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Effect of Sintering Time on Structure and Properties in
CuO-doping KNN-LS-BF Piezoelectric Ceramics
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Abstract: The 0.6mol% CuO-doping 0.996(0.95Na, ;K, sNbO,-0.05LiSbO,)-0.004FeBiO, (KNN-LS-
BF-CuO) piezoelectric ceramics were synthesized by a solid-state reaction technique, and the structure and

piezoelectric properties dependence of sintering time in KNN-LS-BF-CuO ceramics were studied. It is found

that all the samples sintered for various time are perovskite structure mixed with orthorhombic symmetry phase

and tetragonal phase, but the sintering time has significant influences on the crystalline and properties. When

the sintering time increases from 2 hours to 6 hours, the grain of KNN-LS-BF-CuO ceramics becomes more

homogeneous and more tight-arrangement. The experimental results reveal that the longer sintering time than 4

hours is beneficial for improving partial properties, such as dj;, tgd, and O,

but is adverse to ¢, and k,, the KNN-

m>

LS-BF-CuO ceramics with optimum properties can be synthesized for 6 hours at 1 060 C.
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1 Introduction

Piezoelectric materials dominated by the lead-
based ceramics have been widely used for piezoelectric
actuators, sensors and transducers!!. However, the
use of lead in materials has been restricted by law in
more and more countries due to its environmental
pollution”*. In order to adhere to recent environmental
legislation, the latest research for piezoelectrics
materials has been mainly focused on the lead-free
piezoelectric ceramics””.

Recent years, K, ;Na,sNbO; (KNN)-based cera-
mics, which exhibit 7, values as high as 420 C,
have been intensively investigated for the possible
substitution of lead-based piezoelectric ceramics™'".
However, KNN-based ceramics are difficult to
sinter by the conventional solid-state method, and it
was found that KNN-based ceramics show a large
temperature dependence of the piezoelectric properties
due to multiple polymorphic phase transitions and the
evaporation of Na and K sintered at high temperatures

would degrade their piezoelectric properties' "', The
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sinterability and electrical properties of KNN-based
materials can be improved by many other routes,
such as solid solutions with ABO; (A: Li, Na, K,
Bi ; B: Nb, Sb, Ti, Fe)""'"\. Excellent piezoelectric
properties have been reported in the K,;Na,;NbO,-
LiSbO;-BiFeO,; systems prepared by a conventional

18191 Recent research has shown that

sintering method
sintering aids, such as V,0;, CuO, “hardened” the
KNN-based ceramics and significantly enhanced their
piezoelectric properties by decreasing the sintering
temperature[2°'23].

In this paper, 0.6mol% CuO-doping 0.996
(0.95Na, K, ;NbO;-0.05LiSbO5)-0.004BiFeO, (KNN-
LS-BF) ceramics were synthesized by solid-state
sintering technique, and the effects of sintering time on

their structure and properties were investigated.

2 Experimental

0.6mol% CuO-doping KNN-LS (KNN-LS-BF-
CuO) ceramic was synthesized by solid-state reaction
method. According to stoichiometric molecular
formula, the analytical-grade raw materials of K,CO,,
Na,CO;, Nb,Os, Sb,0;, Li,CO;, Fe,0;, Bi,05, and CuO
were weighed, then, were milled with ZrO, balls in
ethanol for 12 hours and dried, followed by calcination
at 880 °C for 6 hours. To enhance the green strength of
the powder compact, 5Swt% polyvinyl alcohol (PVA)
solution was added to the powder before pressing
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Fig.1 XRD patterns of KNN-LS-BF-CuO ceramics sintered for different time

L /

pellets of 18 mm diameter and 1.5 mm thickness under
100 MPa. The pellets were sintered at 1 060 ‘C for
4 hours. Sintered pellets were coarsely polished and
silver paste electrodes were formed on both surfaces of
the disk-shaped specimens. The samples were poled at
3 kV/mm for 20 minutes in the silicone oil at 80 C.

The crystal structure and phases of the ceramics
were characterized by X-ray diffraction (XRD) with
Cu-Ka radiation (AXS D8-ADVANCE, Bruker).
The grain morphologies and size were observed by
scanning electron microscope (SEM, JSM-5610LYV,
JEOL). The piezoelectric constant (d;;) was measured
approximately 24 hours after poling by quasi-static
piezoelectric dy; meter (ZJ-3AN). The piezoelectric and
dielectric properties, such as dielectric constant (g,), the
dielectric loss (tand), planar coupling coefficient (k,),
the mechanical quality factor (Q,,), were measured by
impedance analyzer (4294A, Agilent).

3 Results and discussion

The room temperature X-ray diffraction (XRD)
patterns for KNN-LS-BF-CuO ceramics sintered at
1 060 'C for different time from 2 hours to 6 hours
are shown in Fig.1. As can be seen from Fig.1(a),
the perovskite structure mixed with orthorhombic
symmetry phase and tetragonal phase, which character-
ized by splitting of the (002)/(200) peaks at 26 of
45°-46.5° in Fig.1(b). It is observed in all samples

Fig.2 SEM images of KNN-LS-BF-CuO ceramics sintered for: (a) 2 hours; (b) 4 hours; (c) 6 hours

sintered for various time which indicated that the
sintering time has insignificant influence on the phase
structure of KNN-LS-BF-CuO. Furthermore, there is no
trace of the second phase, implying that Cu ions diffuse
into the KNN lattices and a solid solution forms in the
ceramics. Nevertheless, the intensity of characteristic
diffraction peaks in KNN-LS-BF-CuO ceramics
become higher with the increase of sintering time from
2 hours to 6 hours, which means that the crystalline
become better with longer sintering time. In addition,
it can be seen, from Fig.1(b), that the characteristic
diffraction peaks of KNN-LS-BF-CuO shift from lower
angles to higher angles, which means that the crystal
lattice constant of specimens is compressed.

Fig.2 is SEM images of KNN-LS-BF-CuO
ceramics sintered for different time at 1 060 C. It can
be seen that the grain is very small when the sintering
time is 2 hours, which meaning inadequate grain growth
because of its insufficiency of sintering time. With the
increase of the sintering time, it can be seen that the
grain size of KNN-LS-BF-CuO ceramics increase,
but the size of grain become non-uniform, and some
abnormal larger grains and holes can be observed,
resulting in density performance degradation. These
indicate that the appropriate sintering time is effective in
improving the density of KNN-LS-BF-CuO ceramics.

The sintering time dependence of piezoelectric
constant d;; and planar electromechanical coupling
coefficient k, of KNN-LS-BF-CuO ceramics sintered at
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1060 “C are shown in Fig.3. With increasing sintering
time, the d,; increase to 111 when the sintering time is
below 4 hours, then, decrease with the further increase
of sintering time. Like the variation trend of ds; value,
k, increase to a maximum values of 0.30 with the
increase of sintering time from 2 hours to 4 hours, then
decrease with the further increase of sintering time. The
results indicated that the appropriate sintering time is
beneficial for enhancing the piezoelectric properties of
KNN-LS-BF-CuO ceramics due to the dense structure
confirmed in Fig.2. But too long sintering time would
degrade the piezoelectric properties.
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Fig.5 Q,, of KNN-LS-BF-CuO ceramics sintered for different time

The sintering time dependence of dielectric
constant ¢, and dielectric loss tgd of KNN-LS-BF-
CuO ceramics sintered at 1 060 ‘C are shown in Fig.4.
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With the increase of sintering time from 2 hours to 6
hours, the dielectric constant ¢, decrease sharply first,
then, decrease slowly when the sintering time is longer
than 4 hours. Like the variation trend of piezoelectric
constant dy; and the planar electromechanical coupling
coefficient k,, the dielectric loss tgd increases rapidly to
the a value of 2.13%, then decrease to the lowest value
of 1.37% with the further increase of sintering time.

The sintering time dependence of mechanical
quality factor Q,, of KNN-LS-BF-CuO ceramics
sintered at 1060 C is shown in Fig.5. Being contrary
to the tgd, it can be seen that the value of Q,, decreases
with the increase of sintering time from 2 hours to
4 hours, then increase with the further increase of
sintering time. The maximum value of 89 obtained
when the sintering time is 6 hours. These results
indicate that the longer sintering time more than 4
hours is beneficial for improving the dielectric loss
tgd and the mechanical quality factor Q,, but it is
adverse for enhancing piezoelectric constant d;, the
dielectric constant ¢, and the planar electromechanical
coupling coefficient k,. In general, the KNN-LS-BF-
CuO ceramics with optimum combination properties
can be synthesized for 4 hours at 1 060 ‘C. When the
sintering time is not enough, Cu®" does not enter into
the crystal lattice of KNN completely. As a “hard”
additive, CuO scattered in the grain boundary bring the
high mechanical quality factor Q,,. However, when the
sintering is enough long, Cu”" can enter into the crystal
lattice of KNN completely, resulting the decrease in Q,,..
With the sintering time lengthen further, CuO scattered
in the grain boundary become more and more due to
the limit of solid solubility, enhancing the mechanical
quality factor Q,, again.

4 Conclusions

All KNN-LS-BF-CuO ceramics sintered for
various time from 2 hours to 6 hours are perovskite
structure mixed with orthorhombic symmetry phase
and tetragonal phase. With increase of the sintering
time from 2 hours to 6 hours, the grain of KNN-LS-
BF-CuO ceramics becomes more homogeneous and
tight-arrangement. The results revealed that the longer
sintering time more than 4 hours is beneficial for
improving partial properties, such as ds;, tgd, and Q,,
but is adverse to ¢, and k,. The optimum properties
can be obtained in the specimen sintered for 4 hours at
1060 C.



Journal of Wuhan University of Technology-Mater. Sci. Ed. www.jwutms.net Apr. 2019

References

(1

(2]

B3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

Schreiter M, Gabl R, Pitzer D, et al. Electro-acoustic Hysteresis
Behaviour of PZT Thin Film Bulk Acoustic Resonators[J]. J. Eur. Ce-
ram. Soc., 2004, 24: 1 589-1 592

Wang DW, Cao MS, Zhang SJ. Investigation of Ternary System
Pb(Sn,Ti)O,-Pb(Mg, ;Nb, ;) O; with Morphotropic Phase Boundary
Compositions[J]. J. Eur. Ceram. Soc., 2012, 32: 441-448

Lin Y, Zhang L, Yu J. Stable Piezoelectric Property of Modified
BiFeO;-BaTiO; Lead-free Piezoceramics[J]. J. Mater. Sci.: Mater.
Electron., 2015, 26: 8 432-8 441

Zuo RZ, Ye C, Fang XS. Na, ;K, ;NbO;-BiFeO, Lead-free Piezoelectric
Ceramics[J]. J. Phys. Chem. Solids, 2008, 69: 230-235

Wu L, Ning H. Preparation and Piezoelectric Properties of CuO-added
(Ag,-sLiyNay K os)NbO; Lead-free Ceramics[J]. J. Wuhan Univ. Tech.
Mater. Sci. Ed., 2015, 30(4): 724-728

Tong K, Zhou C, Wang J, et al. Enhanced Piezoelectricity and High-
temperature Sensitivity of Zn-modified BF-BT Ceramics by in-situ
and ex-situ Measuring[J]. Ceramics International, 2017, 43(4): 3 734-
3740

Yang H, Zhou C, Zhou Q, et al. Lead-free (Li, Na, K)(Nb, Sb)O,
Piezoelectric Ceramics: Effect of Bi(Ni,;Ti,s)O; Modification and
Sintering Temperature on Microstructure and Electrical Properties[J]. J.
Mater. Sci., 2013, 48(7): 2 997-3 002

Wu JG, Xiao DQ, Wang YY, et al. Compositional Dependence of
Phase Structure and Electrical Propertis in (K,,,Na, s )NbO;- LiSbO;
Lead-free Ceramics[J]. J. Appl. Phys., 2007, 102: 114113-1-3
Wongsaenmai S, Kanchiang K, Chandarak S. Crystal Structure and
Ferroelectric Properties of Mn-doped ((K, sNay 5)g.935L10,065)NbO; Lead-
free Ceramics[J]. Curr. Appl. Phys., 2012, 12: 418-421

Huang T, Xiao DQ, Liang WF, et al. Sintering Behavior of KNN-
BNKT Lead-free Piezoelectric Ceramics[J]. Ferroelectrics, 2014,
458(1): 37-42

Wang HQ, Ruan DS, Dai YJ, et al. Relationship between Phase
Structure and Electrical Properties of (K,sNa,;)NbO,- LiTaO, Lead-
free Ceramics[J]. Curr: Appl.Phys., 2012, 12: 504-508

Jin JM, Wan DD, Yang Y, et al. A Linear Ultrasonic Motor Using

[13]

[14]

[15]

[16]

[17]

(18]

(191

[20]

[21]

[22]

[23]

311

(K, sNays)NbO; Based Lead-free Piezoelectric Ceramics[J]. Sensor.
Actuat. A, 2011, 165: 410-414

Yang H, Zhou C, Zhou Q, et al. Lead-free (Li, Na, K)(Nb, Sb)O,
Piezoelectric Ceramics: Effect of Bi(Ni,sTi,s)O; Modification and
Sintering Temperature on Microstructure and Electrical Properties[J]. J.
Mater. Sci., 2013, 48(7): 2 997-3 002

Jiang M, Liu X, Chen G, et al. Dielectric and Piezoelectric Properties
of LiSbO; Doped 0.995 K, Na, sNbO;- 0.005BiFeO; Piezoelectric
Ceramics[J]. Mater. Lett., 2009, 63(15): 1 262-1 265

Coondoo I, Panwar N, Maiwa H, et al. Improved Piezoelectric and
Energy Harvesting Characteristics in Lead-free Fe,0;
Modified KNN Ceramics[J]. J. Electroceramics, 2015, 34(4): 255-261
Zhao D, Fu XH, Cheng GY, et al. The Effect of Excess Sodium
Element on KNN-BF Piezoelectric Ceramics[J]. Mater. Sci.
Forum, 2016, 859: 24-29

Jin X, Fu XH, Tao WH, et al. Piezoelectric Properties Study of KNN-
LS Lead-free Ceramics Synthesized by Sol-gel Method[J]. Appl. Me-
chanics Mater., 2014, 538:15-18

Jiang M, Liu X, Chen G, et al. Sintering Characteristics of Lead-free
K, sNa, sNbO;-LiSbO,-BiFeO; Piezoelectric Ceramics[J]. J. Chin. Ce-
ram. Soc., 2011, 39(7): 1 165-1 169

Cheng GY, Fu XH, Tao WH, et al. Influence of Sintering Temperature
on KNN-BF-LS Piezoelectric Ceramic[J]. Mater. Sci. Forum, 2016,
859: 8-12

Wang H, Zuo R, Wang L, et al. Preparation and Piezoelectric Properties
of CuO-doped (Na,K,;)NbO; Ceramics by the Citrate Precursor
Method[J]. J. Mater. Sci.: Mater. Electron., 2011, 22: 458-462

Wang H, Zhai X, Xu J, et al. Temperature Stability of V,0s-doped
KNN-LS-BF Lead-free Piezoelectric Ceramics[J]. J. Electro. Mater.,
2013, 48: 2 556-2 559

Liu C, Xiao DQ, Wu JG, et al. Electrical Properties of CuO-doped
(Ko sNay s)(Nbg 0,Sby 03 Ta, 0s)O; Piezoelectric Ceramics with High Q,[J].
Ferroelectrics, 2014, 458(1): 31-36

Zhao Y, Zhao Y, Huang R, et al. Microstructure and Piezoelec-
tric Properties of CuO-doped 0.95(K, ;Na,)NbO;-0.05Li(Nb,sSb, 5)
0O, Lead-free Ceramics[J]. J. Eur. Ceram. Soc., 2011, 31(11): 1 939-
1944



