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Abstract

Tensile tests at liquid helium temperature were performed using specimen taken from high purity large grain niobium
ingot produced by CBMM. The measured RRR is 242. The ingot is 260 mm in diameter and sliced by a multi wire saw
to 2.8 thickness. 5 specimens were cut off from one sliced disk. 3 disks were set in same phase to obtain same grain
distribution. 3 specimens each of 5 grain patterns 5, 15 in total were used for the tensile test. The tensile test stand using
a cryostat and liquid He was manufactured by ourselves. The measured tensile strength varied 379 to 808 MPa. The
average value is 611 MPa. The tensile strength at room temperature is 84 MPa. The strength becomes high at low
temperature like a fine grain niobium. The specimen includes a grain boundary, and causes the variation of strength. The
different result was obtained in same grain patterns. The relationship between crystal orientation and strength is discussed.
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Figure 1:
(KEK-2) [1].
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Figure 2: Schematic view of tensile testing machine with

a cryostat (I.D. 317 mm) [5].
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Table 1:
Specimen

Chemical Compositions, Thickness and RRR of

Code C H N (0] Ta Zr Thickness RRR

[mm]
a <10 <1 <10 10 30 <10 3 365
b <10 <5 <10 <10 62 <10 2 291
<30 <2 33 26 1194 <I 2 100
d - - - - - - - <100
e <30 <2 6 5 1191 - - 242

Unit of chemical compositions: wt ppm
Manufacturer of niobium;

a, d: ULVAC, b: Tokyo Denkai, ¢, e: CBMM
Grain; a, b, ¢, d: Fine grain, e: Large grain

Figure 4: Layout of specimen in LG niobium disk (Dia.
260 mm, t 2.8 mm).
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Table 2: Result of Tensile Testing for Niobium Specimen

PASJ2021 MOP034

No. Material Grain RRR Specimen Tensile strength 0.2% Proof strength  Elongation Remarks
*1 *2 [MPa] *3 [MPa] *3 [%] *3
! 2 F 365 S éi; f923 ?g
2 b F o 291 s o ! 3
3 ¢ F 100 S 1201133 99812 424
4 e L 242 S 68141 63 765
5 d F <100 B 9g9 B 1_0
6 d F <100 B 955 857 B *4
7 e L 242 B 6;9 B g
8 e L 242 B 659 - B %4

*1 Grain; F: Fine grain, L: Large grain
*2 Specimen: S: Sheet type, B: Bar type

*3 Upper value: Room temperature, Lower value: LHe temperature

*4 Measured using another measurement device
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Figure 5: Relation among RRR, tensile strength and

0.2% proof strength at RT/LHeT.
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Figure 6: Example of measured stress-strain curves.
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Table 3: Tensile Strength of LG Niobium Specimen at a
Glance (unit: MPa)

Disk]

" Disk 1 Disk 2 Disk 3
Position
A 379 671 418
B 620 653 667
C 601 654 724
D 501 435 491
E 808 790 753
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Figure 7: Example of specimen after fracture in liquid
helium. a) Fine grain, code: b. b) Large grain, code: e,
position: B (Grain boundary is traced by red felt pen).
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