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Development of Niobium Superconducting Cavity
Tomohiro NAGATA" ", Hirohiko MURAKAMI" !, Noriyuki ABE"? Hiroaki MASUI"? and Seiichi SHINOZAWA" 2

“! Future Technology Research Laboratory, ULVAC, Inc., 516 Yokota, Sammu, Chiba, 289-1297, Japan
"% Materials Division, ULVAC, Inc., 516 Yokota, Sammu, Chiba, 289-1297, Japan

We study about Niobium refining and elliptical cavity fabrication process for superconducting cavity. In order to carry

out Niobium purification, 600 KW electron beam melting furnace was introduced in our factory. It makes possible the stable

refining to obtain a cavity quality grade by optimization of melting condition. We performed the trial manufacturing of two

single cell cavities are made from our high purity Niobium ingots (RRRC 300). Maximum accelerating voltage of welding-

type and seamless - type cavities were achieved 41 MV/m and 37 MV/m at 2K, respectively. These values surpass the

specification of international linear collider project. Also, seamless tube for three cell cavity was prepared as scale up study.

Because an average grain size in the tube for three cell is smaller than that for single cell, it is expected that smoother

surface is obtained after hydrofroming process.
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Figure 10 600 kW electron beam melting furnace.
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Figure 20 RRR vs. ingot making number.
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Table 10 Impurity element analysis of Niobium ingot and ASTM Type 5 specification.

(ppm)
H o] N c Zr Fe
ASTM TypeS 40 30 30 100 50
ULvacC 1 =10 <10 10 <10 <10
Si w Ni Ti Al Ta
ASTM Type5 50 70 30 S50 50 1000
ULvAC <10 10 <10 <5 <10 140
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Figure 30 Hardness curve with respect to machining ratio of
high purity and low purity Niobium.
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Ingot

Figure 40 Fabrication process for welding type cavity.
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Figure 50 Q, - E property of welding type cavity.
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Figure 600 Manufacturing flow of seamless tube.

Figure 70 Niobium seamless tube for single cell cavity.

a)

by B

Figure 80 Schematic diagram of manufacturing process of
seamless cavity. a) seamless elementary tube, b) after necking,
¢) after 500 hydroforming, d) after 10000 hydroforming.
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Figure 90 Single cell seamless cavity.
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Figure 100 Q, - E property of seamless type cavity.
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Figure 110 Inverse pole figure (IPF) map of Niobium tube, (a) after weak process, (b) after strong process.



s0300000000booboboonbg

00o00o0oooooooooooooooooon
0000000000 ILCO00 European XFEL O O
O0000o00ooooooooooD9Youoo9oon
0000000000 oooooooooooooon
000D000D000o00ooooooo3oooooon
000D000o000oo0oooooooo3oooo 30
0000900000000 0000oo0oooooon
00000000 9ooooooooooooooon
ogooooooooobooooooooobooa

godooboooooooooooooboooood
Fignre6 0O O OOOODODOOOODOOOOOOOO 3
Jddddd0o0ooooooooo138mmddon
1B31mmO 0 0035mm000080mmO 00000
OFgure 200 0000000000 OOOOOOOO
00000 8smmdOdO0000000000O0ODODOO0
Oo00o0oooooooooooooooooooon
Oo00o0ooooooooooooooooooooon
O00oo00oo0ooooo 2000 3000000000
Ooo0ooooooooooooooooooooon
Oo0000oo0oooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
Oo0oo0oooooooooooooooooooon
O00o00DOooooDooOoooooooo 200
Oo00ooooooooooooooooooooon
ocooooooo

00ooooooooooooooooooooon
0000000000000 00O0ORRROODO OO 350
O0000oo0o0ooooooooooooooooon
O0000000o0ooooDoooooog 155 MPad O
0003000000000 00D0D0000DOooOO
0000000 ooooooooooooooooon
0000000 ooooooooooooooooon
O000000ooooooooooooooooon
0000000000 o0o0oooooooooooon
O000D0D0o0oooooOoEBSDOOOOOOOOO
Figure 300 000000030000000000
0000000000 oooooooooooooon
O2lymO000000300000 8umO00

Figure 120 Niobium seamless tube for three cell cavity.
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Figure 130 Crystalline orientation of seamless tube for a)
single cell cavity and b) three cell cavity.
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