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Abdtract: In this paper, Pb(MnysNbys)oo7(NiysNbs)o10(ZrosTios)ossOs ceramics were fabricated by the conventiona
solid state method to obtain excellent dielectric properties for ultrasonic generators. The effects of 2nd calcination
temperature on their microstructure and piezoelectric properties were systematically investigated. The tetragonality
increased in the ceramics when 2nd calcination temperature increased to the optimized temperature at 750C. At that
temperature, excellent physical properties (dss= 352 pC/IN, &= 1,687, k= 0.570, Qn= 1,640) were obtained for
ultrasonic generator application.
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Fig. 1. (a) X-ray diffraction patterns PMN-PNN-PZT ceramics
with 2nd calcination temperature in the 26 range of 20°~60°
and (b) enlarged X-ray diffraction patterns PMN-PNN-PZT
ceramics with 2nd calcination temperature in the 26 range of
42°~A47°.
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Fig. 2 The SEM micrographs of the PMN-PNN-PZT ceramics
with 2nd cdcination temperature : () 720°C, (b) 750°C, (c) 780°C,
(d) 810°C, and (e) 840°C.
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Fig. 3. Density of specimens with 2nd calcination temperature.
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Fig. 4. Electrotechnic coupling factor (ky) of specimens with
2nd calcination temperature.
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Fig. 5. Electrotechnic quality factor (Qm) of specimens with
2nd calcination temperature.
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Fig. 6. Piezoelectric coefficient (ds3) of specimens with 2nd
calcination temperature.
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Fig. 7. Temperature dependence of dielectric constant and the
Curie temperature (T.) with 2nd calcination temperature.

Table 1. Physical properties of specimens with 2nd calcination
temperature.

;ig;j;r; Didectic |, ds  Dewity
() constant (pC/N)  (glem®)
720 1,672 0.634 645 432 7.91
750 1,687 0570 1,640 352 7.89
780 1,700 0568 1,553 345 7.87
810 1,694 0573 1,440 348 7.86
840 1,695 0549 1,056 335 7.85

AAIste] Z1AR SAASTT 5718 Ao 2 AlsEn).
29 b2 it shawst 31 U AE ¢
AAl(d) & LFERS ZHol}. 24t sha
wje} QP™AbAL AR} 7FASTAC)
o] 9A], tetragonality (c/a)?t 715t Z1t stAH
o] AAst AsliRlo] g dol WaellE wop 1

hu &
%
N o
o
L

o
a8 72 2AF stardsto] mhE Al FASS
o 2=EGY FY2E(T)S HERATH st =7t
37 25 A2 (T)e 52 == e oz o
Sttt tta Ak ddS UEUHAT
* 12 27} stakwWsto] g AlHO 24 54
< LERA I



156 J Korean Ingt. Electr. Electron. Mater. Eng., Val. 30, No. 3, pp. 152-156, March 2017: J-H. Yoo ¢ al.

2 AtoA= A2 240l Jhest 2gu AAV|E
R&Ato] 83517 gt ARA

5lo 0.07 Pb (Mni/3Nbz/3)o3-0.10 Pb (Nij/sNbs/3)os
-0.83 Pb (ZrosTios)os &gl 24} stAREE WIS
Zol AJHE AAste AdE &5t 2&F ofA =7}
Aletlef o2 et 4 H FRA S0 tlA]= o
T2 ZARRE Adits oait 22 AaE Al

1. 27} sta LE7t Z7MAE Url Zastgn
aeel 3

4. 2R} A %71 750°CY o, ds3=352 pC/N, &=
1,687, kp=0.570, Qn=1,6400]%Ic}.

A 2R Sta 2E7F 750CY o P di
AR EAARQE 1S ok AACl 3t W
A @ 4 Am, W] 3 2EYES o
Q7] e Yussg AT BAYIG X

7 )3

2 2

il

E8e 201595 AAHLAAL G HA A
A

REFERENCES

[1] 3 H. Yoo, Y. H. Lee, D. H. Kim, I. H. Lee, J S.
Kwon, and D. S. Paik, J. Korean Inst. Electr. Electron.
Mater. Eng., 21, 126 (2008).

[2] D. H. Lee, S. H. Lee, S. P. Nam, and Y. H. Lee J.
Korean Inst. Electr. Electron. Mater. Eng., 59, 11 (2010).

[3] I. Y. Kang, I. T. Seo, Y. J. Cha, J. H. Choi, S. Nahm,
T. H. Sung, and J. H. Paik, J. Eur. Ceram. Soc., 32,
2381 (2012). [DOI: https://doi.org/10.1016/j.jeurceramsoc.2012.
01.030]

[4] F. Gao, R. Hong, J. Liu, Z. Li, and C. S. Tian, Cream.
Int., 35, 1863 (2009). [DOI: https.//doi.org/10.1016/.ceramint.
2008.10.029]

[5] X. Chao, Z. Yang, X. Huang, D. Ma, and J. Zeng, Curr.
Appl. Phys., 9, 1283 (2009). [DOI: https://doi.org/10.1016/].
€ap.2009.02.012]

[6] L. Hui, Y. Zupei, W. Lingling, and C. Yunfei, Mater.
Res. Bull., 44, 638 (2009). [DOI: https://doi.org/10.1016/].
materresbull.2008.06.024]

[71 F. Li, D. Xieo, J. Wu, Z. Wang, C. Liu, and J. Zhu, J,
Cream. Int., 40, 14601 (2014). [DOI: https://doi.org/10.
1016/j.ceramint.2014.06.045]

[8] C. M. Ra and J H. Yoo, J. Korean Inst. Electr. Electron.
Mater. Eng., 29, 159 (2016). [DOI: https://doi.org/10.4313/
JKEM.2016.29.3.159]

[9] M. H. Park, K. S. Lee, J. H. Yoo, and W. S. Jeong, J.
Korean Inst. Electr. Electron. Mater. Eng., 26, 104 (2013).
[DOI: https://doi.org/10.4313/JK EM.2013.26.2.104]




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


