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Context  
Additive manufacturing by 3D extrusion printing of a powder loaded paste followed by sintering has the potential to 
produce complex multi-material geometries interesting for several applications (e.g. embedded heating elements, 
reduction of losses in a ferromagnetic alloy by insertion of insulating layers) [1-3]. The process is versatile, cost effective 
and based on commercial ceramic or metal feedstock developed for powder injection molding, an industrially established 
process. Feedstock pellets, that consist in a polymeric binder system loaded with a ceramic or metal powder, are feeded 
in a screw-based extruder and deposited layer-by-layer in the form of a filament by a heated nozzle. A complex 3D part 
can be obtained and subsequently debinded and sintered. A challenging part in this process is the control of the sintering 
stage in order to obtain defect-free and net-shape parts. Indeed, inhomogeneous densities, anisotropic shrinkage or creep 
under gravity are difficult to avoid. In the case of co-sintering of multi-material parts, additional challenges arise from 
mechanical stresses that build up due to differential sintering rates and/or thermal shrinkage during cooling down. For 
these reasons, the demonstration of multi-material parts obtained by 3D extrusion followed by sintering is very scarce in 
the literature [1-3]. 
 
Objectives and work program 
In this context, the objectives of the PhD work are: 
- develop the process for several ceramic and metallic materials using commercial feedstock: optimization of printing and 
sintering parameters, microstructural and mechanical characterization of final parts. 
- investigate both printing and sintering stages for one or several bi-material systems. 
- develop and calibrate 3D finite element modeling of the sintering stage first to predict the deformation of mono-material 
parts and then to predict differential shrinkage effects in multi-material systems. 



- demonstrate the relevance of the approach by the realization of a complex industrially inspired part. 
A classical experimental material science approach (elaboration - characterization) will be implemented and coupled with 
in-situ characterization (optical dilatometry, X-ray tomography) and finite element modeling of the sintering step. 
 
Scientific environment 
The SIMaP laboratory has already developed and investigated the 3D extrusion and sintering of several metallic alloys 
(copper [4], steel [5], Ti alloy) during the last few years for applications like heat sinks or medical implants. The PhD student 
will work on the AIM3D Exam 255 equipment available at SIMaP laboratory, which include two printing heads. He will also 
benefit from the large experience and know-how of the SIMaP laboratory on the study of sintering, which includes the 
use of advanced tools and techniques like optical dilatometry [6], in-situ synchrotron X-ray tomography [7], finite element 
[8] and discrete [9] modeling. Additionally, SIMaP participates in a European program on a related topic creating an 
international dynamic work environment for the PhD student. 
 
Candidate skills and background 
The candidate must be graduated from an engineering school and/or with a Master degree whose training focuses 
primarily on materials science or related field. 
We are looking for a student with a strong interest in experimental materials science, mechanics of material and also 
willing to work on numerical simulation.  
 
Start:  
Oct. 2023 

PhD advisors: 
David Jauffrès, Jean-Michel Missiaen 
 
Salary:  
2044€/month, gross 
 
Contact and application (ASAP and before 01/05/2023):  
david.jauffres@grenoble-inp.fr 
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