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New low-loss NiZrTa2O8 ceramics were prepared by conventional mixed-oxide method with the crystal
structure and microwave dielectric properties being investigated. The phase composition of NiZrTa2O8

ceramics presented two-phase coexistence, indexed as NiTiNb2O8 and Ni0.5Ti0.5NbO4. The apparent
morphology and grain size were analyzed as a function of sintering temperature. The dielectric constant
(εr) which changed from 19.02 to 21.38, was mainly dependent on the densities and phase composition.
The quality factor (Q� G) was dominated by grain size. In this paper, the optimum performance of
NiZrTa2O8 ceramics were εr¼ 20.61, Q� G¼ 49200 GHz, sintered at 1325 �C.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

With the fast developing of microwave communication technol-
ogy, the demands for microwave dielectric ceramics with different
properties have continued to increase, prompting large numbers of
researchers to devote themselves to investigate and invent more
kinds of new microwave dielectric ceramics.

ZnTiNb2O8 ceramics on microwave application had been firstly
reported by D. W. Kim et al. [1]. Since then, the ZnTiNb2O8 ceramics
had attracted increasing interests for their excellent microwave
dielectric properties [2,3]. According to previous investigations, it
could be known that microwave dielectric properties could be opti-
mized by ionic replacement [4]. In 2012, modification research of
ZnTiNb2O8 ceramics had been carried out by substituting Ti ion as
Zr ion by Liao et al. [5]. Hereafter, many compounds, which were
obtained by ionic replacement and had the similar formula with
ZnTiNb2O8 system, had been reported on their microwave dielectric
properties [6e9]. Ni ionwas a good substitution in the type of biva-
lent ions, especially in minor-substitution, since it could sometimes
enormously meliorate microwave dielectric properties of the orig-
inal system. Therefore, a new compound with composition of NiZr-
Ta2O8 was designed based on ZnTiNb2O8 formula with Ni
substituting for Zn, Zr substituting for Ti and Ta substituting for Nb.

In this work, the NiZrTa2O8 ceramics had been successfully pre-
pared for the first time using conventional solid state reaction
method, with sintering characteristics, crystal structure and micro-
wave dielectric properties being investigated.

2. Experimental procedure

The NiZrTa2O8 ceramics were prepared with high purity oxide
powders of NiO (99%), ZrO2 (99%), and Ta2O5 (99.9%). These pow-
ders were weighed according to the NiZrTa2O8 formula and the
mixtures were milled under distilled water with zirconia ball for
24 h. After the slurries being dried and sieved, the mixtures were
calcined in alumina crucible at 1200 �C for 4 h. Then the calcined
powders weremilled once again under distilled water with zirconia
ball for 24 h. Next, the slurries were dried, sieved and pressed into
pellets with 10 mm in diameter and 5 mm in thickness. Finally, the
pellets were sintered in air at the temperature range of
1275�Ce1375 �C.

The crystal structures of these sintered samples were confirmed
by X-ray diffraction (XRD) analysis using Rigaku diffractometer
(Model D/Max-B, Rigaku Co., Japan) with Cu Ka radiation. Apparent
morphology of the sintered samples was observed using a scanning
electron microscopy (FE-SEM, SIGMA Zeiss, Germany). The den-
sities of the samples were measured by Archimedes method. The
measurement of microwave dielectric properties was carried out
by Hakki-Coleman's resonator method using a network analyzer
(E5063A, Keysight Co., USA) [10,11].

3. Result and discussion

Fig. 1 showed the XRD patterns of NiZrTa2O8 ceramics under
different sintering temperature. The peak position and peak shape
of the XRD patterns were similar under different sintering temper-
ature, suggesting that the phase composition and crystal structure
of NiZrTa2O8 ceramics had no obvious change among thewhole sin-
tering range. According to the XRD data, the phase composition of
NiZrTa2O8 ceramics, which presented two-phase coexistence, was
indexed as Ni0.5Ti0.5NbO4 structure (ICDD-PDF #52-1875: Tetrag-
onal, P42/mnm) and NiTiNb2O8 structure (ICDD-PDF #52-1874:
Orthorhombic, Pbcn). For detail, the ratio of relative intensities be-
tween Ni0.5Ti0.5NbO4 and NiTiNb2O8 was calculated and listed in
Fig. 1. It was observed that the relative intensities between the
two phase compositions presented a slight change with the sinter-
ing temperature ranged from 1275 �C to 1325 �C and then tended to
gentle, suggesting that the phase compositions of NiZrTa2O8
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Fig. 1. The XRD patterns of NiZrTa2O8 ceramics under different sintering temperature.
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ceramics were stable under different sintering temperature. As a
results, the phase composition and crystal structure of NiZrTa2O8

had no obvious change under different sintering temperature,
which were related to intrinsic microwave dielectric properties.

Generally, the extrinsic microwave dielectric properties were
analyzed by apparent morphology. Fig. 2 showed the SEM images
of NiZrTa2O8 ceramics at different sintering temperature. All the
samples were well sintered with flat boundary and no pores, sug-
gesting that the dense samples could be obtained under the sinter-
ing temperature in this paper. In addition, the grain size (GS) of
each sample was measured and listed in Fig. 2 [1]. It was obvious
that the grain size of each sample was different and tended to in-
crease as the sintering temperature increased. Although the grain
size had an increasing tendency as a function of the sintering tem-
perature, it was not always a good situation for microwave
Fig. 2. The apparent morphology of NiZrTa2O8 ceramics sintered at (a) 1275 �C, (b)
1300 �C, (c) 1325 �C, (d) 1375 �C.
dielectric properties. As shown in Fig. 2, it was important to note
that the abnormal grain growth had been observed, which would
deteriorate the performance of the ceramics.

The dielectric constant, which was associated with volume of
microwave device, had been measured and illustrated in Fig. 3. It
was found that the dielectric constant of NiZrTa2O8 ceramics
increased to maximum (εr¼ 21.38) at 1300 �C and then decreased
with the increase of sintering temperature. It was known that the
dielectric constant was dependent not only on intrinsic factors
such as molecular polarizability but also on extrinsic factors
including densities, phase composition, impurities and so on. Based
on the same raw materials and according to the XRD analysis, the
molecule, phase composition and impurities of NiZrTa2O8 ceramics
sintered at different temperature were similar, suggesting that
these influencing factors could be taken no account of in this paper.
Therefore, the densities of samples were considered as the main
factor influencing the dielectric constant. As shown in Fig. 3,
compared the curves of dielectric constant and densities, the vari-
ation between the two curves was consistent, which confirmed our
above analysis. In addition, it was important to note that the fluctu-
ation of dielectric constant (D) within the sintering temperature
zone was very small (D¼ 2.36), indicating that there was no signif-
icant change in dielectric constant under different sintering
temperature.

The Q� G values, representing the quality factors of dielectric
resonator, were tested and drawn under different sintering temper-
ature, as shown in Fig. 4. The Q� G values of NiZrTa2O8 ceramics
increased to a maximum value of 49200GHz when sintered at
1325 �C and then decreased with the further increasing sintering
temperature. It was well known that the influence for Q� G values
at microwave frequency included two parts: (1) intrinsic factors
like lattice vibrational modes, (2) extrinsic factors such as phase
compositions, grain size and impurities. In this paper, considering
the stable phase composition, consistent crystal structure and the
same raw materials, the Q� G values were mainly dependent on
grain size. It was noted that the variation of Q� G values was
consistent with that of grain size with sintering temperature
ranged from 1275 �C to 1325 �C. But inverse tendency between
them had been observed when the sintering temperature was
further increased, resulting in abnormal grain growth.
4. Conclusion

New dielectric material with NiZrTa2O8 formula was designed
Fig. 3. The dielectric constant and the density of NiZrTa2O8 ceramics under different
sintering temperature.



Fig. 4. The Q� G values of NiZrTa2O8 ceramics under different sintering temperature.
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and prepared for the first time. The dense NiZrTa2O8 ceramics were
obtained with the sintering temperature ranged from 1275 �C to
1375 �C. The phase structure of NiZrTa2O8 ceramics was character-
ized as coexistence of two phases and there was no obvious change
under different sintering temperature. The grain growth was
analyzed by apparent morphology. The grain size increased mono-
tonically as a function of the sintering temperature, while abnormal
grain growth had been observed when the sintering temperature
was too high. For microwave dielectric properties, the dielectric
constant of NiZrTa2O8 ceramics had no obvious change during the
whole sintering range, which was related to densities of the sam-
ples. The Q� G values, which were mainly dependent on grain
size, increased at first and then decreased as a function of sintering
temperature. The typical microwave dielectric properties of NiZr-
Ta2O8 ceramics were εr¼ 20.61, Q� G¼ 49200 GHz, sintered at
1325 �C.

Acknowledgements

This work is supported by the National Natural Science Founda-
tion of China under Grant No. 51702359 and the projects from the
Fundamental Research Funds for the Central Universities of China
University of Mining and Technology under Grant No.
2017XKQY016.
References

[1] D.W. Kim, D.Y. Kim, K.S. Hong, Phase relations and microwave dielectric prop-
erties of ZnNb2O6eTiO2, J. Mater. Res. 15 (2000) 1331e1335.

[2] M. Guo, S.P. Gong, G. Dou, D.X. Zhou, A new temperature stable microwave
dielectric ceramics: ZnTiNb2O8 sintered at low temperatures, J. Alloys Compd.
509 (2011) 5988e5995.

[3] Q.W. Liao, L.X. Li, Structural dependence of microwave dielectric properties of
ixiolite structured ZnTiNb2O8 materials: crystal structure refinement and
Raman spectra study, Dalton Trans. 41 (2012) 6963e6969.

[4] P. Zhang, Y.G. Zhao, J. Liu, Z.K. Song, X.Y. Wang, M. Xiao, Enhanced microwave
dielectric properties of NdNbO4 ceramics by Ta5þ substitution, J. Alloys
Compd. 640 (2015) 90e94.

[5] Q.W. Liao, L.X. Li, X. Ren, X.X. Yu, D. Guo, M.J. Wang, A low sintering temper-
ature low loss microwave dielectric material ZnZrNb2O8, J. Am. Ceram. Soc. 95
(2012) 3363e3365.

[6] S.D. Ramarao, V.R.K. Murthy, Crystal structure refinement and microwave
dielectric properties of new low dielectric loss AZrNb2O8 (A: Mn, Zn, Mg
and Co) ceramics, Scripta Mater. 69 (2013) 274e277.

[7] H.T. Wu, Z.B. Feng, Q.J. Mei, J.D. Guo, J.X. Bi, Correlations of crystal structure,
bond energy and microwave dielectric properties of AZrNb2O8 (A¼Zn, Co,
Mg, Mn) ceramics, J. Alloys Compd. 648 (2015) 368e373.

[8] W.S. Xia, F.Y. Yang, G.Y. Zhang, K. Han, D.C. Guo, New low-dielectric-loss
NiZrNb2O8 ceramics for microwave application, J. Alloys Compd. 656 (2016)
470e475.

[9] X.S. Lyu, L.X. Li, S. Zhang, H. Sun, S. Li, J. Ye, B.W. Zhang, J.T. Li, A new low-loss
dielectric material ZnZrTa2O8 for microwave devices, J. Eur. Ceram. Soc. 36
(2016) 931e935.

[10] B.W. Hakki, P.D. Coleman, A dielectric resonator method of measuring induc-
tive capacities in the millimeter range, IEEE Trans. Microw. Theor. Tech. 8
(1960) 402e410.

[11] W.E. Courtney, Analysis and evaluation of a method of measuring the complex
permittivity and permeability microwave insulators, IEEE Trans. Microw.
Theor. Tech. 18 (1970) 476e485.

[13] M.I. Mendelson, Average grain size in polycrystalline ceramics, J. Am. Ceram.
Soc. 52 (1969) 443e446.
Ying Wang*, Tian-Liang Tang, Jun-Ting Zhang, Wang-Suo Xia, Li-
Wei Shi**

School of Physical Science and Technology, China University of Mining
and Technology, Xuzhou 221116, China

* Corresponding author.

** Corresponding author.
E-mail addresses: wangy@cumt.edu.cn (Y. Wang),

liwei5450@cumt.edu.cn (L.-W. Shi).

9 August 2018
30 October 2018

10 November 2018
Available online 16 November 2018

http://refhub.elsevier.com/S0925-8388(18)34255-5/sref1
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref1
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref1
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref1
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref1
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref1
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref2
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref2
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref2
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref2
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref2
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref2
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref3
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref3
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref3
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref3
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref3
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref3
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref4
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref4
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref4
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref4
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref4
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref4
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref5
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref5
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref5
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref5
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref5
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref5
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref6
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref6
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref6
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref6
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref6
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref6
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref7
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref7
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref7
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref7
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref7
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref7
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref7
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref8
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref8
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref8
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref8
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref8
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref8
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref9
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref9
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref9
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref9
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref9
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref9
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref10
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref10
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref10
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref10
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref11
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref11
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref11
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref11
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref13
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref13
http://refhub.elsevier.com/S0925-8388(18)34255-5/sref13
mailto:svenkiteswaranelseviercom
mailto:svenkiteswaranelseviercom

	Preparation and microwave dielectric properties of new low-loss NiZrTa2O8 ceramics
	1. Introduction
	2. Experimental procedure
	3. Result and discussion
	4. Conclusion
	Acknowledgements
	References


