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ABSTRACT

The possibility of the existence of a spontaneous relaxor-normal ferroelectric transition was proposed and
examined using 1~5 mol% PbZrO;-doped Pb(Ni;;sNb:;)04-PbTiO; (PNN-PT) systems having tetragonal symme-
try at room temperature. On cooling, the system with 60 mol% Pb(Ni;;Nb,,)O; underwent a spontaneous transi-
tion from a relaxor to a normal ferroelectric state. A microscopic examination demonstrates that the relaxor-
normal ferroelectric transition corresponds to a micro-macro domain switching accompanied with thermoelastic
martensitic transformation. The long-range macrodomains below the transition temperature were characterized
by twinlike 90° macrodomains with tetragonal symmetry. The relaxor-normal ferroelectric transition was further
correlated with the rhombohedral-tetragonal first-order structural transition.

Key words: Micro-macro domain switching, Relaxor-normal ferroelectric transition, Thermoelastic martensitic transfor-
mation, Twinlike 90° macrodomains, Pb(Ni,;Nby;)O;

1. M 2 Ax, AP aFe

SERERRY

Kol §48ted, kel F419)

[}
A2l gl #Haky AFHol(Diffuse Phase
=

Smolenskii$} Agranovskaya'ol| 2}8o] Pb(Mg)»Nb.s) Transition ;: DPT) 54-& 7}l glel MLCC, "Bf a3
0; (PMN)A o ot ghshsd 7bgaae] Aol “i"“é‘ transducers, #lell ool ef ' gof e *PCLEH’
olg olF AMEY 4T FHEM F A 7]-7]71]7—‘ Atk olE ABLELS HeldA HAAdE = oA E

goz Qsto] Ph(B'B"0)0,8 A 2H irtelE 7]
T R PR
Aao] gheh ol shE FEH AREL FAlEo

3]
!

27}e]|E PR +47) o]s)s} °]”°1 B-site ‘*0} 25o)
EAsbE A Abs gl A Az octahedral sublattice)

o]Fil 9l¥ BEAL Kol ck

—967—



rn
i‘-{)

a2 32 Dal® & Zr/Tiv} 40/6020 Pb(Zr,Ti)O:
Aol Laol dAIZF o] H7lE Afoe AAEA
= Byt 43y sHiAAe] S-S Helddau w
aabal glek 2Ee 7 Aol o]stdl La #7jeke]
15at.% ©]4Yd A% PLZT(La-3 7} Ph(Zr,THO; &)
= 3HE) ARAAY 5AS e, o8 $vigle
A& La #H71Fe] 12at %ol A dnby 254874
29 macrodomain)el] 4] 243}E A A(v)A BA
microdomain) At Z 7}dXoj
Hel & epdlichs Apadolch. ojeigl #Ake ofy g
Azl AN AWAAY dde] 2Ee] FHdA
(long-range ferroelectrics) Ateljol) 3| v}sl= Landau-De-
vonshire el j#]77} vla -5 A5 Fab(en-
semble of micropolar regions)el] s }ah= Aol L]z 2
FEHEE S odnlgich. widd] FHAAA <dde]
PLZT(La: Zr: Ti=7~8: 65 35)= <k3}3 745314
ol A dutd Zf-HAZe] Ade]7t DC bias(~3 kV/em)
2 }*Zﬂﬁ}"“’ﬂ"‘ WA Ee®, ojeigh WA HA Folel
o3t vk FAoA AA £ AdeiEe] o ulbdof
8“‘%5]% Ao R bkl A §7] Hefl o= tiEc)
el A 45 2 owlel] oAz g o (1) FoiAl
o5l AFAA A4 FHAA(ZE pseudocubic)
o] & &% Ao dAstqoe g ks, (i)
Wz AgpAA 4o @ 13 AelE: & AHfele
3}y Zhr A Al Aduby bRAA el se] Apda]
al ez 71Kt

oJu] Ad Astel] w29 PbZrO; (PZ)7F 371 Pb
(NiysNbys)O05-PbTiO; (PNN-PT) A= AellA A
A4S 7HAH, ofwl A&k o Abel| 4] 2k3hE ZFR-A A o
A& JERa qlrk o]e)d Yoz wFo] He}p 4
A ol PNN-PT2} T2 Al PZebe] 1-8-a) Afo]of
3 A} %l A7 A(morphotropic phase boundary ; MPB)¥
Lx7} Z7Hbel wel PNN-PT o) oz o]Fgt
e S dE2g e gl 2Eng o)eE AldAMx
Yzte o]3lel gtsla FrHA A4 Udnbs ARAA)
AR Al AbHel7t EAE rheAdel ok 1
v} 21 Z714) Pb(B’l/sB”’/"&)O 32] B3 f2E avlolE
TEF 718 AR 7R ke S Ao A =
h3}ad-oduky kg "”401 Hapo] ke AMlS
BaEe] gl )

web B odFte] Fo Mo PZ(%% . °1L)7¥
A7kl PNN-PTA A Apakd
ARel(m 4-AAL F93 wbd) Ao
sk, oleigt AHe] &Ato

pis

N
"E
3
2
rO
®’
2
E _J
N

o,

ul;q o‘l

ofr
fg o

_9687

1;‘(} /\L%]o] a/\oly,} ;5];(3 of

2.1, ZM4uey

2 Aol AHEE A= PZ7) 7= PNN-PT Al 24
Z432 0.6PNN-(0.4-x)PT-xPZ(o] %% PNN-PT-PZ(x)=
F2)3helw, xo] WHE 0.01~0.051~5 mol%)el sitd
gteh PNN-PTS] 4734= PT7} 30 mol% %o 8 o
HA glom?® wepa] of7)e] Alg¥ ZA(PNN:PT=
0.6:04) AuAA o) ool sjudiich ou) Ay
HAdbef] 2w o] xAe] b 9l FAEAN(du=850
pC/N, &=10,000~11,000, K,=0.6, P,=35 uC/cm?)-&
R A I ﬂl* A Fofjole] o uiuto g

o 0x

AxA] 71z e A5 oty ol
7l et
2.2. A[HE|I=

PNN 43 344] 2A43= pyrochlore 4 4L
AFHo 7 AAS7]) #ste] columbite HFY®L AlL
sted NiNb,Og(e]3 NNele} Ashg ¢4 @Adsigdch
P4 AleFF o] NiOel Nb,OsS &3} kB2 =gl go
B & o2 olvtE-$ AHE-3la zirconia ball
2 media® AF8-3lod ball millingS Astw AZI F
1000l 4 627t st4aE s3lgdc) 4% NNEwe
X-ray #4& %3lo] ©4k] NiNbO; 2449& &l
atgdtk. 2 ob& 06PNN-(04-x)PT-xPZ 435 A
8}7] 913ke] o)) A E HEA NN3t PbO, TiO., ZrO;
Heksle] &3, AFRF F 750CeA 447t 8laE
sstadc) 3ka% 0.6PNN-(0. 4-x)PT-xPZ Bg Xeray

e

ok

]

FX& E3lo] pyrochlore Aol 418-& #Halsigdch #
29 ¥t WA R Tdxag 01%3}04 ¢ 10 mm]
A3 B osted ot A3 F W7t Apqt L
2ol 2)3lo] 190 MPa2] steo g A¥siaict

X35 pellete- PhO £29)7]2] Wdg oo} w7}
Y 244 1150CY 52 447k 24L gstqc) &
A AHEL 4 dnprlel 9sted 05mme] FA7}

HEE oAvlg & Al Bwe] 2L Ay ¢y
650Col| M 2417} 2F& Weiqiny. 248 AHe] dEe
o] 29w 9] ok 97~98% 3 o, HF YL 2~3ume]
et 4274 A#He] H¥ Y Us= $AHE Archimedes
HR(ASTM C-20)% o] §-3te AAslgon, AUz e

2<3h3)A



PbZrO;7} d7}€l Pb(NiysNbyg)Os-PbTiOs Ae] wiA-AAl 9 s gy viEdlAlele W)

100
’, Tetragonal
80}
<
2
P
o 80T MPB
= T R
o 40+t
]
Kol
o,
20r
/‘ Rhombohedral
0 P — i 1 L
g.00 0.02 004 006 0.08 0.i0

0-6PNN~-0.4PT Mole Fraction of PZ

(a)

4.07 90.5
0.6PNN-(0.4~-x)PT-xPZ

s 405 | ]

= s 190.0

- —_
[3]

S 403} o

)

89.5 &
£ )
g 4.0 z
« L3
a. 89.0 g

3.99 >
(4]
= 097 ¢ 1988
—
3_ —_—r 2 L
%3.00 002 004 006 008 015%°

Mole Fraction of PZ
(b)

Fig. 1. Relative fraction of coexisting tetragonal and
rhombohedral phases and lattice parameters of
0.6PNN-(0.4-x)PT-xPZ system as a function of
mole fraction of PZ at room temperature: (a)
relative phase fraction, and (b) lattice parameter
and rhombohedral angle.
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Fig. 2. Temperature dependence of relative dielectric
permittivity of 0.6PNN-(0.4-x)PT-xPZ for com-
position x=0.01 (1 mol% PZ). The temperatu-
res where the permittivity undergoes sharp
changes are marked as T,, and T, indicating
a transition from the relaxor to the normal fer-
roelectric state and vice versa. The measure-
ment frequencies from the top to the bottom
curve are 100 Hz, 1 kHz, 10 kHz, and 100 kHz.
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Fig. 3. Temperature dependence of relative dielectric
permittivity of 0.6PNN-(04-x)PT-xPZ for com-
position x=0.03 (3 mol% PZ). The measure-
ment {requencies from the top to the bottom

curve are 100 Hz, 1 kHz, 10 kHz and 100 kHz.
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ment frequencies from the top to the bottom
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Fig. 5. Temperature dependence of dissipation factor
of 0.6PNN-(0.4-x)PT-xPZ for composition x=
0.03 (3 mol% PZ) on cooling.
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