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The paper presents relaxor properties of lead-free nanostructured ZnO doped BZT-BCT ceramics sintered at low
temperature. Curie-Weiss, Quadratic, Vogel-Fulcher laws were applied to study dielectric properties. The fitting experimental
data to the mentioned laws showed the typical diffuseness characteristic of the materials as a result of the substitution of Zn>"
ions into BZT-BCT substrate. Also, received ferroelectric loops were well saturated and fairly slim for all samples that assert again
diffuse ferroelectric nature in the investigated ceramics. The characterized values of remnant polarization, P, and coercive field,
E,, depended on ZnO nanoparticles concentration. According to that, when varying doping content in the region of 0.00-0.25%wt,
P, improved and reached a maximum value of 6.19 uC/cm’ at 0.15%wt, then decreased monotonously. Meanwhile E,
continuously intensified in the range of 1.36-2.72 kV/cm. In other words, nanosized ZnO particles made the ceramics harder.
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Introduction nanosized ZnO particles have enhanced some
dielectric and piezoelectric properties. This article
Perovskite ABOs-type compounds with high presents the effect of ZnO nanoparticles on dielectric
flexibility in symmetry play an important role in and ferroelectric properties in detail.
materials science. Typical materials such as PZT based
on family and BaTiO; have received a lot of attention Experimental Procedure
due to their outstanding dielectric, ferroelectric and
piezoelectric performance. Lead-free ceramics ZnO nanoparticles doped
In 2009, based on alternating with A or/and B sites in 0.48BaZr,,Tiy303-0.52Ba, ,Ca, ;TiO; sintered at a low
perovskite BaTiO; Liu and Ren established a new lead- temperature of 1350°C (noted BCZT-y, y is the
free pseudo binary ferroelectric system Ba(Zry,Tig)Os- concentration of nanostructured ZnO in wt%, y = 0.00,
x(Bay;Cay3)TiO; (abbreviated as BZT-BCT) that possesses 0.05, 0.10, 0.15, 0.20, and 0.25) were prepared as in a
excellent piezoelectricity (d33; =620 pC/N at x =50 previous report . The silver electrodes were made on
composition) . Since then, the BZT-BCT materials have both sides of these sintered bulks for electrical
been widely studied [2-5]. It is noted that based BaTiO; measurements. The dielectric properties of the materials
ceramics have been usually sintered at a very high were determined using HIOKI3532 equipment. The
temperature to obtain the desired properties [6-8], which ferroelectricity was studied using Sawyer-Tower circuit
causes many difficulties in the preparation and application method.
of these materials. It is well-known that there are some
methods for reducing the sintering temperature such as the Discussions
usage of nanostructured raw materials and sintering As discussed in our previous report, all BCZT-y
aids [9-10]. samples possessed pure perovskite structure with a
In our previous work, we successfully synthesized tetragonal symmetry (belonging to space group P4mm)
Zn0 nanoparticles doped BZT-BCT ceramics at a low characterized by splitting (002)/(200) diffraction peaks
sintering temperature of 1350 °C. According to that, at around of 44°-46°. We have demonstrated that
Zn*entered into B-site to replace Ti*'/Zr** within
*Corresponding author: ABOj; structure because of the similarity in ionic
Tel : +0935954966 radius. In that case, Zn®" acts as an acceptor dopant to

E-mail: datuan1984 il. . .
mail: datuan1984(@gmail.com accrue oxygen vacancy for compensation, and the solid
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Fig. 1. Inverse permittivity, 1/&, as a function of temperature of
BCZT-0.15 sample measured at the frequency of 1 kHz.
solution BCZT-y can be formed as follows

Zn0 B, 704V, (1)

kk
Such oxygen vacancies V o could influence on

Table 1. Values of T,, C, Tp, Ty, C as changing ZnO
nanoparticles content.

W) Cx10'(°C) T,(°C) T,(°C) Tp(°C) AT(C)
0.00 6.9 895 702 1067 365
0.05 72 878 694 1068 374
0.10 73 864 685 1069 384
0.15 7.5 846 672 1067 395
0.20 7.1 835 662 1045 383
025 6.8 816 654 1022 368

some electric properties of the ceramics.

It is well-known that temperature dependence of
permittivity of a normal ferroelectric above the
ferroelectric-paraelectric transition point obeys the
Curie-Weiss law

1T+,
e C7
where T, is the Curie-Weiss temperature, and C is the
Curie-Weiss constant reflecting the character of

ferroelectric phase transition.
Fig. 1 illustrates the plot of the inverse permittivity

T>Te ()
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Fig. 2. Temperature dependence of permittivity of BCZT-y ceramics fitted with quadratic law. In(1/e-1/g,) versus In(7-T},) in inset.
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Fig. 3. dand yas a function of y.

versus temperature for the BCZT-0.15 composition at 1
kHz complying with the Curie-Weiss law.

As shown from Fig. 1, the &T) relationship does not
comply with the Curie-Weiss law within the region of
(T / Tg). It is noted that T, is the temperature
corresponding to maximal permittivity, and Ty is called
the Burn temperature from which & begins to follow
the Curie-Weiss relationship. The similar results were

12000{ = 0.1kHz —— 1kHz —— 10kHz

-~ 100 kHz —— 200 kHz —— 500 kHz

120001 — 0.1kHz —— 1kHz —— 10kHz
—— 100 kHz —— 200 kHz —— 500 kHz

—— 01kHz —— 1kHz —— 10kHz
1-— 100 kHz — 200kHz —— 500 kHz

40 60 80 100
T(C)

also achieved for other compounds. The fitting and
related parameters are listed in Table 1. The difference
DT of Tg-T,, varies for each composition used to
represent the degree of the deviation from the Curie-
Weiss law (Table 1).

It can be seen from Table 1 that the C values of about
10* °C are obtained for all samples, implying that the
high temperature paraelectric state is controlled by a
displacive transition . Also, the obtained temperatures
are together lessened as y increases. Especially, the
reduction of T,, also reflects Zn*" incorporation in
BCZT substrate . Besides, DT varies and reaches the
highest value of 39.5 °C at y =0.15. This composition
is expected to have the highest diffuseness degree. The
outcome is well conformable with the ZnO
nanoparticles content dependence of diffuseness, .

The above T, side of &T7) can be described by a
quadratic law as follows

2

i’: 1+(T_Ta)
& 25
a

where T, (<T,) is the parameter defining the

(©)
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Fig. 4. Permittivity-temperature relationships of BCZT-y samples recorded at various frequencies.
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Table 2. Vogel-Fulcher fitting parameters for BCZT-y ceramics.

v (%) T;(°C) E. (eV) f, (10" Hz)
0.00 63.1 0.0321 8.2
0.05 62.3 0.0321 53
0.10 61.7 0.0316 3.2
0.15 60.4 0.0315 2.2
0.20 59.6 0.0314 1.8
0.25 58.4 0.0312 1.3
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Fig. 5. presents P-E relationships for BCZT-y ceramics measured
at room temperature.
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temperature and position of the peak and &, is the
extrapolated value of € at T,. The parameter & describes
the shape of quadratic curve. Experimental data for
BCZT-y compounds was fitted to the quadratic law
based on a least squares method, and the received
results were demonstrated in Fig. 2.

As shown from Fig. 2, a good fit occurred at the
region over T, while the deviation took place at low
temperature. The fitting parameters were obtained and
presented in each picture corresponding to each
sample. Among them, J, is used to measure the width
of the quadratic peak. Meanwhile, y presents the
diffuseness of the experimental permittivity, the values
of which were calculated in our previous work and
illustrated in the inset of each picture. In addition, ZnO
nanoparticles content dependences of y and d, are
similar in manner (Fig. 3)

In other to show more clearly the relaxor nature of
BZCT-y system, the permittivity versus temperature
measured at various frequencies was studied (Fig. 4).
Drastic frequency dispersions below the temperature
T,, are identified with the increase of T, and the
decrease of g, as rising measured frequency. These are
typical characteristics of relaxor materials. Received
results are attributed to the freezing of the polar nano
regions.

In order to analyze the frequency dependence of T,
the Vogel — Fulcher formula is applied as follows

3.2+
24-
uf 1.6

6.4- (b)
5.6-

E:SL 438
24
18
12

@

(kvicm)

cnv)

P (

(c) [11]

G (um)

000 005 010 015 020 025

y (%)
Fig. 6. Values of E, P,, Gy as a function of y.

“E,
1o i) )
where, T; is the freezing temperature, E, is the

activation energy for polarization fluctuation of a nano

polar region, f, is a characteristic frequency or Debye
frequency, and T, is the peak temperature corresponding
to the applied frequency. The fitted results are presented
in Table 2. We can see that the freezing temperature and

Debye frequency decrease, whereas the change in the

activation energy is negligible as the concentration of

ZnO nanoparticles increases.

Received ferroelectric loops were well saturated and
fairly slim for all samples that assert again diffuse
ferroelectric nature in BCZT-y ceramics. The characterized
values of remnant polarization, P, and coercive field, E.,
depended on ZnO nanoparticles concentration as illustrated
in Fig. 6. As shown, when varying y in the region of 0.00-
0.25, P, improved and reached a maximum value of
6.19 uC/cm* at y=0.15, then decreased monotonously.
This result could be explained based on an amelioration in
microstructure . According to that, poor ferroelectricity
was received at grain boundary. Thus, polarization of
grain boundary may be very small or zero. Alternatively,
space charges eliminate polarization charge from grain
surface that depletion layer can be established. That
caused polarization interruption on particle surface to
form depolarization field which lowers polarization.
The reduced number of grain boundary is due to
increasing grain size that could be the reason for
raising remnant polarization and vice versa. In our
work, the grain size, Gs, of these ceramics was
controlled by varying doping concentration of nano-
sized ZnO particles as shown in Fig. 6(c) 11. The
dependence of coercive field on ZnO nanoparticles
content shows that the parameter continuously
intensified in the range of 1.36-2.72 kV/cm as raising y.
In other words, ZnO nanoparticles made the ceramics
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harder. The enhancement of E, value could be due to
the increase of charged oxygen vacancies as doping
that pinned to the movement of ferroelectric domain
walls. The obtained values of E. demonstrated that the
BCZT-y materials are typically soft compared to
electric properties.

Conclusions

In this research, the dielectric and ferroelectric
properties of lead-free nanostructured ZnO doped BZT-
BCT ceramic sintered at low temperature were studied.
The addition of nanostructuted ZnO particles influenced
the relaxor behavior of the materials. As a result, BCZT-
0.15 composition possessed the highest diffuseness
characteristic. Also, remnant polarization was improved
and reached a maximum value of 6.19 pC/cm? at
y =0.15 whereas coercive field went up continuously
under increasing doping concentration.

Acknowledgments

This work was financially supported by the National
Foundation for Science and Technology Development
(NAFOSTED) under Grant No. 103.02-2017.308 (PI:
Le Dai Vuong).

The authors would like to thank Associate Professor
Vo Thanh Tung from University of Sciences, Hue
University for financial help (in the framework of

National project in Physics Program until 2020 under
No. PTDLCN.10/18).

References

. W. Liu, X. Ren, Phys. Rev. Lett. 103 (2009) 257602.

. D. Xue, Y. Zhou, H. Bao, C. Zhou, J. Gao, et al., J. Appl.

Phys. 109 (2011) 054110.

3. D. Damjanovic, A. Biancoli, L. Batooli, A. Vahabzadeh,
and J. Trodahl, Appl. Phys. Lett. 100 (2012) 192907.

4.]. Wu, D. Xiao, W. Wu, Q. Chen, J. Zhu, Z. Yang, and J.
Wang, J. Euro. Cera. Soc. 32 (2012)891-898.

5. D.A. Tuan, V.T. Tung, T.V. Chuong, N.T. Tinh, and N.T.M.
Huong, Indian J. Pure & Appl. Phys. 53 (2015) 409-415.

6. P. Wang, Y. Li, Y. Lu, J. Euro. Cera. Soc. 31 (2011)
2005-2012.

7. S. Su, R. Zuo, S. Lu, Z. Xu, X. Wang, L. Li, Curr. Appl.
Phys. 11 (2011) S120-S123.

8. D.A. Tuan, N.T. Tinh, V.T. Tung, T.V. Chuong, Materials
Transactions 56[9] (2015) 1370-1373.

9. Q.T.D. Le, V.C. Truong, P.A. Do, Adv. Nat. Sci.: Nanosci.
Nanotechnol. 2 (2011) 025013.

10. R. Hayati, A. Barzegar, Mat. Sci. and Eng. B 172 (2010)
121-126.

11. D.A. Tuan, V.T. Tung, T.V. Chuong, and L.V. Hong, Inter.
J. Modern. Phys. B29[32] (2015) 1550231.

12.J. Hao, W. Bai, W. Li, and J. Zhai, J. Ameri. Cera. Soc.
(2012) 1-9.

13. A.C. Caballero, J.F. Fernbndez, C. Moure, and P. Duriin, J.
Euro. Cera. Soc.17 (1997) 513-52.

14. V.R. Mudinepalli, L. Feng, W. Lin, and B.S. Murty, J. Adv.

Cera. 4[1] (2015) 46-53.

N —



