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During the last funding period, the structure evolution of lead-free piezoceramics with emphasis 

on the quasi-binary (1-x)Bi1/2Na1/2TiO3-xBaTiO3 (BNT-BT, BNT-100xBT) and quasi-ternary
(1-x-y)Bi1/2Na1/2TiO3-xBaTiO3-yK0.5Na0.5NbO3 (BNT-BT-KNN, 100(1-x-y)-100x-100y) system 

was investigated. Samples were characterized by combining transmission electron microscopy
(TEM), X-ray and neutron diffraction and scattering as a function of composition, and electric 
field. 
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In situ TEM of BNT-BT-KNN

Sample 91-06-03 (a) BF micrograph showing one grain with homogenous contrast prior to 
electric field application. (b) Grain under an applied electric field of about +/–5 kV/mm. 

Formation of lamellar domains is visible. Both SR are present (shown in the inset). (c) 
Removing the electric field the visible domain configuration vanishes. A reversible electric-
field induced phase transformation in the ternary system BNT-BT-KNN from tetragonal 

P4bm to rhombohedral R3c phase was verified by means of in situ electron microscopy [1] 
and neutron-diffraction experiments [D].

TEM of BNT-BT-KNN

In situ neutron diffraction of BNT-BT-KNN

In situ diffuse X-ray scattering of BNT-BT

Diffuse X-ray scattering images of 
BNT-04BT (a) in the initial state 
and (b) under an applied field of 

4.6 kV/mm. The inset in (a) 
shows the a-a-a- octahedral tilt 

system giving rise to the R-type 
SR at ½(ooo). A reduction of the 
diffuse intensity between these 

reflections under applied field is 
clearly visible in (b). Curved 

streaks are caused by detector 
saturation errors.

R (1.5, 0.5, 0.5)
S (1.5, 0.5, 0.25)
T (1.5, 0.5, 0)

Quasielastic neutron scattering of BNT-BT

The quasielastic neutron scattering (QENS) in BNT-04BT exhibits a strong temperature 

dependence at the S point (a,b), but also at the R and T points (b). The temperature 
dependence at these three points is fundamentally different up to ~550 K, which 
corresponds to the temperature of the permittivity maximum. Also shown in this plot is the 

intensity of the elastic line. Here, the crossover of the R point and T point intensity around 
430 K is particularly significant, since it is close to the depolarisation temperature of the 

unpoled material. (c) The width of the QENS component at the S point approximately 
follows an Arrhenius law. Remarkably, the temperature dependence is inverted, i.e. the 
activation energy appears to be negative. This unusual behaviour can possibly be

explained by complex lattice-phonon interactions at the nanoscopic phase boundaries.

(a) (b) (c)

Bright field (BF) TEM micrographs of (a) 94-05-01, (b) 92-06-02 and (c) 90-07-03 in the 

initial state along pseudo cubic [111] zone axis. Sample 94-05-01 shows grains with domain 
contrast, whereas in 92-06-02 and 90-07-03 a core-shell structure is present (marked with 

arrows). Corresponding selected area electron diffraction (SAED) patterns are shown in the 
insets. Along the [111] zone axis ½(ooe) superlattice reflections (SR) are visible. Both types of 
SR, ½(ooo) and ½(ooe), are present in all investigated compositions, although with different 

intensity.

Rietveld refined neutron diffraction data of sample 92-06-02. (a) In the initial state 
½(ooe) SR are present. (b) Under an electric field a phase transformation from the 

tetragonal P4bm to the rhombohedral R3c phase occurred. 

(b)(a)


