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A Study on the Mechanical Properties of Spray-cast Al 6061 Alloy with
Variation of Mg/Si Content

Jae-Sung Lee and Myung-Ho Kim

Division of Material Science & Engineering, Inha University, Incheon 402-751, Korea

Abstract

Mechanical properties of the spray-cast Al 6061 alloy with variation of Mg/Si addition were investigated. After spray-cast, hot
extrusion was performed at 460°C then followed ageing treatment to the T6 condition. SEM, EDX, and XRD were used to char-
acterize a B(Mg,Si) precipitate. The amount of 3 precipitate was calculated from the XRD measurements. Hardness, ultimate tensile
strength and elongation were tested then compared with those of the Al 6061 alloys made by ingot metallurgy (I/M) and powder
metallurgy (P/M). The ultimate tensile strength and elongation of the spray-cast Al 6061 alloy were 318MPa and 16.5%, respec-
tively. These properties were improved in the 2.2 wt%Mg and 1.3wt%Si addition up to 349MPa of UTS and 12.5% of elongation,
mainly due to increased amount of a fine supersaturated P(Mg,Si) precipitate.
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Table 1. Chemical composition of the spray-cast Al 6061 alloys(wt.%).

# Mg Si Fe Cu Al
Al 6061(ASTM) 1.2Max 0.8 Max 0.7 Max 0.4 Max Bal.
No.1 Al-0.6Mg-0.4Si 0.68 0.43 0.13 0.28 Bal.
No.2 Al-1.2Mg-0.8Si 1.3 0.76 0.13 0.28 Bal.
No.3 Al-2.2Mg-1.3Si 2.15 1.23 0.18 0.28 Bal.
No.4 Al-2.0Mg-1.6Si 1.94 1.51 0.13 0.26 Bal.
2. AlE] HHH Table 2. Experimental conditions of the spray casting.
Melting temperature 800°C
2 A AMEE AR AIEHES Al 6061, Al-25 wt.%Si, Pouring temperature 800°C
Pure Mg, Pure AlS AME3te] A7 |- Ed200A 20Kgs X Molten metal temperature 760~790 °C
THOE &t EAFR AXE ARE-ste] o HI A FA Atomizing gas N,
(preform)Z A|ZFsIATE o] we] EALREE 760~780°C, ¥A} Gas pressure 6 Kg/cm?
7IE 6kglem?e] EARIES 7HA N7teE ARSI o] Flight distance of droplet 440~460 mm
A Fx25 AHIAAFAE 460°CE dES F 25:19 =M Speed of the substrate 50 rpm
2 AIRFES AAE] HETHOE 10mmOEd AlFHS Al
z3519t} o)A Ax"E AFH tsted 540°CAA 2hr = Table 3. Experimental conditions of the hot extrusion.
QF 848l A& AA, FE(salt bathyS ©]-83}03 170°ClA] Diameter of extrusion die 50 mm®
Zk7} 4, 8, 16, 24hr 5 Al EXEE YsHAT Die angle 180°
Az A PHL vM22] F2E 98] 1 um teloREE H| Ram speed 2.2 mm/sec
o]2~E(Diamond Paste)Z Avlsl & wA|z22S #aa) g4 Die temperature 400°C
2] Al AAEE 23S BRI $Isle] SEM(Jeol5600), EDX, Extrusion ratio 25:1
XRDE o] &3k A} BAS AA YT} Extrusion temperature 460°C

AR BAE &3] 215k ASTM subsize 49| %
A elANHO R 7HEE B Instron 4481 AAAHI|E ALE
1.8 mm/min®= “F2ol|x] AFAIFS AAEI
Rockwell AEAS AF&-3lo] z4zte] AHG
A8l Hoipta A ALl UmA] SH2E 3
#ate] F3kaltt.
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Fig. 1. SEM and EDX analysis of an extruded and aged Al-2.2Mg-1.3Si alloy: (a) SEM image and (b) EDX analysis of B(Mg,Si).
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Fig. 2. X-ray diffraction pattern of the aged alloys: (a) Al-0.6Mg-0.4Si, (b) Al-1.2Mg-0.8Si, (c) Al-2.2Mg-1.3Si, (d) Al-2.0Mg-1.6Si, respectively.
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Fig. 3. The relative amount of [B-phase measured by X-ray
diffraction pattern.
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Fig. 4. Comparison of hardness after aging treatment. The data IM*

and PM?® are from ref[8].
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Fig. 5. Comparison of properties after aging treatment : (a) Ultimate tensile strength, (b) Elongation. The data IM* and PM* are from ref[8].
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