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Zr-2.5Nb

Temperature Dependency of Anisotropic Elastic Properties of Zr-2.5Nb Pressure Tube
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Abstract

Anisotropic elastic constants of Zr-2.5Nb pressure tube materials were determined by a high temperature
resonant ultrasound spectroscopy (RUS). The resonance frequencies were measured using a couple of Alumina
wave guides and wide-band ultrasonic transducers into a small furnace. The rectangular parallel epiped specimens
were fabricated along with the axial, radial, and transverse direction of the pressure tube. A nine elastic stiffness
tensor for orthorhombic symmetry was determined in the range of room temperature~500°C. As the temperature
increases, the elastic constant tensor, ¢; gradually decreases. Higher elastic constants along the transverse direction
compared to those along the axial or radial direction are similar to the case of Y oung' smodulus or shear modulus.
A crossing of elastic constants along axial direction and radial direction was observed near 120°C. Thisfact iswell
agreed to the results of yield strength from mechanical testing. The results of temperature dependency of the
mechanical damping, Q™ also showed a peak near 120°C. This may attribute to the change of status of hydrogen
atoms in zirconium, i. e. ‘ free hydrogen in a-zirconium to d-hydride or vice versa. Further research can help to
understand the mechanism.
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Table 1. A typical example of RUS calculation for Zr-2.5Nb pressure tubes

ZR4B025 % of modulus contributing to mode
fcalc, fmeas,

N | k]I MHz MHz Yoerr cll c22 c33 c23 cl3 cl2 c44 c55 c66
1 4 1 022592 0 0 001 o001 o0.01 g -001 -001 0.64 0.3 0.05
2 4 2 0.30677 0.30722 -0.15 001 002 0.04 -002 -0.01 0 005 036 055
3 1 1 031874 0.31899 -0.08 006 034 106 -058 -0.26 0.13 0 022 0.02
4 7 1 0.33195 0.33206 -0.03 033 005 108 -022 -0.61] 012 0.24 0 0.01
5 8 2 033503 0.33528 -0.077 003 0.02 0.05 0 -003 -001 0.95 0 0
6 2 1 036381 0.36401 -0.06 002 004 008 -005 -0.01f -0.01 0 092 0
7 5 1 039311 0.39258 013 024 037 141 -069 -058 0.27 0 0 0
8 6 1 039414 0.39407 002 047 095 003 -011 007 -067 022 0.03 0
9 3 2 039424 0.39438 -0.04 005 0.08 02 -011] -0.09 003 0.0 0 082
10 1 2 040886 0.40867 005 022 074 007 001 -00§ -0.38 0.01 0.1 0.27
11 3 3 0.42385 0.4239 -0.01 007 0.06 0.6 -0.17 -0.2l 005 008 009 043
12 5 2 042416 0.42437 -0.05 066 068 066 -025 -0.33 -0.38 0 0 0
13 20 2 045094 0.45124 -0.077 009 089 012 -032 009 -027 003 024 0.12
14 5 3 045227] 0.45234 -0.02 099 102 0.01 008 -0.09 -1 0 0 0
15 3 4 0.46623 0.4662, 001 008§ 00 019 -0.04 -03] -002 035 038 0.09
16 71 2 047757 047711 01 082 01 008 005 -019 -0.33 0.2 0.01 0.2
177 6 2 048984 0.48971 0.03 067 007 025 -0.04 -0.38 0 019 023 0.01
18 8 3 049608 0.49645 -007 114 011 o021 024 -051 -034 019 001 0.05
19 4 3 051632 051577 011 002 0.03 0.04 0 -001 -001 029 0.29 0.4
20 21 3 0.5251§ 0.52475 0.08 0.11 02 011 -0.05 -0.06 -0 039 0.09 0.3
21 5 4 052866 0.52928 -012 058 021 082 -029 -054 014 003 004 0.02
221 6 3 0.53954 0 0 053 062 051 -031 -029 -0.22 0.1 0.07 0
23 1 3 0.54105 0 0 021 064 049 -029 -0.14 -0.21 0 0.2 0.09
24 7 3 054106 0.5414 -0.066 057 034 053 -021 -025 -025 019 0.01 0.0
259 5 5§ 0.55249 0.55226 0.04 081 079 0.1 -0.0§ -005 -063 002 001 0.01
260 8 4 0.56607 0.56557 0.09 0.29 02 025 -009 -015 -013 008 032 0.23
27 7 4 0.56638 0.56603 006 03§ 014 043 -018 -022 -0.02 0.38 0 0.1
28 1 4 057873 0.57809 011 016 0.07 045 -013 -0.26 0.07 0 056 008
29 6 4 0.58083 0 0 045 055 012 -015 0014 -037 027 011 0
30 6 5 0.60254 0.60246 001 064 012 085 -021 -0759 015 003 0.16 0

Elastic moduli‘ (dynes x 10**-12/cm** 2) 1.4737 15449 1.4717] 0.7429 0.7693 0.7612 0.3338 0.3397| 0.3672

Dimensions (cm) initial adjusted

d1 0.35300 | 0.35023

d2 0.40100 | 0.40259

d3 0.4490 | 0.45077

RMS error 0.074200
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Fig. 1. Design of high temperature device for RUS experiment.
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Fig. 2. Temperature dependence of normal elastic moduli of Zr-2.5Nb pressure tube
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Fig. 3. Temperature dependence of shear elastic moduli of Zr-2.5Nb pressure tube
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Fig. 4. Temperature dependence of anisotropic Y oung smoduli of Zr-2.5Nb pressure tube
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Fig. 5. Temperature dependence of anisotropic shear moduli of Zr-2.5Nb pressure tube
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Fig. 6(a). Temperature dependence of Q-factors of Zr-2.5Nb pressure tube
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Fig. 6(b). Temperature dependence of Q-factors of Zr-2.5Nb pressure tube.
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Fig. 7. Temperature dependence of yield stresses of Zr-2.5Nb pressure tube by RUS.
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Fig. 8. Temperature dependence of yield stresses of Zr-2.5Nb pressure tube by mechanical
testing.
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