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Table 1 Chemical composition of commercial 6063
aluminum alloy W /%

Mg Si Mn Fe Cu Zn Al
0.615 0417  0.026 0.14 0.016  0.012 e

KA BAEFSHIEIAI-M-SIEEM D KM,
FefRELLINFER2. RBEUSEREEWELFR.

®2 SREHEAI-MY-SIEEHLFEM ST KMn/Fett
Table 2 Chemical composition of Al-Mg-Si alloys prepared
by permanent mold casting and Mn/Fe ratio

w5 Mg Si Cu 2Zn Al Mn Fe Mn/Felt
0.615 0.417 0.016 0.012 #4#& 0.026 0.14 0.2
0.615 0.417 0.016 0.012 #4x#& 0.07 0.14 0.5

1
2
3 0.615 0.417 0.016 0.012 #4# 014 0.14 1.0
4
5

0.615 0.417 0.016 0.012 #y 021 0.14 15
0.615 0.417 0.016 0.012 #x¢ 0.28 0.14 2.0

Atifd:

SRR

El eREBEI=E
Fig. 1 Schematic diagram of the permenent mould casting
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Fig. 2 Dimension of tensile specimen
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(d) Mn/Fe=1.5
E3 AREMn/Felt FEEISEAI-Mg-SiEa RIS MR
Fig. 3 Microstructure of casting Al-Mg-Si alloy under different Mn/Fe ratio
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Fig. 4 XRD patterns of permanent mold casting Al-Mg-Si alloy with
different Mn/Fe ratio
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(d) Mn/Fe=15

E5 REMn/Fett FHEIEAI-Mg-SiEE = HIEISEME&
Fig. 5 SEM images of rich-iron phase casting Al-Mg-Si alloy with different Mn/Fe ratio
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Table 3 EDS analysis results of rich-iron phase casting Al-Mg-Si alloy under different Mn/Fe ratio at.%
Jtiass Al Si Mg Mn Fe Mn+Fe RGeSy GiN:
1 67.1 15 1.1 0.6 16.2 16.8 Algos (Mn, Fe) ,Sis, Alg.Fe,Si,.
2 70.3 14.9 1.8 0.7 12.3 13.0 Algso (Mn, Fe ), eSiygs Aly.Fe,Si,
3 74.9 9.6 0.8 0.9 13.8 14.7 Al (Mn, Fe ), 4;Siges Al (Mn, Fe),Si
4 71.9 16.8 1.0 0.5 9.8 10.3 Alsy, (Mn, Fe)7Si, Al.FeSi
5* 74.3 8.9 1.2 1.8 13.8 15.6 Al (Mn, Fe),6Siig Al, (Mn, Fe)Si
6" 72.3 9.3 15 2.3 14.6 16.9 Al (Mn, Fe) ,q,Siig Aly, (Mn, Fe),Si
7 67.6 13.3 0.6 2.7 15.8 185 Algzs (Mn, Fe ), gSiy s Alg (Mn, Fe),Si
g 72.6 8.7 1.0 3.2 14.5 17.7 Al (Mn, Fe) ,g:Si; 5 Al, (Mn, Fe),Si
9 722 11.8 1.0 39 11.1 15 Alyss (Mn, Fe) ;Siya Al;; (Mn, Fe)Si,
10* 76.5 8.1 0.8 4.2 10.4 14.6 Alys; (Mn, Fe) ,q,Sii6 Alys (Mn, Fe) ;Si,
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Fig. 6 Average grain size of casting Al-Mg-Si alloy with different Mn/
Fe ratio
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Fig. 7 SEM images of rich-iron phase casting Al-Mg-Si alloy in Mn/Fe=1.0
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#4 AREMn/Fett FAI-Mg-Si& &SP iEsE
Table 4 Thermal conductivity of the Al-Mg-Si alloy under
different Mn/Fe ratio
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#5 FEMn/Fett TAI-Mg-Si& &8I 1ERE
Table 5 Mechanical properties of the Al-Mg-Si alloy under
different Mn/Fe ratio

Mn/Fe  #J¥ HAAS PR R GRS
e 7 (kgem?®) 1 Q-gt-KY) [/ (mm?est) (WemT-KY)
0.2 2.71 0.77 80.70 168.40
0.5 2.71 0.88 75.93 181.08
1.0 2.72 0.86 76.71 179.44
15 2.71 0.81 75.93 166.67
2.0 2.72 0.84 65.76 150.25
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E8 FREMn/Fett FAI-Mg-Sia SR EER
Fig. 8 Thermal conductivity of the Al-Mg-Si alloy with different Mn/
Fe ratio
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Fig. 9 Mechanical properties of the Al-Mg-Si alloy with different

Mn/Fe ratio
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Fig. 10 Stress-strain images of Al-Mg-Si alloy with different Mn/Fe
ratio
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Fig. 11 Fracture morphology of the Al-Mg-Si alloy under different Mn/Fe ratio
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Effect of Mn/Fe Ratio on the Microstructure and Properties of Al-Mg-Si
Alloy

LIU Ya-ting', LI Yuan-dong"?, LIU Wen-jing", WANG Zi-chen', LUO Xiao-mei*, Bl Guang-li*?

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology, Lanzhou
730050, Gansu, China; 2. Key Laboratory of Nonferrous Metals Alloy and Processing, Ministry of Education, Lanzhou University of
Technology, Lanzhou 730050, Gansu, China)

Abstract:

Taking Al-Mg-Si alloy as the research object, the casting made by permanent mold casting was used to study
the effect of Mn/Fe ratio on its structure and properties. The results indicated that there were a-Al matrix and
a large number of precipitated phases between the dendrites in the or structure of Al-Mg-Si cast alloys, which
were mainly dominated by Mg,Si phases, and there were also a small amount of eutectic Si phase, AlFeSi
phase and Al(FeMn)Si phase. With Mn/Fe ratio increased, the grains in the alloy gradually become fine
and rounded, and transform from dendrites to equiaxed grains. Mn could promote the transformation of the
needle-like B-AlFeSi phase to the skeletal, granular or massive a-Al(FeMn)Si phase in aluminum alloys. The
thermal conductivity of the alloy reached a maximum value of 181.08 W - m™ - K™ at a Mn/Fe ratio of 0.5.The
alloy had the smallest grain size and the best mechanical properties at a Mn/Fe ratio of 1.0.When compared
to Mn/Fe of 0.2, the tensile strength, elongation, and hardness increased by 17.45%, 49.57%, and 31.82%,
respectively, reaching 167.35 MPa, 17.23%, and HV 86.26.
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Al-Mg-Si alloy; Mn/Fe ratio; permanent mold casting; mechanical properties; thermal conductivity
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