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Fig. 1 Mn 2p XPS spectra of the BSPT-x% MnO: samples and the variation in the relative content of Mn?* and Mn**
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Table1 Ionic radii and coordination numbers of the dopant
ion and the A, B-site ions in BS-PT

Cation Tonic radii/A Coordination number
Dopant ion Mn?' 0.83 6
Mn** 0.645 6
B-site ion Sc 0.745 6
Ti* 0.605 6
A-site ion Bi** 1.030 12
Pb?* 1.490 12
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Table 2 Rietveld refined lattice parameters of BSPT—x% MnOQO: ceramic samples

. Space group Lattice paramaters Cell volume/A® Phase Weighted profile  Profile residual Exp:ccted profile
alA blA c/A content/% residual Ryy/% Ry/% residual Reyp/%
0.00 P4dmm 3.997 3.997 4.085 65.261 66 9.86 6.47 1.42
R3m 4.034 4.034 4.034 65.662 34
0.25 Pdmm 4.005 4.005 4.079 65.432 63 9.85 6.12 1.46
R3m 4.032 4.032 4.032 65.527 37
1.00 P4mm 3.998 3.998 4.077 65.160 58 9.24 5.9 1.49
R3m 4.022 4.022 4.022 65.076 42
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Fig. 4 SEM cross-sectional photographs and average grain size comparison of BSPT-x% MnOz samples, and EDS elemental maps of

the x=1.50 composition
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Extended Abstract

Introduction High-temperature vibration sensors are indispensable key components for the health detection of core equipment in
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fields such as aerospace and nuclear energy. The BiScO3—PbTiO3(BS—PT) system has attracted much attention due to its high Curie
temperature (7c=450 C) and excellent piezoelectricity (d337450 pC/N). However, the poor insulation properties of this material hinder
its application in high-temperature vibration sensors because high electrical resistivity (p) and a long time constant (7) are critical to
prevent thermal runaway and ensure signal integrity. Manganese (Mn) doping is a commonly used modification method for piezoelectric
ceramics. Previous studies on Mn-doped BS—PT were controversial regarding the valence state distribution and substitution positions
of Mn ions, which could not be conducive to the design of high-temperature piezoelectric ceramics with the collaborative optimization
of multiple electrical parameters. Therefore, this work was to clarify the defect chemical mechanism associated with manganese doping
through refined structural characterization combined with electrical performance analysis, and to obtain the modified BS-PT
piezoelectric ceramic components suitable for high-temperature vibration sensors.

Methods 0.365BiScO3—0.635PbTiO3—x% MnO2 (BSPT-x% MnO2, x=0.00, 0.01, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00)
ceramics were synthesized by a conventional solid-state reaction method. The powders were firstly calcined at 800 C for 2 h and then
sintered at 1050 °C for 2 h. The phase composition was analyzed by X-ray diffraction (XRD). The rietveld refinements were performed
using a software named GSAS. The microstructure and elemental distribution were examined by scanning electron microscopy (SEM)
equipped with energy-dispersive X-ray spectroscopy (EDS). The average grain size was estimated by a software named Nano Measurer.
The Mn valence states were determined by X-ray photoelectron spectroscopy (XPS). For electrical measurements, poled samples
(120 C, 5kV/mm, 30 min) were used. The piezoelectric coefficient (d33) was measured by a model CAS ZJ-6A quasi-static meter. The
electromechanical coupling coefficient (kp) was measured bya model Agilent 4294A impedance analyzer. The temperature-dependent
dielectric properties were measured by a model Agilent E4980A LCR analyzer. The high-temperature DC resistivity (p) was measured
by a model Keithley 6517B high-resistance electrometer. The in-situ d33 was measured by a model Julang TZFD-600 variable
temperature quasi-static ¢33 measurement system.

Results and discussion The Mn doping mechanism and high-temperature performance of BS-PT ceramics are systematically clarified.
The XPS results confirm the coexistence of Mn?" and Mn?**. To quantitatively verify the substitution site, the rietveld refinement reveals
a non-monotonic evolution of unit cell volume. Based on the EDS evidence of Sc segregation without Ti precipitation, Mn ions
preferentially substitute for B-site S¢**. The dominant aliovalent substitution introduces defect dipoles accompanied with strong local
random electric fields, significantly enhancing a relaxor behavior, while triggering a "hardening" effect that reduces tand and &r. The
decoupling of piezoelectric and dielectric properties is achieved in specific compositions due to the grain boundary effect compensating
for the hardening effect, especially obtaining the optimal piezoelectric voltage constant (g33) at the component with x of 1.00. For high-
temperature capabilities, the optimal composition (x=1.00) demonstrates a superior stability, with in-situ ds3 variation remaining within
20% up to 400 “C. The thermally stable defect dipoles effectively trap oxygen vacancies, leading to a high resistivity of 10° Q-cm and
an enhanced time constant of 0.072 s at 350 'C. Consequently, the ceramic with x of 1.00 exhibits a high g33 of 0.012 V'-m/N when
evaluated at a unified service temperature of 350 “C, which is 50% higher than that of the undoped counterpart. These results indicate
that the modified ceramic achieves an optimal balance of sensitivity and insulation for high-temperature vibration sensors.

Conclusions This work clarified the Mn doping mechanism in BS-PT ceramics. The results of correlative XPS, Rietveld refinement,
and EDS analysis confirmed that Mn ions could preferentially substitute for B-site Sc*". The dominant aliovalent substitution induced
a hardening effect, while the recovery of d33 was dominated by grain size restoration. The optimal composition (x=1.00) exhibited a
robust stability with d33 variation within 20% at 400 ‘C. The thermally stable defect dipoles could obtain a high resistivity (10° Q-cm)
and time constant (0.072 s) at 350 ‘C. Meanwhile, a superior piezoelectric voltage coefficient (g33) of 0.012 V'm/N was achieved at
350 °C, which was 50% higher than that of the undoped counterpart, validating its potential for high-temperature sensors.

Keywords bismuth scandate-lead titanate; piezoelectric ceramics; manganese doping; solid solution limit; high-temperature
resistivity



