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ABSTRACT The effects of Mn2+ concentration on temperature-capacitance characteristics (TCC)
of barium titanate without/with calcium borosilicate (CBS) glass doping were investigated. The results
showed that without CBS glass doping, TCC of barium titanate had no regular change while Mn2+

concentration changed and exceeded the X8R specification unfortunately. With CBS glass doping, the high
temperature peak of TCC exhibited a continuous enhancement when Mn2+ concentration increased and
X8R specification was satisfied gently. The high temperature variation rate of capacitance for BT ceramic
was somewhat proportional to the mean micro-strain. The formation of the strip-shaped secondary phase
of Ca4Mn4Si8O24, which altered the internal stress system of BT ceramics, is presumed to be the factor
that improved the TCC of barium tianate.

KEY WORDS inorganic non-metallic materials, barium titanate, temperature-capacitance character-
istics, manganese-doped, glass-doped
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Fig.1 Temperature dependence of capacitance

change of samples with different Mn2+ con-

centration with CBS doping (a) and without

CBS doping (b)
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Fig.2 SEM morphology of as-fired ceramics with different Mn2+ concentration without CBS doping

sintered at 1100 v in air (a) Mn-free, (b) 0.012 mol%, (c) 0.020 mol%, (d) 0.036 mol%
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Fig.3 SEM morphology of as-fired ceramics with different Mn2+ concentration with CBS doping sin-

tered at 1100 v in air (a) Mn-free, (b) 0.012mol%, (c) 0.020mol%, (d) 0.036mol%
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Fig.4 XRD patterns of BaTiO3 ceramics doped with

different Mn2+ concentration without CBS

doping (a) and with CBS doping (b)
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Table 1 Micro-strain of the BT ceramics from

MAUD program (a) without CBS doping,

(b) with CBS doping

(a)

Mn Micro- TCC125oC TCC150oC

/mol% strain/10−4 /% /%

0 11.2 7.3 –19.9

0.012 10.9 -1.8 -28.0

0.020 11.8 3.9 –17.9

0.036 11.6 3.6 –17.9

(b)

Mn Micro TCC125oC TCC150oC

/mol% strain/10−4 /% /%

0 11.5 3.5 –16.4

0.012 12.8 12.0 –7.4

0.020 14.3 18.5 0.7

0.036 15.9 33.1 20.4

3 V Z
F/BI CBS HA�I CBS HA-2 &!

), Mn2+ ^./�F'�X*/�*�9#.)

*-:;{7I`rO. BI CBS, Mn2+ ^./

�F!)bhINlk80kj1I`-:;, '

*�9-#.)*tj1I`-/�78; LIa



5 � m qr: CBS sm\ Mn2+ jke_ BaTiO3 nth�cdecop 5555 � m qr: CBS sm\ Mn2+ jke_ BaTiO3 nth�cdecop 5555 � m qr: CBS sm\ Mn2+ jke_ BaTiO3 nth�cdecop 555

CBS 3 Mn2+ ^.`l" CBS MI:2ldop
= Ca4Mn4Si8O24, f'RfP[ Mn2+ ^.-`^
L`l, *�9#.)*-*#.i\`?. ldo
p=//�!)KQ-Xul45, �Xul-`l
$*�9#.50*#.i\Td-T�R7.

o p / q
1 H.Kobayashi, T.Uchida, S.Sato, T.Nomura, Dielectric ce-

ramic composition and electronic device, United States

Patent, 6764976(2002)

2 T.Li, L.Li, J.Zhao, Z.Gui, Modulation effect of Mn2+ on

dielectric properties of BaTiO3-based X7R materials, Ma-

terials Letters, 44, 1(2000)

3 H.Kishi, N.Kohzu, Y.Iguchi, J.Sugino, M.Kato, H.Ohsato,

T.Okuda, Occupational sites and dielectric properties of

rare-earth and Mn substituted BaTiO3, Journal of the Eu-

ropean Ceramic Society, 21, 1643(2001)

4 Y.Kuromitsu, S.F.Wang, S.Yoshikawa, R.E.Newriham,

Interaction between barium titanate and binary glasses,

Journal of the American Ceramic Society, 77, 493(1994)

5 K.R.Chowdary, E.C.Subbarao, Liquid phase sintered

BaTiO3, Ferroelectrics, 37, 689(1981)

6 A.Yamaji, Y.Enomoto, K.Kinoshita, T.Murakami, Prepa-

ration, characterization, and properties of Dy-doped

small-grained BaTiO3 ceramics, Journal of the American

Ceramic Society, 60, 97(1977)

7 G.Arlt, D.Hennings, G.d.With, Dielectric properties of

fine-grained barium titanate ceramics, Journal of Applied

Physics, 58, 1619(1985)

8 P.Sahu, S.K.Pradhan, M.De, X-ray diffraction studies

of the decomposition and microstructural characteriza-

tion of cold-worked powders of Cu-15Ni-Sn alloys by Ri-

etveld analysis, Journal of Alloys and Compounds, 377,

103(2004)

9 L.Cont, D.Chateigner, L.Lutterotti, J.Ricote,

M.L.Calzada, J.Mendiola, Combined X-ray texture-

structure-microstructure analysis applied to ferroelectric

ultrastructures: A case study on Pb0.76Ca0.24TiO3,

Ferroelectrics, 267, 323 (2002)

10 W.R.Buessem, L.E.Cross, A.K.Goswami, Effect of two-

dimensional pressure on permittivity of fine and coarse-

grained barium titanate, Journal of the American Ceramic

Society, 49, 36(1966)

11 W.R.Buessem, L.E.Cross, A.K.Goswami, Phenomenolog-

ical theory of high permittivity in fine-grained barium

titanate, Journal of the American Ceramic Society, 49,

33(1966)


