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Abstract

Herein, the relationship between the annealing temperature and the tensile strength of high-purity fine-grain niobium
is systematically examined. The superconducting radio frequency (SRF) cavity is housed in a helium tank to be cooled
by liquid helium; therefore, it is subject to the High-Pressure Gas Safety Act, and its strength must be guaranteed; for
example, whether its wall possesses sufficient strength to endure the outer pressure. It is essential that the strength of the
processed material is investigated according to the actual treatment protocol of the SRF cavity. The specimens for tensile
testing, residual resistivity ratio (RRR) measurement, and microscopy are cut from the same niobium sheet and annealed
simultaneously. The RRR, tensile strength, hardness, and average grain size of the samples are measured at four annealing
temperatures. When vacuum annealing is performed in the range of 800—-1100 °C, the RRR is slightly changed. As the
annealing temperature increases, the tensile strength decreases. The 0.2 % proof strength, elongation, and hardness are
almost constant. As the annealing temperature increases, the recrystallization of niobium is promoted, thereby resulting
in coarsening of the crystal grains. Evidently, the relationship between the average grain size and tensile strength depends

on the Hall-Petch relationship.
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Figure 1: Tensile testing specimen (sheet type, JIS Z 2241
13B).
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Table 1: Chemical Compositions and RRR of Niobium
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Unit of chemical compositions: wt. ppm
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Figure 2: Relationship between furnace temperature and
pressure during annealing.
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Table 2: Result of Measured Data at a Glance

No. Annealing RRR Tensile 0.2% Proof Elongation Hardness Ave. grain size Remarks
temperature strength strength [%] [HV] [pm]
[°C] [MPa] [MPa]
0 — >260"! >95 >50 >30 <60 <65 ASTM B393 Type 5
1 800 384" 162 42 51 44 40
2 900 362" 157 40 50 42 67
3 1000 350" 151 39 44 40 100
4 1100 34072 145 41 50 42 183
5 — 35772 174 51 — 52 29 As received
6 — 49271 203 78 66 — 29 [2]
7 — 30" 320 202 50 — 32 [2]
8 600 300" 148 48 — — — [3]
9 800 348" 131 40 — — — [3]
10 1250 375" 104 31 — — — [3]
11 750 >250"3 169 46 65 — 45 [4]
12 800 410" 164 91 55 — 80 [5]
13 — 363" 181 99 41 — — [6]
14 800 310" 170 — 35 50 48 [7]
15 850 265" 150 — 40 49 35 [7]
16 900 2657 150 — 45 48 — [7]
17 — 703 185 120 57 50 — [8]

*

R(273 K)/R(4.2 K), electrical resistivity at 4.2 K is obtained by extrapolation from value when the material is in a
non-superconducting state e.g. 10 K

" R(293 K)/R(Tc")
*3 Definition is unknown
4 ASTM number 5
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Figure 3: Measured Vickers hardness. Figure 4: Measured RRR.
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Figure 5: An example of a stress—strain diagram.
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Figure 6: An example of a test piece at fracture.

Figure 7: Microstructures of the specimens, a) as-received,
b) 800 °C, ¢) 900 °C, d) 1000 °C, e) 1100 °C.
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Figure 8: Relationship between the tensile strength and the
average grain size and Hall-Petch plot. 6o = 126 and &, =
248.1 are obtained by approximation.
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