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Abstract: In this study, (Naos2Ko.443Li0037)(NbosssSboosTaos7)Os + 0.10 wt2%Bi:Os + 0.35 wt%B2Os ceramics
were prepared by conventional soild-state sintering process. The specimens were sintered at temperature
range from 1,060C to 1,100C. XRD (X-ray diffractron), SEM (scanning electron microscope) were used to
analyze the crystal structure and microstructural sproperties of specimens. And also, Tor Tc¢ were
observed by the mesurement of temperature dependence of dielectric constant. Excellect physical properties
of the piezoelectric constant dss= 170 pC/N, electromechanical coupling factor kp= 0.312, Tc= 315C were
obtained, respectively, from the specimen sintered at 1,080C.

Keywords: Piezoelectric and dielectric properties, Sintering temperature, Lead-free, NKN

1. M E &893 A 29 PhOE 60 wi% o4 E§E

PZTA A AetEas &AFekl 4% PbOel

PbE 1Mo st PbZTIOA Aghgst 1 ¥ 2409 2 A6l i FARES Bl

S9 $5% Hd B4 f7 SYOR A4 Wel AN A2 HATES FHOE PbE FRE A
bl ]

7 ARAIES] ko] Algm gl Aol wh,

7], AFololE, ZE, #xulolye} e &37]|7], n
29717, BAZ7), AZ717] 5 BEAT® Fokl  (NaKNbOsA Algwlzis e fFems $53

HH EAoE PZTA A A =g A & 2
a. Corresponding author; juhyun57@semyung.ac.kr = oA Alees FEwg gt [12] 2y Na 2
Copyright ©2013 KIEEME. All rights reserved. A Ke =& %347 oA =2 3dugds 7177
Atition Ron-Conmercia Licemse.. (ipsersaivocommonsrgioemesbynesy W&ol AW Aetml g v ojdvim %A g
which permits unrestricted non-commercial use, distribution, and reproduction in any q_ UZ}E]— }\1 Na 94‘ K ./] —?q % T% g'4 Xﬂ 75‘]—04 %% %Eoﬂ

medium, provided the original work is properly cited.



ANAAA 288 =24, #2649

Sl

e s A s zZhs Ag9s2E 47 YsA
hot-press, SPS (spark plasma sintering), RTGG

(reactive templated grain growth)$} #Z& WS A}

&t AY o gd EEE 2 SrTiOs BaTiOs, LiTaOs
hstel F oiAlsh mAUE B

O

3
Wol AtE A 9lvk [34]. Rim &
48 (~4200)5 2t BO:9 ﬂﬂb Hlﬂlr“”\/]
o T dokeE AS Busa < (6]
P 54E 47 AslA (NagsKoss- x)(Nbogz beoog)Os
- xLiTaO; (NKNS-XLT) Mlgh]z=e] 5438 A8 o
x= 0.03~0.04¥ u o] F&E3lE PPB (polymorphic
phase boundary) =X dA 7}% £& EAS ekl
o= As Halsglth

oA E £ X wepa 423 Fr
A EAS 7R 7 4 At A Aestr] flEA
(NaoszsKo.asLioosr) (NbogesSboos Taoes) 050l A=A Z BOs
£ 035 wt% 7o, 24 55 1,060C~1,100T

2ot 2R 4 B 9d 545 AR

59 e
=
=

L@U

\__v—L—E (e} AN
2, &Y ahH
2 A e 53 4Hd 2 1 EAS A=
Fd 4H AFE=E Azstr] Yl S 2
(Nap52Ko443Lio037) (NbosssSboosTages) 273 Aekel 2~ Na

o] Fre BASHZISIEA 05 atom%Nags FJ o=
33l 0.10 wt%Bi:039F 0.35 wt%B.0:2 H713gk 2
5 ol s

(Naos25K0.443L10.037) (Nbo.ggaSho.os Ta0.037)
+0.10 wt%Bi2:03 + 0.35 wt%B203 (1)
NazC03(99.5%),Nb205(99.9%),K2C035(99.5%),
Shy05(99.9%), Tax05(99.95%)& & Y5ZE Al&3}
Por, d8s x4 wt 107 g7bA HFagla,
ol EL HAM|E 3Fo] 3D zirconia ballS /\PQO}Oﬂ

24N 3t B &3 TJHO}Oﬂq =35, 249 A=
850TC ol Al 5AI17E 29 3fA&stgl o, aFad /\]E%%
Z3 243 ol Eu et wtkol BHA S F 23k £F
sttt Ax¥ A]FEel poly vinyl alcohol (0.5
wt% T&) 5 wts H7lstar 170 Z4&E Sl 1 ton/
ar®] & 7hste] ATk AFE AlH-E 600C
Al 3A7F &% PVAE 89 d & 5 3 &% T
W& 5C/min® 34 1,060C~1,100Ce =% Wl

2 F

A|11% pp. 806-809, 2013 11¥:

Aed 5 807
A 3AIZE Bt 24T 229 AHS 1 meY F
AZ Avlsla Agd =S 238 TUEWO R =X
F,600CelA 1087 dAgstar, 120C A2 9
d FolA 3 kV/me AHF AAE 3083 171EkA
Baalgnt B8 AES 2447 EQF dlojHe X

impedence analyzer (Agilent 42904)Z2 o]-&3}o] Ful4=
% impedence 545 £33, LCR meter-(ANDO

AG4304)E o] &3t 1 kHzo T2 4 EAS
SA43ATh AlEe] A 2 §AH 5L [EEES 14
of met Fx-9kEzl Faeol XA AdE 4
sted ofglle] A& o] &3 AAsIAT
0.395f, 2
K [<fa—fr)+o 571
3. g3 ¢ oz

(110)

g (100)
atny
(020)
(202)
(210)
a12)
Q@1

1100TC

| 1080¢]

——

L L/ JU 1o70¢C

Intensity [ Arb.Units |

1060C

T T
20 30 40 50 60

Diffraction angle[20]

Fig. 1. X-ray diffraction patterns of specimens as a

function of sintering temperature.
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Fig. 2. Microstructure of specimens as a function of
sintering temperature (a) 1,060°C, (b) 1,070C, (c) 1,080C,
(d) 1,100C.
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Fig. 3. Electromechanical coupling coeffcient(kp) of

specimens as a function of sintering temperature.
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Fig. 4. (Qm) of
specimens as a function of sintering temperature.
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Fig. 5. Piezoelectric coefficient(dss) of specimens as a
function of sintering temperature.

A F

Rolth. 1,030C 2] 24 &=
oM Qme TLIAZ HAGS ey, 24 L%
7F S7hekel whebA A .

a8 5 A 2L §]_ o WE AH9 dAAMS
(d)E YEeERE Aolt} dyt 1705 pC/NoZ #Hdlgk
= YUetllon, ol AZI7IAAFAT (kp)o] W3t}
A X3k AEgS YERWATH

% 62 A4 2R wE AlEe] {FHdTe] &
T oEAL S YER Zolth 1,080T e 44
orthorhombic—tetragonal (To-1)9} curie =
77k 315C ¢ 145C FtollA dojues As ##d
q eETt FAESE TeE 2o| ofzt
% ok% YoM LS0TE AR oA
el



ANAAA 78] =i A,

4500
—a— 1060C
| (3) —— 1070C
-
=
=
g
w
=
e
)
2]
2
S
=
>
=
D
3
a
T T T T T
100 150 200 250 300 350 400 450
Temperature (C)
2200
—=—1060C
2000 (b) ——1070C
= ——1080C
8 1804 —v—1100C
w
=
Q© 1600
]
2
jg 14009 o s o 0 0000000
2 1200 -
2
Q 1000
800
T T T T T
100 120 140 160 180 200
Temperature ('C)
Fig. 6. Temperature dependence of dielectric of

specimens as a function of sintering temperature.
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Fig. 7. P-E hysteresis loops as a function of sintering

temperature.

o] A 1,I00CAAME By 2A4E Aoz Aled
B, A 2RE SUHE wel Toor Tl A
3 AFA

yad

=

o] (diffuse phase transition) E4S
&S YepdllEd], oldd digk olf& F7F A
A FHE dart vk AZbEh

-+ 2o e 0
mlm r1r rE
[

OH“ o

A26¢8 A11% pp. 806-809, 2013 11¥: 7

14 5 809

I 72 A4 %9 uE P-E hysteresis loopE
el Aotk 24 &7t S7Hgel uhEbA R
= (P2 718t 1,100ColM e oAl #astes
A&S JERATE 1,00T 2 A4 oA FFE
=< 1570 [uC/ar]Z #HAgS YERNA

4. 4 B

2 AFdAE (NagssKoasLioos) (NbosgssSboos Taoosr)
0.10 wt%Bi:03 + 0.35 wt%B:03 A|H 2] AA 20

.
W A P, FH 54E 2Ase e

I 2o Ads Ak

e o

—_

28 £27b 74l webA grain 27]E F7)e
gom, 1,080CNA 111 me® HAZS e
AL, 1,100CoN A sk,

2. 1,080Col A &2Ad AHoA A7 AAEAS
(kp), 44 dp)e 747 0312, 1705 pC/No =
7V ek EAAS YERIAT

3. 24 SR SRS AREIS WA 4%
B 1100CAA 2aEE 43S el

REFERENCES

[1]1 S. M. Byeon and J. H. Yoo, Ferroelectrics, 425, 98
(2011).

[21 Y. H. Lee, S. D. Beak, E. S. Choi, J. S. Kim, and G.
B. Bae, Structure and Piezoelectric Properties of
NKN-LST Ceramics with Sintering 7Temperature,
(KIEE, 2011) p. 1434.

[3] D. H. Lee, S. H. Lee, S. G. Lee, K. T. Lee, and Y.
H. Lee, J. KIEEME, 24, 543 (2011).

[4] T. H. Lee, J. H. Yeo, and S. G. Lee, J. KIEEME,
25, 506 (2012).

[5] S. M. Rhim, S. M. Hong, H. J. Bak, and O. K. Kim,
J. Am. Ceram. Soc., 36, 767 (1999).

[6] J. Fu, R. Zuo, and Z. Xu, Appl Phys. Lett, 99,
062901 (2011).

[71 M. H. Park, K. S. Lee, J. H. Yoo, and W. S. Jeong,
J. KIEEME, 26, 104 (2013).

[8] S. L. Ryu, K. H. Chung, J. H. Yoo, B. Y. Lee, and Y.
H. Jeong, J. KIEEME, 18, 821 (2005).

[9] X. Chen, Y. Wang, F. He, H. Zhou, L. Fang, and L.
Liu, Ceram. Int., 39, 3747 (2013).




<<
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


