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Effects of Heat Treatment on Microstructure and Mechanical Properties

of AISi12CuMgNi Alloy
Liu Feng. Shi Qiuyue, Guo Rui
(College of Material Science and Engineering, Hubei University of Automotive Technology)

Abstract ; The effects of temperature and time during solution treatment and aging treatment on the microstructure
and mechanical properties of AlSi12CuMgNi alloy were investigated. The results indicate that when solution tem-
perature is in the range of 490~560 C, the strength and hardness of the alloy are increased firstly and then de-
creased with holding time and the temperature variation. The burnt phenomenon appears at 550 C, and the hard-
ness reaches peak value with the lower residual stress after 535 C X2 h. After solution treatment at 535 ‘C for 2
h and aging treatment at 180~260 C for 6~9 h, strengthening phase is precipitated with time and temperature
variation, where the strength and hardness are increased firstly and then decreased. When the temperature reaches
240 C, the over-aging is obvious, and the strength and hardness are significantly decreased. After solution treat-
ment at 535 C for 2 h and aging treatment at 200 ‘C for 8 h, the hardness reaches 150 HB, and tensile strength
is more than 320 MPa, where the residual stress is significantly lower than that before solution.
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Tab.1 Chemical composition of AlSi12CuMgNi alloy %
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AlSi12CuMgNi 85 & 4 >R 4l B 1 2y 99.99 % 1 4l
BR GG AR RE IR L H AR LR AR 4 R 1 IEAT OB, 7
SG,-30-8 HE4 LB P8 o S0 WA U R I AN 55 4
HIAHET TH 2 400 C I A4l 55 5  9R J5 B i B T &2
720~730 C,fERR WK AR S A SiLNi, Cu, 22 it
FNAE G A ot Ak F 6 22 58 9 1 2l 88 e A Je 14k 4k
FER A THEZE 750 CHR R & BB E K B IR
e Fe B AR I Tz AR Fn R LB D o dg B
BARE K S FEHE % 2 T 2078 M393139 I s o [ 5
AL (5 s PIAK B KK 80 C) B Jy 1A [V 7
L 2GR A ATK AR b TR AL . B
9ok CMT5205 J7 gt il B ALk 47 o I 7 ik %
DH3820 #7548 I3 28 45 I 5 1 RE B2 06 B 5% A IV
T IR RN — AR EIN T LT

34

I
19 = 19
o 20 =] =4
o

110
(b) R+ A
Bl EARHE
Fig.1 Stress specimens
F2 nMAEMEARERRIZ

Tab.2 Solid solution process of tensile and stress specimens

(a) %4 A

M393139 H i 4 v if 280 b 38 SR 5 0 i A R RE 19 )
SR RE S Ty i B AR AR ) . BRI 0.5%
n HF WS s . % H Axio Observer fih = & 5 5 %
FLHEAT L ZU00 Bl HB-3000B A [ A% B2 100 X [ 75
KA JSM6510-LV HL 45 WA K LB 5 .
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Tab.3 Aging process of specimens

o) WRGERE/C o mE /b 4150 BRGEE/C O mi ) /h

1 180 6 13 240 6
2 180 7 14 240 7
3 180 8 15 240 8
1 180 9 16 240 9
5 200 6 17 260 6
6 200 7 18 260 7
7 200 8 19 260 8
8 200 9 20 260 9
9 220 6 21 280 6
10 220 7 22 280 7
11 220 8 23 280 8
12 220 9 24 280 9

A BEEE/C R /b AR R/ C o [ EE R /h

1 490 2 13 535 2
2 490 4 14 535 4
3 490 6 15 535 6
4 490 8 16 535 8
5 505 2 17 550 2
6 505 4 18 550 4
7 505 6 19 550 6
8 505 8 20 550 8
9 520 2 21 560 2
10 520 4 22 560 4
11 520 6 23 560 6
12 520 8 24 560 8
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Fig.2 Quenching mode
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Fig.3 Hardness variation of specimens after solid solution



PAb PR 51l ALSI12CuMgNi A Iy ERe g x| g %%

M. H ik B T AN ) 2 U5 L FE4K R KK Si
HB S K AR FE JF 4G T W 550 CRPREJE R e ]
B TFR IR EAL B . AR 4 A T 2 A g T
L 925D T 2 9 52 060/ T S 15 56 T8 0 S0

15 520 ‘CHI 535 C A [l [ 75 I I i B i 2 b
REDLI 4. P da AT L. 76 PUA SRS T B I ) £ 4
K BRI Y S T B R W AE WA R ) L 7E 535
Il 2 h BRI 75 520 C ¥ 4 b i BLIS
MR FE Jy 145~ 165 MPa. #4415 5 10 38 i 36 A& — 3K,
P Ab 1] DL R S 5L B % (L 7E 2~4 b

300 1.2

(b) 520 CX4 h B&

(B Vs ) (] Be N R BG4 [ I R) A (] L 7E 535 C
R /1 E DO (N = s s/ 0 I 9 1) R =
T 1%, ZRG A 0. 78 520 CE 4 h )¢ 535 CH
%2 h By SRR AR .
2.1.2 BRI 50t

% 520 C X4 h K 535 C X2 h EEERFEITE
A ST, 4 31k 104,100 MPa, 520 C X4 h [# %
T BE A W 2 5 A B, WS T LR 0 N ) S s Bk AR
N 3R s #E 535 C iy 3 B AR X 4 B A B A
Jo SRS & &AW AR R A B, 2 A R
A, DA T s Bl A AR R AR L T
2.1.3  SAMHHAL T

K 5 2 AISi2CuMgNi & 4 A [A) AR 25 1) 4 AH A 21
AL S FER o+ Si+ Mg, Si+ AL Cu+
AL Ni+ AL CuNi+NiSi,, EEFHLEERETHE
Al B AR AR R SRR S SM ) BURLIR JE
AU A RBLAI I A St AL S Nk KA AR
B3 fh STk ARV T K B AR i 80 T A 7R SR BR AL R
HEL R B 0 AR 4 AH 28 T V5 e {6 5 4 B ) 2 M R 4R

50 pm

(c) 535 CX2h A&

B 5 AlSi2CuMgNi 44K ] 4k 4 49 2 48 41 28
Fig.5 Metallographic structure of AlSi2CuMgNi alloy in different states

535C
260 K//N‘ 1.1F
g Lo
= 220 ES
%( 520 C §0-9- Q
180 gog_ 520°C
& ) 535°C
140 0.7f
ool e v gl
001 2 3 4 5 6 7 8 01 2 3 4 5 6 7 8
FFE]/h i /b
(a) #F3% (b) fb & &
B 4 AlSi2CuMgNi 45 &4 R Fl B 7 6t 18] 69 ) 5 ik 4k
Fig.4 Mechanical properties of AlSi2CuMgNi alloy
for different time
50 pm
(a) %%
1 BR AR N IR R
2.2 BIZIAbEE
22,1 JyrEERE S AT

22535 CIE¥ 2 h 5 AR 2T 204k B4 < il ke
A S PERE WA 6, th 8 6a W] L. 24 I R BE O 180
C 5 45 1 R B2 it 5 I ] 9 A2 T T o8 5 24 I 280 B

160 200 °C 350

220 C
150 | / 30
140 | L 310F
RE S wof
a 180 °C =
& 10F we W 270F
B0t - — /20T & as0
S
100 | . 230}

200 C

200 F1 220 CH A 4 (4R 2 Bt I I 1Y) A 4SS T
J& B R Y IO BE S 240,260 F1 280 C B, A 4 Y B
J3E i A ST [ 1% S 4 T AR o I AR B D 180 Cnf L B A
P TR] P S2E < b D T 98 S 6 545 R 32 462 M 1 [ 7 4
B TR AT IR HETOE B GLPL XY e B AR X
4 2 R o 6 I8 75 DX o A A 2R T R 5 B G
T s I A5GHLEE S 200 1 220 C I o A Bl s (] SE 4L 57

115 1 180 C

wp —2
105 F T

o Lo0f 7

5 ) ]

3 0951 ~_ 200 ¢ 240 °C

b L
o 0.90

220C € s 260°C /
260 C S 0:80 [ X
/

6 7 8 9 6
FEf E1/h
(a) A&

20 F 280 C 210 F CR' 0.75 | 280 'C
) L L 1 ) 190 1 280 1 1 0.70 1 L 1

)
8 9 6 7 8 9

Bt iEl/h B/
(b) 45 5%

(OELE S

B6 #5355 CX2hBEEERRFHLIEE AlSi2CuMgNi 448 1 F ik
Fig.6 Mechanical properties of AlSi2CuMgNi alloy after 535 C X2 h solution and different aging treatment
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