Research field: Materials, Transparent ceramics, Ballistic protective materials

Synthesis, sintering and mechanical properties of transparent Mg,TiO4
ceramics
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Context:

Transparent ceramics are the subject of many studies due to their potential for various applications
such as optical lenses, laser sources or armour materials. Indeed, transparent ballistic protections used
to be made of armoured glass (assembly of glass and polymer layers). However, a high thickness is
required to limit threat perforation due to limited mechanical properties, leading to heavy and
voluminous systems. Therefore, alternative solutions have been actively investigated. One successful
solution was to substitute totally or partially armoured glass by transparent ceramics. High mechanical
properties of ceramics allow achieving better ballistic efficiency by projectile erosion, fragmentation
and velocity decrease.

The most used and studied transparent ceramics exhibit spinel structure. On the USA side, ALON
(AI23027N5) ceramics are used. ALON exhibits a cubic inverse spinel structure and high mechanical
properties with a density of 3.7 g.cm-3. On the Europe side, MgAI204 is used. It exhibits a normal
spinel structure (space group Fd3m), low density of 3.58 g.cm-3 and mechanical properties slightly
lower than ALON’s ones. Therefore, ballistic efficiency of these two materials are similar.



The objective of this PhD subject is to study sintering of dense and transparent ceramics of the
Mg2TiO4 compound as well as their mechanical and ballistic properties. Indeed, such a compound
could make it possible to combine lightness of MgAl204 (its density is even lower than MgAl204 one,
3.54 versus 3.58) to mechanical properties of ALON, as it also exhibits an inverse spinel structure. The
student will be able to draw on the solid experience (>10 years) of his/her host laboratories (ISL and
LSPM) in the field of transparent ceramics, and in particular MgAI204 spinel.

Up to now, such a compound has been studied for its microwave dielectric properties. And no
transparent ceramic has never been reported nor its mechanical or ballistic properties.

Candidate profile: (e.g.)

- possess a master's degree (or equivalent) in Materials Science

- experience with materials synthesis, sintering

-proficiency in English, with strong written and spoken communication skills
- strong initiative, collaborative abilities and effective interpersonal skills

What we offer:
- A PhD project within a dynamic and international collaborative environment
- Access to state-of-the-art experimental facilities
- Competitive salary

Localization:

The project is carried out in cooperation between the French-German Research Institute of Saint-
Louis (ISL) and University Sorbonne Paris-Nord (Prof. Frederic SCHOENSTEIN)

Encadrement

- Frédéric SCHOENSTEIN — Laboratoire des Sciences des Procédés et des Matériaux — CNRS
UPR3407
99 venue J.-B. Clément, 93430 Villetaneuse
frederic.schoenstein@univ-paris13.fr — tel +33 (0)6.11.08.74.13

- Fabian DELORME — Advanced Materials and Mechanical Testing Group
5 rue du Général Cassagnou — 68301 Saint-Louis — France
fabian.delorme@isl.eu — tel: +33 (0)3 89 69 51 38

- Judith BOEHMLER — Advanced Materials and Mechanical Testing Group
5 rue du Général Cassagnou — 68301 Saint-Louis — France
Judith.boehmler@isl.eu —tel: +33 (0)3 89 69 50 28

- Sébastien LEMONNIER — Advanced Materials and Mechanical Testing Group
5 rue du Général Cassagnou — 68301 Saint-Louis — France
sebastien.lemonnier@isl.eu — tel: +33 (0)3 89 69 50 90
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