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Relaxor-based ternary Pb(In1/2Nb1/2)O3–Pb(Mg1/3Nb2/3)O3–PbTiO3 (PIN–PMN–PT) single crystals and ceramics are promis-
ing candidates for high-performance electromechanical conversion devices. It is known that the domain structure and dielectric  
diffusion–relaxation characteristics are crucial to the excellent performances of relaxor ferroelectrics. In this work, we prepared 
the PIN–PMN–PT ceramics with various PIN/PMN proportions and systematically investigated their domain structure and dielec-
tric diffusion–relaxation properties. The effect of PIN/PMN proportion on the domain size and dielectric diffusion–relaxation 
characteristics was also studied. The investigations showed that PIN–PMN–PT ceramics presented multi-type domain patterns 
comprising irregular island domains and regular lamellar domains. Moreover, the dependent relations of PIN/PMN proportions on 
the dielectric diffusion and domain size indicated that the PIN composition has a stronger lattice distortion than PMN composi-
tion; increasing the PIN proportion can enhance the dielectric diffusion and decrease the domain size. Our results could deepen the 
understanding of structure–property relationships of multicomponent relaxor ferroelectrics and guide the design and exploration 
of new high-performance ferroelectric materials.
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1.  Introduction

Relaxor-based ferroelectrics, such as Pb(Mg1/3Nb2/3)O3–
PbTiO3(PMN–PT) and Pb(Zn1/3Nb2/3)O3–PbTiO3 (PZN–PT) 
single crystals and ceramics, have recently received wide-
spread attention due to their excellent dielectric and electro-
mechanical properties.1–3 A large piezoelectric coefficient (d) 
and a high electromechanical coupling coefficient (k) make 
the relaxor ferroelectrics promising candidates for piezoelec-
tric actuators and sensors, ultrasonic transducers, motors, and 
undersea applications.1,4 However, the low Curie temperature 
(TC ~ 130–170°C) and rhombohedral (R) to tetragonal (T) 
phase transition temperature (TR–T ~ 60–95°C) of PMN–PT 
crystals severely limit their applications.5,6 In this case, the 
performance degradation is inevitable due to the heat gen-
eration under a long-time and high-power operating ambi-
ent. Introducing the Pb(In1/2Nb1/2)O3 (PIN) content is an 
effective method to enhance the TR–T and TC, i.e., broader 

the temperature usage for PMN–PT systems. The ternary 
Pb(In1/2Nb1/2)O3–Pb(Mg1/3Nb2/3)O3–PbTiO3 (PIN–PMN–PT) 
was reported to possess higher phase transition temperatures 
compared with those of PMN–PT and PZN–PT systems, 
while exhibiting a comparable dielectric and electromechan-
ical properties.5–9

Hosono et al. reported that the morphotropic phase bound-
ary (MPB) of the PIN–PMN–PT systems is a linear composi-
tion region between the PIN–37PT and PMN–32PT.10 Wang 
et  al. further studied the phase diagram of PIN–PMN–PT 
ceramics.5 Lin et al. systematically investigated the dielectric, 
piezoelectric and electromechanical properties of PIN–PMN–
PT ceramics.6 It was found that the TR–T is above 100°C, and 
the TC varies from 170°C to 320°C for PIN–PMN–PT ceram-
ics.5–7 Simultaneously, the MPB samples display an excel-
lent dielectric and electromechanical properties of εr > 3000,  
d33 > 500 pC/N, and kp > 60%.5–10 The broad applied tem-
perature range combined with excellent electric properties 
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allows the PIN–PMN–PT ceramics to become a promising 
candidate in high-temperature applications.

Moreover, the PIN–PMN–PT ceramics present a strong 
diffuse phase transition (DPT) featured by a diffuse permit-
tivity peak and frequency-dependent maximum permittivity 
(εm) around Tm (ferroelectric–paraelectric phase transition 
temperature).7–10 Our previous works indicated that a large 
electrostrictive coefficient and high energy-storage effi-
ciency could be achieved in the ergodic relaxor (ER) phase 
of PIN–PMN–PT ceramics, which is associated with their 
strong diffusion–relaxation behaviors.11 In this case, the  
diffusion–relaxation behavior encapsulates the dielectric 
phenomenon of dielectric diffusion featured by a broad 
dielectric peak and dielectric relaxation characterized by fre-
quency-dependent εm around Tm. It is generally known that 
the dielectric diffusion–relaxation characteristics are crucial 
to the excellent performances of relaxor ferroelectrics, such 
as large dielectric permittivity,12 giant piezoelectricity and 
large electrostrictive coefficient.11,13,14 Meanwhile, the dielec-
tric diffusion–relaxation characteristics are closely related to 
the nucleation and growth of polar nanoregions (PNRs) in 
relaxor ferroelectrics.15–17 Thus, the research of diffusion–
relaxation characteristics combined with the PNRs’ growth 
kinetics will deepen the understanding of structure–property 
relationships in PIN–PMN–PT systems.

It is widely recognized that the nanoscale domain struc-
ture plays an important role in the dielectric and electro-
mechanical properties of relaxor ferroelectrics.3,14,18 Unlike 
the normal ferroelectrics, relaxor ferroelectrics are a type 
of ferroelectrics where the long-range ferroelectric order is 
disrupted by intrinsic chemical inhomogeneity and charge 
disorder, presenting complex polar states at the nanoscale.19 
The unique polar state and the nanosized domain structure 
contribute to the excellent dielectric, electro-optic and elec-
tromechanical properties of relaxor ferroelectrics.19–21 Albeit 
many studies focused on the phase structure and electrome-
chanical properties of PIN–PMN–PT crystals, the research 
on their domain structure and diffusion–relaxation charac-
teristics was lacking. In practical terms, the investigation 
of domain structure combined with diffusion–relaxation 
characteristics in PIN–PMN–PT systems can facilitate the 
design and exploration of new high-performance ferroelec-
tric materials.

In this work, we prepared the PIN–PMN–PT ceram-
ics with various PIN/PMN proportions using the two-step 
columbite precursor method and systematically investigated 
their phase structure, domain structure and dielectric prop-
erties. The formation mechanism of multi-type nanoscale 
domain structures and strong dielectric diffusion behavior 
combined with PNRs’ growth kinetics were discussed. In 
addition, the effect of PIN/PMN proportion on the domain 
size and dielectric diffusion–relaxation characteristics was 
studied. It was found that a higher PIN composition leads 
to a stronger dielectric diffusion characteristic and a smaller 
domain size. Our results indicated that regulating PIN/PMN 

proportion can effectively manipulate the domain size and 
dielectric properties in PIN–PMN–PT systems.

2.  Experimental Procedure

The PIN–PMN–PT ceramics with various PIN/PMN propor-
tions near MPB composition were prepared using the con-
ventional two-step columbite precursor method. The starting 
materials of In2O3 (99.99% purity), MgO (99.9% purity), 
Nb2O5 (99.9% purity), PbO (99.9% purity) and TiO2 (99% 
purity) were purchased from Aladdin Corporation (Shanghai, 
China). The precursors InNbO4 and MgNb2O6 were syn-
thesized at a suitable sintered temperature of 1100°C and 
1000°C, respectively, for 7 h. Subsequently, the stoichio-
metrically weighed InNbO4, MgNb2O6, PbO and TiO2 were 
ball-milled for 24 h and then pre-fired at 850°C for 4 h. After 
a second ball-milling for 12 h, the pre-fired powders with a 
moderate amount of PVA were pressed into the pallets. Then, 
the PVA was dumped at 550°C for 2 h, and the samples were 
sintered at 1250°C for 6 h in air.

The X-ray diffraction (XRD) patterns of precursors and 
sintered ceramics were examined using Rigaku, D/MAX-
2600/PC, and the microstructures were determined by SEM 
(JEOL, 6700 F). For the dielectric and ferroelectric mea-
surements, silver electrodes were printed on both the oppo-
site surfaces of the samples. The temperature-dependent 
permittivity was measured by an Agilent E4980A precision 
LCR meter combined with a temperature control system. 
For piezoresponse force microscopy (PFM) measurements, 
the samples were polished by a precision grinder polisher 
(Buehler Ecomet 250). The polished samples were annealed 
at 350°C for 2 h to release the surface stresses produced 
during the polishing processes. Then, the domain morphol-
ogy was observed by PFM (Asylum Research, Cypher ES). 
To measure the piezoelectric performances, the samples 
were poled under an electric field of 40 kV/cm at 130°C for 
10 min. The piezoelectric coefficient d33 was measured by 
a quasi-static ZJ-2 piezoelectric d33 measuring instrument. 
The electromechanical coupling coefficient kp is calculated 
using the impedance-resonance method based on the IEEE 
standard.

3.  Results and Discussion

3.1.  Preparation, crystal structure and microstructure

To avoid the emergence of pyrochlore phases, the precur-
sors of InNbO4 and MgNb2O6 were pre-prepared.5–7 Figure 1 
shows the XRD patterns of InNbO4 at different sintering 
temperatures for 7 h, fixed at a heating rate of 2°C/min. 
One can see that the In2O3 and Nb2O5 powders do not react 
completely at 900°C and 1000°C. By increasing the sinter-
ing temperature to 1100°C, the pure InNbO4 precursor can 
be obtained22; thus, the appropriate sintering temperature 
of InNbO4 is 1100°C. Figure 2(a) gives XRD patterns of 
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MgNb2O6 at different sintering temperatures for 7 h, fixed at 
a heating rate of 2°C/min. It can be seen that there exist the 
diffraction peaks of incomplete reacting Nb2O5 and deriva-
tive Mg4Nb2O9 phase at 900°C. With increasing the sintering 
temperature to 1000°C, the diffraction peaks of Nb2O5 van-
ish, indicating that the starting materials of MgO and Nb2O5 
completely react. However, the Mg4Nb2O9 phases still exist. 
When increasing the sintering temperature to 1100°C, the 
number of Mg4Nb2O9 phases increases compared with the 
sample sintered at 1000°C. It is suggested that the appro-
priate sintering temperature of MgNb2O6 is approximately 
1000°C. To acquire the pure MgNb2O6 precursor, the effect 
of heating rate on the MgNb2O6 sintering was investigated, 
as shown in Fig. 2(b). It can be observed that the Mg4Nb2O9 
phases gradually disappear with increasing the heating rate 
from 2°C/min to 5°C/min while fixing the sintering tempera-
ture at 1000°C. When the heating rate increases to 5°C/min, 
the pure MgNb2O6 can be obtained.23 It suggests that raising 
the temperature to the optimum sintering temperature against 
time can suppress the derivative phase to acquire the pure 
MgNb2O6 precursors.

Figure 3(a) displays the phase diagram of ternary PIN–
PMN–PT systems; a linear MPB composition region can be 
observed.5,6,10 In this work, we chose the samples near the 
MPB composition with various PIN/PMN proportions of 
6PIN–60PMN–34PT, 24PIN–42PMN–34PT and 58PIN–
8PMN–34PT to implement the studies. The selected compo-
sitions are indicated by the star signs in Fig. 3(a). Selecting 
the samples with 34PT composition is due to their excellent 
dielectric and electromechanical properties.6,24 Figure 3(b) 
shows XRD patterns of PIN–PMN–34PT ceramics pre- 
sintered at 850°C and sintered at 1250°C.5–10 All the sam-
ples present pure perovskite structures without the trace of 
the pyrochlore and other impure phases. Meanwhile, all the 
samples exhibit a broadened (200) peak without any obvious 
splitting sign, indicating that the samples possess the MPB 
composition with rhombohedral and tetragonal phases.5–10

Figure 4 gives the SEM micrographs of the fractured sur-
face of PIN–PMN–34PT ceramics. It can be observed that 
all the samples exhibit good compactness with sufficient 
grain growth and relatively uniform grain size. Moreover, 
the samples exhibit the mixed mechanical fracture modes 
of transgranular and intergranular, resulting in partial blurry 
grain boundaries under the transgranular mode.25–27 A sim-
ilar phenomenon was reported in PIN–PMN–PT and other 
relaxor ferroelectric ceramics.23,27,28 It is well known that 
piezoelectric ceramics are very brittle and generally exhibit 
intergranular fracture mode due to grain boundaries’ weak 
mechanical bonding force. The intergranular fracture mode 
is usually accompanied by the weak mechanical properties 
of piezoelectric ceramics.25 Thus, obtaining the transgranular 
fracture mode is an important way to improve the mechan-
ical properties of piezoelectric ceramics. For PIN–PMN–
PT ceramics, the mixed fracture mode of transgranular and 
intergranular under the mechanical loading can contribute 

Fig.  1. XRD patterns of InNbO4 precursor at different sintering 
temperatures.

(a)

(b)

Fig. 2. (a) XRD patterns of MgNb2O6 precursor at different sin-
tering temperatures and (b) XRD patterns of MgNb2O6 precursor at 
various heating rates.
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to excellent mechanical and electromechanical properties, 
particularly benefitting their high-power applications. The 
grain-size distribution with Gaussian fitting of PIN–PMN–
34PT ceramics, using the grains with clear grain boundar-
ies, is also given in Fig. 4. The average grain size of 6PIN, 
24PIN and 58PIN samples was calculated to be 2.78 µm, 
1.94 µm and 1.88 µm, respectively. It suggests that there is 
a slight impact on the grain size by changing the PIN/PMN 
proportion for PIN–PMN–PT ceramics. In addition, the 
piezoelectric coefficient d33 and electromechanical coupling 
coefficient kp of poled PIN–PMN–34PT ceramics are given 
in Table 1. All the samples present excellent piezoelectric 
properties, especially for the 6PIN samples with the d33 = 
550 pC/N and kp = 0.60.

3.2.  Dielectric diffusion and relaxation characteristics

Figure 5 shows the temperature-dependent dielectric constant 
and dielectric loss of PIN–PMN–34PT ceramics at various 
frequencies. It can be observed that the samples exhibit a 
typical DPT behavior featured by a diffuse dielectric peak 
and slight frequency-dependent εm in the vicinity of Tm. The 
Tm of 6PIN, 24PIN and 58PIN samples is 171°C, 211°C and 
289°C, respectively. This phenomenon of a higher PIN com-
position inducing a higher Tm has been widely confirmed 
in PIN–PMN–PT systems.5–7 Hosono et  al. reported a lin-
ear relationship between the PIN composition and the Tm in 
PIN–PMN–PT ceramics.10 In addition, there is an obvious 
R-phase to T-phase transition around the TR–T = 100°C for the 
24PIN sample. However, the R–T phase transition becomes 

(a) (b)

Fig. 3. (a) Phase diagram of ternary PIN–PMN–PT systems and (b) XRD patterns of PIN–PMN–34PT with various PIN/PMN proportions.

Fig. 4. SEM images of fractured surfaces of PIN–PMN–34PT ceramics (a) 6PIN–60PMN–34PT, (b) 24PIN–42PMN–34PT and (c) 58PIN–
8PMN–34PT.

Table 1. Piezoelectric performances and quadratic law fitting parameters of PIN–PMN–34PT ceramics (100 kHz).

d33 (pC/N) kp TA (°C) εA (103ε0) δ (°C) TB (°C) TCW (°C) ∆Tm (°C)

6PIN–60PMN–34PT 550 0.60 169 20.6 30.1 279 219 2

24PIN–42PMN–34PT 516 0.67 202 25.4 32.8 345 272 2

58PIN–8PMN–34PT 438 0.59 287 17.9 35.5 408 338 2
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weak and presents a smooth dielectric behavior in 6PIN and 
58PIN samples, indicating that setting an appropriate PIN/
PMN proportion can enhance the dielectric-temperature sta-
bility of PIN–PMN–PT ceramics.

It is generally known that the dielectric behavior of relaxor 
ferroelectrics does not obey the Curie–Weiss law above the 
Tm, owing to the existence of quenched PNRs embedded into 
the nonpolar cubic matrix at the temperature region between 

Tm and TB. The TB is the highest temperature below which 
PNRs exist. However, the Curie–Weiss law is still valid for 
relaxor ferroelectrics at T > TB, as follows:15,16

 
1

ε
= −T T

C
cw ,  (1)

where in C is the Curie–Weiss constant and Tcw represents the 
Curie–Weiss temperature; the ε and T are dielectric constant 

(a)

(b)

(c)

Fig. 5. Temperature-dependent dielectric constant and dielectric loss of PIN–PMN–34PT ceramics at various frequencies from 500 Hz–100 
kHz, (a) 6PIN–60PMN–34PT, (b) 24PIN–42PMN–34PT and (c) 58PIN–8PMN–34PT.
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and temperature, respectively. Figure 6(a) shows the tem-
perature dependences of inverse dielectric permittivity of 
PIN–PMN–34PT ceramics. The fitting results of the Curie–
Weiss law at high temperatures are also given, and the TB 
is determined. The values of TB and Tcw are summarized in 
Table 1, and C is in the range of 103–105. One can see that 
the Curie–Weiss law can well describe the dielectric behav-
ior of PIN–PMN–34PT ceramics at high temperature. The 
TB increases with increasing the PIN composition due to a 
higher phase transition temperature Tm for the samples with 
higher PIN composition.

To describe the DPT behavior of PIN–PMN–34PT ceram-
ics around Tm, a quadratic law is proposed as follows:15,17

 
ε
ε δ
A A= + −

1
2

2

2

( )
,

T T
 (2)

where in TA and εA represent the temperature and the extrap-
olated value of ε (T = TA), respectively; δ features the degree 
of diffusion of the permittivity peak. A larger δ indicates a 
stronger diffusion of the permittivity peak. Figure 6(b) gives 
the relevant results of the quadratic law on the temperature- 
dependent dielectric constant of PIN–PMN–34PT ceramics. 
The fitting parameters are summarized in Table 1. One can 
see that the quadratic law can well fit the dielectric behaviors. 
The δ values of all samples are larger than 30, which is much 
larger than that of the binary PMN–PT system (δ ≈ 20) with 
similar PT composition.29 In addition, the δ value increases 
with increasing the PIN proportion. The results suggest that 
a higher PIN composition can induce a stronger dielectric 
diffusion performance in PIN–PMN–PT systems; it is due 
to the own high diffusion performance of Pb(In1/2Nb1/2)O3 (δ 
> 109).29 However, the ∆Tm of all samples at the frequency 
regions from 0.5 kHz to 100 kHz is the same as 2°C, indi-
cating the frequency-dependent Tm(εm) behaviors of PIN–
PMN–PT systems are dominated by the PT composition. 

According to the investigations by Liu et al., the magnitude 
of the “Tm-frequency dependent shift” (relaxation behavior) 
is associated with the local interactions between the PNRs 
in PIN–PMN–PT systems.30 Thus, it can be inferred that the 
interactions between the PNRs in PIN–PMN–PT systems 
mainly depend on the PT composition. Meanwhile, the PIN/
PMN compositions with considerable lattice distortion deter-
mine the degree of dielectric diffusion.

The abnormal dielectric characteristics of relaxor ferro-
electrics at high temperatures are closely associated with 
the PNRs’ growth kinetics. Several studies of great signif-
icance have elucidated the nucleation and growth of PNRs 
by decreasing the temperature going through the TB and 
Tm.31–36 When the temperature is higher than TB, the relaxor 
ferroelectrics possess a complete nonpolar cubic structure, 
wherein the Curie–Weiss law is valid. As decreasing the tem-
perature to TB, the PNRs begin to nucleate and grow, and the 
relaxor ferroelectrics exhibit an ER phase characterized by 
the unique “PNRs + nonpolar matrix” structure.19 According 
to the previous studies, the number of PNRs increases with 
decreasing the temperature from TB to Tm; however, the size 
of PNRs changes slightly.33,34 It suggests that the temperature 
region from TB to Tm is mainly associated with the nucleation 
process of PNRs. When the temperature decreases to Tm, the 
size growth of PNRs is dominant. The investigations of the 
PNRs’ dynamics for PMN and PZN–PT systems indicated 
that the Tm is the phase transition temperature combined with 
the size growth and the amount decrease for PNRs after the 
phase transition.37,38 According to the TEM results in PMN 
crystal, the size of PNRs increases remarkably from 10 to 20 
nm combined with the decrease of PNRs’ numbers in a nar-
row temperature range below the Tm.38 Further decreasing the 
temperature from the Tm, the correlation length (rc) among 
nanosized domains becomes larger, and the whole sample 
exhibits a local macroscopic polarized state.

(a) (b)

Fig. 6. (a) The temperature dependences of the inverse of the permittivity for PIN–PMN–34PT ceramics (100 kHz), (b) Lorentz-type rela-
tion fitting of the dielectric constants for PIN–PMN–34PT ceramics (100 kHz).
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It should be noted here that the “PNRs + nonpolar matrix” 
is an effective model for typical PMN relaxors; however, it is 
not accurate for high-performance PMN–PT and PIN–PMN–
PT relaxor ferroelectrics at low temperatures.19 In these cases, 
the “nanosized domains + high density domain walls” model 
is more accurate in characterizing high-performance relax-
or-based ferroelectrics due to their macroscopic polarized 
state (ferroelectric phase) abandoning the nonpolar matrix at 
low temperature.19,39 The unique “nanosized domains + high 
density domain walls” structure has been widely proposed 
to explain the origin of ultrahigh piezoelectricity in relaxor 
ferroelectrics.19 Therefore, the dielectric characteristics of 
PIN–PMN–PT are closely associated with the nucleation and 
growth of their nanosized ferroelectric domains (they can 
be described as the PNRs when embedded into the nonpolar 
matrix at high temperature).

Figures 7(a)–7(c) show the PFM images of PIN–PMN–
34PT ceramics at room temperature. In the surface topogra-
phy images, the surface smoothness fluctuation of the samples 
is lower than 5 nm. From the amplitude and phase images, it 
can be found that the samples exhibit the interlocking multi-
type domain pattern comprising irregular island domains 
and regular lamellar domains at the nanoscale. Based on the 

underlying structure properties, the domain state of relaxor 
ferroelectrics with lattice distortions is strongly dependent on 
the local random electric fields (REFs) and the interaction 
between the nano-polar clusters.30,40,41 In this case, the REFs 
are static (or “quenched”) random fields conjugate to the 
order parameter.42,43 For lead-containing complex perovskites 
Pb(B1B2)O3 systems, more than one chemical element with 
different valence states are distributed randomly in a given 
lattice site; therefore, the REFs form due to a certain B-site 
positional and charged disorders.44,45 For classic PMN and 
PIN relaxors, the REFs play a central role in preventing the 
formation of a completely homogeneous ferroelectric polar 
state leading to the appearance of nanoscale polar regions. 
However, introduced PT composition in PMN–PT and PIN–
PMN–PT favors a long-range ferroelectric order due to the 
interaction between nano-polar clusters.30,41 The competition 
between the REFs and the interaction of nano-polar clusters 
determines the present multi-type nanoscale domain states in 
PIN–PMN–PT ceramics.

To quantitatively investigate the effect of PIN/PMN pro-
portions on the domain sizes, an autocorrelation function 
method was proposed as follows:46

 <C(r)> = σ2exp[−(r/<ξ>)2b], (3)

Fig. 7. PFM surface topography, amplitude and phase images of PIN–PMN–34PT ceramics at room temperature, (a) 6PIN–60PMN–34PT, 
(b) 24PIN–42PMN–34PT and (c) 58PIN–8PMN–34PT.
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where r is the distance from the central peak, <ξ> is the mean 
domain size representing the extent of the local polarization 
orientation, and b is the exponent parameter. Figures 8(a)–8(c) 
give the autocorrelation image and the fitting results of the 
average autocorrelation function. The average autocorrela-
tion function can well fit the experimental data. The mean 
domain size <ξ> of 6PIN, 24PIN and 58PIN samples is 
205 nm, 154 nm and 65 nm, respectively. The <ξ> presents 
a clear decrease trend with increasing the PIN proportion. 
Figure 8(d) shows the variations of <ξ> and δ as a function of 
PIN proportions. It can be observed that the <ξ> and δ have 
a linear variation tendency with increasing the PIN propor-
tions. The results indicate that the PIN composition possesses 
a stronger lattice distortion than the PMN composition; 
therefore, increasing the PIN composition can enhance the 
overall structure inhomogeneity in PIN–PMN–PT systems. 
Meanwhile, a strong lattice distortion will enhance the REFs 
in the ceramic matrix, further suppressing the nucleation and 
growth of PNRs, leading to a stronger dielectric diffusion 
and a smaller domain size in the samples with higher PIN 
composition. Our results suggest that regulating PIN/PMN 

composition is an effective method for manipulating domain 
size and dielectric properties in PIN–PMN–PT systems.

4.  Conclusions

In summary, the PIN–PMN–PT ceramics with various PIN/
PMN composition proportions near the MPB were prepared by 
the two-step columbite precursor synthesis method. The phase 
structure, microstructure, dielectric diffusion– relaxation prop-
erties and domain configuration were systematically inves-
tigated. The domain structure of PIN–PMN–PT ceramics 
exhibits the multi-type domain patterns comprising irregular 
island domains and regular lamellar domains at the nanoscale. 
The dielectric diffusion behavior of PIN–PMN–PT systems is 
much stronger than that of the binary PMN–PT system with 
similar PT composition. In addition, the dependences of PIN/
PMN proportions on the dielectric diffusion and domain size 
were elucidated. The results indicated that the PIN composi-
tion has a stronger lattice distortion than the PMN composi-
tion. Moreover, increasing the PIN proportion could enhance 
the dielectric diffusion and decrease the domain size. Our 

(a) (b)

(c) (d)

Fig. 8. (a)–(c) Autocorrelation result and average autocorrelation function <C(r)> of PIN–PMN–34PT ceramics, (a) 6PIN–60PMN–34PT, 
(b) 24PIN–42PMN–34PT, (c) 58PIN–8PMN–34PT (d) δ and <ξ> as a function of PIN proportions.
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results give an in-depth understanding of structure–property 
relationships in PIN–PMN–PT systems and further guide the 
structural design of new relaxor ferroelectrics.
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