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Hot deformation behavior and microstructure evolution of 2099 alloy
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Abstract: The effects of deformation conditions on flow behaviors and microstructure evolution characteristics of 2099
alloy were investigated by hot compression tests, variance analysis and TEM technology. The results show that, the flow
stress of 2099 alloy experiences two stages with the increase of strains, namely, the transition deformation stage and the
steady deformation stage. The effects of temperatures and strain rates on the flow stress are significant under the
significance level of 0.01, which indicates that 2099 alloy is a positive strain rate sensitive and negative temperature
sensitive materials. The microstructure of 2099 alloy experiences irregular dislocation tangles — polygonization — grain
boundaries bulging + subgrains coalescence — dynamic recrystallization grain growth with increasing the strains and
temperatures and decreasing the strain rates. And the fine recrystallized microstructure of 2099 alloy can be obtained
under the deformation conditions of temperature 460 °C, strain rate 0.01 s ' and stain 1.1.
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Table 1 Chemical composition of 2099 alloy (mass fraction,
o)
Cu Li Zn Mg Mn Zr Al
2.6 1.75 064  0.29 0.3 0.08 Bal.
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Fig. 1 Optical microstructures of 2099 alloy before and after
hot homogenization: (a) As-cast; (b) (515 ‘C, 18 h)+(525 C,
16 h)
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Fig. 2 True stress—true strain curves of 2099 alloy
under different deformation conditions: (a) 0.001 s ;
(1)0.015 () 0.1s (@ 1s"(e)10s"

TTHR T AU LN ASHE R, W Rom A

o=f(T) (1)
R A TR PRI N A A DAy ST AR I 2 ) T2 2

WA 20 M, FLEi Rk 3 sl

F2 2099 HAUEEN T
Table 2 Peak stress values of 2099 alloy

Strain Peak stress/MPa
300 C 340 C 380 C 420 'C 460 ‘C 500 C
0.001 77.3 53.1 38.5 28.5 21.9 17.7
0.01 103.6  72.4 53.7 36.9 28.6 228
0.1 1257 953 72 53.7 43.6 36

1 1612 121.6  95.9 75.5 63.5 533

10 203.3 1593 1269 979 71.7 58.2

rate/s”!




1696 A G EE R

2014427 H

w3 TESHER

Table 3 Variance statistical analysis result

Statistical result

Variance source

Degree of freedom Sum of square Mean square Fvalue P value
Temperature 5 33010.8427 6602.1685 45.5237 2.9897X107"°
Strain rate 4 25426.2513 6356.5628 43.8302 1.2641X107°
Model 9 58437.094 6493.0104 44.771 2623110
Error 20 2900.5407 145.027 - -
Corrected total 29 61337.6347 - - -
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Fig. 3 TEM images of 2099 alloy at strain rate of 0.01 s', temperature of 460 ‘C and different strains: (a) &=0.3; (b), (c) &=0.7;

(d)e=1.1
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Fig. 4 TEM images of 2099 alloy at strain rate of 0.001 s ", strain of 0.7 and different temperatures: (a) 300 ‘C; (b) 380 “C; (c) 420

'C; (d) 500 ‘C
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Fig. 5 TEM images of 2099 alloy at temperature of 420 °C, strain of 0.7 and different strain rates: (a) 0.01s™"; (b) 0.1 s ";(c) 1s7";
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