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Table 1  Chemical composition of Ti-6321 titanium  

alloy (ω/%) 

Al Nb Zr Mo Fe Si O Ti 

6.10 3.00 1.93 1.04 0.04 0.04 0.10 Bal. 
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Table 2  Process parameters for electron beam welding 

U/kV I

b

/mA I

f

/mA υ/mm·min

-1

 

150 270 2445 300 
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Fig.1  Sampling diagram of test plate: (a) tensile specimens,     

(b) impact specimens in weld zone, and (c) impact 

specimens in HAZ 
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Fig.2  Schematic diagram of standard specimen at room 

temperature: (a) tensile specimen and (b) impact specimen 
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Fig.3  Cross-sectional macroscopic morphology of electron beam 

welded joint of Ti-6321 titanium alloy 
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Fig.4  Microstructure of the transverse part in the middle of the 

joint 
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Fig.5  Microstructure of Ti-6321 titanium alloy base material 
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Fig.6  Microstructures of electron beam welded joint of Ti-6321 titanium alloy: (a) top joint, (b) middle joint, and (c) bottom joint 
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Fig.7  Microstructures of weld zone: (a) columnar grain boundary and (b) columnar intracrystalline 
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Fig.8  TEM microstructures of weld zone: (a) columnar grain boundary and (b) columnar intracrystalline 
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Fig.9  Microstructure of fusion zone 
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Fig.10  Microstructures of heat affected zone: (a) near weld of heat affected zone, (b) intermediate area of heat affected zone, and (c) near 

base metal of heat affected zone 
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Fig.11  TEM image of heat-affected intermediate  

zone 
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Fig.12  Transverse hardness distribution of joint at fusion width 
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Table 3  Mechanical properties of base metal 

Direction R

p0.2

/MPa R

m

/MPa A/% Z/% KV2/J 

Longitudinal 854 916 8.0 41 57 

Transverse 791 876 9.5 30 42 
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Fig.13  Tensile properties of joint 
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Fig.14  Impact properties of joint: (a) weld zone and (b) heat 

affected zone 
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Microstructure and Properties of Electron Beam Welded Joint for Ti-6321 Large 

Thickness Titanium Alloy 

 

Gao Qi, Jiang Peng, Geng Yongliang, Gao Fuyang, Yu Wei 

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

 

Abstract: Vacuum electron beam welding was used to realize the full thickness welding of Ti-6321 (nominal component Ti-6Al-3Nb-2Zr-1Mo) 

titanium alloy with 94 mm large thickness. The full thickness of the welded joint can be well formed with the method of bottom locking at the 

bottom. The welded joint shows approximately parallel weld morphology, and the depth width ratio is about 16. The results show that the weld 

center is composed of coarse columnar crystal and internally staggered acicular α and α' phase. The transition is from coarse grain to fine grain 

near the fusion zone. The width of unilateral heat affected zone is about 2 mm. The microhardness of the weld zone and the heat affected zone are 

both lower than that of base metal. The tensile strength of welded joint is equivalent to that of the base metal, and the fracture occurs in the weld 

metal. Both the weld zone and the heat affected zone have better impact toughness. The strength and toughness of the welded joint are excellent. 

The mechanical properties in the direction of welded joint have good uniformity. 

Key words: vacuum electron beam welding; Ti-6321 titanium alloy; microstructure; mechanical property 
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