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Evaluation of Microstructure and Electrical Properties in (Na,K)NbO3-

Based Pb-free Piezoelectrics Doped with Various Cu2O Concentration
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Abstract: The (NagszKoaa)(NbpsSbhoos)03-0.04dLiTaQ; (NKNS-LT) ceramics with various CusO concentration
were prepared by the conventional solid state reaction method. The CusO content was varied in the range
of 0.1~04 wt%. The effects of Cu on microstructure, crystallographic phase transition, and piezoelectric
properties were investigated. The material with perovskite structure had a tetragonal phase (T1) when CuQ
concentration was less than 0.3 wt% and it transformed to another tetragonal phase (T2) when the CuO
amount was greater than 0.3 wt%. The phase boundary between T1 and T2 phases appeared at around 0.3
wt?% of CuzO concentration. The piezoelectric properties were shown the maximum values at the
composition of the phase boundary. The electro-mechanical coupling factor (k,) was 042 and the
piezoelectric charge constant (dzs) was 245 pC/N at the 0.3 wt% of CuxQ concentration.
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Pb(Zr, T1)O3 (]38t PZT)A Algt=le 43 ¢4
54& 7HA3 Qo] dA A #RF 8 Eopd
AN 7H durd oz ArgsH 3 o [1]. 28U PZT
A AetElEe FH6|E 60% o|4e] PhE &88id,
L,000C ol oM AdstE 422 F4 Fo gZe
Pb ##o] wAste B de] Helo] dr} wehA
A= WEEE (waste electrical and electronic
equipment) 2 RoSH (restriction of hazardous substances)
9 ek AAst Pbe] AHES AlFstn o (2]
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mEtA HIZols old digk WA gyez T
(Pb-free) 24 Mzte]zo] A3 A37 go] gy
2 Ao [2-5]

4 24 Mehas 928-BE2 (tungsten- bronze)
%, v]AF2-geole] & (bismuth-layer structure)d, 3
EHXAFIOIE (perovskite) ¥ Fol slEd, 2 ¥ dzuxa
FHIE F& AQ3aE BT AA4HOE A A ¥
< HHELE ZEY [2] " (NaKINDbO; (o]3t
NKN), (BiNa,K)TiO;, BaTiO; 59| sl2HA7o]E T2
€ e E450 FE AFEHI UG [2-5]. o] Fd
Al HZolE NKN A< F4 Ao 713 F22
Ta gl o] Saito $°l 20049l PZTAH S A
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o fFAE BEAS Ze 5% A71F 54& voF
(Nature) #]o 2E3 o] 3 g<lojr}, Saito T2
RTGG (reactive templated grain growth) #|Z HH
< A &3] A7]71A AFAF k)7t 06103, ¢A
A (dg)7h 416 pC/N22 W $ S8 54
Hol= NENA 94 dAAegels 24L& 51389
o, 2#d o|Ee] A& RTGG 3AHL E3sin
AAAgo]l BAHA FA FA HEEV = oHE
g4dE R . wEA Az 47 SHAA A
Ef B 0, HF 24YoR 53 549 GAA
€ HH3: AL v § Fasith

NKNA Agdiaes 22 72 2% (T= 4200)%
3 A oR PZTA 4AAggd2E g
T e GHAERA /M F5¢1n Qo [2-5]. NKN
A GAAGLL A2 Na € K dj4ld Lig, B
A21¢] Nb thalel Ta 2 SbE 2% A 3sld, A%
o] Wgle] uwe} APEAA (orthorhombic system)ell
A Q¥4 7 (tetragonal system) A2 2 Awdo] o
ojuin], ¢td EAE 493 AT F Qo aFSL
B A7 1S gk [2-5].

a"dE, Na 2 K& 1,000C o]doA agste &
2 3R Fo LAl U ALE BuHI Y9
[36). 53] Felv Ho|FEHLE +171ol|A +2712 4
A AAZEY vbE 4 17 Wi A oA A
713 T4 220& 2 HFAF F A SAE 7Y
3tgch welAd B Ao olzd Y 549
HAE 9ot AL AY 424 EAo sz, FEA
o] gl ¢ 4t E (Cuw0)& 2% Hulstd LAA
o] 54 ¥3s #EsAGD (6] £ AL ¢AA
o] td EAI vAFzele ABRAHE FAsr] 9
st 42ZdY 9k, A& =7 R ZAHHA A
(phase) 5= #4383t

2. Y 4y

E dFdME Fu [7 §0 7H3 $58 4d 54
£ HolE Y02 HIY TgH B 2A44E 7
2oz ¥ 13 Ze& WA 2447 (solid phase
sintering) ¥o2 AHL ARt .

(Naos2Ko 44) (NbogSboos) O3
+ 0.04LiTa0; + x wt% Cu0 (1)

Table 1. Process steps and their conditions for
fabricating the NKNS-LT piezoelectric ceramics.
Processes Process conditions
Raw material NaCOs  KeCOs, NbiOs, LioCO;
Ta0s, Sbe0s, Cu0
1** ball mill Acetone, Zirconia ball, 24 h
Calcination 850C, 5C/min, 5 h
2 ball mill Acetone, Zirconia ball, 48 h
Forming $15 mm, CIP (1,500 kgf/cm?)
Sintering 1,080°C/3 h/air
Electroding Silver paste, 670T/15 min
Poling 90°C/40 min, 3 kV/mm
Aging 24 h at room conditions
A 718 =4 (el3k NKNS-LT# ol 2% (x

wt%, 0.1<x<0.4)¢] 43} Al (Cu0)8 H7MH
< 4% 4 ®IATIY A3 dite =49
GAAE A7) YA % 9% )4 KoCOs,
Na;COs, LizCOs NboOs, Ta0s, Sb0Os, Cu0 52 ¢
2 BEZS A28l 98 F K.CO3 ¥ NaCOse
271 F9 FEE& EF3c= ZdA (deliquescence:
KoCO3+H:0 — CO+KOH, NaCOs+tH:O — COq
tNaOH)& 722 Az A, 24X 2& (oven)E ©l
g3t d7] F9 =& HdF FASFAH [6].
d3te 249 GAHAE AFsI) Y5t A
gt ANEE 10° g7HA HFsiac. 939 £952
EFE Fo Y1, ofMES Az AlEdd o
ELES 88 £ 34 Fo 29 ¢34
L EALE FEA7] s AE 3 mmet F A
5 mmgl ¥ FF9 A=Z3:Y} && 1119 v &R &
et Abgston, EF T AL 24M3te 2
2 2722 FY3 A EF L Y F 82
o] &3t B0TNAM 24413 & Axdd. Azxd
24E 80 mesh2 AAFEH &, ¢Fvy =714 E
o] &3} 850TeolA 5A1ZF T &A3IAh oy &
& £ £ 2 5CZ Y. 3tad £%& oA
AZFYol S AMg3te 48A]7F 23F EUE 33}
3 80 mesh® HAAEF3} Ydts 49 B¢E A=
gt o g ©E: ZPAE o] &3t AA 15
7t 8, ¥t A+ 4F  (cold

=
'g:]_:.&'_

mm




isostatic pressing, CIP) ¥738& ol&349 1500
kgf/em’®] dEoz AYsgct 4¥8 NHe g
A2 E o83t 5T £97] =3 flo] 1,080T
AA 3A T 2Z5HY 2ZE AHS 48 o
ul7]§ o]&3td FAE 1 mmi dAolslg

\_._ll—

sa9 mdede ogad & (A AIE EE¥a
Atk & A3 ¥RL st Au 242E ol g}
A MTAA 158 T Sndsd AT e A

< 0T 4A2E YA 40% F<¢ 3 kV/mmo
75.2“%: 7vste] B (poling) ¥4 L F+#sd} 2
-:1"% AAE 24417 FF AAL2olA HT (aging)F

, 93" EA7] (impedance analyzer: 4294A,
Ag]]ent)‘E o] &3t qddx EAE E4dAG &
e Yo ge ol &3 HZNZAZAFAF (k)
2 7IAFFEAT Q) TY ¢4 54E& A ¢
REFAYE o] 83t AsAd [8l. AlHe uAF
Z 2 AAFEE 474 FAHAAEY A (scanning
electron microscope, SEM) % x-4 3| HEA (x-ray
diffraction, XRD)Y & °|&-38to #&A3Ht

3. @43 ¥ 1@

29 12 Cu0 #H7M% Wslo] mE NKNS-LT A
ghel o] X-A (X-H9: Cu KaX, A= 154 A) 34
HEHE UeEd Aotk EE A|Ho|A o|AAde] Qe

F3 HRHAFE E2E JYHYY I¥Y 2&
% 19 XRD |- AMeA 43%=9) 485 Alole] A
gAY FA4% dolth CuwOF 01 wt% H7lst
o] 2723 NKNS LT Alzt=le] XRD 3|4 =3o|A 43
59} 485k AlolE AW A& A A (tetragonal)
A& Jehlz, (002)wa 200099 M (2 )2 2z
7} £35S HBEE FAHAG oA A A7
ZRE AAAS (c= 39967 A, a= 39473 A)et 4
AH] (tetragonality: T= c/a)E A & d+=d), 4
AbgE AWrA W)= oF 1.01250)t} 2L oz
A A 2L A HE A4t Cu09 Hobeel

E ¥3E a9 39 deiid. Az e Cu0
o] H7tFe] 03 wt%7tA] F718 97l A9 ¢
A L FASAE, 04 wtlAE= 243 228
€ 2 4 A AWA dHE 03 wtkolA HAgE
el L 04 witdlAE 238 4232 & F ¢
o o33 ZAZRE Cu09 H71Fol 03 wt%
o|gtgl A -f-ofl ZE AMAd (T1: tetragonal-1)3}
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Fig. 1. X-ray diffraction pattems of the sintered
NKNS-LT specimens containing various amounts of
CuzO additive.
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Fig. 2. Narrow scan of the XRD spectrum shown in Fig.
1 at the angle of 4348’

4.00 —— 1.015
3 o
2 | “mﬂ”"f 1014
5308
£ 11.013
£
s {1.012
33_96
g T 1.011
w© : O—I——O ‘ ‘}
—4 304} i_h_/ aaxis o 11.010
- . . - 1.009
0.1 0.2 0.3 0.4
Cu0 (Wt%)

Fig. 3. Lattice parameters calculated with the data

shown in Fig. 2 and their tetragonality.
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04 wt% o]dolA z2t= AWM (T2 tetragonal-2)
< ME tf23, o] dYdA M2 g F AL
(T1, T2)e] E&Es= 2744 90 EAFE ¢ F
Atk (91 213 =98 F o H&3 3] QA=
3o 04 wt% o]’ H7MF ZACAM F7t 43
o]l oddx #wurdc XRD 3dHoz 13 AR
A R At £ 2402 RH ol Uk U=
A = gled, Ag NKNS-LTe & dEE
oF 468 g/cm’ ©] %t}

a9 4% 42Z Fo] gdd g FA A Ao R
HEG v ARRleld, A3t A 1729 ForE
o] S7t§ metA AAY (grain)e] A7 F7}8)
E 84S Rola Y. vHFTFAAM Sold HL
ZA94 2AY9 2Ydo] FAY 2Uo 73

Holx Qi Aol o3 AAY BRI
o] 24 E&5E ¥o17] JFA @ [9]. =3 ¢
Aol A7) HAME v A YA Aol RE 74
A BRI QY F& JARE Apolo] 2 YAE0]
323 e NxFE FAHJG, o]HF v AL ¢
A AL AHe BA ge EdYEA sE 290
2 48" 5 7] dio ugeA g oy
BHAA @Fe BE, a9 49 () 24| A %
33 QA 27)9) #HEAHE Holx Qi

APTAHE o] 83t9 ¥ 49 SEM ARA
dAkel A7) EEE M3 19 59 YEhit
HYE 4 27]7F Cu0 H7beko]l F7hgtel wetbA
F7HEE A & Ao olHF AL Fdd
Zt Cu0 37HEF 27 A 33 dA A7) 01 wt%
oA 2.3 pm, 0.2 wt%elA 28 ym, 0.3 wt%lA] 3.3
um, 04 w:%A 42 ym S22 AE A}

z} 2794 Archimedes¥ (ASTM C373-71)& &
§3te] F83 2Z4UEE 39 69 YeERAAT [11).
0.1 wt% A71s A% 274 YEE 418 g/em’AHl,
ol o]2E (468 g/em’) Y] 893% AEe W&
FdEE GHE vedd ol e ddiEx g g
Al 172l Hrbse] F7hgel wely F7heto, 04
wt% H7F AldlE 91.9%E Eolx 1 YA v oA 3
Ge e Holx YSE ¢ F U EFT EAMG
< 7] 98ME 395 22 AHS AFEE Ao
g F23th B AT ¥ 23 ¥xE F
2, 2% 49 AAHu G AN B F£ dE FAL
9 BEY A A Ze dTBAo] e Aoz
doddh. gy FF 1dE 424 AEE 47 9
A s A e Ade] wk=A] s Fsjor & EA
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Fig. 4. SEM images of the sintered NKNS-LT ceramics
with various amounts of Cu:O additive.
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Fig. 5. The distribution of grain size analyzed on the
SEM images shown in Fig. 3.
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Fig. 6. The variation of density measured in the sintered
NKNS-LT specimens as a function of the CwO
concentration.
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Fig. 7. Variation of mechanical quality factor (Q,) with
the Cu20 concentration.
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Fig. 8. Varation of electro-mechanical coupling factor
(kp) with the Cu:O concentration.

2 A7=E3 U9 [6,7,910]. AT o] de] A=y
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At F As A l-TLf‘—lL E‘QE 2AAE d=d
FARAAHY JFL v]FT JYSE AT F ANUH
aYg 7€ gHe A Eﬂ?l (HP4194A) & =R 3 ¢
Hda 2HEY do]EHE ol §3l9 FA-utFz
£ Hg3te AAE NKNS-LT Agtg 224¢ 7|
AZdEFZAT QnE BAF1 Ut [8l. Qmato] At
A1 e Azt welyq Frkshe A¥E Bol
3 th. #HZ2BAJIE FEE NKN A A o)A
A-ZEE A3 e Na o]29 ¥4 098 A,
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Fig. 9. Variation of piezoelectric charge constant (ds)
with the CuO concentration.

£ w4 064 A, Cu'gl o] ¥rAL 096 A,
Cu®'e] o]& WAL 073 Aoz ZAE AT [6,12].

metd Cu'e Agoe A Aged 3] & 7%
Aol i £2€ ¢ & Atk a¥H, Quitel A%H
o7 F7/45te Aoz Hol B AYdE 43 A
H1 9&e #3538 5 Atk 2719 78 o) (Cu®)
o] B Aged] X&HH i FFo| FrHHoz A
5o} =Y (harder) & & 3 S, 2 A7 Qn
gol F7hstAl €t

IY 82 QuEd ZL Wy oz ZAE 7|74
AFAT (kp)zkel WS RoF 3 U [8). 43} A
1789 H7bgo] F71gd wely A7) 7| AZEAF
= 03 wt%nolA g (k= 0.42)8 el AT

T3 29 9% NKNS-LT A AelA Absbal1+2
o] 7} ®slo EP FAAs ST (dw) @t W3}
§ HolFn Qo gAY E FAARF 3
%7) (dss-meter: APC 8000E °l§3tel ZHstAE
g, A7171AZd AT vxeA 03 wtkollA HA
gk (dss= 245 pC/NYE e 9l

oladel Atst Al 1729 HibEH ANH EHE
BAG 29 2 A7F 54& YeEhlEs 99
a9 1, 28 2 2 29 394 =98d 434 99
B A9 A&tz ot oY 3dA Aae 4 =A
dlxe] AutA H|E BY 03 wt% HA7bEA 74
& Bt o83 & FA v A7 AFH
A71% F7HA713, olel wEtM H77|A ZFA
¥ A BE 2718 £ AsE 3
At
add 7)&e 4T AFJEY vad BY, A7F

4 4 Lo rly
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5780 v % FEen [27] o= AlEe A 2
E @] th ¥ o] F ddes AGd. WA
FFolls NKN 2ZA A oj2fd ¥ 424 xS &

BN & 5le dgd HHES Axs] & Aol

o

4. 4 E

(Naps2Ko.u)(NbpgSboe)O3 + 0.04LiTa0; 718 Z=A
o CwOE 0.1~04 wi% BN H7lFS WA
A 2A4AE AR F oATR © A7Y 5EHS
BrhstAdth CwOE #H7tstd WE7F F7istn 44
de] Azt Free A4S B wEbA Aks
Al 172 NKNA 4449 22 =& F7HA7)
Ed A 9% vXE Aoz HrHUAG. A
713 54 B} A= diF 03 winE HUHg
AoA 7+ 43 54& 595, )= XRD
42 43 A 1789 #H7bEe] F7Hgd gy
g AR (TDA & A3 (T2)ez2 49
et 4 ddAdel e AeR FMHUY. F
0.3 wt%Z A7l A$oAM Tiz T2 Atele] 4734
ggo] Yelyn ol upetr 5% 7Y EHE
Jehdle Aoz E4Fd4. 53 ABO; A F
CuOt olsx 7L< zis] Bl AztEld x&E 7}
FA0 E&d, 7IAAH F4 Ase A&5HA FUkR
HH BRI E 43F AfHA ix FFE AA
3= = 9E8E d: Ao {59

#Atel 2

B Az AYFARE AHFHIAE A (RIC)Q)
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