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Effects of Heat Treatment on the Microstructure and Mechanical Properties of
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Abstract: By hardness and tensile testing, optical microscope, scanning electron microscope and transmission e-
lectron microscope, the effects of different heat treatment processes on the microstructure and mechanical proper-
ties of high pressure diecasting (HPDC) AlSil0MnMg alloy shock tower were investiagted. The results indicate
that T5 and T6 heat treatment can improve the microstructure and mechanical properties of the shock tower. Af-
ter T5 heat treatment, the silicon phase in the structure is spheroidized. and the plasticity of the shock tower is
increased with the increase of heat treatment temperature. After T5 (350 ‘C X2 h) heat treatment, the elongation
reaches 16.32% , which is twice of that of the as-cast state. After T6 heat treatment, the Mg, Si and other
strengthening phases can be precipitated, however the size is increased with the increase of temperature, while
the strength of shock tower is decreased continuously with the rise of the temperature. After T6 (500 C X2 h+
175 C X6 h) heat treatment, the yield strength, tensile strength and elongation of the shock tower reach 217.06
MPa, 294.28 MPa and 10.25% , respectively.
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Tab.1 The chemical composition of AISil0MnMg alloy %

wg

Si Mn Mg Fe Cu Zn Ti Sr Al

10.22 0.62 0.21 0.093 0.008 <C0.0010 0.066 0.017 A&
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Fig.1 Shock tower, sampling location of shock
tower and structure of tensile specimen
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Tab.3 Heat treatment processes
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Tab.2 HPDC processing parameters

PULBT Y BEFERE/C O EEEE /D NEORE/C o wE /b

Ve TR IR/ WEEREE/  ARBUHEE/  EEME/  #EES/
C C (mes 1) (mes 1) MPa
690~700 180~200 0.25 2 80

o r v o7 A A I = TN < D B 7 L
SHOILF 3. 500 C X2 h ) T4 [ AL BAE R T5 Ab
PEAEAE L B T R AT L KT TR TR R AT B AL
H, R Zwick-100kN J7 G844 BH 56 AL 1T 1 2 P B
W, B A 7 B 3 AN FE 1 3 (8. B RE 3k 7
HVS-30P 2 (R B o b E AT, 8 49 NLfRJE 15 s,

T4 500 2 — —
310 0.5~2

TS5 - - 330 0.5~2
350 0.5~2
175 0.5~8

T6 500 2 200 0.5~8
225 0.5~8

2 RBER55H

2.1 T4 EXFHARI S F MR R
K 2 PEASH T4 BR800 B4 A 2a
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Fig.2 Metallographic microstructure of the shock

tower at as-cast state and T4 state
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Fig.3 Phase diagram of Al-Si binary alloy
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Fig.4 SEM microstructure of the shock tower at

as-cast state and T4 state

T4 NHEESM T BEHEMR ¥ MRE. TUE
S A A PR Bl 312.58 MPa, it KK Y
7.67% . 2 3k [ AL RS A 4 W PR R E R 257,67
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Tab.4 Comparison of mechanical properties of shock
tower at cast state and T4 state
HaRE Jif i 5 B / MPa Pihr s/ MPa K2/ %
P 144,13 312.58 7.67
T4 130.26 257.67 14.98

22 TS AENEHEAAMNFEEENZN
5 S F 4 350 C AN [a] I &80t a] /5 /9 SEM 4]
. ATES, %’?ﬁ:% 350 'C X0.5 h B8 . L fh L 4
EP E’JSUE%?%& a- ALFE MR SiAH I 25 B )

(a) 0 h (b) 0.5 h (c) 2 h
B 5 442 350 C B 2R F 81 49 SEM 28 47

Fig.5 SEM microstructure of shock tower aged at 350 C for different time
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Tab.S Mechanical properties of castings after heat treatment
at different temperatures and different times

G = PAb IR T Jit 5 BE / MPa. L5 B/ MPa fifi K4/ %

1 (31043) CX0.5h 182.25 301.77 8.59
2 (310+3) CX1.0 h 164.81 286.49 8.31
3 (310+3) CX1.5h 152.78 278.61 8.63
4 (310+3) CX2.0h 158.35 278.29 8.73
5 (330+3) CX0.5h 136.82 260.16 10.56
6  (330+3) CX1.0 h 127.16 246.81 13.45
7 (330+3) CX1.5h 126.15 244.7 13.74
8 (330£3) CX2.0h 123.54 240.04 13.78
9  (350+3) CX0.5h 135.18 260.72 10.55
10 (350+3) CX1.0 h 125.93 247.04 11.94
11 (350+3) CX1.5h 118.21 235.86 13.46
12 (350+3) CX2.0 h 112.32 229.14 16.32
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26 NIEFEIFZ 500 C X2 h [H % Ab Bl A [ i 2%
FAF TS 2EERE . T RUE B0 003 25 2R 5 I Rl
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200 CIBIRLAME TN . B4 LE 2 h B HE(H 281.47
MPa J5 & 8 T~ B, 10 i i 56 0] 58 T B BT, 782 hik
R /ME 11.47% J5 ETF . BeAk, Bl B R0 B 8 om &
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Fig.6 Age hardening curve of castings after solution

treatment at 500 C for 2 h
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Tab.6 Mechanical properties of the castings after solution
treatment at 500 C for 2 h at different temperatures and time

5 RRUEEITY JEIRIRE/MPa TRRIE/ MPa KA/ %

1 (175£1) CX0.5h 135.83 254.39 14.85
2 (175£1) CX1h 140.31 260.79 14.53
3 (175£1) CX2h 192.72 289.8 14.39
4 (1754+1) CX3h 205.24 291.51 10.79
5 (175£1) CX4 h 213.75 297.12 10.57
6 (175£1) CX6 h 217.06 294.28 10.25
7 (1754+1) CTX8h 158.53 266.42 10.99
8 (200£1) CX0.5h 151.44 238.05 14.71
9 (200£1) CX1h 180.45 260.72 12.59
10 (200x=1) CX2h 210.24 281.47 11.47
11 (200+1) CX3h 189.64 259.27 13.49
12 (200+1) CX4h 184.65 255.45 13.76
13 (200x1) CX6h 142.9 211.70 16.94
14 (200x=1) CX8h 134.88 204.66 17.06
15 (225+1) CX0.5 h 176.21 247.79 14.69
16 (2254+1) CX1h 160.54 234.86 12.96
17 (225%=1) CX2h 155.08 226.87 13.42
18 (225+1) CX3h 151.95 219.27 15.74
19 (2254+1) CX4h 145.24 212.61 15.99
20 (225E£1) CX6h 105.49 172.02 16.62
21 (225=x£1) CX8h 99.64 169.58 18.32
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Fig.7 SEM microstructure of T4 sample after aging treatment at different temperatures
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Tab.7 Results of SEM energy spectrum analysis %
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Fig.9 TEM high resolution and corresponding Fourier transform image of T6 treated AlSil0Mn alloy during peak aging
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Fig.8 TEM bright-field images of die-casting AlSil0Mn

alloy at T4 state and T6 state
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