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Microstructure evolution of internal defect healing zone in ZTC4
titanium alloy during hot isostatic pressing

GAO Wei', XU Qian’, YIN Yajun’, FENG Xin'~
(1. Cast Titanium Alloy Research and Development Center, AECC Beijing Institute of Aeronautical Materials, Beijing 100095,

China; 2. School of Mechanical Engineering, Wuhan Polytechnic University, Wuhan 430048, China; 3. State Key Laboratory of
Materials Processing and Die and Mould Technology, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The internal displacement change around shrinkage pores, stress and strain distribution, and microstructural evolution in
the defect healing zone of ZTC4 titanium alloy during hot isostatic pressing (HIP) are investigated by numerical simulation combined
with experimental methods. The results demonstrate that under the high-temperature and high-pressure conditions of HIP, high
stress-strain zones form around the shrinkage pores. The stress magnitude shows an inverse relationship with the distance from pore
surfaces, exhibiting higher stress levels in proximity to the pore boundaries. As the shrinkage pore size decreases, the strain
concentration intensifies. After HIP, a radial pore-healing zone microstructure develops at the original shrinkage pore sites. Within
this healed region, heterogeneous plastic deformation occurs among distinct o/} colonies. Colonies with more readily activated
dislocation slip systems experience greater deformation magnitudes, ultimately leading to the formation of equiaxed grain structures.

Key words: titanium alloy; hot isostatic pressing; finite element method; healing zone; equiaxed grain
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Fig. 2 Morphologies of internal porosities in ZTC4 titanium
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Table 3 Parameters of ZTC4 titanium alloy used for the simulation

Thermophysical parameter

— - - Young’s Poisson’s  Density/ Yield strength/
Temperature/°C Thermal conductivity/ Specific heat capacity/ D . 2] 30021 1]
(Wem K2 (Jokg' K modulus/GPa " ratio (kg+m ") MPa
em . . .

25 6.368 589.35 114 0.3201 4418.0 900.13
300 11.70 636.76 99.6 0.3313 4382.8 645.06
700 17.85 786.95 77.2 0.3492 4323.5 190.85
900 21.80 1100.7 70.2 0.3663 4303.2 40.34
1000 24.20 669.66 69.6 0.3798 4305.5 22.78
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Fig. 10 Microstructures of the defect healing zone in ZTC4 ti-
tanium alloy (a) and crystal orientation of the
corresponding bundle (b)
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