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Abstract: Eco-friendly (NaKINbO; (NKN)-based piezoelectric ceramic materials were fabricated by
conventional ceramic method for shear mode piezoelectric energy harvesting application. NKN-LiTa0Q; (LT)
based compositions were adopted for the high dis%gss which is proportional to harvested energy density. The
composition 0.935(NaosKo45)NbO3-0.065LiTa0; was found to be lie on the boundary of tetragonal and
orthorhombic phases. With reducing Ta content, the dielectric constant decreased gradually while maintaining
high dj5, which resulted in increased djsxg;5. The composition 0.935(NagpssKo.45)NbO;~0.065L1(Nbo o Taoen) 05
was found to possess excellent piezoelectric and electromechanical properties (disxgis = 29 me/N, dis = 417
pC/N, ks = 0.55), and high curie temperature (T = 455C).
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Table 1. ds, e and duxgs of NKN based ceramic
materials.
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Fig. 1. XRD patterns of (1-x)NKN-xLT (0.04 = x <
0.07) calcined at 900 for 4 h and sintered at 1,020°C for
4 h




A7 A A 5k =4, A253 A9E pp. 702-710, 20124 94 F5E § 705

m T
£ .
2 6 -?'——————Hﬂ
£§ - — .
n < .
é 94 - —»—1020°C/ 4h
Y —=—1000°C / 4h
[ = 980°CJ4h
92 v v v
0.05 0.06 0.07
LiTaO, content

Fig. 2. Relative densitx of (1-x)NKN-xLT (005 < x <
0.07) sintered at 1,020C for 4 h.

Fig. 3. SEM images of (1-x)NKN-xLT (0.04 < = <
0.07) calcined at 900C for 4 h and sintered at 1,020 for
4 h.
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98 F gtk 1,020TANM 2249 AlHE 25 A
7b & s, 1,000CeA 229 0.94ANKN-0.06LT
T 4A7 n2A & A3A39SE 31T & Ak
A7 2 Ao A$ Erde] FAsL7| o &o]3}
o B $53% dd 5AL FEseE Zow @ol
4814 ded, oJAE g ver 4H 54 ¥
RolA ®oh 243 A9 stAc

2% 4% LT €% ¥slel wa gId 224
2728 (1-x)NKN-XLT AMab229] ex'/er, Qn dielectric
loss (tan &), phase angle®] W3}= uYepd Z1]=o|c)
LT n&Fo] F71844E FHg0] 78t AL ¢
T it

2% 5% LT 24% W e gFd xoA
2243 (1-x)NKN-xLT 22l A 9] disxgis, dis, Kis
2 T.o ¥3ls Yepdo X-4A 34 ggoA el
3 A4y 094NKN-0.06LTS] 2% F2olr HurA
At AP A PPBE o] Fo] 3% A 540
TAEHAG. 53 dd B [dp)ddxE 73 A
7171 ARG AT (ki) E TEIASES AT F AN
ot 53], disxgis®l A 0.94NKN-0.06LTelA 187
pm/N9 58 54 g2 4<¢ F At 2,
ol# disxgisdk2 0.94NKN-0.06LTell A &l 4 3l
E AAE & fA&E Qs 1 gl o 48
F ULdE A F/sA ¥2L U £ Ak
NKN-LTo] H]3] NKN-LN®| #dg&o] 7] ufjioj
Li (8#F2 65 mol%z Ad 1 Tadel Z4ad



706 J. KIEEME, Vol. 25, No. 9, pp. 702-710, September 2012: S. H. Han et al.

- —u— 1020°C /4h
< ' ) ' | —=—1000°C /4h
E = o
S 1 ' ﬂ\ w— 980°C/4h
ERT e \ "
o 5 ; —
* L {40 =
2 ——— w G
© fﬁh. w o
w
. : 10 o
052 b P
x 039} l——-—;________‘:
026 | l J -
- - s 3]
. P
-
300
1 L 1 1 m
005 0.06 007
LITaO3 content

Flg 5. d15><g15. dis, kis and T, of (1-x)NKN-xLT (0.05
< x < 0.07).

0.935(Nag.535K0.485)NbO3-0.065Li(Nb; -« Tax)O3
[(NKL)N; . T\] (x= 0.025~0.065) Z4& o]|&3}o PPB
Z4 Bae ve {48 2A4E AFstazt skt

3.2 [(NKL)N1T,]

a8 62 900TAAM Z A" (NKL)N;-(Tx
(0025 < x < 0.065) A|HE o]&3t 1,000TNA 4
AP Ft 22 AHE9 X-4d 4 dds dgd
o 434 2 s AR R 1,000CAA 228 A
HAME An g oA E fle 2T (NKLN; Ty
dol & FAHUSES AAE F AU =T, AR
A% GBAAL PPB 9ol EA8E (NKLN; (T
A& (002), 2001 3 28 FMM € T de A
g PPB 999 Hol d&e &AAT + A

229 (NKLN;Tx A8 2258 &U37] 9
st Y 2xoA 2Z2F AU UEE FAH3}
Atk 329 744 AT F e AAF Taol29
gFo] i we FdUxE 2% FAIHHS
4, 980T 9 22 2EME 956% o2 w2 4
YEE BAFAG. o= 4% Na07F 2342 7}
ol Alge 4 2Z2E& ALY YE22 A7
Ho, @& 424 2% " FF EJIFAHAME
2 FAAF flo] AAe B THEL foldA
T & Aol

28 EE E (B E E
E. LL M ’J‘:FOM
< T Moo
E __L M M\x=0.045
£ ML oo
Lt aledooas
n | ® 4 50 60
20 (deg. CuKo)

Fig. 6. XRD pattemns of (NKL)N,,T, (0025 < x <
0.065) sintered at 1,000 for 4 h.
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Fig. 7. Relative densitx of (NKL)N;(T, (00256 = x <
0.065) sintered at various temperatures.
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Fig. 11. SEM images of (NKL)N; T« (0000 < x <
0.025) sintered at various temperatures.
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Fig. 12. dw, k, and ex'/es of (NKL)N; Ty (0.000 < x
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