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Abstract: In this work, [Pb(M@W12)0.04NizaNbza)x(ZrosTios)o.e7-0s-BiFeOs] (x=0.02 to 0.12) composition ceramics
were fabricated by the conventional soild state reactiorthotk and their microstructure and piezoelectric propgrtie
were investigated according to PNN substitution. The &afuitof small amount of BiFe§ Li.CO;, and CaC®
were used in order to decrease the sintering temperaturdneofcéramics. The XRD (x-ray diffraction patterns) of
all ceramics exhibited a perovskite structure. The sihiétp of PMW-PNN-PZT-BF ceramics was remarkably
improved using liquid phase sintering of CagQ@.i.COs;. However, it was identified from of the X-ray diffraction
patterns that the secondary phase formed in grain boulsddeereased the piezoelectric properties. According to the
substitution of PNN, the crystal structure of ceramics iansformed gradually from a tetragonal to rhombohedral
phase. The x=0.10 mol PNN-substituted PMW-PNN-PZT-BF camsusintered at 920 showed the optimum values
of piezoelectric constantfg), piezoelectric figure of meritgdgss), planar piezoelectric coupling coefficient{kand
density : d=566 [pC/N], g=29.28 [10°mV/N], ds39s:=16.57 [pni/N], k,=0.61, density=7.82 [g/cth suitable for
duplex ultrasonic sensor application.
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(dss.gss) 7} 714 o] Agtetrt [11

wEhA], B Ao A= sk SH A S A5 (dssgss)
s 2t =4S WEetr] flske]l [Pb(MgieWis)o.os
(NiysNbas)x(ZrosTios)097-x0s—BiFeO3]1 8] 2=/dell x=PNN
o] AgkeFe] wWstE Fi, AeHS
CaCOs, 18] 3L BiFeOs 2AXAE FH7tste] Ndad
of ot A2AAE sta, 19 e 3 2 GHAE
Be ZA33,

o
3
Ol

¥ ARAAE et 2o 2YAE o §3te] Au
49 sty EPPoR ABL Azt

0.9925 [Pb(Mg12W1/2)0.03(Ni1sNbas)x(ZrosTio5)0.97—x0s]
+ 0.0075 BiFeOs; + 0.2 wt%Li.COs + 0.25 wt%CaCOs3
(x= 0.02, 0.04, 0.06, 0.08, 0.10 0.12)

PbO(99%), MgO(99%), WO3(99%) 5 99% ©]*2]
2 zh= A8E 24 wet 107 g7tA] S
th ZAb R oA ES AFESEY] ZrO. ball®Z 24
2 R ekelth 80T g2 z7]oA
AZE AREE 850TC9 2%oM 247t
ﬁ\—@}_xﬂ?l Li2CO3, CaCOs

s =24 L3 S A3 2 2HE E
o E3-248 ANEE F2uzv|dA AFRA7 A,
| A8 polyvinyl alcohol (PVA aqueous
solution) =&HS 5 [wt%] H7}ete] 17 ¢ 2=2
AREste] 15 MPaol 434S 7hstel A3 sttt A
Pl AlAH-L 600Ce A 3AI1ZF 52 PVA AEAE
$¥el= burnout FAHS AR ¥, S5 2=

1 mm FAZ Avpst § Ag A&
AUTIEY o R Lxs o, AJHS 600TCoA
1082 72+ dAg a3k 120C9 A& UM 3
A5 AAE 307 A78k] 2533l
S g AlAS 24A4%F0] Ak Fell, impedence
analyzer (Agilent 4294)% o]-&3}o] =3} % impedence
EAS =439 3, LCR meter(ANDO AG 4304)E
o]-g3te] 1 kHz o a5 F4 545 S35
w3t oA A (dss)E Piezo—dss meter(APC, YE
2730A)E ol &3t SASGTE Al obd 2 FA
574 IEEEAA A e whet &3 wkax] s o] &
alo] ALkl om Al el wiAlFx B A%
Z} SEM (scanning electron microscope) ¥} XRD
(X~—ray diffraction)& o]-&3}o] #2s}t).
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2% 1(a)< PNN X&) ®iste] mp& 920T oA
249 AHEe XA AR S el a k. 2ol
A Hol% XA s AR el A Ao BE AJH
& A=Al perovskite A4S Kol 2xAto] WA
At PNN X3S S/ A5 22449 93 % o
< AAe= AS AT F Uk o= dHds a4
Hh-g-o] o] Fojx]%] gkgkomn], PNN X|g&Fe] #ojo=
ste] el A HA Y e 2AxA G WS
3t 7] WEo 2 AlsH . 23 1(b)& 43°0A 46°7)
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gl % o] PNNY x8aFo] x=0.029]4] 0.08 7t = 2%

A Al (tetragonal phase)d& 213 4 Q.
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P Fig. 2. The SEM micrographs according to PNN substitution.
3 (a) x=0.02, (b) x=0.04, (c) x=0.06, (d) x=0.08, (e) x=0.1Gda
-g (f) x=0.12.
— x=0.02
T T 0.7
43 4 45 46 ]
Diffraction angle[2 @] 06 o
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Fig. 1. X-ray diffraction patterns according to PNN substitution i |
the range 2 . (a) 20°~80°, (b) 43°~46° 8 044
0.3
0.2
x=0.10914 = A4 A (MPB) 2 A= w, x=0.129
A= (002), (200) F =7k A} hke] sla2 A o 0.02 0.04 0.06 0.08 0.10 0.12
5| (rhombohedral) ol 779 A= A2 A} X

s¥h

a9 27 PNN A &gke] wWisle] wE wA 3
(SEM) o]u]AZ Yehfa k. AlAY 9§74 PNN
21 85Fo] F7te wet Frhekel e, x=0.10 mol |3t
Al 5.74 ume] HAFS B F 7A4sT 7o)

Fig. 3. Electromechanical coupling factor .k according to
PNN substitution.

7k ol PNN& A& A ZAHA AN ]3]
el #Aad AS £ 5 dvk 13, 2AxA A
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Table 1. Physical properties of specimens according to PNN

600
/.\ substitution.
500 _—" .
- Density kp Dielectric ds3 O3 ChaGes  Pr Ec
'g 400 [g/cm?] ConstanfpC/N][10°mV/N] [pm?/N] [uC/cm”] [kV/cm]
2
'08300' g 0.02 7.74 0.25 1,623 166 1155 190 10.29 11.7
200 / 0.04 776 042 1,787 314 1984 6.23 26.25 10.8
- 0.06 7.78 054 2,096 474 2554 1210 29.2 10.5
ey v v Ry TR 008 7.79 057 2229 519 2629 13.64 30.17 9.75
X 0.10 782 0.61 2,183 566 29.28 16.57 30.57 8.85
Fig. 4. Piezoelectric coefficient (d33) of specimens according9-12 7.85 0.58 2,137 494 26.10 12.89 31.55 7.8
to PNN substitution.
% ] Ao Atm Y. A HaAE e Sl <l
40 I - -
%‘ © o :ﬂff'w sto] Q] Heo] R Qlo] Golaf|x|7] wiito|rt.
S = E bog At XRD SAEel 291 (h)elA] ekt
s aa e —
X “._.--"g; e Zo], Az 7F AYFA (tetragonal phase)ol A B
5§ o o b Al (rhombohedral phase) 2.2 7o) o]&3}7] W&o
] : 3 - = .
[N = o T ook 2 Atz
g L - o ¥ 12 PNN | @eFe] wslo] w2 Ade] 44 2
<) e W x=010 [
& w Az ot 157 By | %}-7@5—/\3% bl Aotk 920CelA 273 o,
-0 ‘ , =0.109 A o] & = =
e 30 2o % % X wj o] AJHN A dss= 5266 [pC/N], g33=29.28
EectncFeId(kV/an) (10~ mV/N), ds3.833=16.57 [pm“/N], k,= 0.61, density

— 3 > O 5 o9 3Es B O
Fig. 5. P-E hysteresis loops of specimens according to pNN7-82 [glem] o2 25 abillM oo At 545
substitution. A=

1% 4% PNN x| $kgke] wisle] w2 /3 (ds) & 4. @ E
YERHAL Atk PNN 2] 8hke] St whe} 9ha/d<=(dss)
S ANAAGASe Astel go] PN Aol 27h B APt z2en AAE Ao 283
o weh Z71900, PN Agaol x= 0.10 U W, A5l S SHIA S A (duge) B 2 Akl
566 pC/N] ks YehIth A713k BiFeOsi= Pb*" 2 s)wksl7] $13h,
oleAgldl Bi'* o]&o] zr** e} Tit* o]z el = Fe't o]
o] A8t o] SOt AT Es IS AAH EA 0.9925[Pb(Mg1/2W1/2)0.03(Ni1/sNbg/z)«(ZrosTi05) 0.97-x03]

o] 28-S sto] PdTTE ST Ao R Alm ) K
x= 0.10914 A7HAALGGS(MPB)Q] AL R AlRGHoRN =
el Blo] fFAlo] &olstA o] BFasol ol
ol S Ao Alg Y,

28 5% PNN X g-2Fo] Walo] w2 1kHzol A

Ak A H ] 3| 2H g A|~ FEZ(P-E hysteresis loop)
& Yetd Aolth PNN A3HE F71E5-5 i
=2 10.29 uC/emollA 31.55 pC/em’® AAE A
S A% 7t Jdor, x=0.1044 ZFHd E4E =2
A}, ARG, dAdTe A AFESTE SIS

+ 0.0075 BiFeOs; + 0.2 wt%Li.CO3 + 0.25 wt%CaCOs3

Z4o] PNNS X 3ate 23S §atod Atz
A zst obd B ARd B4 nAE 9FE =
Abgh Avbs oh et 2

1. XRD sj€1e] A3} PNN X|gh&go] Z7}ghol] ujpe}
x=0.08 7[A = AWA A (tetragonal ) 3elslgl o,
x=0.10914= A4 A (MPB) 2 A2 ™, x=0.12 oA
+ (002), (200) H=A7} At shvhe] Fa=2 FAAH
‘WA (rhombohedral) ol 7M7) A= A2 AlaH),



SHAGOR o] WEtHA, x=0.12 AH2 4 2
PHEgo] A Ao AlsEHTL

2. PNN x| &&o] ZFrhste] we}l ZFEFLS 10.29
uC/ecm’el Al 31.55 uC/em® 2 AAE= AL 3ol
F7F o 3AAE 11.7 kV/CmollAl 7.8 kV/Cm

o8 e S YeEid

3. PNN9| X gkafFo] x=0.109 wje] AJHA
density=7.82 [g/cm’], k,=0.61, &=2183, d33=566 [pC/N],
g33=29.28 [107°Vm/N], di3'g33=16.57 [pm?/N] o= %=
LA S0 He BEAS AUt
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