PCLYPUBLIE

Polytechnique Montréal D'INGENIERIE

POLYTECHNIQUE

A [
UNIVERSITE )

Titre: Synthesis and characterization of (Al,Si)3(Zr,Ti)-D022/D023
Title: intermetallics: Understanding the stability of silicon substitution

Auteurs:
Authors:

Date: 2024

Juan-Ricardo Castillo-Sanchez, Georges Salloum-Abou-jaoude,
Aimen E.
Etienne Bousser, Gilles L'Espérance, & Jean-Philippe Harvey

Gheribi, Paul Lafaye, Kentaro Oishi, Jean-Philippe Masse,

Type: Article de revue / Article
Castillo-Sanchez, J.-R., Salloum-Abou-Jaoude, G., Gheribi, A. E., Lafaye, P., Qishi,

Référence:

K., Masse, J.-P., Bousser, E., L'Espérance, G., & Harvey, J.-P. (2024). Synthesis and

.._..__. Characterization of (Al,Si)s(Zr,Ti)-D022/D023 intermetallics: Understanding the
Citation: | stapility of silicon substitution. Acta Materialia, 262, 119455 (18 pages).

https://doi.org/10.1016/j.actamat.2023.119455

Document en libre acces dans PolyPublie
Open Access document in PolyPublie

URL de PolyPublie:
PolyPublie URL:

Version:

Conditions d’utilisation:
Terms of Use:

https://publications.polymtl.ca/56702/

Matériel supplémentaire / Supplementary material
Révisé par les pairs / Refereed

CC BY-NC-ND

Document publié chez I’éditeur officiel
Document issued by the official publisher

Titre de la revue:
Journal Title:
Maison d’édition:
Publisher:

URL officiel:
Official URL:

Mention légale:
Legal notice:

Acta Materialia (vol. 262)

Elsevier BV

https://doi.org/10.1016/j.actamat.2023.119455

©2023 The Authors. Published by Elsevier Ltd on behalf of Acta Materialia Inc. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Ce fichier a été téléchargé a partir de PolyPublie, le dépot institutionnel de Polytechnique Montréal
This file has been downloaded from PolyPublie, the institutional repository of Polytechnique Montréal


https://publications.polymtl.ca/
https://doi.org/10.1016/j.actamat.2023.119455
https://publications.polymtl.ca/56702/
https://doi.org/10.1016/j.actamat.2023.119455

Synthesis and characterization of
(Al,Si)3(Zr,Ti)-D0,,/D053 intermetallics:
Understanding the stability of silicon

substitution

Juan-Ricardo Castillo-Sanchez®?, Georges Salloum-Abou-Jaoude™*, Aimen E. Gheribi?, Paul
Lafaye?, Kentaro Oishi’, Jean-Philippe Masse, Etienne Bousser®, Gilles L'Espérance® and Jean-

Philippe Harvey?*

?Constellium Technology Center, Parc Economique Centr’alp, 725 rue Aristide Berges, C510027, Voreppe

38341 CEDEX, France

YCRCT, Department of Chemical Engineering, Polytechnique Montréal, Montréal, Québec, H3T 1]4

Canada

€Center for Characterization and Microscopy of Materials, ( CM)?, Polytechnique Montréal, Montréal,

Québec, H3T 1]4 Canada

*Corresponding authors: georges.salloum-abou-jaoude@constellium.com &

jean-philippe.harvey@polymtl.ca

Electronic Supplementary Material (ESM)

1. CRYSTAL SITES OF THE D0,, AND D0,3; STRUCTURES
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Figure E1. Schematic distribution of crystal sites in (AlSi)3Ti-D0y; (i) and (AlSi)3Zr-D0p3 (ii)

structures.



. SIMULATED TEM DIFFRACTION PATTERNS
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Table E1. Simulated electron diffraction patterns (single crystal) of AI-FCC; Al3Ti-D0,, and Al3Zr-D0,3 phases. Patterns were computed using the Diffraction module of
the Materials Project (MP) database [1]. Beam directions are equivalent to the TEM experimental measurements of this work. A voltage of 200 kV and a maximum scatter-
ing angle of 1.25 A were specified. (a), (b) and (c) patterns correspond to the conditions of sample S2. (d), (e), and (f) are comparable to experimental TEM measurements of

sample S6.



3. FORMATION ENTHALPY OF END-MEMBERS IN D0,
AND DO0,; SOLID SOLUTIONS

Table E2. Total energy (Et) and formation enthalpy (AH 1)
of the (Al,Si)3Ti-D0y; and (Al,Si)3Zr-D0yy end-member. Refer-
ence states are Al (Al-fcc), Si (Ad—diamond), Ti (A3-hcp) and
Zr (A3-hcp) pure elements.

Crystal sites Etor AH ¢
eV kJ/mol-at

2a 2b 4d

T Al Al -41.322 -38.771
T Si Al -44.619  -43.959
Ti Al Si  -46.715  -34.685
Ti Si Si -49.095  -28.823
Zr Al Al -43.196 = -44.329
Zr Si Al -46456  -49.082
Zr Al Si  -48487  -39.013
Zr Si  Si -51.026 -35.070

Table E3. Total energy (Ej) and formation enthalpy (AHy)
of the D033 end-member. Reference states are Al (Al-fcc), Si
(Ad—diamond), Zr (A3-hcp) and Ti (A3-hcp) pure elements.

Crystal sites Etot AH ¢
eV kJ/mol-at

4c 4d 4de 4e

Al Al Al Zr -86.841 -47.033
Al Al Si Zr -92.460 -46.353
Si Al Al Zr -92.239 -45.021
Al Si Al Zr -92.040 -43.822
Si Al Si Zr -96.984 -39.072
Al Si Si Zr -97.763 -43.773
Si Si Al Zr -96.777 -37.821
Si Si Si Zr -101.877  -34.013
Al Al Al Ti -82721 -39.230
Al Al Si Ti -88572 -39.949
Si Al Al Ti -88.245 -37.977
Al Si Al Ti -88.170 -37.525
Si Al Si Ti  -93.080 -32.569
Al Si Si Ti -93.778 -36.778
Si Si Al Ti -93.104 -32.714
Si Si Si T -97.779 -26.341

4. SITE OCCUPANCY OF METASTABLE END-MEMBERS

AH, i« (kJ.mol-at)

0
14
24
34
44
-5
6
74
-8
-9

Si:Al

-10

. T T T :
0.0 05 1.0 15 20 25 3.0
Al,Zr xin Aly,Si Zr SiZr

Figure E2. Mixing enthalpy of (Al Si);3Zr-D0y; solid solu-
tion calculated by DFT at 0 K. The ground-state end-member
is labeled with the first element occupying the site 2b, the
second element occupying the site 4d. The ground-state is
represented by the solid black line.
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Figure E3. Site fraction of Si on sites 2b and 4d of the D05,
structure calculated at 300 K (solid line) and 1650 K (dashed
line).
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Figure E4. Mixing enthalpy of (Al,Si);Ti-D03 solid solution
calculated by DFT at 0 K. The ground-state end-member is la-
beled with the first, second, and third elements occupying
sites 4c, 4d and 4e, respectively. The solid black line repre-
sents the ground state.
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