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Agenda

1. How to produce high purity niobium.
2. Conceivable bottlenecks of production for

huge amount of high purity Nb.
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Niobium Ingots

シルメットインゴット

ワーチャンの粉末

Raw material
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Electron Beam Melting Furnace

Tokyo Denkai
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EB Melting
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Rolling mills
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Vacuum heat treatment

Maximum temperature：1400 [ºC]
Achievable pressure：2 x 10-5 [Pa]

Tokyo Denkai



Hiroaki UmezawaSuperconducting RF Cavity Technology and Industrialization (A Satellite Workshop at IPAC-2010)

Niobium sheets

Nb sheets 
used for producing 

Superconducting cavity material
at

Fermi Lab SMTF
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Demand of high purity Nb for ILC project
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Superconducting RF cavity for ILC

http://lcdev.kek.jp/photos/20050513/20050513IchiCav.jpg

ILC 9-cell Cavity made with
high purity Nb
17,000 cavities / 3 years

Demand of High purity Nb is
600 ton in 3 years.

17,000 nine cell cavities
17,000 x 18 half-cells = 306,000 sheets
Nb weight of a sheet for half-cell：2.8 x 265 x 265 mm = 1,685 g
306,000 x 1.685 kg/sheet = 515.6 ton
Backup cavity, beam tube, HOM coupler, etc…about 600 ton
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Niobium world mine production

U.S. Geological Survey, Mineral Commodiity Summaries 1996-2007
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Demand Forecast

XFEL

ILC
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Bottleneck 1

• Low Ta concentrate Nb Raw materials
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Relationship between
RRR and Interstitial impurities
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Regression Analysis Result
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Umezawa’s calculation.

! 

1

RRR
=

O

5000
+

N

3900
+

H

1550
+

C

4100
+

Ta

550000
+ ...

K.K.Schulze: J. Metals, 33(1981), 33-41
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Simulation of Ta influence
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F. Schoelz et al., “How to produce
NbRRR~600 on an industrial
scale”Proc. of the 9th Workshop
on RF Superconductivity, Santa
Fe, USA, Nov. 1-5, 1999, pp.
100-103
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Nb mines
• Columbite (Fe, Mn)(Nb,Ta)2O6

• Tantalite (Fe, Mn)(Nb,Ta)2O6

• Pyrochlore (Ca,Na)2Nb2O6F

Araxiá
Catalão

St. Honore

Imagumbai, et al: “Resource, production volume & manufacturing technology of niobium”　Material Science & Technology　Vol.72(2002)No.3 pp204-210
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Bottleneck 2

Melting capacity
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Five Force Analysis of Nb for SC Cavities

Company A

Company B

Tokyo Denkai

Company SA

Company CA
Company CB
Company CC
Company CD

Nb-Cu Clad
Sputtered Cavity

Normal Conducting
MgB2

X-FEL
ILC

…etc

New Comer

Alternative

BuyerSupplier
Competitor
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Bottleneck 3

Sheet production process
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Sheet production process

Tokyo Denkai
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Multi Wire Saw Slicing
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Summary
• Small market

• The demand for high purity Nb for superconducting accelerator is
several tons  per year, although the total Nb demand is 60
thousand tons per year.

• Only three vendors are qualified for the XFEL project.
• These three vendors have several main businesses. It can be said

that it is difficult to concentrate the high purity Nb production even
if only 3 years.

• All Nb vendors are buying Nb ingots from the same
company

• Producing high RRR Nb requires a raw material with a low Ta
content. Today, only one company provides it.

• Sheet production
• Sheet production is not easy. It needs experience. For example,

material and shape of roll, timing of cross roll, intermediate
annealing, grain size control, thickness irregularity…
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Summary

• We have a time to consider to increase the
high purity niobium production capacity.

• We would like to seek the solution.
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Thank you for attention!


