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PhD position

Synthesis and Characterization of Lead-Free High-Entropy Relaxor Ceramics
for Energy Storage and Electrostrain

Keywords :
Oxide ceramics, Relaxor Ferroelectrics, High-Entropy, Energy Storage, Electromechanical properties.

Context :

Relaxor ferroelectric materials have attracted increasing interest due to their high dielectric
permittivity, low dielectric losses, and thermal stability, making them suitable for various applications
such as energy-storage capacitors and electrostrictive actuators®=,

These relaxor materials are characterized by the presence of polar nanoregions (PNRs), in which
electric dipoles are correlated at the nanoscale and randomly oriented in the absence of an external
electric field..

Recently, the high-entropy oxide (HEQO) approach has emerged as a promising strategy for designing
high-performance relaxors. The intrinsic chemical disorder, multiple ionic valence states, and strong
lattice distortions characteristic of these systems promote the formation of highly dynamic polar
nanoregions®. This approach therefore opens new opportunities for optimizing dielectric and
electromechanical properties.

Objective :

The aim of this PhD project is to synthesize and characterize lead-free relaxor ferroelectric ceramics
with a perovskite ABOs structure using the high-entropy concept. The objective is to investigate single-
phase compositions incorporating five or more cations with different ionic radii and valence states
substituting the A and/or B sites of the perovskite structure.

The study will analyze the influence of chemical complexity and entropy-induced disorder on
energy-storage density, energy efficiency, and electromechanical behavior. This research aims to
contribute to the development of next-generation high-energy-density capacitors and to open new
perspectives for electrostrictive actuators.

1 Ning et al. Design strategy of high-entropy perovskite energy-storage ceramics : A review. J. Eur. Ceram. 44 (2024) 4831-4843.

2 Liu et al. Phase transition and large strain response with ultra-low hysteresis of BaTiO3; doped with a high-entropy perovskite oxide.
J. Chem. Eng. 488 (2024) 150823.

3 Akrami et al. High-entropy ceramics : Review of principles, production and applications. Mater. Sci. Eng R. 146 (2021) 100644.
Work Plan :

e Targeted literature review on relaxor ferroelectric materials.

e Synthesis of high-entropy phases using solid-state reaction and sol-gel methods.

e Optimization of ceramic sintering conditions for higher density and homogeneous
microstructure.

e  Structural and microstructural characterization of ceramics by XRD, SEM-EDX, TEM, etc.

e Study of dielectric and polarization properties as a function of temperature and frequency.

e Evaluation of energy storage and electromechanical performance.
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Candidate Profile :
We are looking for a candidate who is passionate about materials and their applications in the field of
energy, with:
e A Master’s degree (MSc, second year) or an Engineering degree in Chemistry and Materials
Science.
e Experience in ceramic materials and characterization techniques.
e A good command of the English language (written and spoken), as well as strong scientific
writing skills.
e Rigor, autonomy, and an interest in working in a research laboratory.

Application Procedure:

Applications must be submitted through the Doctoral School website https://www.adum.fr/ , in
accordance with the specified procedures. At the same time, the complete file must be sent to the
following address : hicham.aitlaasri@univ-tours.fr.

The recruitment process will take place in two stages:

1. Pre-selection based on application file:

The application must be submitted on ADUM before April 9, 2026. It should include:

e A detailed CV and a cover letter;

e Transcripts from Bachelor’s and Master’s degrees (including rankings for M1 and M2);
e A summary of completed internships;

e Aletter of recommendation from the Master’s internship supervisor.

2. Interviews for pre-selected candidates on May 11, 2026:

Pre-selected candidates will be interviewed by a selection committee from the EMSTU Doctoral
School at the University of Tours. The details of the interview process will be provided at a later
date.

Contract conditions:

Three-year doctoral contract starting on October 1, 2026, with the possibility of additional teaching
activities. The PhD will be conducted at the GREMAN laboratory (UMR CNRS 7347 http://greman.univ-
tours.fr/), within the “Oxides for Energy” team of the Materials Synthesis Division (SDM) based at the
IUT of Blois, with planned visits to our site in Tours (EMA division).

Are you passionate about the synthesis and characterization of ceramic materials? Join our research
team to explore new lead-free materials for energy-efficient applications.

Supervision and Contacts :

Cécile Autret-Lambert (PhD Supervisor), Professor, GREMAN Laboratory, University of Tours.
cecile.autret@univ-tours.fr

Hicham Ait Laasri (Co-supervisor), Associate Professor, GREMAN Laboratory, IUT of Blois - University
of Tours. hicham.aitlaasri@univ-tours.fr
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