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Object and summary
The large grain (LG) cavity has features such as a higher maximum accelerating gradient and Q value than the fine grain (FG)

cavity. Moreover, the slicing process is simpler than the forging/rolling process, and it is effective to reduce the secondary
process cost of the low material. Tensile tests at liquid helium temperature were performed using specimen taken from high
purity large grain niobium ingot. The tensile strength of LG niobium is 611 MPa, which is about 70% of that of FG niobium. The
experimental results varied widely. The reason is that each crystal grain in the disk is large, the strength differs depending on
the orientation.

A niobium ingot with a diameter of 260 mm was sliced to a thickness of 2.8 mm using a multi-
wire saw, and the JIS Z 2241 13B specimen was cut out by a wire EDM in the layout shown below.
The specimens A to E were arranged so that the grain boundary was included in the center of
each specimen. Using three disks with near slicing order, the grain pattern was set in the same
order, and five specimens were prepared from each disk, for a total of 15 specimens. In addition,
14 13B specimens were cut out from one disk for the room temperature test. The position of the
grain boundary varies depending on each specimen. After cutting out, all the specimens were
vacuum annealed at 800˚ C for 3 hours. The manufacturer of the niobium ingot is CBMM, Brazil.
It has a relatively high tantalum content and the RRR range is 200 to 300, which is called a
medium RRR.

1. Room temperature test results (RT)
The tensile strength of LG niobium at room temperature is about

half that of FG niobium. On the other hand, the elongation is large,
about twice that of FG niobium. It is known that the tensile
strength differs depending on the crystal orientation, and it was
expected that the variation would be large. The standard deviation
s is 3.2, and the scatter is smaller than expected.
2. Liquid helium temperature test results (LHeT)

The tensile strength of LG niobium at liquid helium temperature
is about 70% of that of FG niobium, which is 7.3 times higher than
that at room temperature. In the case of FG niobium, it is 5.3 times
higher, so the LG niobium has more strength. The elongation is less
than 1/10 of that at room temperature, which is almost equal to
that of FG niobium. The tensile strength varies widely, and the
standard deviation s is 132.4. The strength varies depending on
the position in one disk. The maximum value is 2.1 times the
minimum value. It is considered that the difference in tensile
strength depends on the crystal orientation and appears
remarkably at the liquid helium temperature. No specimens broke
at the grain boundary as at room temperature. The picture shows
the specimen at position B, all of them are broken from the same
crystal grain. A twin deformation is observed near the fracture
surface, which is seen in bcc-structured metals such as niobium.
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Tensile testing specimen (JIS Z 2241 13B) 

Layout of specimen in LG niobium disk
(Dia. 260 mm, t 2.8 mm) 
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Disk
Position Disk 1 Disk 2 Disl 3

A 379 671 418
B 620 653 667
C 601 654 724
D 501 435 491
E 808 790 753

Note
Upper: Tensile strength [MPa]
Middle: 0.2% proof strength [MPa]
Lower: Elongation [%]
s: Standard deviation
n: Number of specimens

Example of LG niobium specimen 
after fracture in liquid helium 
(position: B) (Grain boundary is 
traced by red felt pen). 

Tensile strength of LG 
niobium specimen at a 
glance (unit: MPa) 

Example of measured stress-
strain curve (position: E)


