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Table 1  Chemical composition of Ti-6Al-4V and Ti-47Nb 

alloys (ω/%) 

Alloy Ti Al V Nb 

Ti-6Al-4V 0.894 0.0623 0.0413 - 

Ti-47Nb 0.5704 - - 0.4696 
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Table 2  Quasistatic tensile mechanical properties and elastic  

constants of titanium alloys 

Alloy R

p0.2

/MPa R

m

/MPa A/% Z/% 

Ti-6Al-4V 932 1085 12.8 38.0 

Ti-47Nb 354 363 30.5 94.0 
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Table 3  Shock velocities of flyers and shock pressure in 

targets of two titanium alloys 

Ti-6Al-4V  Ti-47Nb 

Parameter 

1 2 3  1 2 3 

Shock velocities 

of flyers/m·s

-1

 

421.05 587.60 848.55  334.45 470.25 695.60 

Pressure, P

H

/GPa 5.39 7.00 10.24  5.20 6.73 10.00 
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Fig.1  Obtaining methods of samples 
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Fig.2  Longitudinal sectional macrograph of the backing plates 

for two titanium alloys showing the degree of spall 

damage in two alloys shocked at different pressures 
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Fig.3  SEM images of two alloys after shocking at 10.24 and then 

at 6.73 GPa: (a) Ti-6Al-4V and (b) Ti-47Nb 
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Fig.4  Low magnification morphologies, nucleation site and propagation path of micro damages in Ti-6Al-4V shocked at 5.39 GPa (a, d), 

7 GPa (b, e), and 10.24 GPa (c, f) 
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Fig.5  Low magnification morphologies, nucleation site and propagation path of micro damages in Ti-47Nb shocked at 5.2 GPa (a, d), 

6.73 GPa (b, e), and 10 GPa (c, f) 
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Spall Microstructure Characteristics and Fracture Mechanism of Ti-6Al-4V and 

Ti-47Nb Alloys under Dynamic High-pressure Loading 

 

Liu Hui

1

, Yu Xiaodong

2

, Tan Chengwen

2

, Zhao Huilin

2

, Chen Xiujuan

3

 

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of Technology,  

Lanzhou 730050, China) 

(2. Beijing Institute of Technology, Beijing 100081, China) 

(3. School of Mechanical and Electronical Engineering, Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: Spall microstructure characteristics and fracture mechanism of Ti-6Al-4V and Ti-47Nb alloys were studied by plate impact 

experiments and “sample soft-capture” technology under the dynamic high-pressure loading, as well as microscopic analyses using optical 

microscopy and scanning electronic microscopy. The results indicate that Ti-6Al-4V alloy has stronger ability of spall resistance than 

Ti-47Nb alloy because of the high strength of Ti-6Al-4V alloys. The micro-voids in the spalled Ti-6Al-4V alloy almost nucleate at the α/β 

phase boundaries and propagate along the phase boundaries, and the micro-cracks of Ti-47Nb alloy are directly connected through 

micro-voids. Subsequently, the adiabatic shear band (ASB), which forms between macroscopic voids or main cracks, promotes the spall 

fracture of samples. Ti-6Al-4V and Ti-47Nb alloys fracture with ductile characteristics. 

Key words: titanium alloys; soft-capture; spall fracture; fracture mechanism 
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