
Niobium Production, Location of Ore Deposits

1



Niobium Users
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Uses, Products and Consumption
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Strip Mining Niobium Ore in Brazil
< 1% Nb
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Transporting Ore to Refinery
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Increasing Niobium Content
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Reduction of Nb-oxide to Nb

Nb-oxide + Aluminum --> Nb metal + Al-oxide
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Purification of Niobium
• Consolidation by arc melting

• Purification Melting in vacuum by electron 
beam (EB) to clean Nb from interstitials (C, 
N, H,...)

• Low grade: one or two melts (RRR50)
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• Low grade: one or two melts (RRR50)

• High grade (RRR300): several additional 
melts under good vacuum

• Only 3 companies are qualified for cavity Nb

• Sequence of forging, rolling, etching, 
recrystallise heating (800°C) 



9



10

500KW electron beam cold hearth furnace
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ExcellentPartial Crystallized
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Not Recrystallized
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Eddy Currents to Check the Niobium 
• Large inclusions of Tantalum as well as bad spots on 

the niobium surface can be found.

Scratch / bad spot
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Eddy current
scanner for 
Niobium sheets
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Fabrication of cups

• Deep drawing or spinning

• Measurement of contour

• Better: measurement of frequency
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• Better: measurement of frequency

• Trimming length at iris and equator plane
– Consider welding shrinkage

• Slight chemical cleaning for welding
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100 Ton Hydraulic Press
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Welding sequence

• Two cups form a dumb bell

• Stiffening ring at iris
– frequency measurement of dumb bell, length trimming
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• Welding together two dumb bells

• Add next dumb bell

• Add end group

• For mass production: weld all dumb bells at once
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Electron beam welding

• Welding under good vacuum, 10^-5 range

• Broad welding seam
– Operate with defocussed beam
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– Operate with defocussed beam

– Smooth underbead

• Overlap at end of welding to avoid 
accumulation of impurities

• Wait to cool down before opening chamber
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JLab Fabrication
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Cavity inspection

• Check of all mechanical tolerances
– Take care with sealing surfaces

• Inspection of inner cavity surface

49

• Inspection of inner cavity surface

• Measure and adjust frequency and electrical 
field profile
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Tuning of cavity frequency and field profile

• The cell length is adjusted
– Tuning gate is „clamped“ to cavity at the 

stiffening ring (iris)
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stiffening ring (iris)

– per cell: + 0.1 mm results in +300 KHz

– Correct length can only be adjusted by proper 
trimming of the dumb bell

• Measure of field profile, frequency and 
tuning can be automised
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Alternate Fabrication Methods
Under Development
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Under Development
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2 - cell Nb cavity hydroformed at DESY
• from Nb200 deep drawn tube
• no intermediate constraints
• no intermediate annealing

61



62



seemless 
tube

the two ends 
are formed

single cell 
resonator

Hydroforming
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H. Kaiser, W.Singer et 

al.



Axiale shrinkage
Pressurized 
water

Moulds
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Hydroforming of a two-cell structure  - H. 
Kaiser, W.Singer et al.



Flow forming over a cylindrical mandrel with 
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Flow forming over a cylindrical mandrel with 
three work rollers allows to produce long and 
very precise tubes from thick walled cylindrical 
part.
After optimization of several parameters shiny 
Nb surface and small wall thickness variations 
(less then +/-0,1 mm) have been achieved. 


