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In order to develop a new Al-Mg-Si alloy for automotive body panels, the effect of pre-straining in combination
with pre-aging on the bake-hardening behavior of an Al-0.6mass%Mg-1.0mass%Si alloy was investigated by
means of the Vickers hardness test, electrical conductivity measurement, differential scanning calorimetry
(DSC) and transmission electron microscopy (TEM). The hardness test and DSC analysis revealed that, with
a pre-aging at 343K, a pre-strain as small as 3% was found to improve the bake-hardening response during
final aging at 443K. The TEM observation confirmed that the improvement of the bake-hardening response is
mainly due to the enhanced precipitation of the 3" phase in the matrix. These results are explained by the
consideration that dislocations induced by pre-straining reduce the concentration of quenched-in excess
vacancies, resulting in both the suppressed clustering of solute atoms during pre-aging and the accelerated

precipitation of the 3" phase during final aging.
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Table 1 Chemical composition of studied alloy (mass%)

Si Fe Mn Mg Al
1.02 0.17 0.07 0.57 Bal.
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Fig. 1 Heat treatment flow charts

& D EAHEL.0mm & U 72 Kihf 2 v 7z, 2Ok % |
823K T60sTRIF T 2 IAMILAUEE 2 fii L , Kb TIREA L=,
UIF 0 & O ME U 72 IRME £ F MO PSR I35
40umTh >7z, 72, ANZOMRMIIHT L, TR
B & 05, 3 %D TOTAENNS L, 561
WiE LTPOTAEME LAV e ERL 72,

NS TPOTARENGE2ETOTRENG LA
7= BHZ R U T, 298K, 313K & UN343KD F il %) %
i L7z (—EREERhEFRT B) . ks, BEANS O REhBAAG
F TOER TORFERENIX300s & Uz, RERPEE R faf
H19.6N, TRIFREIIGsD S T T v 7 — Al X G5
%, F7oEERAIC K A EERME AT - 72, RN
AUBHZ DWW TR, R2EEAEVMT (Differential scanning
calorimetry, LI FDSCH i &29) % FA#E0.17K /sl
THir->72. X512, 298~343KT7.2kstiHi 4 % PAIEh
WUEE, | 443K TR 1.2ks D Fof& s % i L C (BRI
EMTB), R=oNn—FHEFEL -, BB 7 0
—F v — FER VIR, RENARRNI L T, &
WEE TSI (TEM) 12 & 2 Mk %, N#REE200kV
IZTT 572,

2. REER

2.1 —EBEEBHICREFTFOTATEOHE
TOTARE05%, 3 %15, BLOTOTAEMNE L
Lo bk E T RIT, D% D298~343KT D — PR
SO X B K EEBROZL R AR 21277, 298K
B L OBI3KINIC K O X HF ISR L =% —E &
Botz, TOLEOMXZEIT, 208K & ik L T
SISKIF D i A Ml & 7”8 U 7z, & 72, 343KHERhIC &
A LRI B ORI A R L, " BHO 2L
BNz h ZFhi10°sk L 10T Tl sz, &
512, SIRER L= FRTO B BLT, T

DTARREORNME & 10 S 2L RIZRD L7,

L 298KF & U'B13KIEERh T i Rh i RS o0 B A
EE BT LZ2—F, 343KIFRhTik, 3 X10%fHET
DEPITHML 2% 88 Lz, X612, ShlEkER
L7293 RTO—BEIFIEMC BT, POTAREOREN
& & HITEEREEITNAD U, BB R
hOMEE - THAREDZELEZRIE L T3 2 b, T
OF AN 512 & 0 RGBS T I 1 2 — Bl b O
LIRS 5 Z AWt k5T,

— BN B A RIE A S N3 5728,
DSCHHi 247 > 724 R A=K 3129, 77 24 (1) DHFH
17 % 7R84 2 480KHE DS Y — 2~ (B —2 1)~ 9
3, KRR ORI E & I EL kot POTA
EAHS Lozl e L, PO$AE 3 %5 L

40

T © Without pre-strain Tre
= k7l S
E:I (@) 298K O With 0.5% pre-strain | _ g S&\‘\s
» 30F A With 3% pre-strain 8= 3
z S 1t
=] 3
5 o]
£ 20r A “; 3
3 02 - -
z .z —2 | © Without pre-strain
%‘ 10} o 23 0 With 0.5% pre-strain
2 CF A With 3% pre-strain
© 3

e B s o

G,},,g“f et i Ll

(b) 3?3](

Change of hardness AHV
]
3
Change of electrical
conductivity AE (%IACS)

7

gy
| W

© 34;3}(

Change of hardness AHV
8
Change of electrical
conductivity AE (%IACS)

NWCo

il " " .
e e ~ — —3 e —
Aspre 10° 100 10° 10°  10° Aspre-” 102 10°  10'  10°  10°
strained Aging time t (s) strained Aging time t (s)

2 PR O X 5 K OB ROE R
Fig. 2 Changes of hardness and electrical conductivity during single

aging
g 2
= ’ .
t | Without pre-strain J
1 50mW/mg
298K, 7.2k
K, 72ks \ Y .
= e "
313K, 7.2ks ! /\
| 33K 72ks VN
2 V\
(=)
=]
= | With 3% pre-strain L
[ v
jas]
298K, 7.2ks y A\
313K, 7.2ks ! /\
343K, 7.2ks / \
-§ %) Area of Peakl: AHp.,
m I ! ! !
350 400 450 500 550 600
Temperature 7(K)
3 DSCHi#

Fig. 3 DSC curves
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