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Abstract: Traditional aluminium alloys, owing to their reliance on heat treatment processes, generally suffer from high
energy consumption and significant deformation, which has driven the rapid development of non-heat treatment aluminium
alloys. The composition of the Al-7Si-Mg-Cu-Mn alloy was optimized on the basis of JMatPro thermodynamic calculations,
and the thermodynamic mechanism of the rare earth Ce in regulating the microstructure was revealed, providing theoretical
support for the development of new non-heat treatment aluminium alloys. Through CALPHAD phase diagram calculations,
it is found that controlling the Mg/Cu mass ratio to 1.53 can promote the formation of the Q phase (Al;Cu,MgSis) as the
dominant strengthening phase, replacing the Mg,Si and AlLCu phases, thereby achieving a synergistic improvement in
strength and ductility. The addition of rare earth Ce to the optimized base alloy further enhances its performance. The
mechanism of Ce microalloying is elucidated through experimental analysis and partial molar Gibbs free energy
calculations: During solidification, Ce reduces the nucleation barrier of «-Al and inhibits dendritic growth, leading to a
34.2% reduction in secondary dendrite arm spacing; during the eutectic reaction stage, Ce selectively adsorbs on the silicon
phase surface, transforming the eutectic silicon morphology from flake-like to fibrous. This synergistic optimization effect

peaks at a Ce content of 0.3 wt.%. At this level, the alloy exhibits a tensile strength of 179 MPa and an elongation of
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7.4%., representing increases of 17% and 51%, respectively, compared with those of the alloy without Ce. However, when

the Ce content exceeded 0.3 wt.%, the coarsening of the Al-Si-Ce rare earth phases results in a decrease in the mechanical

properties.
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Tab.1 Chemical compositions of the experimental alloys
(mass fraction/%)

Alloy Si Mg Cu Mn Fe Ce Al

0Ce 7.34 0.47 0.35 0.14 0.15 - Bal.
0.1Ce 726 0.47 0.33 0.13 0.15 0.10 Bal.
02Ce 729 0.47 0.34 0.14 0.15 0.19 Bal.
03Ce 731 0.46 0.34 0.13 0.16 0.31 Bal.
0.4Ce 731 0.46 0.33 0.13 0.16 0.42 Bal.
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Fig.1 Metal molds used in casting
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Fig.2 Illustration of the tensile sample
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K3 G4 thaeEds imoc R & AL s (a) AL-7SE & & 1= PERERE Mg & 7221k 5 (b) Al-7Si-0.5Mg & 4 J1 % P gkl Cu
AL
Fig.3 Trend of the mechanical properties of the alloy with increasing added element content: (a) variation in the mechanical properties
of the Al-7Si alloys with different Mg contents; (b) variation in the mechanical properties of the Al-7Si-0.5Mg alloys with different
Cu contents
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&l 4 Al-7Si-0.5Mg-«+Cu 7 & #1155 . (a) Al-7Si-0.5Mg-
0.1Cu; (b) Al-7Si-0.5Mg-0.3Cu; (c) Al-7Si-0.5Mg-0.5Cu
Fig.4 Phase diagram calculation of the Al-7Si-0.5Mg-xCu alloy:
(a) Al-7Si-0.5Mg-0.1Cu; (b) Al-7Si-0.5Mg-0.3Cu;

(c) Al-7Si-0.5Mg-0.5Cu
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[ 5 Al-7Si-0.5Mg-0.3Cu-0.15Mn-0.2Fe & 4 fH &l
Fig.5 Phase diagram of the Al-7Si-0.5Mg-0.3Cu-0.15Mn-0.2Fe
alloy
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6 ANIAl Ce & w1 & 44 MHALZL . (2) 0%; (b) 0.1%; (c) 0.2%; (d) 0.3%,; () 0.4%
Fig.6 The metallographic structures of alloys with different Ce contents: (a) 0 wt.%; (b) 0.1 wt.%; (c) 0.2 wt.%; (d) 0.3 wt.%;
(e) 0.4 wt.%
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Fig.7 SDAS of alloys with different Ce contents
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8 AN[H Ce &1 4 &M 6 &AL 2 . (a) 0%; (b) 0.1%; (c) 0.2%; (d) 0.3%; (e) 0.4%; (f) fbki R ~F Geit
Fig.8 Polarized metallographic microstructures of alloys with different Ce contents: (a) 0 wt.%; (b) 0.1 wt.%; (c) 0.2 wt.%;
(d) 0.3 wt.%; (e) 0.4 wt.%; (f) statistical analysis of the grain size

B9 ANF Ce &t G4 WAt dty SiJE AN K437 2 (2) 0%; (b) 0.1%; (¢) 0.2%; (d) 0.3%; (e) 0.4%
Fig.9 Morphology and size distribution of eutectic Si in alloys with different Ce contents: (a) 0 wt.%; (b) 0.1 wt.%; (c) 0.2 wt.%;
(d) 0.3 wt.%; (e) 0.4 wt.%
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10 71 0.3%Ce J& & 4 MM ;. (a) SEM 1Z ; (b~g) (a)HF 4H I X 81 70 2 43 1
Fig.10 Microstructure of the alloy with 0.3 wt.% Ce added: (a) SEM image; (b~g) element distribution in the rectangular area in (a)

11 X0 T 1E 8(e)(# 0.4%Ce 7 42) Y g 1%

I3 4T 1 (a) Al (b) Si; (¢) Mg; (d) Ce; (e) Mn; () Cu

Fig.11 Energy spectrum analysis of Fig. 8(e) (alloy with 0.4 wt.% Ce): (a) Al; (b) Si; (c) Mg; (d) Ce; (e) Mn; (f) Cu
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Pl 12 Tl Zis KRB Ce &N 0.3%Ce 4 4 XRD 3%
Fig.12 XRD patterns of industrial pure Al and alloys without Ce
and with 0.3 wt.% Ce

F2 Tl 4i%R KRR MCeRiFM0.3%Cer & P AIE G R 1%
SH
Tab.2 Lattice parameters of the Al matrix in industrial
pure Al and alloys without Ce and with 0.3 wt.% Ce

20/(°) Lattice
{111} {200} {220} {311}
Pure Al 38.521 44.777 65.121 78.257 82.482
0wt.% Ce 38.454 44.699 65.062 78.186 82.389
0.3 wt.% Ce 38475 44724 65.102 78235 82.443
TS FERE | I HL Ak I A8 R R s/ )N | A 5005 4l 4
1) A B A 2E U
R it — R Ce TCE A G G 4 WO 40 21K
I 2R T, R A IMatPro #4F 8 T 3
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RN RR ) T R A e SR s R Y, fR ] 12a ]
WL AESTERINT 0.3%Ce &, [ H 28R 5 43 B
6123 F1556.1 'C, Y& &R EAEW AL L, i}
(T>612.3 °C), Hfi & B I REAS , B 4 e BT,
T Ce 7EG & T IMAE R B BIFEAL, Ce Ml 1m F M
WAHTPHT R LE Ce fhB Y, X EAL G PRI 1E N
a-Al B 5 BB &% G, R oAl @AIE %, A

Alloy
{222} constant/nm

4.046 04
4.05141
4.049 24

A dboRL o Y T AR [ WA 4k 2 TA] I (556.1 C<T
<612.3 C), B AR e BB TH 5, X2 oA Bl
£ BE BEAIG , - AL SR 28 8 VBOAE b i, (A5 Ce
T [ 0 50 1AL v BE AR I, PR e T, 1L
B, Ce i 1] 7 i1 9 7 10 Ak A 288, 300 ) - AL i oz )
AR W — 2 4 ok, 53 AMEAS FE R, 24
IREEAR T 570.7 CH, & 4 3 kAR 46 7 e
TR LA P R T, X R Ce {1 T W B AE 2t
R TS e S A B Sy 2 W (87 e TR 1 9 TG
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