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2. Niobium Material　for SRF Cavities

2.1 Niobium Mien 
2.2 High Purity Niobium Industrial Production
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2.1 Niobium Miens
Niobium mine:Carbonatite

Big three mines in the world
Brazil：Araxa’(アラシャ）

Catalao（カタラウン）
Canada：St.Honore

（サン・オノレ）

（アラシャ）

（カタラウン）

（サン・オノレ）

Niobium is 33rd abundant metal element in the earth.
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Niobium Mien

Brazil, CBMM, Araxia Mine
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Process of Niobium Refining
CBMM

Nb Ore
Pyrochlore

Crashing Concentration
Float-selection

Burning @ 700,1100OC
(Evaporate S)

Melting
(Isolation)

Fero-niobium

S

Be

Fe, P

Refining

ATR
Aluminum Termitt Reduction

EBM

Pb
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2.2 High Purity Nb Industrial Production 

Tokyo Denkai
By H.Umezawa

Nb
Powder
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Original material for high pure niobium 

シルメットインゴット

ワーチャンの粉末

Original imported Ingots Imported Niobium 
powder

Tokyo Denkai

Pressed powder
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Vapor Presser for various metals

Evaporated easily
except for Nb,W,Ta

Melting point 
for Nb: 2741K

Temperature [K]
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Electron Beam Melting

Molten pool

First melting

Multi-melting

Niobium powder block

Ingot

Nb Powder block
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EBM furnace and Nb Ingots

Tokyo Denkai400kw EBM furnace

Nb Ingots after multi-melted

450 kg
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Impurities

0

10

20

30

40

50

60

70

80

0 50 100 150 200 250 300
RRR

Ga
s 
cn
ce
nt
ra
ti
on
 [
pp
m]

C

O

N

H



48

Keys for High purity Nb Ingot production
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Tokyo Denkai

Effect of the vacuum

Three keys:
1) High Vacuum, 
2) 2) Multi-melting, 
3) Large molten pool surface

(Large Ingot diameter)
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Build more 30,000 l/Se

Ingot diameter effect

230φ ingot 3 times melting
180φ ingot 5 times melting RRR=300
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Gas analysis in niobium

Gas analysis (Hydrogen, Oxygen, Nitrogen) ：HORIBA

Tokyo Denkai

Melting Nb
Oxidation

Remove CO2

Case of N

He

Thermal conductivity Meas.
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Regression Analysis Result
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Umezawa’s (Tokyo Denkai) result.
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K.K.Schulze: J. Metals, 33(1981), 33-41

Correlation of Measured and Calculated RRR
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Rolling

Final rollingIntermediate rolling

Careful control against dust

CleanroomTokyo Denkai
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Vacuum annealing system
Tokyo Denkai
1400oC Max,
~1x10-6 Torr

Effective working zone
1000φ x 1800L

Ta heater
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Metallurgy of Nb

None annealedWell annealed

Remained roll rolled structure



54

Annealing Temp. and Mechanical Properties

Re-crystallization Temperature :  680 ~ 780oC
Vacuum Pressure : ~10-6 Torr
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High Pure Niobium Sheets

Tokyo Denkai
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Improvement of RRR at Tokyo Denkai
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Maximum RRR
Titanification

300kW EBMF Installed

EB power increased
from 300kW to 400kW

Vacuum pump increased
 from 50,000 L/sec to 80,000 L/sec
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RRR measurement

Tokyo Denkai



58

Tensile Test

Tokyo Denkai


