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Hot deformation behavior and processing map of Pb-Mg-Al alloy
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(Key Laboratory of Advanced Materials of Yunnan Province, Faculty of Material Science and Engineering,

Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The flow stress behaviors and the deformation microstructure of hot compressed Pb-Mg-Al alloy were
investigated by hot compressive tests on Gleeble—1500 thermo-simulation machine in the temperature range of 453—613
K and strain rates range of 0.01-1 s '. The stress exponent and deformation activation at elevated temperatures were
calculated. The constitutive relationship of the Pb-Mg-Al alloy during hot compression deformation at high temperatures
was obtained by introducing Zener-Hollomon parameter. Based on Murty criterion, the processing map for the Pb-Mg-Al
alloy was obtained. The results show that Pb-Mg-Al alloy is sensitive to strain rate. The hot deformation behavior can be
described by a constitutive equation in hyperbolic sine function and Zener-Hollomon parameter. The average hot

deformation activation energy of Pb-Mg-Al alloy is 149.524 4 kJ/mol. The optimal processing parameters derived from

processing map and activation energy are 533 K in temperature and 0.1 s~ in strain rate.
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Fig. 1 True stress—true strain curves of Pb-Mg-Al alloy
during hot compression deformation at high temperatures and

strain rates of 0.01 s ' (a), 0.1s™' (b)and 15 ' (c)
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Table 1 Peak flow stress of Pb-Mg-Al alloys under different

deformation conditions

o Peak flow stress/MPa

o 453 K 493K 533K 573 K 613 K

0.01 24028 162.63 80.57 67.77 36.84

0.1 291.24  209.81 15036  107.49 66.00
1 35275 27223 191.00  143.15 100.19
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Fig. 2 Relationships among strain rate, flow stress and deformation temperature of Pb-Mg-Al alloy: (a) Iné—Ino; (b) Iné—o0;

(¢) Iné—In[sinh(ao)]; (d) In[sinh(ac)]—1/T

R2 Pb-Mg-Al FEAFRIEFA T I BRI
Table 2 Activation energy (Q) of Pb-Mg-Al alloys under

different deformation conditions

O/(kI'mol ")

-1

éls

453 K 493 K 533K 573 K 613 K

0.01 192.0293 180.8655 131.9592 137.4756 169.569 6
0.1 169.0557 159.2275 116.1721 121.028 6 149.283 0

1 1694005 159.5523 116.409 1 121.2754 149.587 5
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Fig.3 Relationship between Zener-Hollomon parameter and
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Fig. 5 Processing map of Pb-Mg-Al alloy at true strain of 0.4
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Fig. 6 Microstructures of Pb-Mg-Al alloy under different deformation conditions: (a) 613 K, 1s™'; (b) 493 K, 0.01 s '; (c) 533 K,

0.1s";(d)573K,0.1s"
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