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Abstract: The environmentally-friendly (1−x)Ba(Zr0.1Ti0.9)O3−xBa(Mg1/3Ta2/3)O3 (x=0, 0.02, 0.04, 0.06, 0.08) relaxor 
ferroelectric ceramics were prepared by the conventional solid-state method and sintered in air at 1400 °C for 2 h. SEM 
and XRD analyses were utilized to study the surface morphologies and the crystalline structures, respectively. The 
effects of Ba(Mg1/3Ta2/3)O3 on the phase transformation, dielectric and ferroelectric properties of Ba(Zr0.1Ti0.9)O3 

ceramics were also investigated. It is found that the average grain size of (1−x)Ba(Zr0.1Ti0.9)O3−xBa(Mg1/3Ta2/3)O3 

(BZT−BMT) perovskite single-phase ceramics decreases as the content of Ba(Mg1/3Ta2/3)O3 (BMT) increases. The 
relaxor ferroelectric behavior with diffuse phase transition and well-defined frequency dispersion of dielectric 
maximum temperature is found for the ceramic with increasing x values. 0.98BZT−0.02BMT ceramic shows very good 
dielectric properties with the relative permittivity and the dielectric loss, measured at 100 kHz as 6034 and 0.01399 
respectively at room temperature. Both remnant polarization and coercive field decreased with increasing BMT content, 
indicating a transition from the ferroelectric phase to the paraelectric phase at room temperature. 
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1 Introduction 
 

Electronic devices and equipment have taken 
center stage and play major roles in daily life 
activities over the last few decades. According to 
SEBASTIAN et al [1], the income generated from 
interconnected devices for cellular network 
operators alone in the sectors of the automotive, 
health sector, and consumer electronics should be 
about US$1.3 trillion by 2020. In view of this, there 
is a need to meet the specifications of future 
systems, new designs and improved or new 

dielectric components are required. Barium titanate 
(BaTiO3) based ceramics are the first simple metal 
oxide compounds in which ferroelectric behavior 
was observed. After 60 years of its discovery, 
barium titanate still rates as the base material of 
choice for ceramic dielectrics due to its good 
characteristic properties [2,3]. Its high dielectric 
constant and low loss make it the main reason  
why barium titanate is an excellent option for 
industrial applications, such as capacitors [3], 
multilayer capacitors (MLCs) [4], and energy 
storage devices [5] with high efficiencies. Doped or 
composite barium titanate has wide application in 
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piezoelectric devices, semiconductors, sensors [6], 
ultrasonic transducers [7], and has outrightly 
become one of the most important ferroelectric 
ceramics [8,9]. A nonlinear dielectric behavior  
with three distinct peaks is observed for pure 
BaTiO3 as a result of the phase transition      
from rhombohedral to orthorhombic at −90 °C, 
orthorhombic to tetragonal at 0 °C, and tetragonal 
to cubic at 120 °C [10]. Modification of barium 
titanate shifts its Curie peaks to lower temperatures 
and varies the temperature coefficient of 
capacitance for use in capacitor application. This is 
usually achieved by substituting small-sized 
divalent ions for barium and bigger tetravalent ions 
for titanium. 

There have been tremendous efforts devoted in 
the last decade to modify similar competitive lead- 
free ceramics, such as CaTiO3 (CTO) [11,12], 
(K,Na)NbO3 (KNN) [13,14], (Bi1/2Na1/2)TiO3(BNT) 
[15], and bismuth layer-structured ferroelectrics 
(BLSF) [16,17]. 

Barium zirconium titanate (BZT) has a typical 
perovskite structure with the chemical composition 
as ABO3 [18−20]. The A-site cations (Ba2+) occupy 
the corners of the unit cell and the B-site cations 
(Zr4+/Ti4+) reside in the body center, whilst six 
oxygen anions (O2−) are in the center of each face 
of the unit cell structure. 

The behavior of the BaZrxTi(1−x)O3 ceramics is 
reported to be a normal ferroelectric at 0<x<0.10, a 
diffuse phase transition at 0.10<x<0.20, and 
non-ferroelectric character at x>0.20 [21,22]. BZT 
based ceramics have been studied because of their 
relaxor properties which are largely caused by the 
site disorder charge of the perovskite structure due 
to the substitution of cations with a different 
valence [23,24]. 

X-ray diffraction studies on the lead-free 
0.50Ba0.9Ca0.1TiO3−0.50BaTi(1−x)ZrxO3 (BCT−BZT) 
ceramics show the phase transformation from 
orthorhombic to rhombohedral symmetry with 
increasing zirconium content with the dynamic 
phase transition observed at x=0.10 [25]. KANTHA 
et al [26] studied the electrical properties of     
the (1−x)Bi0.4871Na0.4871La0.0172TiO3−BaZr0.05Ti0.95O3 
(BNLT−BZT) system. The scanning electron 
microscopy images showed rectangular-shaped 
grains along with irregular grains that confirm a 
significant change in shape in the BNLT−BZT 
ceramics by the amount of BZT added. The 

microstructural analysis further revealed that BZT 
additions decreased the grain size from ~7.4 µm for 
the pure BNLT sample to ~1.6 µm for the highest 
doping content. The dielectric constants were 
enhanced with increasing BZT content with the 
highest recorded value being 4400. Evidence of 
phase transition and broadened dielectric− 
temperature curves, indicated that relaxor behavior 
of the ceramics was also observed. By using similar 
solid-state methods, ZHONG et al [27] also 
reported the dielectric properties and relaxor 
ferroelectric behavior of (1−y)Ba(Zr0.1Ti0.9)O3− 
yBa(Zn1/3Nb2/3)O3 ceramics (y=0−0.05). The 
permittivity maximum (εr,max) was observed to be 
subdued from 8948 to 1611 at a test frequency of 
1 kHz with increasing y. The dielectric maximum 
temperature (Tm) decreased from 93 to −89 °C at 
1 kHz as y increased (y=0−0.05). 

The present work reports the results of a 
dielectric study aimed at investigating the 
relaxor-like properties in the (1−x)Ba(Zr0.1Ti0.9)O3− 
xBa(Mg1/3Ta2/3)O3 ceramics prepared by the 
conventional solid-state method. It also unravels 
that the Ba(Mg1∕3Ta2∕3)O3 has apparent effects on the 
microstructure, dielectric and ferroelectric 
properties of Ba(Zr0.1Ti0.9)O3 ceramics for capacitor 
application. 
 
2 Experimental 
 

The (1−x)Ba(Zr0.1Ti0.9)O3−xBa(Mg1/3Ta2/3)O3  
(BZT−BMT) ceramic system was prepared with x 
(0, 0.02, 0.04, 0.06 and 0.08) having denotations 
shown in Table 1. The chemicals used in the 
preparation process were BaCO3 (99%), ZrO2 
(99%), TiO2 (99%), MgO (99%), and Ta2O5 (99%), 
obtained from Sinopharm Chemical Reagent Co., 
Ltd., without any further purification. Solid-state 
 
Table 1 Compositions of (1−x)Ba(Zr0.1Ti0.9)O3− 
xBa(Mg1/3Ta2/3)O3 ceramics 

x Denotation Resultant formula 
0 BMT0 Ba(Zr0.1Ti0.9)O3 

0.02 BMT1 0.98Ba(Zr0.1Ti0.9)O3− 
0.02Ba(Mg1/3Ta2/3)O3 

0.04 BMT2 0.96Ba(Zr0.1Ti0.9)O3− 
0.04Ba(Mg1/3Ta2/3)O3 

0.06 BMT3 0.94Ba(Zr0.1Ti0.9)O3− 
0.06Ba(Mg1/3Ta2/3)O3 

0.08 BMT4 0.92Ba(Zr0.1Ti0.9)O3− 
0.08Ba(Mg1/3Ta2/3)O3 
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synthesis method was adopted for the production of 
the powder for samples. 

The powders were mixed and ball-milled in 
distilled water for 24 h. The obtained mixtures were 
dried and then calcined in air at 1080 °C for 2 h. 
The obtained dry powders were ground with the 
addition of 5 wt.% polyvinyl alcohol (PVA) as a 
binder. The whitish powders obtained were pressed 
under 250 MPa into disks of diameter ~10 mm and 
sintered in air at 1400 °C for 2 h. To measure the 
electrical properties, the samples were coated with 
BQ−5311 silver paste as electrodes on both sides of 
the surface and then fired at 800 °C for 10 min. 

The phase purity and crystalline structures of 
the sintered ceramic samples were confirmed by 
XRD (Rigaku D/max 2500v/pc) with Cu Kα 
radiation at the step of 2 (°)/min while the 
microstructural evaluation was done with the 
scanning electron microscope (JSM−6480 ESEM). 
The average grain sizes were further measured with 
the aid of the Nano Measurer software for Windows. 
The dielectric properties of the various samples 
were measured with TZDM−200−300C automatic 
electric parameter measuring system at 10, 100, 250, 
and 500 kHz at the temperatures of −180 to 120 °C. 
The hysteresis loops for the study of the 
ferroelectric behaviors were obtained by utilizing 
the Radiant Precision Premier II ferroelectric  
tester. 
 
3 Results and discussion 
 
3.1 Crystal structure 

Figure 1(a) shows the room temperature XRD 
patterns of (1−x)Ba(Zr0.1Ti0.9)O3−xBa(Mg1/3Ta2/3)O3 
(x=0, 0.02, 0.04, 0.06, 0.08). After comparing with 
the standard PDF diffraction card (PDF 
No. 31−0174), the occurrence of a perovskite phase 
structure is observed for all. The samples have no 
obvious impurity phase, but superlattice reflection 
peaks are detected for higher Ba(Mg1/3Ta2/3)O3 
contents. This bespeaks the replacement of the ions 
at the B-sites resulting in the formation of solid 
solutions [28,29]. The noticeable phases for these 
ceramics are cubic (space group Pm3m) except for 
BMT3 and BMT4. The splitting of (200), (211) and 
(220) peaks is apparent for BMT4 and is a depiction 
of a pseudo-cubic phase (Fig. 1(b)). Hence, it is 
worth noting that the point of transition of the 
structure is just about x=0.06. 

 

 
Fig. 1 XRD patterns of BZT−BMT ceramics: (a) 2θ= 
20°−80°; (b) 2θ=43°−73° 
 
3.2 Microstructure 

Figures 2(a)−(d) reveal the SEM images of 
BZT−BMT samples sintered at 1400 °C with x=0, 
0.02, 0.06 and 0.08, respectively. The samples 
exhibited dense microstructure and clear grain 
boundaries with a bimodal grain size distribution, 
consisting of both faceted and polyhedral-shaped 
grains. The grain sizes decrease massively with the 
initial addition of BMT from 63.73 to 20.12 µm in 
BMT0 and BMT1 respectively, as seen in Table 2. 
It implies that the Ta5+ (0.78 Å) and Mg2+ (0.86 Å) 
substitution at the B-sites has a strong effect on the 
grain size, as a result of their relatively big ion 
radius which suppresses the grain growth. The 
Sample BMT4 (Fig. 2(d)) has some pores on its 
surface, which may be caused by the slightly higher 
dosage of PVA during the granulation process. 
 
3.3 Dielectric properties 

The room temperature dielectric constant (εr,RT) 
and dielectric loss (tan δRT) at 100 kHz are listed in 
Table 3. It can be seen that, as the content of BMT 
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Fig. 2 SEM images of BZT−BMT ceramics: (a) BMT0; (b) BMT1; (c) BMT3; (d) BMT4 
 
Table 2 Average grain sizes of BZT−BMT ceramics at 
1400 °C (μm) 

BMT0 BMT1 BMT3 BMT4 

63.73 20.12 1.13 0.62 

 

increases, the εr,RT shows an increasing trend and 
then decreases. The room temperature dielectric 
constant of the BMT1 ceramic sample reached a 
maximum of 6034 and the loss was 0.01399. The 
decrease in the relative permittivity (when x higher 
than 0.02) is caused by a decrease in the overall 
polarization of the ceramic samples due to the 
replacement reaction of zirconium and titanium 
ions in perovskite lattice. The tan δRT shows a 
minimum of 0.00552 for Sample BMT3. Further 
increasing the content of BMT causes a suppression 
of the εr,RT which falls below 1000, at the same time 
maintaining a relatively low dielectric loss. For this 
reason, it can be said that the content of BMT has a 
significant effect on the room temperature dielectric 
constant and dielectric loss. And the proper content 
of BMT (x≈0.04) is beneficial to obtaining  
suitable BZT−BMT ceramic capacitors with higher 

Table 3 Dielectric properties of BZT−BMT ceramics at 
room temperature 

Sample εr,RT tan δRT 

BMT0 1909 0.01137 

BMT1 6034 0.01399 

BMT2 2996 0.00878 

BMT3 977 0.00552 

BMT4 644 0.00784 

 
εr,RT (≈3000) and lower tan δRT (<9×10−3). It is clear 
that the performance of BMT4 does not meet the 
product requirement of the ceramic capacitor due to 
the extremely low εr,RT, but is normal for 
application in all sample devices for mobile 
communication systems such as dielectric 
resonators and oscillators [30]. 

The temperature dependence of the relative 
permittivity and the dielectric loss for the 
(1−x)Ba(Zr0.1Ti0.9)O3−xBa(Mg1/3Ta2/3)O3 ceramics 
at 10, 100, 250, and 500 kHz are reported in Fig. 3. 
With the increase of the BMT content, the εr−T 
curves are more broadened and the temperature 
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Fig. 3 εr−T and tan δ−T curves of BZT−BMT ceramics at multiple frequencies 
 
corresponding to the dielectric maximum (Tm) 
moves to a lower temperature. The shift of the Tm to 
lower temperatures is attributed to the weakening  
of the spontaneous polarization caused by the 
substitution of host ions. The resultant of the  
B-site substitution creates a local deformation of the 
perovskite unit cells, which also accounts for the 
reduction of the ferroelectric-paraelectric phase 
transition temperature [31,32]. In addition, the 

dielectric losses showed a decrease for every 
sample at high temperatures due to the low loss of 
the paraelectric phase. Moreover, loss peaks shifted 
gradually to lower temperatures even beyond the 
measured temperature. 

Furthermore, as the content of BMT increases, 
the dielectric constant frequency dependence of the 
samples becomes more and more obvious, 
especially when T<Tm. In other words, the 
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frequency dispersion that is a major characteristic 
of relaxor ferroelectrics is clearly observed in 
BMT2, BMT3, and BMT4. Table 4 depicts how the 
test frequency affected the Tm and the maximum 
dielectric constant (εr,max) of BMT2. The Tm for the 
frequencies of 10, 100, 250 and 500 kHz was −26.4, 
−25.1, −22.8 and −21.2 °C, respectively. Table 5 
also shows similar properties for Sample BMT3. In 
this case, the Tm for 10, 100, 250 and 500 kHz was 
−70.8, −64.5, −60.9 and −58.8 °C, respectively. The 
frequency dispersion of Tm for BMT3, by contrast, 
is stronger than that for BMT2, indicating an 
enhanced dielectric frequency dispersion 
characteristic of BZT−BMT ceramics with 
increasing BMT content. 
 
Table 4 Frequency dispersion of BMT2 

Frequency/kHz Tm/°C εr,max 

10 −26.4 4703 

100 −25.1 4568 

250 −22.8 4505 

500 −21.2 4457 

 
Table 5 Frequency dispersion of BMT3 

Frequency/kHz Tm/°C εr,max 

10 −70.8 1480 

100 −64.5 1429 

250 −60.9 1406 

500 −58.8 1385 

 
Figure 4 shows the εr−T and tan δ−T curves of 

BZT−BMT ceramics with different BMT contents 
at 100 kHz. It shows the apparent effect of BMT 
increment on the gradually moving of Tm to the low 
temperature as stated early. Also, the extremely 
huge εr,max and narrow εr−T curve of BMT0 
demonstrate a typical ferroelectric-paraelectric 
phase transition of pure BZT. With increasing 
content of BMT, the εr,max decreases significantly. 
The broad εr−T peaks exhibited by the BZT−BMT 
ceramics with exception of BMT0 indicate the 
diffuse phase transition from ferroelectric to 
paraelectric phase. It can be said that the content of 
BMT has a significant effect on the maximum 
dielectric constant obtained as well as the 
diffuseness and broadening of the dielectric peaks 
of the BZT−BMT system. 

 

 
Fig. 4 εr−T (a) and tan δ−T (b) curves of BZT−BMT 
ceramics at 100 kHz 
 
3.4 Diffuse phase transition 

In diffuse phase transition systems, the 
dielectric maximum peaks are usually much 
broader and polarization keeps on for a short range 
of temperature above Tm. For solid solution  
systems, the above two characteristics are fulfilled 
by fluctuating the micro region composition around 
the mean composition to move the Curie point and 
at the same time making the ceramic uniformly 
mixed. This occurrence is used in almost all 
applicable Z5U and Y5V capacitors [33,34]. 

The diffuse phase transition is always 
characterized by a deviation from the Curie-Weiss 
law with respect to the Curie temperature. 1/εr starts 
to deviate from the Curie’s law near Tm. Therefore, 
to study the phase transformation characteristics of 
BZT−BMT ceramics with temperature, the T>Tm 
part is linearly fitted, as seen in Fig. 5. 

Table 6 displays the specific parameters of 
various dielectric properties of BZT−BMT ceramics 
at 100 kHz, where ΔTm, Tcw, and Tm represent the 
degree of deviation from the Curie-Weiss law,   
the temperature in the inverse of dielectric constant 
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Fig. 5 1/εr−T curves of BZT−BMT ceramics at 100 kHz 
 
Table 6 Dielectric properties of BZT−BMT ceramics at 
100 kHz 

Sample εr,max Tm/°C Tcw/°C ΔTm/°C (Δεr/εr)/% 
(−30 to 85 °C) 

BMT0 10945 72 74.02 2.12 (+473.37)−(−75.39)

BMT1 6159 18 75.74 57.74 (+2.07)−(−64.80)

BMT2 4572 −26 53.95 79.95 (+52.60)−(−55.48)

BMT3 1430 −68 17.64 85.64 (+48.37)−(−35.93)
ΔTm=Tcw−Tm 
 
versus temperature graph (Fig. 5), and the dielectric 
maxima temperature, respectively [35]. The 
percentage of the permittivity variation (Δεr/εr) from 
−30 to 85 °C was calculated using the following 
equation:  

r, r,RT
r r

r,RT
/ 100%Tε ε

ε ε
ε
−

Δ = ×                  (1) 

 
where εr,T is the relative permittivity at any other 
temperature, and εr,RT is the relative permittivity at 
room temperature (25 °C). 

ΔTm showed a tendency to increase with 
increasing the BMT content in the composite 
system. Therefore, the degree of deviation from the 
Curie-Weiss law is heightened with the increase of 
BMT content. 

It is known that the dielectric permittivity of a 
ferroelectric above the Curie temperature follows 
the modified Curie-Weiss law described by  

m

r r,max

( )1 1 γT T
Cε ε
−− =

′
                     (2) 

 
where γ and C' are assumed to be constants [36]. 

To further describe the degree of diffuseness 
of the phase transition, the parameter γ is obtained 
from the slope after linear fitting the data through 
ln(1/εr−1/εr,max)−ln(T−Tm). The γ is known to 
convey information with regards to the 
characteristics of the phase transition. When γ=1, a 
normal Curie-Weiss law is obtained. At the other 
extreme (γ=2), a complete diffuse phase transition 
is described [35,37]. The γ value increases from 
BMT0 to BMT3. It is noticeable that increasing the 
content of BMT affects the ferroelectric- 
paraelectric diffused phase transition behavior.  
The index γ of pure BZT ceramic is 1.68987, 
indicating a normal ferroelectric with a diffused 
phase transition and the Sample BMT3 with γ= 
2.00329 is a relaxor ferroelectric with a completely 
diffused-phase transition as exhibited in Fig. 6, 
which has some similarity to the report by TANG  
et al [38]. 
 

 
Fig. 6 Plots of ln(1/εr−1/εr,max) as function of ln(T−Tm) 
for BZT−BMT ceramics 
 

In this analysis, it can be said that the inclusion 
of Ba(Mg1/3Ta2/3)O3 into BZT actuates and 
improves both the diffuseness and strength of the 
relaxation which is believed to be related to the 
arrangement of polar nano-regions due to variation 
of compositions [39]. The disorientation of the 
nano-regions hinders the strength of the 
ferroelectricity of material which is liable for the 
observed relaxor ferroelectric characteristics [40]. 
BMT3 showed the highest degree of diffusion, 
clearly indicating the broadness of the peaks. On 
the whole, the BZT−BMT system demonstrated a 
very good dielectric property at room temperature 
and can be implemented essentially to obtain Y5V 
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ceramic capacitors with better temperature stability. 
The capacitance of Y5V specification necessitates 
that capacitance falls within 22% or −82% from 
−30 to 85 °C [34]. 
 
3.5 Ferroelectric properties 

The P−E hysteresis loops of the BZT−BMT 
ceramics under 20 kV at room temperature were 
measured, as shown in Fig. 7. With the increased 
content of BMT, the P−E hysteresis loops of 
ceramics gradually become thinner to straight lines 

with smaller gradients. The shape of the P−E 
hysteresis loop is in direct relation to the crystal 
structure of the material. It gets thinner as the 
temperature increases and becomes a single line 
above the Curie temperature when the material is 
no longer ferroelectric. Therefore, with the increase 
of the content of BMT at room temperature, the 
main crystal phase of the samples undergoes a 
transition from the ferroelectric phase to the 
paraelectric phase [41], which is not revealed by 
XRD analysis. 

 

 
Fig. 7 Hysteresis loop of BZT−BMT ceramics at room temperature 
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The remnant polarization (Pr) increases to the 
maximum 5.054 μC/cm2 for the BMT0 sample as 
seen in Fig. 7(a) and then gradually decreases with 
the increase of Ba(Mg1/3Ta2/3)O3 content. The 
coercive field (Ec) of ceramics also decreases with 
increasing BMT content (Figs. 7(b)−(e)). The 
substitution of host B-site ions brings about 
elongation and weakening of the Ti—O bond, thus 
allowing a reverse in polarization to be achieved 
under a low coercive field. It is known that factors 
such as grain size, phase transition, ionic radius, 
and defect concentration strongly influence both Pr 

and Ec [42,43]. Therefore, this behavior can also be 
attributed to the drastic decrease in average grain 
size by increasing the content of BMT, contributing 
to the decrease in remnant polarization (Pr) [44] as 
summarized in Table 7. 
 
Table 7 Remnant polarization and coercive field of 
BZT−BMT ceramics at room temperature 

Sample 2Pr/(μC·cm−2) 2Ec/(V·cm−1) 

BMT0 10.108 4.399 

BMT1 1.733 2.073 

BMT2 0.478 1.968 

BMT3 0.175 1.394 

BMT4 0.121 1.419 

 
4 Conclusions 
 

(1) The BZT−BMT ceramics prepared by the 
solid-stated method formed a perovskite solid 
solution with no impurity phases. 

(2) The average grain sizes of BZT−BMT 
ceramics shrunk from 63.73 to 0.62 μm with 
increasing BMT content. 

(3) Whilst increasing the BMT content, the 
dielectric maximum temperature shifted to    
lower temperatures. BMT introduced relaxor-like 
behaviors characterized by strong frequency 
dispersions and much defined diffuse phase 
transitions in the BZT system. 

(4) A high relative permittivity of 6034 and a 
dielectric loss of 0.01399 prevailed for BMT1. And 
both the remnant polarization and the coercive field 
of the BZT−BMT ceramics reduced gradually with 
the increase of BMT content. 

(5) BMT2 and BMT3 were identified as good 
candidates for Y5V ceramic capacitor application. 
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弛豫铁电及介电性能 

 
Jesse Nii Okai AMU-DARKO1,2，张 晨 1，Shahid HUSSAIN2， 

Samuel Leumas OTOO3，Michael Freduah AGYEMANG4 

 
1. 江苏科技大学 材料科学与工程学院， 镇江 212100； 

2. 江苏大学 材料科学与工程学院， 镇江 212013； 

3. 武汉理工大学 材料科学与工程学院，武汉 430070； 

4. Department of Materials and Earth Sciences,  

Technische Universität Darmstadt Alarich-Weiss-Straße 2, 64287 Darmstadt, Germany 

 
摘  要：采用传统固相法在 1400 ℃在空气气氛中烧结 2 h制备得到环境友好的(1−x)Ba(Zr0.1Ti0.9)O3−xBa(Mg1/3Ta2/3)O3 

(x=0，0.02，0.04，0.06，0.08) 弛豫铁电陶瓷，借助 SEM 和 XRD 分别研究其表面形貌及晶体结构。同时研究

Ba(Mg1/3Ta2/3)O3 对 Ba(Zr0.1Ti0.9)O3 陶瓷相变及介电、铁电性能的影响。结果表明：(1−x)Ba(Zr0.1Ti0.9)O3−xBa- 
(Mg1/3Ta2/3)O3(BZT−BMT)钙钛矿单相陶瓷的平均粒径随 Ba(Mg1/3Ta2/3)O3 (BMT)含量增大而减小。随着 x 增大，陶

瓷体系出现伴有弥散相变和频率色散的弛豫铁电行为。0.98BZT−0.02BMT 陶瓷具有良好的介电性能，在 100 kHz
下其室温相对介电常数及介电损耗分别为 6034 和 0.01399。随着 BMT 含量的增大，体系剩余极化强度及矫顽场

均减小，表明室温下体系铁电相态向顺电相态的转变。 
关键词：锆钛酸钡；钙钛矿；弛豫铁电体；介电性能；相变 
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