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Abstract: (1-x)BaTiO3;-x(BigsNag5)TiOs (0.01<x<0.10) ceramics were fabricated with muffled sintering
by a modified synthesis process. Their positive temperature coefficient of resistivity (PTCR)
characteristics were investigated systematically. All specimen showed a perovskite structure with a
tetragonal symmetry. Both the lattice parameter of a and ¢ axes were slightly decreased with increasing
(BiosNags)TiOs (BNT) content. Grain growth was achieved when the incorporated BNT was increased to
6 mol% and the inhibition of grain growth is considered to be due to the appearance of Ba vacancy
(V"2 in the (1-x)BaTiO3-x(BigsNaps)TiO3 (0.08<x). With 4 mol% BNT addition, room temperature
resistivity decreased to 48 Q-cm and a resistivity jump (Pmax/Pmin) Was as high as 1.1X104, respectively.
Curie temperature was also increased to 171°C with increasing BNT content.
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Fig. 1. The flow chart of (1-x)BT-xBNT (0.01<x<
0.10) PTCR thermistor by modified synthesis process.
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Fig. 4. X-ray diffraction patterns of (1-x)BT-xBNT
ceramics; (a) x=0.01, (b) x=0.02, (c) x=0.03, (d) x=0.04,
(e) x=0.06, (f) x=0.08, and (g) x=0.10.
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Fig. 7. Temperature dependence of resistivity of the
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Table 1. prr, resistivity jump and a of (1-x)BT-xBNT
ceramics fabricated by the modified synthesis process.

specimen PR Registivity jump a
(2-cm) (P Prin) (%/°C)
x=0.01 1500 15x10° 30.5
x=0.02 133 1.1x10" 33.0
x=0.03 86 1.3x10° 20.4
x=0.04 49 1.1x10° 20.7
x=0.06 48 24x10° 214
x=0.08 5933 1.0x10 27.0
ol Wl wAR Aol oF wa wA 0g
S7bstH A prr7t AlEA O R A Ao e
oh B okyer 19 69 SEME % vAlTx
A3 HAl 6 mol%7HA] BNT7]- =g wEt F
AslAl 44T QA9 g Gold AUE (grain
boundary density)”7} H] Xiﬂll e AFAR0 A
g NAee TF AR £o duHo $4d
PTCR MW Z=H = ppp7b Sobob &tal %
AA HA HAG (ol e Hh ¥ A E (pmax) &
AL Al (pma/pmin)E HEHE HIAR =

(resistivity jump) 54 o] olof 3, A=A

a7l Eofel gtk A7)l (1-x)BT-xBNT PTCR A

o

gt el PTCR 54 & 3% 1o ZAsHA vehi i
% 12 FAFAEATHAeR Axzd (1-x)BT-xBNT



934
175
n
170 4 i
o -~
) 7
N’ | P
@ 165 -
= P
: e
S 160 P
& s
5} i
B 155 -
2 -
s:‘ //'/
O 150 4 e
m
»
145 . . . T . T . T T T
0.00 0.02 0.04 0.06 0.08 0.10
X
Fig. 8. Variation of Curie temperature for the
(1-x)BT-xBNT PTCR ceramics
A ppr, MIAT HAZ, o 54 welFrh BNT

o #H7here] 1 mol%el A 2 mol%e7bA F7hakel e}
e BANA gasgoer o dAFsgxol

BNT7} 6 mol%7tA] Z7}3ke] whep AFen A3 48

Q- A AL ZasEr. 28 8 mol% o
el BNT7F =389 4%, izke] el ojaldel
ek prrs THAl A S % Zhekltt. miA e Az

5 UEhlE e Fa
?i:rL—J BT-BNT A&}
W91

4% PTCR A n2Ee A
3 gelvlgE dgdn, 2
o] A9 BNT7} 2-4 mol%

HAa A=z 10! o)om mj& _?__/':@ = A it
EFUSATE o 549 A, B Aol AFE RE
AlA A 20%/°C o9 wrExg$ A3E el

e
Ao 298 82 (1-x)BT-xBNT (0.01=<x<0.10) A&t
o] FP2% WHIE HolsEth BNT/F =39 OkO]
1 mol%olA 10 mol%7tA] F71ed+E Fyek
47°Coll A 171°C7H A 23] S7staen He
2 EAE AAY gAz A¥gHon FrlsteE
< YERS

o FEL}‘

[0
o [o T

4.4 E

37 PTC Mulx~Ee =4S A
e =9 HR ¢S (1-x)BT-xBNT (0.01
Ao 2R FAHAFATAHE 9
< ANHE Az o) E
in g

MT-%9 BNT =3 o] H3l

2.

J. KIEEME, Vol. 23, No. 12, pp. 929-935, December 2010: K. Kim et al

A Fgdoz AxH 0.95BT-0.05BNT Azt
(prr)e] A4 3HA A3
FEle=E dehlo] F2 Tc
160~180C 2] A| o] AEHE A Air
pre-heater& PTC 3|Eo] AHgo] 7}53 43
PTCR A&& HoF3t)

(1-x)BT-xBNT (0.01<x<0.10) Algt=}& ojx}A+
o] 9= HFAToE AMrAA o] AALZE 71X
o BNTY =3 #o] 1 mol%lA 10 mol%7}Al
F7Fol wet  aZd e AA Aot FAdHE

A el

- BNT®] H7FEol 6 mol%7tA S7hekel whel nA

R0z AT ANE
mol%
(V//Ba) E ?._]. SH

o] 43 Frbekgon, 8
o4l BNTZ =39 39,
S

HIAZ AR Ak A%

Ba vacancy
Fo] oA = 3l

o

BNT® H7FgFol 6 mol%7tAl S7FE5 prres
Zadtg o, BNTZF 2-4 mol% WY
10" o)goz w$ e
A#HA A 20%/°C o] w2
2l A3E dedlideh dFE2E =3 10 mol%
7kA BNT7F S7b8E5 171°C71A] 53] S 7)s)
Atk

REFERENCES

[1] O. Saburi, J. Phys. Soc. Jpn. 14, 1174 (1959).

[2] H. Nagamoto, H. Kagotani, and T. Okubo, J. Am.
Ceram. Soc. 76, 2058 (1993).

[31 W. Huo and Y. Qu, Sensors and Actuators A:
Physical 128, 265 (2006).

[4] X. Wang, H. L. Chan, and C, Choy, J. Eur. Ceram.
Soc. 24, 1227 (2004).

[5] P.-H. Xiang, H. Takeda, and T. Shiosaki, Jpn. J.
Appl. Phys. 46, 6995 (2007).

[6] P.-H. Xiang, H. Takeda, and T. Shiosaki,
Phys. Lett. 91, 162904 (2007).

[71 P.-H. Xiang, H. Takeda, and T. Shiosaki, J. Appl
Phys. 103, 064102 (2008).

[8] M.-L. Liu, Y.-F. Qu, and D.-A. Yang, J. Alloys.
Comp. 503, 237 (2010).

[9] H. Takeda, W. Aoto, and T. Shiosaki, Appl Phys.

Appl.



A7)V AAA 538 8] =24, A23¢ A|12E pp. 929-935, 20109 12€9: AAEH & 935

Lett. 87, 102104 (2005).
[10] T. Shimada, K. Touji, Y. Katsuyama, H. Takeda,
and T. Shiosaki, J. Eur. Ceram. Soc. 27, 3877 (2007).
[11] J. Wei, W. Pu, Y. Mao, and J. Wang, J. Am.
Ceram. Soc. 93, 1527 (2010).

[12] H. Takeda, T. Shimada, Y. Katsuyama, and T.
Shiosaki, J. Electroceram. 22, 269 (2009).

[13] R. D. Shannon, Acta Crystallogr. A32, 751 (1976).

[14] N.-H. Chan and D. M. Smyth, J. Am. Ceram. Soc.
67, 285 (1984).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


