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Fig.1  Schematic diagram of indentation load-displacement  

curve
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Fig.2  XRD pattern of as-cast U-5.5Nb alloy 
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Fig.3  Optical micrographs of the U-5.5Nb alloy: (a) as-polished 

and (b) as-etched 
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Fig.4  Morphologies (a, b) and EDS spectra (c, d) of typical inclusions in the U-5.5Nb alloy: (a, c) Nb
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Table 1  Nanoindentation results of inclusions and matrix 

Inclusion 

Reduced modulus,  

E

r

/GPa 

Elastic modulus, 

E/GPa 

Hardness, 

H/GPa 

Nb
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C 

212.5 ±10.3 233.9 ±13.8 23.2 ±2.6 

U(N,C) 

141.8 ±5.1 145.9±5.0 5.1 ±0.2 

Matrix 

68.6±0.4 63.7±0.4 3.8 ±0.1 
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Fig.5  Load-depth curves of inclusions and matrix 
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Table 2  Plasticity index and yield strength of inclusions and  

matrix 

Property Nb

2

C U(N,C) Matrix 

Yield strength/GPa 9.03 1.98 1.48 

Plasticity index 0.43 0.78 0.63 
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Fig.6  Load-depth curve for the load/partial unload nanoindentation 

test of matrix in the U-5.5Nb alloy 
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Fig.7  Variation of elastic modulus (a) and hardness (b) with 

depth of matrix in the U-5.5Nb alloy 
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Nanoindentation Characterization of Inclusions in U-Nb Alloy 

 

Chen Dong, Li Ruiwen, Ma Rong, Chen Xianglin, Wang Zhenhong, Su Bin, Zhang Xinjian, Meng Daqiao 

(China Academy of Engineering Physics, Jiangyou 621907, China) 

 

Abstract: Mechanical properties of the Nb

2

C and U(N,C) inclusions and matrix in the U-5.5Nb alloy were characterized by 

nanoindentation and the yield strength and plasticity index were calculated from the obtained hardness. The result from experiment shows 

that the Nb

2

C inclusion has the highest elastic modulus and hardness, while the corresponding values of the U(N,C) inclusion are far less 

than those in the Nb

2

C inclusion but higher than those of matrix. Moreover, the result calculated from hardness shows that the yield 

strength of the Nb

2

C inclusion is the highest, but the plasticity index is the lowest, which reveals that the Nb

2

C inclusion inclines to elastic 

deformation. However, the yield strength of the U(N,C) inclusion is low and the plasticity index of the U(N,C) is the highest, which reveals 

that the U(N,C) inclusion prefers to plastic deformation and also can break easily. Elastic modulus and hardness from multi-cycle 

load/unload test are close to those obtained by single load/unload test. In addition, the elastic modulus obtained from nanoindentation 

accord with the value obtained by tensile test in the literature. 

Key words: U-5.5Nb alloy; nanoindentation; inclusions; mechanical property 
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