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Abstract: We investigated the effect of excess CulQ) on the sintering behavior, ferroelectric, and
piezoelectric properties of lead-free Bios(NagoKoixosTiO; (BNKT) ceramics. The addition of excess CuQ
was found to greatly contribute to the densification and grain growth, however, excess CuO over 3 mol%
was precipitated at grain boundaries after sintering. BNKT with 1~2 mol% CuQ in excess sintered at
975C showed piezoelectric properties comparable to those of unmodified BNKT sintered at 1,L175C.
These results seem meaningful for its application to low cost multilaver actuators (MLAs) because
low firing ceramics make it possible to apply less expensive bhase metals to the inner electrode of
MILAs.
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Fig. 1. Linear shrinkage of BNKT-xCuQ ceramics as a

funetion of sintering temperature,
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Fig. 2. X-ray diffraction patterns of BNKT-xCu0

ceramics sintered at 975T for 2 hours.
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Fig. 3. Surface micrographs of BNKT - xCuQ ceramics

sintered at 975 for 2 hours for different CuQ amounts.

Fig. 4. Energy disersive spectra (EDS) of X-rays taken
from two regions in a BNKT - 0.03Cu0 specimen sintered
at 975°C for 2 hours. (a) region A and (b) region B in
the photo.
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Fig. 5. Ferroelectric properties of BNKT-xCuO ceramics.
(a) polarization hvsteresis loops, {(b) remnant polarization
() and coercive field (/) as a function of CuO content,
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Fig. 6. Piezoelectric properties of BNKT-xCuQ ceramics.
(a) bipolar S-E loops, (b) piezoelectric constants dy and

du as a function of CuQ) content.

RE A8EL bRl olg Mg L]—]_a]-l.]-]?,{oq
o] A3} Al AlREo] AFHAAE 7MY AE A
8= dajolrt, #oo] WHAE W {9 ‘*‘fél-‘r"
LhER A=) o) w] vhu] melo] sjgali= @A7F A
Aol o] gk& 1Y Sla)e]l P-E o|# Mo ¢l
ghah dA%e 4 5 Ak

2% 6la)e] S-E o|glarse] o wHE H A

Gake] AgASS dw g Ll o))
Zol AA fr7l ME EAolA d& AT du's
Berlincourt dgmeteri AT b dda dygl vlaL
ato] 1§ 6(b)ell HERRRATE du'el BF RE AR
7 @S el Al £ WSt glo] 230 pm/V ARE
LHER L TR

kel A AA FAAAFQl dgve CuO FEE |
mol%°l A 5 mol% = F7FA el wheb 140 pC/NellA

. 'l ol I
bnum’ a’-’amu\‘—._a.‘

119 pC/Neg AA3] st ol# g A=
Cu0E AR ¢ 1176ToA e AAF
BNKTS® dy'2F dg 7ol 2tz 247 pmy/VeF 130

pC/Nol%sl Dinh %9 Zh} [101¢} vlw&tel CuOE
vZ AZlate] H2oAA A4 AL LAE g
24 Aol BAsE g4A E4S e e
o] v gk},

|'J



376 J. KIEEME, Vol. 27, No. 6, pp. 372-376, June 2014: J.-K. Kang et al.

4. 4 B
= AolA = BNKTe 24 543 g4 544
ol gk Lu() H7} EE AFEgrh CuOE 1-~2
mol% FH7ek Ag- 2dstel A Ao 7]elshi=

248 F1 AN 7% Fden, 1 o4 Cu0E o
Yo QAo AZHa 2AAMLE HdEHE Aowm
g3l gk CuO7F gl BNKTS 4% 1,175T A %9
=il A adslof ¢ ZFAd A Yo

2129 CuOE 1~2 mol% #7138 BNKT9 A% o]
Hoh 2000 A% $be Sxo|A% HlwH 943 7}

FAAS Mo 9 4 9e
Adhs ¥ 439 AFololre] HgH A$ 74
of AYF U AFAA Hee el WA
F9 A7kAstol 27 7)o@ Roleh Wi,

& ogith ofel @

ZAtel 2
o] wRo 913l AE (v Fz}et)e] A%
o7 BRATAe 7|2ATAY AL Wel 9
219 (RAlE: 2013RIA1A2058917). %3k, 3o
Atle] A7) 20139 AQYAN oA FA ALY
o] UL W& W3,

REFERENCES

[1] K. Uchino and Takahashi, Curr
Mater. Sci.. 1. 698 (1996).

Opinion Solid State

[2] J. Pritchard, C. R. Bowen,
Ceram. Trans., 100, 1 (2001),

[3]1 T. Takenaka and H. Nagata, [ FEur
25, 2693 (2005).

[4] T. R. Shrout and S. J. Zhang, /. Electroceram., 19,
111 (2007).

[5] J. Rodel, W, Jo, K. T. P. Seifert, E. M. Anton, and
T. Granzow, J. Am. Ceram. Soc., 92, 1153 (2009).

[6] A. Sasaki, T. Chiba, Y. Mamiva, and E. Otsuki, Jpn.
J. Appl. Phys., 38, 5564 (1999).

[7] K. Yoshii, Y. Hiruma, H. Nagata and T. Takenaka,
Jpn. | Appl. Phys., 45, 4493 (2006).

[8] N. V. Quyet, H. S. Han, K. J. Kim, D. D. Dang, K.
K. Ahn, and J. S. Lee, J. Allovs Compds., 511, 273
(2012),

[9] H. S. Han, W. Jo, J. K. Kang, C. W. Ahn, I. W.
Kim, K. K. Ahn, and J. S. Lee, J. Appl. Phys,, 113,
154102 (2013).

[10] T. H. Dinh, H. Y. Lee, C. H. Yoon, R. A. Malik, Y.
M. Kong, and J. S. Lee. J. Kor. Phvs. Soc, 62, 1004
(2013).

[11] X. Chao, D. Ma, R. Gu, and Z Yang. J. Alloys
Compds.. 491, 698 (2010).

[12] C. F. Yang, L. Wu, and T.
27, 6573 (1992).

[13] H. Y. Park, J. Y. Choi, M. K. Choi, K. H. Cho, S.
Nahm, . G. Lee, and 1. W. Kang, J.
Soc., 91, 2374 (2008).

[14] W. Jo, J. B. Ollagnier, J. L. Park, E. M. Anton, O. J.
Kwon, C. Park, H. H. Seo, J. S. Lee, E. Erdem, R, A.
Eichel, and J. Rodel, J. Eur. Ceram. Soc, 31, 2107

(2011).

and F. Lowrie, Brit.

Ceram. Soc.,

S. Wu, J. Mater. Set.,

Am. Ceram.



