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Table 1 Chemical composition of Zr-Nb alloys (wt%)
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Table 2 Actual densities and porosities of Zr-Nb alloys with
different YH, addition contents

Alloy Actual density/g-cm™ Porosity/%
Zr-Nb-0.0Y 6.771 0.068
Zr-Nb-0.4Y 6.747 0.073
Zr-Nb-0.8Y 6.678 0.069
Zr-Nb-1.2Y 6.644 0.297
Zr-Nb-1.6Y 6.653 0.490
Zr-Nb-2.0Y 6.642 0.378
Zr-Nb-2.4Y 6.545 0.605

Alloy Zr Nb Y
Zr-Nb-0.0Y 90.00 10.00 0.0
Zr-Nb-0.4Y 89.64 9.96 0.4
Zr-Nb-0.8Y 89.28 9.92 0.8
Zr-Nb-1.2Y 88.92 9.88 1.2
Zr-Nb-1.6Y 88.56 9.84 1.6
Zr-Nb-2.0Y 88.20 9.80 2.0
Zr-Nb-2.4Y 87.84 9.76 24
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Fig.1 XRD patterns of Zr-Nb alloys with different YH, addition

contents
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Fig.2 SEM images of Zr-Nb alloys with different YH, addition contents: (a) 0% YH,, (b) 0.4wt% YH,, (c) 0.8wt% YH,, (d) 1.2wt% YH,,
(e) 1.6wt% YH,, (f) 2.0wt% YH,, and (g-h) 2.4wt% YH, (insets show the enlarged images and GB means grain boundary)
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Fig.3 SEM images and corresponding EDS mappings of Zr-Nb alloys with different YH, addition contents: (a) 0% YH,, (b) 0.4wt% YH,,
(c) 1.6wt% YH,, and (d) 2.0wt% YH,
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Table 3 EDS analysis results of element proportions in & and f# phases of Zr-Nb alloys with different YH, addition contents (wt%)

Alloy o phase f phase
Zr Nb Y O Zr Nb Y O

Zr-Nb-0.0Y 94.09 2.00 0.14 3.77 83.85 13.55 0.06 2.54
Zr-Nb-0.4Y 94,58 1.95 0.04 343 83.78 14.02 0.03 2.17
Zr-Nb-0.8Y 95.13 1.57 0.07 3.23 84.45 13.40 0.00 2.15
Zr-Nb-1.2Y 95.04 1.87 0.09 3.00 84.50 13.33 0.01 2.16
Zr-Nb-1.6Y 95.74 1.50 0.00 2.76 84.40 13.44 0.00 2.16
Zr-Nb-2.0Y 95.53 1.93 0.05 2.49 84.90 12.93 0.04 2.13
Zr-Nb-2.4Y 96.02 1.72 0.12 2.14 85.69 12.46 0.00 1.85
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Fig.4 Relationship curves between oxygen content in a and f phases
and YH, content in Zr-Nb alloys
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Table 4 Contents of each phase and Y,0, in Zr-Nb alloys with
different YH, addition contents (vol%)

Alloy o phase [ phase Y,0,
Zr-Nb-0.0Y 33.48 66.45 0.00
Zr-Nb-0.4Y 30.47 69.13 0.32
Zr-Nb-0.8Y 27.06 71.62 1.25
Zr-Nb-1.2Y 24.62 73.34 1.74
Zr-Nb-1.6Y 21.16 76.36 1.99
Zr-Nb-2.0Y 12.53 84.73 2.37
Zr-Nb-2.4Y 10.74 85.66 3.00
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Fig.5 OM images and equiaxed f grain size distributions (insets) of Zr-Nb alloys with different YH, addition contents: (a) 0% YH,, (b) 0.4wt% YH,,
(c) 0.8wt% YH,, (d) 1.2wt% YH,, (e) 1.6wt% YH,, (f) 2.0wt% YH,, and (g) 2.4wt% YH,
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Fig.7 Quasi-static compressive mechanical properties of Zr-Nb alloys with different YH, addition contents: (a) compressive stress-strain curves

and (b) relationship curves between compressive yield strength, critical fracture strain and YH, content
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Fig.8 Dynamic compressive mechanical properties of Zr-Nb alloys with different YH, addition contents: (a) compressive stress-strain curve and

(b) relationship curves between compressive yield strength, critical fracture strain and YH, content



48 HNIALE . YH, B0 R 16 4 Ze-Nb & & MO AL 4R 7 24P RE IR B2 © 2023

K19 ANJF YH, 525 B Zr-Nb & <82 25 H 46 i R AR R SURHIE 1 OM IR
Fig.9 OM images of crack characteristic in the cross section of dynamic compression fracture of Zr-Nb alloys with different YH, addition

contents: (a) 0% YH,, (b) 0.4wt% YH,, and (c) 0.8wt% YH,; (d) magnified image of the box area in Fig.9¢
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Fig.10 OM images of crack characteristic in the longitudinal section of dynamic compression fracture of Zr-Nb alloys with different YH, addition
contents: (a) 0% YH,, (b) 0.4wt% YH,, (c) 0.8wt% YH,, (d) 1.6wt% YH,, and (e) 2.0wt% YH,; (f-g) magnified images of regions 1 and 2

in Fig.10e
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Effect of YH, Addition on Microstructure and Mechanical Properties of Zr-Nb Alloy
Prepared by Powder Metallurgy

Xie Ruyue'”, Liu Xingwei', Liu Shuang', Liu Jinxu'?

(1. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, China)
(2. National Key Laboratory of Science and Technology on Materials Under Shock and Impact,
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(3. Hangzhou Witlance Technology Company Limited, Hangzhou 310024, China)

Abstract: Zr-based alloys prepared by powder metallurgy have the advantages of few macroscopic defects and low cost. However, the high
content of oxygen and poor plasticity of this alloy have become the main obstacles restricting its applications. The plasticity of Zr-based alloys
prepared by powder metallurgy was improved by doping rare earth hydrides to reduce the O content in alloy matrix. The effects of YH, addition
content on the microstructure and mechanical properties of Zr-Nb alloys were investigated. The results show that the O content in the matrix is
significantly decreased due to the Y,0, formed by doped YH, with O in the matrix. On the one hand, more plastic # phase can be retained by the
reduction of O content in matrix, which is beneficial to the improvement of plasticity. On the other hand, effects of the dispersion strengthening of
Y,0; particles and the grain refinement caused by dislocation pinning by formed Y,0, can both contribute to the improvement of strength. Taking
the Zr-Nb alloy added with 2.4wt% YH, as an example, the dynamic compressive strength is decreased by 16% and the plasticity is increased by
140% compared with the alloy without YH, addition. Decoupling analyses were conducted on the effects of oxygen content, phase composition
and grain size on the strength and plasticity of the alloy.

Key words: powder metallurgy; Zr-Nb alloy; YH, addition; dynamic mechanical property; deformation band

Corresponding author: Liu Jinxu, Ph. D., Professor, School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081,
P. R. China, E-mail: liujinxu@bit.edu.cn



