and ZnO (< 100  
nm). These powders were mixed in stoichiometric ratio of the samples, and then the milling 
process in deionize water took 24 h and was vaporised by hotplate. The mixed powder was 
pressed through the following two-steps sintering process (Moetakef & Nemati, 2007). In the 
first step, the sample was pressed to a pellet for calcination, treated in PbO atmosphere by 
covering the sample with Pb(Zr1 – xTix)O3 (PZT) powder in an alumina crucible, and heated 
to 850ºC with the heating rate of 10°C min−1. Then it was soaked at that temperature for 4 h, 
and then cooled down at room temperature. After that, the sample was crushed into powder 
and then mixed with polyvinyl alcohol solution (5  wt.%), and pressed at 320 MPa to form 
disc shapes with 10 mm in diameter and 1.2 mm in thickness The second step for sintering 
at a high temperature was for the disc sample to be maintained under lead atmosphere during 
the firing process. The sample pellets were embedded in the PZT powder which was derived 
from the previous step. The sample was then sintered at 1100ºC for 2 h with a heating rate of 
10ºC min−1. After that, the sintered sample was polished to remove the lead-rich layer on the 
surface of the sample.

The plane patterns of sintered samples were determined with an X–ray diffractometer 
(Shimadzu XRD−6100). The XRD patterns were recorded at room temperature with Cu Kα 
radiation. Diffraction intensity was measured at 2θ in range of 20º to 60º with a step up of 
0.02º. The bulk density of the sample was measured using the Archimedes method in order to 
compare it with theoretical density. The FTIR absorption in the spectral range 400−4,000 cm−1 
was obtained. The IR absorption measurements were done using the KBr pellet technique. 
The samples were crushed in an agate mortar to obtain particles. This procedure was applied 
every time to fragments of a sample to avoid structural modifications due to ambient moisture. 
The samples were coated with silver paint on the sample surfaces as electrode for dielectric 
measurements. The capacitances were obtained using Chen Hwa 1061 LCR–Meter connected 
to the sample electrode in a chamber that was heated at a temperature from 30–300ºC. In this 
study, the dielectric constants were measured at a discrete frequency range of 1 kHz to 100 kHz. 
The capacitances were used to investigate the dielectric constants from 0/r Ct Aε ε= ; where 
C  is the capacitance of the sample, t  and A  are the thickness and the area of the electrode, 
respectively, and 0ε  is the dielectric permittivity in vacuum.

RESULTS AND DISCUSSION

The XRD technique was run on CuKa (wavelength 1.54056 Å) for investigated phase patterns 
of 0.9PFN–0.1PT: xZn (x = 0, 1, 2, and 3 wt.%) as shown in Figure 1. The samples were 
identified to the characteristic patterns of complex perovskite structure (A(B′B′′)O3). Usually, 
0.9PFN–0.1PT exhibits morphotropic phase boundary (MPB) and then gradually shifts to 
tetragonal phase with increasing PT contents (Ciomega, et al., 2013). In Figure 1, the ZnO 
content doped into 0.9PFN–0.1PT. It observed that pyrochlore phase was suppressed with 
increasing ZnO contents as presented in Figure 1 (inset). The phase transformation from 
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the MPB phase eventually shifted to tetragonal phase with increasing ZnO contents. Using 
2θ data from 20º to 60º of the XRD results evaluated the percentage of perovskite structure, 
lattice parameters ,a c , tetragonality ( /c a ), bulk density and relative density are listed in 
Table 1. This result implied that not only Zn2+ ion can be a reducing Pb2+ vacancy but it also 
increases tetragonality of 0.9PFN–0.1PT. Furthermore, Peak of 0.9PFN–0.1PT is shifted due to 
substitution in B site in perovskite structure and deflect structure, which Zn2+ (ionic radii 0.8 Å) 
substituted Fe3+(0.75 Å) and Nb (0.86 Å), lead to compressing lattice strain in microstructure 
and effect to shifted peak (Zhang, et al., 2016).

Figure 1. The illustrated of XRD patterns of 0.9PFN−0.1PT: xZn (x = 0, 1, 2, and 3 wt.%) ceramics

Table 1
Lattice parameters a  and c , tetragonality ( /c a ), Rietveld refinement using data from 20º to 60º of 
the XRD results in Figure 1. Experiment Density (g cm −3), and relative density (%)

0.9PFN–
0.1PT: xZn

% 
Perovskite

a  
(Å)

c
 (Å)

/c a  
Experiment 

Density
Relative 
density

x = 0 80.11 0.4008 0.4063 1.013 7.701 92.57
x = 1 91.61 0.3986 0.4023 1.009 7.687 89.55
x = 2 92.28 0.3987 0.4021 1.008 7.764 90.59
x = 3 92.36 0.3975 0.4019 1.011 7.567 87.87
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The (200) plane is a single peak for the cubic, while (200)T and (002)T plane can be 
found in tetragonal phase (Kang, et al., 2004). It is noted that the broad peak exhibited the 
tetragonal phase split into two peaks at (200) plane. The major differences of XRD pattern 
are analysed on the peaks of (200) plane which ranged from 44º−46º. In order to determine 
the phase transition of various samples accurately, the broad peak of (002) plane lines of three 
samples were obtained by extracting from XRD pattern range 44º−46º, as presented in Figure 
2. The (200) reflections splits to (200)T and (002)T were found by fitting Gaussian peaks (red 
and green lines). The MPB phase for x = 0. The coexistence of equal quantities of the MPB 
region, in the tetragonal and cubic phases is well known (Feng et al., 2009; Yan et al., 2012). 
Consequently, X-ray diffractometer is the evidence clearly of splitting on plane (200)T as shown 
in Figure 2. In addition, lattice parameters and tetragonality (c/a) are the reasons that justify 
the shift of MPB phase to tetragonal phase, that increased tetragonality (c/a) with increasing 
ZnO contents as listed in Table 1.

Figure 2. The phase transition of MPB to tetragonal phase on plane (200)T and (002)T (2θ = 44º−46º) 
of 0.9PFN–0.1PT: xZn, (a) x = 0 wt.%, (b) x = 1 wt.%, (c) x = 2 wt.%, and (d) x = 3 wt.%

In order to study the vibrational properties of ZnO the sample was doped into 0.9PFN–
0.1PT. Fourier transform infrared spectroscopy (FTIR) spectra were in the region of 400–4,000 
cm-1 at room temperature, as depicted in Figure 3. It observed that all samples exhibited quite 
similarly to peaks confirming 0.9PFN−0.1PT: xZn. Absorption bands was around 605 cm−1 
for all samples which attributed to O–Ti–O and Nb–O bending vibrations of TiO6 and NbO6 
octahedral groups respectively (Eastel & Udy, 1972; Shimizu et al., 1977). Furthermore, FTIR 
peak showed intensity of Zn at 3,412 cm−1 and 3,792 cm−1 for 2 wt.% and 3 wt.%. In contrast, 
0.9PFN–0.1PT: 1Zn removed any peak on this range due to the complexity of zinc with the 
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substitution in complex perovskite structure (Kwon et al., 2002; Silva & Zaniquelli, 2002; 
Paterson, et. al, 2015). In addition, FTIR peaks shifted due to some structural modifications 
that occurred during the dioxygen intercalation process (Laureano, et al., 1998). It is noted 
that Zn atom has affected the ferroelectric materials that is phase transition corresponding 
with XRD data.

Figure 3. Fourier transform infrared spectra (FTIR) of 0.9PFN−0.1PT: xZn (x = 0, 1, 2, and 3 wt.%) 
ceramics

Generally, dielectric behaviour is favoured to explain the existence in microscopic 
and nanoscopic scales. Dielectric constant ( rε ) and dielectric loss ( tanδ ) as a function of 
temperature at various frequencies of 0.9PFN–0.1PT: xZn was found to have the maximum 
dielectric constant at temperature 144°C, as shown in Figure 4. The rε  of 0.9PFN–0.1PT was 
found to be very high at 1 kHz see in Figure 4(a) (inset), and then rapidly decreasing. The 
broad wide peaks of dielectric dispersion appeared with increasing frequency, as shown in 
Figure 4(a). Similarly, 0.9PFN−0.1PT: 1Zn exhibited broad wide peaks of dielectric dispersion 
and increased when the temperature was higher than 150ºC is depicted in Figure 4(b). It is 
evident that 0.9PFN−0.1PT exhibited a diffuse ferroelectric phase transition with a transition 
temperature that caused B site ions disorder in complex perovskite. Figure 4(c) and Figure 4(d) 
showed a ferroelectric behaviour of 0.9PFN−0.1PT:2Zn, and 0.9PFN−0.1PT:3Zn respectively, 
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with a broad wide peak transformed to sharp peak and dielectric constant, which was observed 
to significantly decrease when ZnO was added. It was assumed that the spontaneous polarization 
(domain wall) dynamically changed the polar nanoregions’ direction at the above average 
transition temperature (Mackeviciute, et al., 2015). It exhibited that increasing ZnO content 
into 0.9PFN−0.1PT would be affected to relaxor ferroelectric behaviours that were ordered 
structure of a short range of heterogeneous in mixed oxide powder.

(a)

(c)

(b)

(d)

Figure 4. Illustrating the temperature and frequency dependence of dielectric constant and dielectric 
losses of 0.9PFN−0.1PT: xZn; (a) x = 0 wt.%; (b) x = 1 wt.%; (c) x = 2 wt.%; and (d) x = 3 wt.%

The dielectric loss ( tanδ ) of 0.9PFN−0.1PT: xZn (x = 0, 1, 2, and 3 wt.%) ceramics are 
illustrated in Figure 4(a)–(e),  the tanδ  shows dependence with frequencies of 0.9PFN–0.1PT: 
xZn at different temperatures. It was found that tanδ  rose with increasing temperatures, as 
well as the tanδ  decreased with increasing frequency of the applied alternative current. This 
may be due to the hopping of electron that cannot follow the frequencies of applied current. 
Moreover, the dispersion in tanδ  at higher temperatures was observed for the samples. This 
is attributed to the conductivity of the ceramics. In addition, the oxygen vacancies and PbO 
evaporated during higher temperature sintering. Besides, appearing peak of tanδ  is suggested 
that long range order in relaxor ferroelectric phase affected by heating (Ni, Luo, Pan, Zhang, 
& Chen, 2012).
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CONCLUSION

Modified ZnO into 0.9PFN−0.1PT: xZn (x = 0, 1, 2, and 3 wt.%) ceramics were prepared by the 
two-step sintering process. The phase transition was demonstrated by using X–ray diffraction 
technique. The structures of the 0.9PFN−0.1PT experienced a gradual transition process from 
MPB phase to tetragonal phase with ZnO contents added. FTIR peak showed transmission of 
bonding vibration of Zn at 3,412 cm−1 and 3,792 cm−1 for 2 wt.% and 3 wt.%, 0.9PFN−0.1PT: 
1Zn disappeared at any peak on these ranges due to homogeneous substitution of zinc atom 
into complex perovskite structure. 0.9PFN–0.1PT: xZn exhibited the maximum dielectric 
constant at a temperature of 144ºC, the broad wide peak of dielectric constant was transformed 
to sharp peak and dielectric constant significantly decreased by adding ZnO. The dielectric loss 
increased at higher temperatures, as well as decreased with increasing frequency of the applied 
alternative current. These results confirmed the effect of ZnO to micro-scale and nano-scale 
transition into 0.9PFN−0.1PT. These results can also be attributed to ferroelectric and relaxor 
ferroelectric behaviour, and will be useful for electronic applications.   
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