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Influence of pre-strain and heat treatment on subsequent deformation
behavior of Ti6321 titanium alloy

YIN Yanchao

(Luoyang Ship Material Research Institute, Luoyang 471023, Henan, China)

Abstract: Pre-tension and heat treatment were performed on the Ti6321 alloy, and their effects on sub-
sequent deformation behavior were investigated and compared. The results show that the compressive
yield strength of the specimen decreases after pre-tension, and the decrease amplitude increases first and
then tends to be stable with the increase of pre-tensile plastic strain. The compressive yield strength of
the pre-tensile specimen is restored to a certain extent after heat treatment and then reverse loading, and
it is higher than that of the pre-tensile specimen without heat treatment. The recovery amplitude of the
compressive yield strength increases with the increase of heat treatment temperature. The mechanism of
Bauschinger effect in Ti6321 alloy is the result of the long-range effect of residual stress in the process
of micro-zone heterogeneous plastic deformation and the short-range effect of resistance change in the
process of dislocation movement, and the former is the main reason. The dislocation configuration of
the pre-deformed specimen changes during the heat treatment process, and the formation of subgrains
reduces the dislocation density and the degree of dislocation pile-up. On the other hand, the dislocation
climbs at high temperature, which leads to stress relaxation, the additional stress between grains decre-
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ases, and the residual stress in the micro-area decreases. Under the combined action of the two, the reve-
rse bearing capacity of the pre-deformed Ti6321 alloy is restored, and the Bauschinger effect is weakened.
Key words: Ti6321 alloy, pre-tension, heat treatment, Bauschinger effect
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Table 1 Chemical composition of Ti6321 alloy plate %

Ti Al Nb Zr Mo N H C (6] Fe Si

Bal. 6.22 2.50 2.03 1.02 <0.005 0.001 6 <0.01 0.081 0.029 0.024

(a) OM; (b) TEM
1 R A Tied21 S&RBALRRA
Fig. 1 Microstructure of the as-received Ti6321 alloy
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Fig. 2 Diagram of a specimen
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Table 2 Compressive yield strength of the Ti6321 alloy
with different pre-tensile plastic strain

A TR AR S PE Y 25/% 545 A5 B /MPa
1 0 794
2 0.28 769
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Fig. 3 Compressive properties of Ti6321 alloy before and
after pre-tensile

22 TARIE Ti6321 LubH S Jr2pEfE

TARTE Ti6321 f 4 2 A 15 1 1R 45 i 0 25
Ringe 3, | 4 Fron. mg R a0, JAS B+t B
A Ti6321 A 4 1 H4h i ko B2 I i = T IR IR A,
H S A B B ) g i = . b TR
247 Jeb AR5 J3E 1 [l R R, DA 0 2 R 40 St Al e
FEAE R e, R BUVETEA | WA TE Kb A
TRURE I He 247 Tt it B2 5 i e 255U s 4 e Il e B 1Y)
FUAE R HEFTXF EL

x3 TRMHALIER Ti6321 E&MIXER
Table3 Compressive properties of pre-tensile plastic
strain Ti6321 alloy after heat treatment
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0 794 100
1.2 617 777
1.2 300 632 79.6
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5.0 300 556 70.0
5.0 500 685 86.3
5.0 550 714 89.9
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Fig. 4 Compressive properties of Ti6321 alloy in different
conditions
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Fig. 5 Morphology of IQ + IPF of Ti6321 titanium alloy in different conditions
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Fig. 6 Morphology of IQ, KAM of Ti6321 alloy specimens in different conditions
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Fig.7 TEM images of pre-deformed Ti6321 specimens
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Fig.8 TEM images of pre-deformed Ti6321 after heat treatment
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Fig. 9 Schematic of micro-stress on grains
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