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ABSTRACT To reduce the weight of car body, Al-Mg-Si-Cu alloys have been widely used to produce outer body
panels of automobiles due to their favorable high strength-to-weight ratio,corrosion resistance,weldability and
good formability. AI-Mg-Si-Cu alloys belong to age-hardenable aluminium alloys ,whose strength derives mainly
from the matrix precipitation during aging treatments.However, their bake hardening response still need to be
further improved to enhance their dent resistance.A novel thermo-mechanical treatment consisting of conventional
pre-aging, pre-deformation and re-aging was developed to enhance the tensile properties and bake hardening
increment of Al-Mg-Si-Cu alloys .In this work, the effect of pre-deformation on the precipitation behaviors of
Al-Mg-Si-Cu alloy was studied by DSC, mechanical property measurement and TEM.The results show that,the
GP zone dissolution rate decreases with increasing pre-deformation during the slow heating up process for the
pre-aged alloy, the corresponding activation energies of 0, 5% and 15% pre-deformed alloy calculated by
Avrami-Johnson-Mehl method are 137.1, 189.5 and 141.3KJ/mol, respectively. If the pre-deformed alloys are
directly bake hardened at 185°C for 20min, precipitation and bake hardening increment can be greatly improved by
pre-deformation (the highest bake hardening increment is 160MPa), but the bake hardening increment rate
gradually decreases if the pre-deformation is above 10%. In addition, the GP zone dissolution rates of
pre-deformed alloys after bake hardening treatment are much lower when the heat treatment temperatures are
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below one certain value, but if the treatment temperatures above it, the corresponding GP zone dissolution rates
are higher than that of alloy without pre-deformation, finally, the activation energy changes from high value to
low value even can be observed in the In[(dY/dT) ¢/f(Y)]-1/T curve. For the B’ precipitation in the alloys, with
increasing pre-deformation, its activation energy gradually decreases, corresponding gradually increase of
precipitation rate.
KEY WORDS Al-Mg-Si-Cu alloy, Automotive sheet, Pre-aging, Pre-deformation, Kinetics
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Fig.1 DSC curves of Al-0.6Mg-0.9Si-0.2Cu-0.07Mn alloys after T4P treatment with different
pre-deformations
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Fig.2 the determination of GP zone dissolution activation energy for Al-0.6Mg-0.9Si-0.2Cu-0.07Mn alloys after
T4P treatment with 0, 5% and 15% pre-deformations and GP zone dissolution kinetics of the theoretical prediction
(a)Y-T curves, (b)dY/dT-T curves, (c)In[(dY/dT) @/f(Y)]-1/T curves, (d) the theoretical prediction of Y-¢ curves at
185C
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Fig.5 GP zones dissolution peaks and the determination of GP zone dissolution activation energies (a) GP zone
dissolution peaks, (b)Y-T curves, (¢)dY/dT-T curves, (d)In[(dY/dT) @/f(Y)]-1/T curves
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Fig.6 B precipitation peaks and the determination of B’ precipitation activation energies (a) B precipitation peaks,
(b)Y-T curves, (¢)dY/dT-T curves, (d)In[(dY/dT) @/f(Y)]-1/T curves
N T SO B AS [ AR T B A A AT s, ARE I 5 A 6 THERAZI O A ko, 1T BAZA HiAH
PORZS G4 GP X RN B AHT B 1552, W3R 1| o #i e DAl & & 75 185°C it — 20 iy 2t
FEHR GP XIEAAEFN B AHBT H B 250 [0 A2 O R 2k, il 7 Fros. 7 (a) ATLAE W, BEE AR
SR, 25 EAXT R GP DXV fif 1 2T S Bl A I RN 8] ) IE K 2 i TR A TR T AR FE 5 (1) & 4. T
T BUAHMIMTH, BB 7 (o) RTLUEH, BEETRZERIGM, RSN, & 15%TA8 7 kb 1
Ja & &AL 2h A RIRT AT H .

#1

GP XVl An B AT H 30 122 24

Table 1 Kinetics parameters of GP zones dissolution and B precipitation

Peaks of GP and B° 0 ko Kinetics expression
KJ/mol min’!
GP zone dissolution for the (T4P+BH) 128.0 29x 10"  Y=l-exp[-2.9 x 10"%exp(-15401/T) x 1]
GP zone dissolution for the (T4P+5%+BH) 133.8 1.4x10"  Y=l-exp[-(1.4 x 10"*exp(-16103/T) x £)']
GP zone dissolution for the (T4P+15%+BH) 97.0 22x10"  Y=l-exp[-(2.2 x 10"%xp(-11664/T) x )]
B’ precipitation for the (T4P+BH) 176.9 52x 107  Y=l-exp[-(5.2 x 10"7exp(-21285/T) x £)*]
B’ precipitation for the (T4P+5%+BH) 164.9 3.5x10"  Y=l-exp[-(3.5 x 10'"exp(-19842/T) x 1)*]
B’ precipitation for the (T4P+15%+BH) 127.1 53x10%  Y=l-exp[-(5.3 x 10"%exp(-15321/T) x £)’]

Q—activation energy,KJ/mol;ky—frequency factor, min”!
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Fig.7 Precipitation kinetics of the alloys bake hardened at 185°C (a) GP zone dissolution kinetics, (b)p’

precipitation kinetics
3.4 TEM EWABARH

250°CIf ¥ TEM &
Fig.8 TEM images of the bake hardened alloys heated up from 20°C to 250°C with 10°C/min

(a)0% pre-deformation, (b)5% pre-deformation, (¢) 15% pre-deformation

N T SEAFHGT EE TR TR AR BN G < AT LA RO AN A IRZS B 520, 4 T LA [R] 3R T B AL PR S 1) 5 <6
£ 185°C, 20min #5EALTE A HLL 10°C/min THIEE S M 20°CTHE S 250°C (BLidfEsE 4 5K 4 fros DSC It
B 20, RIFERESKEE, FFREATHN R TEM BREHS0EE, W 8 fn. RIS arss:, ol
THEA3 2] AL 3 Ahvi & TEM ARt A BT 20 A1 2059009 40.1%- A1 47.2%F1 49.7%. H1IE 8 AT LA H,
W& TR T RGN, & SRR N ALTE AR RGBS, T BT B0 W TR G PR T AL B 5 <6
(M. B42 15% MR G, A &3R4/ SURECE K BB IEDIR BrYTiE M SR I B T oA 2
LZAER G RE 4. AN YT A X SIETT ARG FIT AR, 3 32 205 ol T o7 i A5 B AR T 1 1 3
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(1) TS Al-0.6Mg-0.9Si-0.2Cu-0.07Mn A& HEMA ARG, fEEER RS, BHTERT
TSI 3 BIH AR 2 T A5 TN RS T B I 5 57 1% Mg/Si ELIA I, il AU RE IRt B RIMT HY 5 1T
10
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Hix2SF GP X IAM X IBmAR I, R Avrami-Johnson-Mehl J7VE3RBZ 0. 5%F1 15%TRAS AL FR
54 GP I FRBIE e 9N 137.1. 189.5 Fi1 141.3KJ/mol, FFEEST T AN GP XIEFESH 11505 FERxT
HIE AT 7 0.

(2) WIS G AR )E, WRELHET 185°C, 20min 1 RRGIMEERAE, FASH AT Ll
ARARRETTRANKIT & R B RS WAL B I N, H=mlik 160MPa /247, {HTAL
FEERT 10% LU & 6 AL G IR 2% .

(3) FIFH Avrami-Johnson-Mehl J7 50 532 & S HHTHINIE GP [XIEEAT B AR HHBh 122 7E, RIME
&2 5% 15% AR A G GP X IEMEARIE— iR E MET REWMBENESE, HEMEERTHE—
FEVLG, AHRLE) GP I R S T RE ML A 4, mZIRE N In[(dY/dT) ¢/f(V)]-1/T HIZHEE 2 H
L S BE RO BRI % A BE TR = 38, B AT B BUS REA I BRI, XS R BT H i R 1y
AW
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