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Abstract Ferroelectric Pb2(Sc,Nb)O6 were prepared under two different sintering conditions using the oxide mixing

method and the electrical properties were measured. The sintering conditions were 1350oC for 25 minutes and 1400oC

for 20 minutes. EDX spectroscopy and XRD were used to determine the crystalline characteristic of the Pb2(Sc,Nb)O6

compositions Pyrochlore phase showed about 2% in all Pb2(Sc,Nb)O6 specimens. It expands the growth of crystals in

samples sintered at 1400oC than 1350oC, but all samples were the optimal crystallization. The temperature and

frequency dependence of the complex dielectric constant and admittance were measured to analyze the electrical

properties. The high dielectric constant of the specimens reflects the good stoichiometry and crystallization. The

maximum value of the dielectric constant in the two specimens treated with sintering at 1350oC and 1400oC were more

than 27,000, and the dielectric loss at room temperature is smaller than 0.05. The maximum dielectric constant

decreased with increasing frequency, the transition temperature also increased in Pb2(Sc,Nb)O6 compositions. The

admittance and susceptance values reach a peak at all temperatures, and the magnitude of the peak increases with

increasing measuring temperature. Strong frequency dependent of maximum admittance, susceptance, dielectric

constant and dielectric loss were observed.
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I. Introduction

Ferroelectric materials have good physical behavior, such as

high dielectric constant, piezoelectric constant, spontaneous

polarization and pyroelectric coefficient, etc. The relaxor

properties of the Pb2(Sc,Nb)O6 (PSN) system has led

to many investigations on mixed B-site cation relaxor

ferroelectrics, for use capacitors, infrared sensors and

FeRAM devices [1]. The dielectric constant of relaxor

decreases with increasing frequency and show the diffuse

phase transition characteristics [2-4] This properties is not

clear, but it is closely related to the atomic order and

disorder. The phase transition properties of relaxor

ferroelectric materials depend on the physical and chemical

fluctuations. Complex perovskites of a Pb2(B’,B’’)O6

structure differ from general ferroelectrics in having a

nanoscale crystal structure. When Sc3+ and Nb5+ ions of the

Pb2(Sc3+,Nb5+)O6 structure have disordered, it becomes a

diffuse phase transition [5]. 

In this study, PSN relaxor ferroelectric was prepared

using the oxide mixing method and the stabilization of

perovskite phase was analyzed. XRD and EDX were used

to examine the structure and atomics ratio of PSN. The

electrical properties of PSN were analyzed by measuring

the dielectric constant. The relaxation properties were used

to measure the maximum admittance and susceptance.

II. Experimental Procedure

In this experiment, the PSN specimen was produced by

one-step mixing the starting oxides together, such as

PbCO3, Sc2O3, and Nb2O5. Powder calcined at 900oC, the

specimen sintered at 1350oC for 25 minutes and 1400oC

for 20 minutes [6-8]. XRD and EDX were used to examine

the stabilization of perovskite phase and atomics ratio of

specimens. The microstructure of PSN compositions was

observed by FE-SEM. To measure the dielectric constant

and complex admittance of the specimens, an Ag electrode

was coated on both sides of the specimens. The dielectric

constant (0~200oC, 0.1~100 kHz) and complex admittance

(0~150oC, 0~7 MHz) of specimens were examined at

various temperature and frequency using a impedance

analyzer (HP 4284A).

III. Results and Discussion

In the study, it is clear that the formation of pyrochlore

phase in PSN specimens was removed at an appropriate

sintering temperature. A XRD was used to examine the
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formation of the pyrochlore phase on the component

surfaces. The pyrochlore phase in addition to other factors,

such as impurities and inter-granular phases, is believed to

determine the dielectric properties of the ferroelectric

relaxor materials. Fig. 1 shows the XRD patterns of PSN

specimens. The amounts of the perovskite relative to the

pyrochlore phase was calculated from the XRD pattern

by using the equation Perov.(%)=[IPerov.(110)/(IPerov.(110)+

IPyro.(222))]×100, where IPerov.(110) and IPyro.(222) are the major

integrated XRD peak intensities for the perovskite (110)

and pyrochlore (222) reflections phases, respectively [9].

Pyrochlore phase showed about 2% in all PSN specimens.

Table 1 shows the atomic percentage in the result of EDX

in the specimen sintered at 1350oC for 25 minutes and

1400oC for 20 minutes. In both conditions it showed the

atomic distribution of A2(B’,B”)O6 octahedral perovskite.

Fig. 2(a, b) shows the fractured surfaces of the specimen

sintered at 1350oC and 1400oC. Also it expands the growth

of crystals in samples sintered at 1400oC than 1350oC, but

all samples were the optimal crystallization. In addition, at

the appropriate heat treatment conditions it means that PSN

is well sintered, as shown in Fig. 2. These results, during

the heat treatment, the grains of the PSN specimen become

larger with a concomitant decrease in the number of pores

and grain boundaries.

Fig. 3(a, b) shows the real part of dielectric constant and

loss as a function of temperature (0~200oC) and frequency

(0.1~100 kHz). The dielectric constant of a well-sintered

perovskite is high, but dielectric loss is low. The maximum

value of the dielectric constant in the two specimens

treated with sintering at 1350oC and 1400oC were more

than 27,000, as shown in Fig. 3. And the dielectric loss at

room temperature is smaller than 0.05. In the research, the

dielectric properties of the PSN refers to possible

applications. Figure 3(a, b) also shows that the phase

transition of the PSN is different from the Curie-Weiss law.

The maximum dielectric constant decreased with increasing

frequency, the transition temperature also increased in PSN

compositions. These attributes are typical of the PSN

relaxor ferroelectric, indicating that the diffuse phase

transition material.

Fig. 4(a, b, c, d) presents the frequency variations at

different temperatures of the admittance Y’(G) and

susceptance Y”(B) of PSN compositions sintered at

Figure 1. XRD patterns for the PSN compositions sintered at
1350oC for 25 minutes and 1400oC for 20 minutes.

Table 1. Atomic percentage of Pb, Sc, Nb and O elements.

Ions 1350oC 1400oC

Pb 16.83% 15.11%

Sc 8.67% 8.26%

Nb 10.38% 9.65%

O 64.12% 66.98%

Figure 2. FE-SEM micrographs for the PSN compositions sintered
at (a) 1350oC for 25 minutes and (b) 1400oC for 20 minutes.

Figure 3. Dielectric constant and loss for PSN specimens
sintered at (a) 1350oC for 25 minutes and (b) 1400oC for
20 minutes as a function of temperature and frequency.
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1350oC and 1400oC. At the transition temperature and low

frequency dispersion region can be attribute to the highest

dissipation while the dramatically showing down real part

of the admittance. Therefore, Fig. 4 presents drastic

changes of admittance Y’(G) and susceptance Y”(B) in

PSN compositions. Generally, the complex admittance Y*

and dielectric constant K* are correlated by the relation

Y*(ω)=Y’(G)+jY’’(B)=jωC0K*, where ω is the angular

frequency ω=2πf and C0=ε0S/t is the geometrical

capacitance with ε0 of free space (8.854×10−12 F/m), t is the

thickness and S is the area of electrode deposited on the

pellets [10]. The frequency dependence of ferroelectrics is

represented in terms of the admittance Y’(G), susceptance

Y”(B) and complex dielectric constant K*. Fig. 4(a, c)

shows the measurement value of the admittance Y’(G) of

PSN compositions sintered at 1350oC and 1400oC. The

plots show that the admittance Y’(G) values reach a peak

at all temperatures. Also, Fig. 4(b, d) shows the magnitude

of the susceptance Y”(B) peak increases with increasing

measuring temperature. Before TC (about 117oC), the

resonant frequency decreases with increasing temperature.

After TC, resonant frequency increases with increasing

temperature. In addition, maximum admittance Y’(G) and

susceptance Y”(B) increase with increasing temperature. This

phenomenon suggests the presence of a temperature

dependent dielectric relaxation process of PSN compositions.

When the temperature was changed, the resonant frequency

in the PSN compositions changed because of the change in

capacitance with temperature. The susceptance Y”(B) part

slightly broadens with increasing temperature. This

characteristic is the relationship between the Sc3+ and Nb5+

cations in disordered PSN compositions. All the samples

exhibited some depression, which is indicative of non-

Debye type relaxation. Table 2 shows the electrical RLC

elements of the PSN compositions sintered at 1350oC and

1400oC was calculated. This showed a reduction in

resistance with increasing temperature characteristics. In

addition, Table 2 shows characteristic is indicative of a

negative temperature coefficient of resistance, which is a

typical behavior of relaxor ferroelectrics. The admittance

Y’(G) and susceptance Y”(B) provides the properties about

the nature of the dielectric relaxation in PSN compositions.

IV. Conclusions

Ferroelectric PSN were prepared under two different

sintering conditions using the oxide mixing method and the

electrical properties were measured. The sintering

Figure 4. Admittance and susceptance as a function of frequency for PSN specimens at various temperature.

Table 2. Calculated value of the elements of the RLC equivalent
circuit.

oC R (Ω) L (H) C (F) Cp (F)

25.0 16.49 5.11×10−6 2.01×10−10 1.37×10−13

50.5 15.18 5.13×10−6 3.57×10−10 1.87×10−13

1400 (oC) 80.5 11.99 4.95×10−6 7.23×10−10 4.70×10−21

102.5 07.86 5.32×10−6 1.09×10−9 1.95×10−12

116.5 06.32 5.44×10−6 2.25×10−9 4.32×10−21

141.5 02.25 5.72×10−6 1.89×10−9 3.91×10−25

25.0 17.38 5.28×10−6 1.39×10−10 2.38×10−23

50.5 19.16 5.02×10−6 2.16×10−10 2.33×10−25

1350 (oC) 80.5 13.55 5.35×10−6 4.00×10−10 2.72×10−20

102.5 10.44 5.52×10−6 9.29×10−9 4.22×10−20

116.5 06.06 5.67×10−6 2.46×10−9 9.26×10−20

141.5 03.46 5.64×10−6 1.97×10−9 3.99×10−13
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conditions were 1350oC for 25 minutes and 1400oC for

20 minutes. Pyrochlore phase showed about 2% in all PSN

specimens. It expands the growth of crystals in samples

sintered at 1400oC than 1350oC, but all samples were the

optimal crystallization. The maximum value of the

dielectric constant in the two specimens treated with

sintering at 1350oC and 1400oC were more than 27,000,

and the dielectric loss at room temperature is smaller than

0.05. In addition, at the appropriate heat treatment

conditions it means that PSN is well sintered. The

maximum dielectric constant decreased with increasing

frequency, the transition temperature also increased in PSN

compositions. These attributes are typical of the PSN

relaxor ferroelectric, indicating that the diffuse phase

transition material. The admittance Y’(G) and susceptance

Y”(B) values reach a peak at all temperatures, and the

magnitude of the peak increases with increasing measuring

temperature. Also, when the temperature was changed, the

resonant frequency in the PSN compositions changed

because of the change in capacitance with temperature.

Strong frequency dependent of maximum admittance,

susceptance, and dielectric constant were observed. The

admittance and susceptance provides the properties about

the nature of the dielectric relaxation in PSN compositions.

Moreover, increasing temperature is shown a decrease in

resistance of the disordered PSN specimens. Such behavior

is indicative of a negative temperature coefficient of

resistance, which is a typical characteristic of abnormal

ferroelectrics.
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