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Research on the Microstructure and Deformation Mechanism of TC4
Titanium Alloy Welded Joints Based on In Situ Observations
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(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. Northwest
Institute for Nonferrous Metal Research, Xi'an 710016, China)

Abstract: The microstructure evolution and mechanical behavior of a TC4 titanium alloy following tungsten inert gas
welding were systematically investigated. The influence of the temperature gradient and preferred orientation on the growth
of columnar crystals in the weld zone was revealed through EBSD scanning and metallographic examination.
Reconstruction analysis of the heat-affected zone (HAZ) indicates that the prior B grains generally exhibit a typical <100>
texture orientation. During cooling, the lamellar o phase precipitated from the (3 grains shows almost no distinct variant
selection, demonstrating characteristics of crystallographic inheritance. A combination of in situ SEM tensile tests and
fracture microscopy reveals that slip lines are predominantly distributed in the base metal zone and decrease in number
closer to the weld, which is dominated by prismatic slip. Microcracks are found to nucleate primarily at grain boundaries
during deformation, indicating that grain boundaries play a critical role in plastic deformation and fracture evolution.
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Fig.1 Metallographic structure and grain size distribution of the TC4 alloy: (a) metallographic structure; (b) grain size distribution
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Fig.2 Sample for tensile testing: (a) schematic diagram of tensile sampling; (b) dimensions of the tensile sample
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Fig.3 Metallographic structure of the weld: (a) HAZ/WZ; (b) edge of WZ; (c) center of WZ; (d) root of WZ
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Fig.4 IPF maps of the TC4 weld: (a) a phase; (b) reconstructed prior to the (3 phase
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Fig.5 IPF maps and corresponding pole figures of the weld: (a, b) BM; (c, d) original microstructure of the HAZ; (e, f) WZ;
(g, h) reconstructed B grains of the HAZ
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Fig.6 EDS images at different positions: (a) BM; (b) HAZ; (c) WZ
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Fig.7 Variation in the micro-Vickers hardness near the weld Fig.8 In situ tensile time-load curves of the TC4 weld wire
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Fig.9 In situ images during the tensile process: (a~d) BM; (e~h) BM/HAZ; (i~1) HAZ; (m~p) HAZ/WZ; (q~t) WZ
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Fig.10 Analysis of microstructural slip lines: (a, b) SEM image and IPF map of the BM; (c, d) SEM image and IPF map of the
BM/HAZ; (e, f) SEM image and IPF map of the HAZ/WZ; (g, h) SEM image and IPF map of the WZ

11 IPF | :(@) IPF  ;(b) ;)
Fig.11 IPF map, orientation map, and schematic diagram of the active slip line directions for the selected grains: (a) IPF map;
(b) orientation map; (c) activated slip line directions
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Fig.12 SEM images of the fracture surface: (a) 150x; (b) 500x; (c) 1 000x; (d) 2 000x
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Fig.13 SEM images of microcracks: (a, b) grain boundaries; (c, d) dense slip lines
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