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ABSTRACT

Effects of Al and Sn Microstructure and Mechanical

properties of Mg-Al-Sn alloys

by KIM Young-Mo

Advisor : Prof. Cha, Yong Hoon Ph. D.

Industrial Technology Engineering,

Graduate School of Chosun University

The Majority of magnesium components aregenerally used in the

automotive and electronic industries. However, thse application of

magnesium alloys is limited to components because of low mechanical

properties and corrosion resistance at ambient properties. Especially,

Mg-Al system alloys are inexpensive and have standard mechanical

properties microstructure and deformation behaviorsat high temperature

were investigated. The Mg-Al-Sn based alloys were prepared by casting

(Al content :3, 6, 9 wt%, Sn content : 2, 5, 8 wt%) in an electric

resistance furnace using steel crucible under the protection of a mixed

gas atmosphere of SF6 and CO2.



- VI -

In this work, microstructure of as-cast Mg-Al-Sn alloys consists of α

-Mg matrix, β-phase (Mg17Al12) and Mg2Sn eutectic phase. For a given

artificialaging treatment, a higher Aluminum and Tin contents produces

much precipitates at the grain boundary as well as within the grain in

unidirectional solidification. Asa result of this experiment the higher is

aluminum contents the higher is the ultimate tensile strength, yield

strength, hardness while the lower the elongation.

Key words : Mg alloy, Mg-Al, Mg17Al12, Hot extrusion, Hot rolling,

Microstructure, Mechanical properties
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Fig.1 Phase diagram of binary Mg-Al alloy
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Fig. 2 Variation of Al concentration across reaction interface in Mg-Al alloy.[2]
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Fig. 3 Microstructures of (a)continuous and (b)discontinuous precipitates in

Mg-Al alloy.[10]
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Fig. 4 C curve for the start of the discontinuous precipitation in

Mg-9wt.% Al alloy.[13]
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Fig. 5 Diagram of precipitation morphology with Al concentration and aging temperature in

Mg-Al alloy.[15]
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Table. 1 Chemical composition of cast Alloys.
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Fig. 6 Melting furnace
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Fig. 8 Scanning electron microscope.
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Fig. 9 Extruding Machine.
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Fig. 10 Ultra Micro Hardness tester.
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Fig. 11 Universal Test Machine.
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Fig. 12 Schematic drawing of Compressive and tensile specimen.
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Fig. 13 Optical micrographs of the as-cast alloys.

(a)Mg-3Al-1Sn, (b)Mg-3Al-2Sn (c)Mg-3Al-3Sn

Fig. 14 SEM/EDS analysis of second phases in the Mg-3Al-2Sn alloy.
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Fig. 15 Various of hardness value in the Mg-3Al-xSn alloys with heat-tretment

condition
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Fig. 16 Optical micrographs of the Mg-3Al-2Sn-xMn as-cast alloys

(a)None, (b)0.2wt% Mn (b)0.4wt% and (c)0.6wt%
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Fig. 17 Optical micrographs of the Mg-3Al-2Sn-xMn extruded alloys

(a)None, (b)0.2 wt%Mn, (b)0.4 wt%, (c)0.6 wt%
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Fig. 18 Stress-Strain curves of the Extruded Mg-3Al-2Sn-xMn alloys.
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Fig. 19 Grain size of the Mg-3Al-2Sn-xMn extruded alloys.
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Fig. 20 Optical micrographs of as-cast alloys

(a)Mg-6Al-2Sn, (b)Mg-6Al-2Sn-0.4Mn, (c)Mg-9Al-2Sn, (d)Mg-9Al-2Sn-0.4Mn
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Fig. 21 SEM/BEI image of the Mg-xAl-2Sn alloys; (a)SEI image and (b)BEI image of

Mg-6Al-2Sn, (c)SEI image and (d)BEI image of Mg-9Al-2Sn
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Fig. 22 SEM/EDS analysis of precipitates in the Mg-6Al-2Sn alloy.
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Fig. 23 SEM/EDS analysis of precipitates in the Mg-6Al-2Sn alloy.
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Fig. 24 SEM/EDS analysis of precipitates in the Mg-9Al-2Sn alloy.
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Fig. 25 SEM/EDS analysis of precipitates in the Mg-9Al-2Sn alloy.
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Fig. 26 Grain size of the gravity cast Mg-Al-Sn alloys.
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Fig. 27 Optical micrographs of the Mg-Al-Sn alloys after aging treatment at 200 for℃

12h ; (a)Mg-6Al-2Sn, (b)Mg-9Al-2Sn
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Fig. 28 SEM/EDS analysis of the Mg-Al-Sn alloys after aging treatment at 200 for℃

12h; (a),(b)Mg-6Al-2Sn and (c),(d)Mg-9Al-2Sn
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Fig. 29 Optical micrographs of extruded alloys

(a)Mg-6Al-2Sn, (b)Mg-6Al-2Sn-0.4Mn, (c)Mg-9Al-2Sn, (d)Mg-9Al-2Sn-0.4Mn
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Fig. 30 Stress-Strain curves of the Extruded Mg-xAl-2Sn-0.4Mn alloys
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Fig. 31 Optical micrographs of as-rolled alloys after 400 for 30min annealed℃

(a)Mg-6Al-2Sn, (b)Mg-6Al-2Sn-0.4Mn, (c)Mg-9Al-2Sn, (d)Mg-9Al-2Sn-0.4Mn
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(a)

(b)

Fig. 32 Stress-Strain curves of the Extruded after Rolled

Mg-xAl-2Sn-0.4Mn alloys

(a)Before annealing (b)after annealing at 400 for 30min℃
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Fig. 33 Optical micrographs of the as-cast alloys

(a)Mg-9Al-2Sn, (b)Mg-9Al-5Sn, (c)Mg-9Al-8Sn
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Fig. 34 SEM/BEI micrographs of the as-cast alloys

(a)Mg-9Al-2Sn, (b)Mg-9Al-5Sn, (c)Mg-9Al-8Sn
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Fig. 35 SEM/EDS analysis of precipitates in the Mg-9Al-5Sn alloy.
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Fig. 36 Optical micrographs of the as-extruded alloys

(a)Mg-9Al-2Sn, (b)Mg-9Al-5Sn, (c)Mg-9Al-8Sn
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Fig. 37 Stress-strain curves of the extruded Mg-9Al-xSn alloys
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Fig. 38 SEM micrographs of the extruded Mg-9Al-5Sn alloys
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Fig. 39 Various of hardness test at function of condition

(a)Mg-xAl-2Sn (x=3, 6, 9 wt.%) (b)Mg-9Al-xSn (x= 2, 5, 8 wt.%)
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Fig. 40 Optical micrographs of the Mg-Al-Sn alloys peck aging time

(a)Mg-3Al-2Sn at 2h, (b)Mg-6Al-2Sn at 24h, (c)Mg-9Al-2Sn at 12h,

(d)Mg-9Al-5Sn 12h, (e)Mg-9Al-8Sn at 12h
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Fig. 41 SEM/BEI micrographs of the Mg-9Al-2Sn alloy
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