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Abstract: On the basis of thermodynamic calculations of phase diagrams, the phase composition of a new type of
Al-Mg-Si-Cu-Mn alloy was calculated under different Mg contents and Mg/Si mass ratios, and the mechanical properties of
the alloy in the as-cast state were simulated. Two aluminium alloys with compositions of Al-1.5Mg-1.1Si-0.8Cu-0.2Mn and
Al-1.0Mg-1.0Si-0.8Cu-0.2Mn were obtained. The microstructures and mechanical properties of the two alloys with different
compositions were observed and tested via optical metallographic microscopy, scanning electron microscopy and room
temperature tensile tests. The results show that with increasing Mg content and Mg/Si mass ratio, the average grain size of
the as-cast Al-1.5Mg-1.1Si-0.8Cu-0.2Mn alloy is reduced by 30% compared with that of the as-cast Al-1.0Mg-1.0Si-0.8Cu-
0.2Mn alloy; the maximum tensile strength of the as-cast Al-1.5Mg-1.1Si-0.8Cu-0.2Mn alloy reaches 177 MPa, which is
12.5% greater on average than that of the as-cast Al-1.0Mg-1.0Si-0.8Cu-0.2Mn alloy. Overall, the mechanical properties
and microstructure of the as-cast Al-1.5Mg-1.1Si-0.8Cu-0.2Mn alloy were optimized and improved to a certain extent.
Moreover, the simulation results are consistent with the experimental results, which indicates that the phase diagram
thermodynamic calculation software JMatPro is beneficial for improving the efficiency of alloy composition design.
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1 , ,
Tab.1 Keller reagent preparation parameters
Reagent Dosage/mL ’ ’ 5 mm
HNO; 2.5
HCI 15 ) 245 kN, 15s,
HF 1.0 o
H.0 95.0 3 o
E) 3 ) 2
. . ) 1~3 Mg 1.5% Mg/Si
50 mmx50 mmx (Mg/Si 1.0.1.5.1.7)
10 mm , 240# .400# .600%# , °
800# ,1000# ,1500# ,2000# , MgSi 1.0 15
1 Mg 1.5%,Mg/Si 1.0 :(a) ;(b)

Fig.1 Calculation results of the alloy phase composition and mechanical properties with a Mg content of 1.5 wt.% and a Mg/Si mass
ratio of 1.0: (a) alloy phase composition; (b) mechanical properties

2 Mg 1.5%,Mg/Si 1.5 :(a) ;(b)
Fig.2 Calculation results of the alloy phase composition and mechanical properties with a Mg content of 1.5 wt.% and a Mg/Si mass
ratio of 1.5: (a) alloy phase composition; (b) mechanical properties

3 Mg 1.5% ,Mg/Si 1.7 :(a) ;(b)
Fig.3 Calculation results of the alloy phase composition and mechanical properties with a Mg content of 1.5 wt.% and a Mg/Si mass
ratio of 1.7: (a) alloy phase composition; (b) mechanical properties
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2 (MgSi ., AlsCu,Mg;Sic) 1.5 3 (MgSi . AlCu,MgsSis .,
5 (MgSi Al;Cu MgsSic . AlMn | Al,Cu ,Al;Fe); Al,Cu) 5 (MgSi AlsCu,MgsSis AlMn ALL,Cu
Mg/Si 1.5 .7 AlFe);  Mg/Si 1.5 1.7,
, Mg,Si Al;Cu,MgsSig AlgMn | Mg,Si Al;Cu,MgSig AlMn AL,Cu , Al;Fe
Al,Cu Al;Fe Mg,Si AlsCu,Mg;Sis AlMn AL, Cu | Mg,Si | AlsCu,MgsSis . AleMn | Al,Cu | Al Cuy-
Al Cu,Mn; Mg/Si , Mn;, Mg/Si ,
286.67 MPa 277.23 MPa, 273.62 MPa 247.95 MPa,
262.21 MPa, o 236.64 MPa, o
Mg 1.0% ( 4~6), 1 4., 2 5. 3 6 ,
Mg/Si (Mg/Si 1.0.1.5.1.7) Mg/Si ,Mg 1.5%
Mg 1.0%
o ,  Mg/Si 1.0 :Mg/Si 1.0 ,Mg 1.5%
4 Mg 1.0%, Mg/Si 1.0 :(a) ;(b)

Fig.4 Calculation results of the alloy phase composition and mechanical properties with a Mg content of 1.0 wt.% and a Mg/Si mass
ratio of 1.0: (a) alloy phase composition; (b) mechanical properties

5 Mg 1.0%,Mg/Si 1.5 :(a) ;(b)
Fig.5 Calculation results of the alloy phase composition and mechanical properties with a Mg content of 1.0 wt.% and a Mg/Si mass
ratio of 1.5: (a) alloy phase composition; (b) mechanical properties

6 Mg 1.0%,Mg/Si 1.7 :(a) ;(b)
Fig.6 Calculation results of the alloy phase composition and mechanical properties with a Mg content of 1.0 wt.% and a Mg/Si mass
ratio of 1.7: (a) alloy phase composition; (b) mechanical properties
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286.67 MPa, Mg 1.0%

273.62 MPa;Mg/Si 1.5 ,Mg
1.5% 277.23 MPa,Mg 1.0%
247.95 MPa;Mg/Si 1.7
Mg 1.5% 262.2 MPa,Mg
1.0% 236.64 MPa,
2~3 Mg Mg/Si
0 , Mg
Mg/Si
. Mg Mg/Si
Mg/Si
0.05~1.05.1.20~1.55 1.65~1.70 3 o
,  Mg/Si 1.00~1.70
) Mg Mg,Si;
Mg/Si 1.09~1.70
Mg Mg.Si ALCu,
AlMn,
2 Mg 15%. Mg/Si

Tab.2 Phase compositions of alloys with a 1.5 wt.% Mg
content and different Mg/Si mass ratios

Mg/Si mass ratio Alloy phase composition

a, Al, Mg,Si, ALCu, AlMn, AlsCu,Mg;Sis,

1.63~1.70
AlyCu,Mn;
1.19~1.59 a, Al, Mg,Si, ALCu, AlgMn, Al;Cu,MgsSis
1.00~1.16 a, Al, Si, Mg,Si, Al;Cu,Mg;Sis
3 Mg 1.0% . Mg/Si

Tab.3 Phase compositions of alloys with a 1.0 wt.% Mg
content and different Mg/Si mass ratios

Mg/Si mass ratio Alloy phase composition

a, Al, Mg,Si, AL,Cu, AlgMn, AlsCu,MgsSis,

1.59~1.70 AL CusMn,
1.51~1.56 a, Al, Mg:Si, AL,Cu, AlMn, Al;Cu,Mg;Sis
1.09~1.49 a, Al, Mg:Si, AL,Cu, AlgMn, AlsCu,MgsSis
1.00~1.07 a, Al, Si, Mg,Si, Al;Cu,MgsSis
4 5 Mg Mg/Si
( “\”
Yo , Mg/Si
, Mg ,
; Mg , Mg/Si ,
. Mg
Mg/Si 1.00~1.05.1.20~1.50
1.65~1.70 .

’

Al-1.5Mg-1.18i-0.8Cu-0.2Mn-0.03Ti-0.15V (

1.5Mg-1.1Si)  Al-1.0Mg-1.0Si-0.8Cu-0.2Mn-0.03Ti-
0.15V( 1.0Mg-1.0Si)
hEIM  https://www.cnki.net

4 Mg 1.5%. Mg/Si
Tab.4 Mechanical properties of alloys with a 1.5 wt.% Mg
content and different Mg/Si mass ratios

Mg/Si . Tensile Yield
mass ratio w(Mg)/% w(S)/% strength/MPa  strength/MPa
1.70 0.880 262.21 146.10
1.65 0.910 266.08 148.50
1.55 0.970 273.57 153.17
1.50 1.000 277.23 155.46
1.45 1.030 \ \
1.40 1.070 262.99 146.59
1.35 b 1.110 286.06 161.03
1.30 1.150 \ \
1.25 1.200 \ \
1.20 1.250 \ \
1.05 1.430 \ \
1.00 1.500 286.67 161.41
5 Mg 1.0% . Mg/Si

Tab.5 Mechanical properties of alloys with a 1.0 wt.% Mg
content and different Mg/Si mass ratios

Mg/Si (Mg)% (SD)% Tensile Yield
mass ratio strength/MPa  strength/MPa
1.70 0.590 236.64 130.42
1.65 0.610 239.54 132.18
1.60 0.625 241.68 133.48
1.55 0.650 245.19 135.63
1.45 0.690 246.05 136.15
1.40 0.710 253.35 140.63
1.35 Ho 0.740 242.12 13375
1.30 0.770 261.12 145.43
1.25 0.800 264.90 147.77
1.20 0.830 \ \
1.05 0.950 273.24 152.96
1.00 1.000 273.62 153.21
3
31
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7 Mg/Si

:(a, ¢) 1.5Mg-1.1Si; (b, d) 1.0Mg-1.0Si

Fig.7 Metallographic structures of two cast alloys with different Mg/Si mass ratios: (a, ¢) 1.5Mg-1.1Si; (b, d) 1.0Mg-1.0Si

8

.(a) 1.5Mg-1.1Si;(b) 1.0Mg-1.0Si

Fig.8 Grain size distribution histograms of the two different alloy compositions: (a) 1.5Mg-1.1Si; (b) 1.0Mg-1.0Si

98 wm,
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9 Al-Mg-Si-Cu-Mn XRD
Fig.9 XRD results for two different compositions of
Al-Mg-Si-Cu-Mn alloys

Al-Mg-Si-Cu-Mn
SEM , EDS ( 10 11) ,
. 6(AlLLCu) ( 10 B

Ay
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11 B ); . B(Mg,Si) Si .
( 10 A ) . Si 3.2
( 11 A ). , Al-Mg- Al-Mg-Si-Cu-Mn
Si-Cu-Mn ALCu(B  );1.5Mg- - 12 ,
1.1Si Mg,Si, 1.0Mg-1.0Si : ,1.5Mg-1.1Si
10 1.5Mg-1.1Si SEM EDS .(a,b) A SEM EDS ;(c,d)B SEM
EDS

Fig.10 SEM images and EDS results of the 1.5Mg-1.18Si alloy: (a, b) SEM image of the area where point A is located and the EDS
spectrum of point A; (c, d) SEM image of the area where point B is located and the EDS spectrum of point B

11 1.0Mg-1.0Si SEM EDS :(a,b) A SEM EDS ;(c,d)B SEM
EDS
Fig.11 SEM images and EDS results of the 1.0Mg-1.0Si alloy: (a, b) SEM image of the area where point A is located and the EDS
spectrum of point A; (c, d) SEM image of the area where point B is located and the EDS spectrum of point B

hEIM  https://www.cnki.net



Vol.47 No.07

802 FOUNDRY TECHNOLOGY Jul. 2026
12 Al-Mg-Si-Cu-Mn - :(a) 1.5Mg-1.1Si; (b) 1.0Mg-1.0Si
Fig.12 Stress-strain curves of two different component Al-Mg-Si-Cu-Mn alloys: (a) 1.5Mg-1.1Si; (b) 1.0Mg-1.0Si
1.0Mg-1.0Si . 6
, Al-Mg-Si-Cu-Mn Tab.6 Brinell hardness measurement results for two alloys
with different compositions
’ Alloy 1.5Mg-1.1Si 1.0Mg-1.0Si
© 70.40 68.90
3 Brinell hardness
- : 69.30 67.40
(HBW)
N N 69.70 67.80
o , Average 69.80 68.03
3 . Standard deviation 0.556 78 0.776 75
. . AB 1.0Mg-1.0Si ,
MgSi . Si , 33
, , Mg/Si
o 13 14 o
, 5 13a 14a , Mg/Si
Al-Mg-Si-Cu-Mn 45°
6 o )
,1.5Mg-1.1Si ;
13 1.5Mg-1.1Si :(a) ;(b) A () B 3(d) C

Fig.13 Fracture morphology of the room-temperature tensile samples of the as-cast 1.5Mg-1.1Si alloy: (a) overall morphology; (b)
enlarged view of area A in (a); (c) enlarged view of area B in (a); (d) enlarged view of area C in (a)
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14 1.0Mg-1.0Si :(a)

i(b) A i(c)B ;(d) C

Fig.14 Fracture morphology of the room-temperature tensile samples of the as-cast 1.0Mg-1.0Si alloy: (a) overall morphology; (b)
enlarged view of area A in (a); (c) enlarged view of area B in (a); (d) enlarged view of area C in (a)
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