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Abstract: Ti6321(Ti-6Al-3Nb-2Cr-1Mo) alloys are widely employed in ships and marine engineering equipment. However,
the complex microstructural evolution mechanisms of this alloy during hot deformation present significant challenges for
integrated forming and performance-oriented manufacturing. A comprehensive understanding of its flow behavior and
deformation mechanisms is essential to provide theoretical guidance for the manufacturing of Ti6321 alloy structural
components that satisfy both the forming quality and microstructural performance requirements under complex hot
deformation conditions. To clarify the dynamic softening mechanisms of the Ti6321 titanium alloy during hot deformation,
isothermal hot compression tests were performed, combined with SEM and EBSD analyses. The flow behavior and
microstructural evolution in the a+f phase region (850~950 C) were systematically investigated. The results indicate that
the flow curves of the alloy display typical alternating work hardening and dynamic softening characteristics. The peak
stress increases significantly with decreasing temperature or increasing strain rate. The dynamic recrystallization mechanism
is dominated by discontinuous dynamic recrystallization, characterized by grain nucleation along deformed grain boundaries
to form “necklace-like” structures, whereas continuous dynamic recrystallization through subgrain rotation and coalescence
makes a relatively minor contribution to flow softening. Higher deformation temperatures promote [ phase formation,
suppress dynamic recrystallization, and result in grain coarsening. Furthermore, the distribution of grain boundary

misorientation angles and phase reconstruction analysis at elevated temperatures confirmes the occurrence of dynamic phase
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transformation. Finally, the coupled softening mechanisms of dynamic recrystallization and dynamic phase transformation
during the hot deformation of the Ti6321 alloy are elucidated.
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Tab.1 Chemical composition of the Ti6321 alloy
Element Al Nb Zr Mo Ti 2.1
Mass fraction/%  6.11 2.90 2.07 1.11 Bal.
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Fig.2 Process flow chart of hot compression
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Fig.4 Peak stress of the alloy under different deformation
conditions
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Fig.3 Stress-strain curves of the Ti6321 alloy under different
deformation conditions: (a) 850 ‘C; (b) 900 C; (¢) 950 'C

) N

(low angle grain boundaries, LAGBs, 2°~10°),

el (medium angle boundaries, MAGBs, 10°~15°)
4 :® (high angle boundaries, HAGBs, >15°),
;@ 5d ., LAGBs
16) 44.5 % , HAGBs 49.1 %,
;@ . 222 Ti6321
, 6  Ti6321
b b ’ a ’
[} o ’ a
4 o ,
b b B a
, , B
b ) ’ aS

hEIM  https://www.cnki.net



€ $03/2026 , :Ti6321 +299.

5 Ti6321 :(@) IPF  ;(b) ;(c) ;(d)
Fig.5 Initial microstructure of the Ti6321 alloy: (a) IPF map; (b) distribution of the grain size; (c) grain boundary distribution;
(d) misorientation distribution
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Fig.6 Microstructures of the Ti6321 alloy under different strain rates and deformation temperatures: (a) 900 ‘C, 0.1 s; (b, ¢) 900 C,
1s%(d)950 C,0.1s%; (e, ) 900 C, 1 s
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Fig.7 GOS map of the Ti6321 alloy at 850 C and different strain rates: (a) 0.01 s™; (b) 0.1 s™; (¢) 1 s
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Fig.8 Distribution of grain boundaries at 850 ‘C and different strain rates: (a) 0.01 s™; (b) 0.1 s™; (c) 1 s
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Fig.9 Microstructure at 850 C and 0.01 s™: (a) IPF map; (b) misorientation angle measured along the A1 arrows;
(c) misorientation angle measured along the B1 arrows
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Fig.10 Microstructure at different temperatures: (a) IPF map at 900 ‘C and 0.1 s™; (b) IPF map at 950 C and 0.1 s™;
(¢) distribution of grain size at 900 C and 0.1 s; (d) distribution of grain size at 950 ‘C and 0.1 s
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Fig.12 IPF maps before and after phase reconstruction at 950 C and different strain rates: (a) 0.01 s; (b) 0.1 s™; (¢) 1 s
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