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Abstract
The importance of investigating the electronic structure of Fe doped TiO  nanoparticles lies in understanding their
various magnetic and optical applications. In this study Fe doped TiO  nanoparticles were synthesized by sol–gel
method in a wide range of Fe/Ti molar ratios (1, 3, 5, 8, and 10%) and post annealing at 400, 600 and 800 °C in air.
The structure and size of nanoparticles were studied by X-ray diffraction and transmission electron microscopy,
respectively. Systematic study of the existing states of Fe ions in Fe doped TiO  and transformation of the existing
states as a function of annealing temperature and Fe concentration were carried out utilizing high-resolution X-ray
photoemission spectroscopy (XPS). The XPS results showed that Fe was present in all samples while Fe ions were
detected in mixed valence (Fe  and Fe ) states. The Fe  ions were dominant in the surface region of the
nanoparticles. Moreover, the Ti in Fe:TiO  nanoparticles was assigned to the Ti  while a small shift towards lower
binding energies was observed upon increasing the annealing temperature and dopant level. This confirms the
successful incorporation of Fe into TiO , and the shifts in binding energies were attributed to the anatase to rutile
transformation. The results verify that doping by Fe up to 10% do not exceed the limit of Fe substitutation into TiO
lattice. © 2018, Springer Science+Business Media, LLC, part of Springer Nature.
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Abstract

Lead zirconate titanate (PZT95/5) based piezoelectric ceramics with the compositions
Pb0.99(Zr0.95Ti0.05)0.98Ta0.02O3 (PZTT) and Pb0.99−0.5x(Zr0.95Ti0.05)0.98−xNb0.02TaxO3 (PZTN), where x = 0.0,
0.005, 0.010, 0.015 and 0.020 were synthesized using conventional solid state sintering at 1250 °C for 2 h in air.
The effect of tantalum substitution on the microstructure, dielectric and piezoelectric properties of the samples
were studied. The results showed that the Ta-doped samples had finer microstructures. The PZTT samples had
microstructures with finer grains (average grain size of 3.80 µm) in comparison with the PZTN samples
(average grain size of 5.33 µm). The relative densities of the PZTN and PZTT samples were approximately 94.1
and 94.4%, respectively. Moreover, the relative dielectric constant (εr), piezoelectric coefficient (d31) and elastic
compliance (S11

E) of the samples reached the maximum values of 349, − 15.2 PC/N and 8.42 Pm2/N,
respectively at 1.5 mol% tantalum substitution. Furthermore, the relative dielectric constant (εr), piezoelectric
coefficient (d33) and voltage coefficient (g33) of the PZTN samples reached the optimal values of 306, 69 PC/N
and 25.44 mV m/N, respectively, in comparison with the PZTT samples (329, 67 PC/N and 21.43 mV m/N,
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Abstract

In this work, (1 − x)Mg2Al4Si5O18–xMg2SiO4 (x = 0–80 wt%) composite dielectric ceramics were prepared via
traditional solid-state reaction. The results indicate the sinterability of Mg2Al4Si5O18 ceramics is greatly
enhanced with the increasing content of Mg2SiO4 by reducing densified temperature from 1460 to 1340 °C.
Rietveld refinement analysis shows a great chemical compatibility between two phases. With the increase of
Mg2SiO4 content, the densifications of ceramics can be improved. However, excessive amount of Mg2SiO4
induces abnormal grain growth, which deteriorates the microwave dielectric properties. At x = 50 wt%, low-εr
dielectric ceramics with high Q × f value was obtained when sintered at 1340 °C: εr = 5.73, Q × f = 76,374 GHz
and τf = − 24 ppm/ °C. Relative cheap raw materials and adjustable permittivity values, which makes it
promising for low-permittivity microwave applications.

Access provided by Universitas Diponegoro

https://springer.proxy.undip.ac.id/
https://springer.proxy.undip.ac.id/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs10854-018-9912-4
https://springer.proxy.undip.ac.id/content/pdf/10.1007/s10854-018-9912-4.pdf
https://springer.proxy.undip.ac.id/content/pdf/10.1007/s10854-018-9912-4.pdf
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://springer.proxy.undip.ac.id/journal/10854
https://springer.proxy.undip.ac.id/article/10.1007%2Fs10854-018-9912-4/metrics


10/20/2020 Influence of Mg 2 SiO 4 addition on crystal structure and microwave properties of Mg 2 Al 4 Si 5 O 18 ceramic system | SpringerLink

https://springer.proxy.undip.ac.id/article/10.1007/s10854-018-9912-4#author-information 8/19

1. 1.

S. Chen, L. Li, S. Yu, H. Zheng, Z. Sun, High dielectric constant and high-Q in microwave ceramics of
SrTiO3, co-doped with aluminum and niobium. J. Am. Ceram. Soc. 101, 1835 (2018)

CAS  Article  Google Scholar 

2. 2.

S. Chen, W. Li, D.-G. Zhu, Sintering behaviors, phases, and dielectric properties of MO-TeO2-V 2O5 (M =
Ca, Sr, Ba) ultralow temperature ceramics. Mater. Res. Bull. 101, 29 (2018)

CAS  Article  Google Scholar 

3. 3.

Z. Fu, J. Ma, P. Liu, A novel temperature-stable and low-loss microwave dielectric composite ceramics
Li2Mg3SnO6-SrTiO3. Mater. Lett. 218, 135 (2018)

CAS  Article  Google Scholar 

4. 4.

C.H. Yang, C.F. Xing, L. Zhao, J.X. Bi, H.T. Wu, Effect of Co-substitution on the sintering characteristics
and microwave dielectric properties of Li2MgTiO4 ceramics. Ceram. Int. 44, 7286 (2018)

CAS  Article  Google Scholar 

5. 5.

B. Liu, X.Q. Liu, X.M. Chen, Sr2LaAlTiO7: a new Ruddlesden–Popper compound with excellent
microwave dielectric properties. J. Mater. Chem. C 4, 1720 (2016)

CAS  Article  Google Scholar 

6. 6.

L.-X. Pang, D. Zhou, Z.-M. Qi, W.-G. Liu, Z.-X. Yue, I.M. Reaney, Structure–property relationships of
low sintering temperature scheelite-structured (1−x)BiVO4–xLaNbO4 microwave dielectric ceramics. J.
Mater. Chem. C 5, 2695 (2017)

CAS  Article  Google Scholar 

7. 7.

S. George, P.S. Anjana, V.N. Deepu, P. Mohanan, M.T. Sebastian, Low-temperature sintering and
microwave dielectric properties of Li2MgSiO4 ceramics. J. Am. Ceram. Soc. 92, 1244 (2009)

CAS  Article  Google Scholar 

8. 8.

S.-H. Kweon, M.-R. Joung, J.-S. Kim, B.-Y. Kim, S. Nahm, J.-H. Paik, Y.-S. Kim, T.-H. Sung, Low
temperature sintering and microwave dielectric properties of B2O3-added LiAlSiO4 ceramics. J. Am.
Ceram. Soc. 94, 1995 (2011)

https://springer.proxy.undip.ac.id/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC1cXntlGqsA%253D%253D
https://doi.org.proxy.undip.ac.id/10.1111%2Fjace.15413
http://scholar.google.com/scholar_lookup?&title=High%20dielectric%20constant%20and%20high-Q%20in%20microwave%20ceramics%20of%20SrTiO3%2C%20co-doped%20with%20aluminum%20and%20niobium&journal=J.%20Am.%20Ceram.%20Soc.&volume=101&publication_year=2018&author=Chen%2CS&author=Li%2CL&author=Yu%2CS&author=Zheng%2CH&author=Sun%2CZ
https://springer.proxy.undip.ac.id/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC1cXhtVKltbg%253D
https://doi.org.proxy.undip.ac.id/10.1016%2Fj.materresbull.2018.01.008
http://scholar.google.com/scholar_lookup?&title=Sintering%20behaviors%2C%20phases%2C%20and%20dielectric%20properties%20of%20MO-TeO2-V%202O5%20%28M%20%3D%20Ca%2C%20Sr%2C%20Ba%29%20ultralow%20temperature%20ceramics&journal=Mater.%20Res.%20Bull.&volume=101&publication_year=2018&author=Chen%2CS&author=Li%2CW&author=Zhu%2CD-G
https://springer.proxy.undip.ac.id/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC1cXisVaqtr4%253D
https://doi.org.proxy.undip.ac.id/10.1016%2Fj.matlet.2018.01.157
http://scholar.google.com/scholar_lookup?&title=A%20novel%20temperature-stable%20and%20low-loss%20microwave%20dielectric%20composite%20ceramics%20Li2Mg3SnO6-SrTiO3&journal=Mater.%20Lett.&volume=218&publication_year=2018&author=Fu%2CZ&author=Ma%2CJ&author=Liu%2CP
https://springer.proxy.undip.ac.id/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC1cXntlCguw%253D%253D
https://doi.org.proxy.undip.ac.id/10.1016%2Fj.ceramint.2017.12.251
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20Co-substitution%20on%20the%20sintering%20characteristics%20and%20microwave%20dielectric%20properties%20of%20Li2MgTiO4%20ceramics&journal=Ceram.%20Int.&volume=44&publication_year=2018&author=Yang%2CCH&author=Xing%2CCF&author=Zhao%2CL&author=Bi%2CJX&author=Wu%2CHT
https://springer.proxy.undip.ac.id/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC28XhtFSrsr0%253D
https://doi.org.proxy.undip.ac.id/10.1039%2FC5TC03653D
http://scholar.google.com/scholar_lookup?&title=Sr2LaAlTiO7%3A%20a%20new%20Ruddlesden%E2%80%93Popper%20compound%20with%20excellent%20microwave%20dielectric%20properties&journal=J.%20Mater.%20Chem.%20C&volume=4&publication_year=2016&author=Liu%2CB&author=Liu%2CXQ&author=Chen%2CXM
https://springer.proxy.undip.ac.id/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BC2sXivFWls70%253D
https://doi.org.proxy.undip.ac.id/10.1039%2FC6TC05670A
http://scholar.google.com/scholar_lookup?&title=Structure%E2%80%93property%20relationships%20of%20low%20sintering%20temperature%20scheelite-structured%20%281x%29BiVO4%E2%80%93xLaNbO4%20microwave%20dielectric%20ceramics&journal=J.%20Mater.%20Chem.%20C&volume=5&publication_year=2017&author=Pang%2CL-X&author=Zhou%2CD&author=Qi%2CZ-M&author=Liu%2CW-G&author=Yue%2CZ-X&author=Reaney%2CIM
https://springer.proxy.undip.ac.id/articles/cas-redirect/1%3ACAS%3A528%3ADC%252BD1MXnvVCisL8%253D
https://doi.org.proxy.undip.ac.id/10.1111%2Fj.1551-2916.2009.02998.x
http://scholar.google.com/scholar_lookup?&title=Low-temperature%20sintering%20and%20microwave%20dielectric%20properties%20of%20Li2MgSiO4%20ceramics&journal=J.%20Am.%20Ceram.%20Soc.&volume=92&publication_year=2009&author=George%2CS&author=Anjana%2CPS&author=Deepu%2CVN&author=Mohanan%2CP&author=Sebastian%2CMT


10/20/2020 Influence of Mg 2 SiO 4 addition on crystal structure and microwave properties of Mg 2 Al 4 Si 5 O 18 ceramic system | SpringerLink

https://springer.proxy.undip.ac.id/article/10.1007/s10854-018-9912-4#author-information 12/19

Download references

Author information

Affiliations

1. School of Electronic Science and Engineering, University of Electronic Science and Technology of China,
Chengdu, 611731, People’s Republic of China

Xue Dong, Chengli Sun, Hongyu Yang, Leiyu Yang & Shuren Zhang

Authors

1. Xue Dong
View author publications

You can also search for this author in PubMed Google Scholar

2. Chengli Sun
View author publications

You can also search for this author in PubMed Google Scholar

3. Hongyu Yang
View author publications

You can also search for this author in PubMed Google Scholar

4. Leiyu Yang
View author publications

You can also search for this author in PubMed Google Scholar

5. Shuren Zhang
View author publications

You can also search for this author in PubMed Google Scholar

Corresponding author

Correspondence to Shuren Zhang.

Rights and permissions

Reprints and Permissions

About this article

https://springer.proxy.undip.ac.id/article/10.1007/s10854-018-9912-4-references.ris
https://springer.proxy.undip.ac.id/search?dc.creator=%22Xue+Dong%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Xue+Dong
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Xue+Dong%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://springer.proxy.undip.ac.id/search?dc.creator=%22Chengli+Sun%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Chengli+Sun
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Chengli+Sun%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://springer.proxy.undip.ac.id/search?dc.creator=%22Hongyu+Yang%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Hongyu+Yang
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Hongyu+Yang%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://springer.proxy.undip.ac.id/search?dc.creator=%22Leiyu+Yang%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Leiyu+Yang
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Leiyu+Yang%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://springer.proxy.undip.ac.id/search?dc.creator=%22Shuren+Zhang%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Shuren+Zhang
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Shuren+Zhang%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://springer.proxy.undip.ac.id/article/10.1007/s10854-018-9912-4/email/correspondent/c1/new
https://s100.copyright.com/AppDispatchServlet?title=Influence%20of%20Mg2SiO4%20addition%20on%20crystal%20structure%20and%20microwave%20properties%20of%20Mg2Al4Si5O18%20ceramic%20system&author=Xue%20Dong%20et%20al&contentID=10.1007%2Fs10854-018-9912-4&publication=0957-4522&publicationDate=2018-08-28&publisherName=SpringerNature&orderBeanReset=true
https://crossmark.crossref.org/dialog/?doi=10.1007/s10854-018-9912-4


10/23/2020 Low-temperature sintering of BaTiO 3 positive temperature coefficient of resistivity (PTCR) ceramics | SpringerLink

https://link.springer.com/article/10.1007/s10854-018-9903-5 1/10

Advertisement

Search 

Log in

Search SpringerLink
 Search 

Published: 27 August 2018

Low-temperature sintering of BaTiO3 positive temperature coefficient
of resistivity (PTCR) ceramics

Christian Teichmann1 &
Jörg Töpfer   ORCID: orcid.org/0000-0002-4022-41431 

Journal of Materials Science: Materials in Electronics volume 29, pages17881–17886(2018)Cite this article

165 Accesses

Metrics details

Abstract

Donor–acceptor-codoped and Ti-excess barium titanate ceramics BaTi1.007−x−yNbxMnyO3 with positive
temperature coefficient of resistivity (PTCR) behavior were prepared via the mixed oxide route. Resistivity
versus temperature characteristics of samples sintered in air at 1350 °C were investigated as a function of
dopant concentrations. A low room-temperature resistivity ρRT = 80 Ωcm and large resistivity change ρmax/ρmin
of four orders of magnitude at the Curie temperature was observed for x = 0.002 and y = 0.0003. To reduce the
sintering temperature and enable low-temperature sintering of PTCR ceramics, several additives inducing
liquid-phase sintering were tested. We report on the effect of BaB2O4 and LiF–SrCO3 additives on the sintering
behavior, microstructure, and ρ(T) characteristics. It is shown by dilatometry that the sintering temperature is
drastically reduced. PTCR ceramics with resistivity change ρmax/ρmin of two orders magnitude were obtained
with addition of 3 wt% BaB2O4 and sintering at 950 °C, or with a combined addition of 3 wt% BaB2O4 and
0.25 wt% LiF–SrCO3 and sintering at 900 °C.
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Abstract

This current study consists of two phases. In the first step, PbS, Sb2S3:Co(0.25%), Sb2S3:Co(0.5%),
Sb2S3:Co(0.75%) and Sb2S3:Co (1%) and Sb2S3:Co (2.5%) thin films were successfully synthesized on
Zn2SnO4 coated on FTO conductive glasses using chemical bath deposition method at room temperature. The
photovoltaic properties of the synthesized thin films were examined by applying both incident photon-to-current
efficiency (IPCE) and current density (J)–voltage (V) measurements. It was observed that Co:Sb2S3 thin films
with different Co concentrations have higher IPCE (%) and power conversion efficiency (η%) values higher
than pure Sb2S3. Moreover, the Co concentration, which provides the best efficiency, was determined as 1%
compared to other concentrations. In the second phase of the study; structural, elemental and optical properties
of Sb2S3:Co (1%) thin film were investigated using X-ray diffraction, energy dispersive X-ray and optical
absorption measurements, respectively. Consequently, it was clearly observed that the Co dopant affects particle
size, energy band gap and power conversion efficiency of Sb2S3 thin films. In addition, our study suggests that
Co:Sb2S3 thin films are promising materials that can be used in photovoltaic applications.
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