e LIEGE université m/ e
b Library '

https://lib.uliege.be https://matheo.uliege.be

Travail de fin d'études et stage[BR]- Travail de fin d'études : DEVELOPMENT
AND EVALUATION OF THE POWDERS MIX LOW ALLOYED STEEL+SIC FOR
LASER POWDER BED FUSION[BR]- Stage d'insertion professionnelle

Auteur : Seidou, Abdul Herrim

Promoteur(s) : Mertens, Anne

Faculté : Faculté des Sciences appliquées

Dipléme : Cours supplémentaires destinés aux étudiants d'échange (Erasmus, ...)
Année académique : 2021-2022

URI/URL : http://hdl.handle.net/2268.2/15724

Avertissement a l'attention des usagers :

Tous les documents placés en acces ouvert sur le site le site MatheO sont protégés par le droit d'auteur. Conformément
aux principes énoncés par la "Budapest Open Access Initiative"(BOAI, 2002), I'utilisateur du site peut lire, télécharger,
copier, transmettre, imprimer, chercher ou faire un lien vers le texte intégral de ces documents, les disséquer pour les
indexer, s'en servir de données pour un logiciel, ou s'en servir & toute autre fin Iégale (ou prévue par la réglementation
relative au droit d'auteur). Toute utilisation du document a des fins commerciales est strictement interdite.

Par ailleurs, l'utilisateur s'engage a respecter les droits moraux de l'auteur, principalement le droit a l'intégrité de I'oeuvre
et le droit de paternité et ce dans toute utilisation que I'utilisateur entreprend. Ainsi, & titre d'exemple, lorsqu'il reproduira
un document par extrait ou dans son intégralité, |'utilisateur citera de maniére compléte les sources telles que
mentionnées ci-dessus. Toute utilisation non explicitement autorisée ci-avant (telle que par exemple, la modification du
document ou son résumé) nécessite |'autorisation préalable et expresse des auteurs ou de leurs ayants droit.




Development and Evaluation of the Powders Mix Low Alloyed Steel +
SiC for Selective Laser Melting

Author: Abdul Herrim Bio Seidou
Supervisor: Prof. Anne Mertens
Erasmus+ Program — Master’s Degree in Materials Engineering
Academic year 2021/22

Faculté de Sciences Appliqueées — Metallic Materials Engineering — Université de
Liege
Scuola di Ingegneria — Dipartimento di Ingegneria Industriale - Universita degli
Studi di Padova

For this work, the evaluation of the S2 tool steel + Silicon carbide (SiC) powders was provided
in terms of the microstructural characterization after a thermal cycle and of the rheological properties
of the mixtures. SiC powder was added at 5%, 10%, 15% and 20% in volume to S2 Tool Steel.

The aim of this study is to forecast the microstructures that can be obtained in the Metal Matrix
Composites printed through Selective Laser Melting (SLM) after heat treatments, and to determine
the proper method to prepare the powders mixture for the feedstock of the SLM.

The microstructures were characterized after Differential Thermal Analysis (DTA) in different
conditions. The rheological properties were evaluated on three batches of S2 + 15% (in volume) of
SiC powder prepared with different mixing methods which include Ball Milling and Manual mixing.
The amount of SiC influence the microstructure obtained, passing from a fully pearlitic matrix for the
lowest amount to a fully ferritic matrix with several types of graphite increasing the SiC amount.
The characterization was provided using Optical Microscope (OM), Scanning Electron Microscope
(SEM), and chemical analysis such as Energy Dispersive Spectroscopy (EDS) that allow the
evaluation and comparison of morphology and composition of the different phases of the different
microstructures. For the comparison between the mixing methods, the same tools were used in
addition to the technologies for the evaluation of rheological properties such as tap density, cohesive
index, granulometry thank to the collaboration with Granutools and Greenmat. This characterization
revealed that the manual mixing of S2 powder with pre-milled SiC is the best mixing method between

the tried ones.



The following figures have been used for the discussion of the most outcomes results obtained in this

project.

Cooling combined plots at 5°C/min
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Figure 1: DTA cooling combined plots at 5°C/min of cooling rate in the range of temperature where solidification starts for each
S2+X% SiC powders’ mixtures
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Figure 2: DTA cooling combined plots at 5°C/min of cooling rate in the range of temperature of eutectoid transformation for each
S$2+X% SiC powders’ mixtures



Cooling combined plots at 5°C/min
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Figure 3: DTA cooling combined plots at 5°C/min of cooling rate in the range of temperature where magnetic Curie transition of
ferrite for each S2+X% SiC powders’ mixtures occurs
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Figure 4: Calculated isothermal section (1000°C) of the iron-rich corner of the stable Fe-C-Si system



Ball milling S2 + 15% Ball milling S2 + 15% (in
(in volume) of SiC volume) of pre-milled SiC

Figure 5: Batches for GranuPack and GranuDrum tests

Table 1: ap density results performed with GranuPack at Granutools on the S2 + 15% (in volume9 of SiC powder batches prepared
with different mixing methods

Name Number p(0) p(n) Hausner | Carr’s a
of taps n (9/ml) (9/ml) ratio index (ol
S2 1000 3,959 4,743 1,20 16,51 32
BallMilling_S2+15% (in 1500 3,312 3,833 1,16 13,60 21,9
volume) of pre-milled SiC
BallMilling_ S2+159% (in 1500 3,481 4,032 1,16 13,67 22,7
volume) of SiC
ManualMixing_ S2+15% (in 1500 3,349 3,909 1,17 14,31 25,2
volume) of pre-milled SiC




Combined plots
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Figure 6: Cohesive index evaluation performed with GranuDrum at Granutools on the S2 + 15% (in volume9 of SiC powder batches
prepared with different mixing methods



