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Niobium is well known refractory metal having high melting point (2468 °C) and boiling point (4742 °C). Owing to
its corrosion resistance at high temperature with relatively lower density, it is a preferred material for space
applications. One of the most crucial applications of Nb has been found in aviation and aerospace industry where Nb
based alloys are being used in a big way in rocket nozzles, rocket thrusters, satellite antennae, etc. In addition,
Niobium in the form of powder is widely used in the fabrication of solid electrolyte capacitors. Although the
reduction process is reported and commercialized, in the present paper few attempts are made to study the process
parameters to obtain higher niobium yield, purity and economically viable process. It is reported that the yield of
niobium depends up on the temperature, purity of niobium pent oxide, aluminum content and refractory lining
thickness of crucible.
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1. Introduction
The three familiar niobium metal oxide reduction
processes are calciothermic reduction[1-2],
aluminothermic
reduction[3-10],
and
magnesiothermic reduction [11] and magnesium
vapor reduction process[12]. In calciothermic
reduction, niobium oxide is reduced with calcium
in the presence of iodine/sulphur as a thermal
booster. This process can be applied in order to
obtain small quantities of fairly pure solid metal.
In magnesiothermic reduction, the reduced metal
will be in the form of powder with 0.5-4%
oxygen impurities. The other important way of
metal oxide reduction is aluminothermic
reduction process. The metallothermic reduction
of niobium oxide with aluminum is the most
economically viable process for producing
niobium metal. The raw material for producing
niobium metal is high purity niobium oxide
which is prepared through solvent extraction and
calcination processes. Metallothermic reduction
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is carried-out at a temperature (nearly 2050 °C)
where the metal and slag get proper separation in
the molten condition. The reduction reaction is
exothermic (Free energy is -925 KJ/mol Nb2O5)
and the heat generated is sufficient for the
completion of reduction. In the present paper
different batches of aluminothermic reduction
experiments are studied by changing aluminum
content, refractory crucible wall thickness.
2. Experimental
2.1 Ore dissolution
Columbite-Tantalite ore is used as raw material
for the preparation of niobium. The ore is ground
to fine powder by series of crushing and milling
operations using Jaw Crusher, Roll Crusher and
Pulveriser. The ore powder is dissolved in
hydrofluoric acid in the presence of steam.
2.2 Solvent Extraction and Niobium Pentoxide Preparation [13]: This is very critical stage
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in niobium oxide preparation. At this stage the
niobium is separated from the other constituents
like tantalum, iron, etc. Feed, scrub & strip
solutions are prepared and subsequently passed
through mixer settler boxes for the separation of
tantalum. After tantalum extraction, pH of the
Feed raffinate solution is increased by passing
ammonia gas. The feed raffinate precipitate is
dissolved in 40% hydrofluoric acid and sulphuric
acid is added to maintain the free acid
concentration of 5N HF and 9N H2SO4. The total
niobium content of the solution is maintained at
125-150 g/L.
Equal volumes of tri-butyl

phosphate and kerosene is mixed to prepare
organic solvent and equilibrated with 5N HF. The
niobium is precipitated as niobium hydroxide at
6-6.5 pH. The precipitated is allowed to settle
and the supernatant liquid is decanted. The
precipitate is further washed with water to
remove soluble impurities. Niobium hydroxide is
calcined at 700 °C for a couple of hours and
niobium pent oxide prepared. The phase purity of
niobium pent oxide is confirmed by XRD studies
as shown in Fig. 1.

Fig 1: XRD spectrum of phase pure niobium pentoxide

2.3 Aluminothermic Reduction of Niobium
pentoxide
The metallothermic reduction of niobium oxide
with aluminum is the most preferred method for
the production of high purity niobium metal.
Reduction is carried out in ceramic (alumina)
vessels at elevated temperatures. Usually these
vessels will be used once and destroyed after the
reaction over for the separation of niobium metal
and resulted slag. Different batch sizes of (200
gm to 1.5 Kg of niobium pent oxide)
aluminothermic reduction experiments are
conducted and the results are studied.
2.3.1 Reduction Process: Initially the refractory
cement lined MS crucible is placed in the
furnace and heated up to 900 °C for two hours
and allowed for cooling. Required quantity of
niobium pent oxide is placed in the tray and kept
in oven at 50 °C for two hours to remove the
moisture. As per the reduction equation (Equation
Vol. 1 No. 2 2013

1) the aluminum powder quantity taken and
mixed with niobium pent oxide and loaded into
crucible. While loading the reaction mixture,
potassium per chlorate (booster) also added
carefully to generate required heat during
experiment. To initiate reduction reaction, little
quantity of magnesium powder is spread on the
reaction charge and fired with the help of
magnesium wire. Fig. 2 shows the reduced
niobium mass along with slag in molten
condition.
After cooling the reduction charge to room
temperature, the crucible is broken and solid
niobium is separated from the slag material. After
removing the slag, the reduced mass is hydrided
and converted into 2 to 3 cm size chunks and
afterwards same material is dehydrided to remove
hydrogen. These metal pieces are used as feed for
electron beam melting.
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that the compound NbO is the most stable
compound in the above system. Therefore, the
losses of niobium in the slag have to be as NbO.
The equilibrium of the metallothermic reduction
of niobium oxide by aluminum will be controlled
by equation 4. The equilibrium can be described
with the following equation:
Fig 2: Molten charge after aluminothermic reduction
process

2.4
Electron Beam Melting and Ingot
Preparation
Dehydrided niobium chunks are melted in a 60
KW electron beam melting (EBM) system (LEW
make, Germany). After EB melting the niobium
chunks, the yielded niobium metal ingot weight is
80% that of feed Nb weight. For further
purification, the EB melting process is repeated.
The final niobium ingot is analyzed for its
chemical and gaseous impurity contents.
3. Results and discussion
The reduction of Nb2O5 by aluminum follows the
following formula:
6 Nb + 5 Al2O3 - ∆G°T ---1
3 Nb 2O 5 + 10 Al →
∆G°T = -925.3 + 0.1362 T (KJ/molNb2O5)
The reduction of niobium oxide by aluminum do not
complete in one step but in several steps via niobium suboxides.
3 Nb 2O 5 + 2Al →
3 NbO2 + 2 Al →
3 NbO + 2 Al →

6 NbO2 + Al2O3 - ∆G°T ….2
3 NbO + Al2O3 - ∆G°T…..3
3 Nb + Al2O3 - ∆G°T….. 4

The amount of free energy is an indication for the
stability of a chemical compound. It is reported

N 3Nb + NAl2O3
Kp =

---------------------------------

N 3NbO + N 2Al

From the above equation it can be observed that
the content of NbO in the slag is dependent on
temperature and the aluminum content. The
maintenance of temperature during reduction
reaction is difficult as it is an exothermic
reaction. The only way to control temperature is
to alter aluminum content and perfect sealing of
refractory crucible. In order to see the effect of
refractory cement wall thickness of reduction
crucible, few reduction experiments conducted
with different wall thicknesses (1 to 4 cm). It
was observed that 4 cm wall thickness gave
higher reduction mass that of others. The addition
of excess aluminum content also varied from 5%
to 10% more than stoichiometric and niobium
metal yield was observed. It was found that 8%
excess aluminum addition yields higher reduction
mass compared to others. With 8% excess
aluminum addition, different batch reduction
experiments (200 gm – 1500 gm niobium pent
oxide) are conducted in 4 cm thick refractory
crucibles. The chemical analysis of 1500 gm
niobium oxide reduction experiment is given in
Table 1.

Table 1: Chemical analysis (in ppm) of aluminothermic reduced and electron beam refined niobium metal samples
Before electron beam refining
Element
Impurities
melting
Max. limit

After Electron Beam refining
Second
First melting for EBM
*

Al
3.98%
Up to 6 %
110
Fe
1860
3000
<500
Ni
196
-<10
O
4600
7000
760
C
250
-13
H
10
150
5
*Technical brochure of M/s ALD Vacuum Technologies, Germany
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<10
<10
<10
250
25
<5
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The reduced metal yield of above experiments is
also found in the range of 93 to 95% after
subtracting the impurity values. In order to get
high purity niobium ingot, the dehydrided
niobium pieces are electron beam (EB) refined.
Prior to EB melting the reduced mass is hydrided
to get brittle form and broken into 2-3 cm size
pieces suitable to EB system feeding. Hydriding
of niobium is done in an inconel retort under ultra
pure hydrogen gas between 400 °C to 900 °C.
Dehydriding treatment of broken niobium metal
pieces is carried out at 700 °C under high vacuum
conditions (10-6 Torr) in an inconel retort. Prior to
electron beam melting the dehydrided niobium
metal is analyzed for hydrogen content and found
10 ppm which is acceptable for EB melting feed.
Melting and refining process of above niobium
metal is done in the 60 KW electron beam
melting system. Initially one melting run is done
and analyzed for the impurities as shown in Table
1. It is noticed that the impurity contents are high
after single melting and decided to do one more
melting. Since there is no provision for feeding
ingot directly in to the EB melting system again
hydriding and dehydriding processes are
employed to get feed chunks. After second EB
melting, the impurity analysis shows that the
niobium ingot is pure compared to single melting
process.
4. Conclusion
In aluminothermic reduction of niobium
experiments, excess aluminum content and
perfect refractory crucible sealing help for getting
higher niobium yield and lower impurities.
Minimum two EB melting processes are required
for achieving metallurgical grade niobium metal
ingot.
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