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Abstract

In this work, a thermodynamic database for the Al-Si-Mg-Ce system was established via the CAL-
PHAD approach. The reliability of the developed database was validated by comparing the Scheil
solidification simulation of the key quaternary alloy Al-7Si-0.6Mg-0.4Ce with experimentally deter-
mined phase transformation temperatures and solidification microstructure. Results demonstrate
a high consistency between thermodynamic calculations and experimental data, confirming the re-
liability of the constructed Al-Si-Mg-Ce thermodynamic database and providing a strategic pathway
for the design of Al-Si-Mg-based materials.

Keywords
CALPHAD, Computational Phase Diagram, Al-Si-Mg, Database, Reliability

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

FEREIUARCHE L SRR, DR AT MR VR BUESSE S mikfe . B, sl
MEHFAEA DR, AL G Z 0 A0 S SR B8 MR R AR S, CUXE DLIRS b R T e S M g T 4%
MR . NSRRI A ] BRARRI A A IR et 203, MR RFZIEZ Dt “MRRRIa R A2 ) “ AR}
Bl B, fegr <l - 2k SRMEEER R, likE “BERTE S - I EI - SR
E” I BB E AL . X — AR DUARDL T S & R 1, SEAE TR R SRR AR D5 0 R 2E
TARANEAL e

MR v i B 1 5 TR R4, HEEAGETELRESER T S TESH8, %
DM RHH A SYERERI AL . “MPREER TR tHRIRR T, ARESEMROHS AR . Bl
W5 5 IR IR 4 A B BT T A BURARI T TR AR EE LI T B, EARIE T I 318
LT R TR AR tHEM R S8 B K 8583, 173 CALPHAD J5ik. 55— 1R IR
TR ARSI T RAEM RS R IS SO LSS, HESIAM R T AN “2I8 1T 7 i “ BRI~
5 IR . THARGERRT, IR ERD . iAoy, ASER UL R R E
PESEZ TN R . 158 CALPHAD. MM, 26— PEIRERTH S5 TR, Wl AE A S & 1o AR fhl) 46 Al
X AGUPEREREAT PN S AL . XA RS - SCER I A BETH B, RS MR A

DOI: 10.12677/ms.2025.1511218 2052 PR R


https://doi.org/10.12677/ms.2025.1511218
http://creativecommons.org/licenses/by/4.0/

Y SSIE

R S arsEdE. fil4n, Sanchez[1]1%5 \iEid &i# & CALPHAD %5, 3KHL T & Siv Cu. Fe. Zn. Mn
Mg RGP SEE ISR, FEm s 7&8sr, A 764 MEEE . Akopyan [2]55
AFIHHET CALPHAD MIAF T T Hi 848 &4, W T o0 R SRR AL-Si-Cu & 4 v o B
i& Al-Ca-Mg &% .

R Al-Si-Mg-Ce VU7C R AR R(AL-Si. Al-Mg. Al-Ce 25—t & M Al-Si-Mg. Al-Si-Ce £ =7 R)
CIFRES S AR, ABAEAE B MR E: 1) Al-Mg-Ce =TT R T 0-AlL,CeMg, HHHIH 12 S 517
FESCHREL[3]-[6]: 2) Si-Ce 7t R AR E HEEUR A, 2EINA B O ER T Si-Ce L&
YIRIAT AT A 3) DUTC RAHFAT LI R B =, BB R IR F R AE S . X 2 n] ™ EH| 24 T Ce
P AL-Si-Mg A 4 1R BT 5 1 BE TR RS L
2.1. RAFEIE

AWRFERE T Al-Mg-Ce =T0 & T Ce(Mg, Al). Ce(Mg, Al)y. Ce(Mg, Al)ia A1 Al;zCeMge A, LAK
Al-Si-Mg-Ce VU0 & H I A (liquid). fee Al (Al aCe). bee A2 (BCe). hep A3 (Mg)F1 diamond A4 (Si)
AR5 IA o ST o= 3 WU 3= AE = Ju i AW s il B2 1 SR 50 4, AL-Si-Mg-Ce VU 7t & H (1 Fir
B =T E DR T B LAY, BRI GE B8, ARG R IR iR A% AR
FHORAH I R A RMER (WL DI R

Table 1. Crystal structures and thermodynamic models of phases involved in the system
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Table 2. Thermodynamic parameters of the Al-Mg-Ce system obtained in this study
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Figure 1. Phase diagrams of binary subsystems calculated using thermodynamic parameters from literature [8]: (a) Al-Ce; (b)
Si-Ce. Using thermodynamic parameters from literature [9], (c) Mg-Ce system phase diagram, (d) enlarged view of the Mg-
rich region of Mg-Ce system. Experimental data from literature [10] are overlaid to validate the reliability of the calculated
phase diagrams
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Figure 2. (a) The isothermal section of the Al-Ce-Si ternary system at 500°C was calculated using thermodynamic parameters
from reference [8]; (b) the calculated phase diagram for the vertical section Alo.9Ceo.1-Alo.9Sio.1 and (c) Ceo.2Sio.s-Alo.sCeo.2 are
compared with reliable experimental data
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Figure 3. The thermodynamic parameters obtained in this study are used to generate (a) the calculated isothermal section of
the Al-Mg-Ce ternary system at 400°C; and (b) the phase diagram along the vertical section of Al-Alo.3sMgo.sCeo.1 (mole frac-
tion), with experimental data from references [4] [6] [12] included for comparison
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Figure 4. (a) Simulation results of the solidification path of Al-7Si-0.6Mg-0.4Ce alloy based on the established thermodynamic
database and Scheil conditions; (b) DSC heating and cooling curves obtained at 10°C/min heating and cooling rates; (c) Com-
parison of phase volume fractions calculated by Scheil solidification with experimental values; (d) Al-7Si-0.6Mg-0.4Ce) BSE
images of the alloy in its cast state

4.(a) ETYETEIIARNFBIBEER Scheil &#, %t AL-7Si-0.6Mg-0.4Ce & £ B E R ZAELILZER ; (b) 10°C/min
BIMAFAENIE R T IR SH) DSC MMFSEIERL; (o) Scheil BRETEHKBHREERAHSLIEMELE; (d)Al-
7Si-0.6Mg-0.4Ce & & $57%5 T HI BSE B
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Y SSIE

N7 ERUE AL AL-Si-Mg-Ce VU7t R A7 22500 PE v S 4%, BT Scheil &ERIBINL R, XF
Al-7Si-0.6Mg-0.4Ce & & MIEEE T AT T 08, 5 LRSS M AT VEAIXT . B 4(a)REL, &
SHIEEE T N: L — (Al)s L — (A1) +(Si)s L — (A1) + (Si) + AlCeSi» f1 L — (A1) + (Si) + AlCeSi, +
Mg,Si. B, AJ LRI A S b A (A1) (Si). AlCeSiy Fl MgoSi HHAL K, A& 52 4N
HIb(AD)s eI f(AD) + (Si)s =Tt Eh(AD) + (Si) + AlCeSiy LR P T3 fh (A1) + (Si) + AlCeSiz + Mg:Sis
IeAh, 15 4(a) s Scheil AP FT LA 54 25 SO 45 F4 Hh 25 [ A B2 2R 28 ) (A AR 23 Bk A7 s = Tl 4
4(c) 7, T Al-7Si-0.6Mg-0.4Ce A 4=t J5 7 A (A1) (Si)~ AlCeSi> Fl Mg>Si #H AR F 505 51 A
93.844, 522, 0.45 1 0.49 vol.%.

E 4(d)EoR T3 Al-7Si-0.6Mg-0.4Ce &4 BSE E% . @it EPMA J5E A1 EiA Scheil #4041,
FiAHNE&SMBHENETHSEEMMMNLEH P . EPMA M€ o B 547 B N
Alz0.1Ce27.6Mgo7Siare (T H 7)o BARZARNT Mg BAT /NG AR E , AHFL RS 1R U Hux BT AlCeSia AH
FEE 4(d)F, WEVIEADAERALS, TSR] o3k i R B L—(Al) + (Si)ERI(AL + (Si) k3t
EREER s BRAN, AR (AL BRI A T A0 82 B B (AT + (Si) + AlCeSio LRI — L6 4i/N R, R IAAFAE =0k
fn A8 L — ((AD) +(Si) + AlCeSiz; J34b, [FIFERT LU I/ 8- BRI MgoSi AHHILAE 7 DY o3k gh gk
DR, d i BSE BUEWLER 2 A S BT « ARS8 5 25T 2 0 S 1 307 22 55005 FE EAT 1) Scheil #E
[ T A5 SR — %, 0 H, W 40T, SEIRFRAFI Al-7Si-0.6Mg-0.4Ce & &S HLA T F AR B S
Scheil B 45 RAE R ZE VL AV, BB TAERT LI AL-Si-Mg-Ce WUTC R E Al A #5085
JERTFEMNT . A, BT AT Al-Si-Mg-Ce VU 7GR #0722 8008 & FOBAR AN foo A8 H 1 R F-1T#% 1430
J1IEHEE, CARINHTN T Al-Si-Mg-Ce £ UM E SIEARF AT T EEE R, Xgt—BiEst
TARTAEFE K Al-Si-Mg-Ce VU 7T £ #4722 5005 1 v] 5tk

4. &g

AT AEiE CALPHAD 7B #Hi G T Al-Mg-Ce = 0 R M 12E6R . 4— 1 Al-Si-Mg-Ce Ty
CICRMBITERIR, FEET TG — I 0ok RIS BRSO/ E R VAL 1A 5 =00 R
w, EIEIMEIRTE AL-Si-Mg-Ce WUt RE Al M1 HIG IR #8005 PE . @il Al-7Si-0.6Mg-0.4Ce —
REEDY TG A 41 Scheil SR ST I8 I 78 A A AR I 5 e [ OB 2 21, JE— D I0IE T BT e Sr i 3 2%
Bl PR AT S o BT BRI SER 45 I R BE W) & 3R B, AR AR AL 1) Al-Si-Mg-Ce PUIC R & Al £y
I A TR

e HE

1) TSRO RE DR TR« AR S BER A N AR B 7 A OB AR T 5 AR
M7, WiH% S R XT2503960026:

2) JTHIXSRAET R T RITE ¢ AR AR S BRI R S A R R, TH S AR
A} XT2503960028
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