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Influence of interrupted quenching on
paint-bake response of AA6016 Al alloy sheet
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Abstract: The influence of interrupted quenching temperature and holding time on the aging hardening behavior and
paint-bake response of the AA6016 aluminum alloy was investigated with hardness test. The nano-size precipitates in the
natural aged and paint-baked samples pre-processed by normal quenching or interrupted quenching were analyzed by
DSC and TEM. The results show that the optimized interrupted quenching treatment is (100 ‘C, 1 h). For the sample
processed with this interrupted quenching, the hardness remains almost unchanged during natural aging, but the following
artificial aging shows high hardening rate. The tensile test results also reveal that the interrupted quenching sample shows
good ductility (6>28%), formability (o, <<120MPa, n=0.24, »=0.78) and paint bake hardening response (op,>>220
MPa, PBR>110 MPa). The samples after interrupted quenching at 100 ‘C form many Mg-Si clusters that distribute
homogeneously and have the size larger than critical size. These clusters suppress the formation of small clusters during
natural aging, therefore, the properties of the samples remain almost unchanged. These clusters decrease the precipitation
activation energy of " precipitates from 76.0 kJ/mol to 57.5 kJ/mol, which accelerates the precipitation of f” precipitates,
and increase the paint-bake hardening response of interrupted quenching samples.
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Table 1 Chemical composition of investigated alloy (mass

fraction, %)

Si Mg Cu Mn Fe
1.002 0.570 0.091 0.003 0.140
Zn Cr Ti Al
0.035 0.002 0.085 Bal.

ST

B: Interrupted quenching
(70-130 °C, 5-8 min) _AA
_j NA (>84d)

Temperature

Solution treatment (ST)
(540 °C, 40 min)

Artificial aging (AA)
IA: Water quenching (180 °C, 30 min)
J natural aging (>8d)

Time
1 AT ZRE
Fig. 1 Schematic diagram of representation of heat treatment

procedures
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Table 2  Hardness values and mechanical properties of

AA6016 sheets processed with specific conditions

Hardness, 00,0/ oy/ o/

.
Condition HV MPa MPa %

As-quenched(SQ) 47.4 67.2 170.2 31.2

Under-aged(SQ+

(180 °C, 30 min)) 106.7 2143 290 22.5

Peak-aged (SQ+

(180 °C, 180 min)) 120.8 269.2  340.2 18.2

T4(NA=8 d) 81.6 127.0 2445 28.2

T8X(T4+(180°C,

30 min)) 79.0 139.8 2429  26.8
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Fig. 2 Hardness values before and after paint-bake cycle for
different interrupted-quenching (a) and hardness values
immediately after IQ at 100 ‘C and after 8 d natural aging as
function of IQ time (b)
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Fig. 3 Hardness values of specimens for specific conditions
(a) and hardness curves with artificial aging time for naturally
aged

specimens, processed with water-quenching and

interrupted-quenching(b)
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Table 3 Properties before and after paint-baking treatment of specimens processed with water-quenching(WQ) and interrupted-

quenching(IQ) in T4 temper

Before paint-bake(T4)

After paint-bake(T8X)

Treat ‘ PBR/

reatmen Hardness, 00,2/ oy/ o/ " p Hardness 00,2/ oy/ o/ MPa
HV MPa MPa % HV MPa MPa %

wQ 81.6 127.0 2445 28.2 0.229  0.700 79.0 139.8 2429 26.8 12.8

1Q 74.0 113.6  230.8 28.5 0.241 0.786 109.4 224.2 305.1 23.4 110.6
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Fig. 4 DSC curves of T4 temper samples pre-processed by

water-quenching and interrupted-quenching
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Fig. 5 Processes for determination of active energy: (a) y— curve; (b) Determination of activation energy
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Fig. 6 TEM and HRTEM images of precipitates in T4 temper samples: (a) TEM image and diffraction pattern of water quenching
sample along [100]4, zone axis; (b) HRTEM image and FFT pattern of water quenching sample along [110]Al zone axis; (¢) TEM
image and diffraction pattern of water quenching sample along [100],, zone axis; (d) HRTEM image and FFT pattern of water

quenching sample along [110]Al zone axis
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Fig. 7 TEM images and selected area diffraction pattern in
[100]a; zone axis of precipitates in paint baked samples
pre-processed by different quenching procedure: (a) Water
quenching; (b) Interrupted quenching
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