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ABSTRACT 

Separation of niobium from ferroniobium by chlorine 

metallurgy has been investigated in order to effect a new 

process for the mass production of niobium due to the increasing 

demand for this element. From thermodynamical considerations, the 

chlorination of ferroniobium by chlorine gas was conducted under 

severa! conditions, and the most effective conditions were 

determined. Preliminary separation of niobium pentachloride from 

ferric chloride is possible by selective condensation with 

temperature gradient techniques. Selective reduction of ferric 

chloride to ferrous chloride by iron powder was conducted to 

separate niobium pentachloride by their volatility difference. 

Separation of niobium pentachloride from ferric chloride by 

using organic solvent was also tried and niobium pentachloride 

with high purity could be separated effectively from ferroniobium 

chlorides by selective reduction of ferric chloride and selective 

dissolution of niobium pentachloride in organic solvent. A new 

dry process which has the possibility of industrial application 

is summarized in a flowsheet. 

INTRODUCTION 

Niobium has become of major interest recently in high 
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technology field, such as nuclear reactor, superconductor, 

catalist and so on. Also there is a great demand for 

ferroniobium in the steel industry
1

•
21

• Pyrochlore becomes the 

most important resource of niobium because of its great abundance 

and the fact that it contains less tantalum)-G). But a recent 

trend of ore production countries such as Brasil is that of 

exporting f e rroniobium instead of ore, because of their 

recovering valuable me tals such as rare earths, thorium and 

uranium. In Japan, imported ferroniobium accounts for more than 

60 % of all niobium from abroad. Since f e rroniobium is a main 

resource of the world's niobium supply, inve stigation of the 

direct process of separating niobium from ferroniobium is 

necessary. On the othe r hand, chloride process is one of the most 

valuable methods, having advantages in many areas, suc h as ore 

processing, metal production, ultra fine purification, molten 

salt technology, new material synthesis, and s o on. 

Few papers reported on chlorination of ferroniobium in the 

1960s
7

• 81 • Based on the above consideration, the present work was 

directed toward exploring the possibility of a new process via 

chlorine metallurgy. 

In this paper, extraction of niobium from ferroniobium was 

tried as one of the newer-method metallurgies for the extraction 

of rare metals which will be able to utilize ferroalloys such as 

ferrosilicon and ferrochromium as raw materiais. Furthermore, 

ferroalloys will become the only resources of rare metals which 

can be imported from their producing country to Japan. 

'lJOBIUM ANO I 'ON CHLORIDE SYSTEMS 
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Figure 1 shows the stability diagrams for the Nb-Cl
2 

and Fe

Cl2 systems obtained from thermodynamical calculations
91 • ln the 

diagrams, there two iron chlorides, and four niobium chlorides
10

-

14) 
Other niobium ch1orides such as NbC1

4 
and NbC1

3 
are omitted 

because of their unavailable data. Under a pressure of 10-
10 

atmosphere of ch1orine gas, se1ective chlorination producing 

ferrous ch1oride and niobium pentachloride is possible. Though 

the vo1atility difference between these chlorides becomes 

large, it is not practica1 to adopt the very 1ow pressure system 

from the standpoint of productivity. Production of lower niobium 

ch1orides also must be avoided because of their low vapor 

pressure. 

ln this work, the chlorination producing a mixture of ferric 

and niobium pentach1oride(ferroniobium ch1orides) under a 

pressure of 1 atmosphere of ch1orine gas, shown as the shadowed 

portion in Figure 1, was tried. 

CHLORlNATlON OF FERRONlOBlUM 

Chlorination of ferroniobium was conducted using pyrex 

apparatus as shown in Figure 2(a). Ferroniobium powder(-200 mesh) 

which contained 64 % niobium(Table 1) was loaded on the left side 

of the reaction tube and the tube was wrapped in a shield wire 

heatercapable of maintaining the temperature at about 603 K. 

Chlorine and argon as carrier gases were passed through the tube 

-6 3 
at 2 - 8 x 10 m per second flow rate. When a pale 

yellow chlorine gas flow attacked ferroniobium in the tube, the 

ﾷＬ ＢＬ ＮＬｾﾷＺ Ｍ .. i .o n part was then heated to ini t1 ate the reaction and the 
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temperature spiked due to release of heat. The chlorination 

reaction between ferroniobium and chlorine gas under given 

conditions can be written as Eqs. (1) and (2): 

2Fe in (Fe-Nb) (s) + 3Cl
2 

(g) 

2Nb in (Fe-Nb) (s) + 5Cl
2

(g) 

2FeC1
3 

(g) 

2NbC1
5

(g) 

(1) 

(2) 

The deep yellow gas of ferroniobium chlorides vaporized and 

condensed in the traps Because of the exothermic reaction 

between metal and gas, the reaction took place in a short period 

Figure 3 shows the relationship between flow rate of chlorine gas 

and the maximum temperature of the sample. Chlorination data of 

niobium oxide reported by Habashi et a1.
151 

are also shown in 

Figure 3. Both data show the same trend of linear rise in 

temperature, but differ in ｾｨｬｯｲｩｮ｡ｴｩｯｮ＠ temperature. The ignition 

temperature of ferroniobium is 463 K81 , while that of niobium 

oxide is 608 k. Chlorination of ferroniobium is beneficial, 

compared with that of niobium oxide, in adopting a low 

temperature process and avoiding oxychloride production. The most 

probable chlorination condition is chlorine gas rate of 2 x 10- 6 

m
3 

per second at 603 K. 

CONDENSATION OF FERRONIOBIUM CHLORIDES 

During the chlorination , vapor of ferroniobium chlorides 

was transferred from the reaction boat to trap and condensed 

there as a mixture of ferric chloride and niobium pentachloride 

determined by powder x-ray diffraction. From the chemical 

analysis of condensed products, condensate at the lower 

temperature part was rich in niobium. Then the roughly separation 
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by selective condensation after chlorination was tried. The 

experimental apparatus was improved to have the temperature 

gradient from room temperature to 573 K on the condensation part 

as shown in Figure 2(b). The result is shown in Figure 4. The 

distr.i butions of ferroniobium chlorides condensed on e a eh 

condensation part are also shown in Figure 4. The amount of 

condensate is almost equal for each part. The composition of 

ferroniobium chlorides from original ferroniobium is 47 mole% 

NbC1
5
-53 mole% FeC1

3
. But at the part where the temperature is 

523 K, content is 10 mole% NbC1
5 

and at room temperature, 80 

mole%. Since niobium pentachloride is much more volatile than 

ferric chloride(PNbCl
5
=6.14xl0

4
Pa, PFeCl

3
=1.64xl0

3
Pa at 500K)

9
), 

ferric chloride shows a tendency of condensing at a high 

temperature part, while niobium pentachloride vapor almost goes 

through this part without condensation. 

Therefore, by selective condensation in a temperature 

gradient, it is clear that the preliminary separation of niobium 

pentachloride from ferric chloride is possible. 

SELECTIVE REDUCTION OF FERRIC CHLORIDE BY IRON POWDER 

As the vapor pressure of ferrous chloride is much lower than 

that of ferric chloride(PFeCl
2
=5.52xl0-

4
Pa, PFeCl

3
=9.45xl0

4
Pa at 

600K) , ferrous chloride and niobium pentachloride system is 

effective for the separation of niobium pentachloride by 

distillation. Then, the selective reduction of ferric chloride to 

ferrous chloride by iron powder was conducted after the 

chlorination of ferroniobium. The fnllowing reactions of 
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reduction are considered: 

2FeC1
3

(s) + Fe(s) 3FeC1
2 

(3) 

2NbC1
5

(1) + Fe(s) 2NbCl
4

(s) + Fecl
2

(s) (4) 

6NbC1
5

(1) + 7Fe(s) 2Nb
3
cl

8
(s) + 7Fecl

2
(s) (5) 

NbC1
5

(1) + Fe(s) NbC1
3

(s) + FeC1
2

(s) (6) 

2NbCl
5

(1) + 3Fe (s) 2NbC1
2

(s) + 3FeC1
2

(s) (7) 

From the thermodynamical calculations of free energy change at 

600K 
91

1 the values are -2.52 x 10
5 

J/mol for Eq. (3) 1 -1.12 x 105 

J/mol for Eq. (4) 1 and others are similar to Eq. (4). The 

reduction of ferric chloride to ferrous chloride occurs 

predominantly. 

When i•.on powder equivalent to ferric chloride in Eq. (3) was 

added into ferroniobium chlorides 1 DTA curves were shown in 

Figure 5 as solid line(l) and (2). Ferroniobium chlorides shows 

the eutectic and proeutectic of NbC1
5

-FeC1
3 

system161 at 473 and 

523 K 1 respectively 1 shown in Figure 5 as a dotted line. ln the 

solid line(l) 1 the reduction of ferric chloride to ferrous 

chloride by iron powder occurred showing the exothermic peak after 

the first endothermic peak of the eutectic at 473 K. The smal1 

peak at about 573 K is considered as the reduction of ferric. 

chloride by unreacted iron powder. The solid line(2) is a DTA 

curve after the reduction 1 and the small endothermic peak at 

477 K corresponds to the eutectic of the NbC1
5

-FeC1
2 

system
16 l. 

The yellow solid of niobium pentachloride was recovered 1 

condensing on the upper part of the DTA cell. From chemical 

analysis of the yellow solid obtained only 10 ppm of iron as and 

impurity. Comparing with selective condensation 1 separation 
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between niobium and iron becomes more cle.ar. ln this experiment, 

the recovered niobium pentachloride was about 30 %, but recovery 

rate and the purity of niobium pentachloride can be improved 

by a distillation. 

Fortunately, the iron powder is a reducing agent, and the 

binary system of iron and niobium cannnot be contaminated by any 

other elements. This leads to the advantage of recycling ferrous 

chloride and niobium pentachloride mixture for the recovery of 

niobium. 

CONCLUSlON 

ln this paper, we sh"owed the possibility of recovering 

niobium from ferroniobium by chlorine metallurgy and summarized 

in a flowsheet as shown in Figure 6. Ferroniobium is chlorinated 

-6 3 
by 1 atmosphere and 3-5 x 10 m per second of flow rate of 

chlorine gas at 603 K to produce a mixture of ferric chloride and 

niobium pentachloride. Preliminary separation of niobium 

pentachloride from ferric chloride by a temperature gradient. 

Then the mixture rich in niobium pentachloride undergoes the 

selective reduction step. Ferric chloride is reduced to ferrous 

chloride by iron powder to decrease the vapor pressure of iron 

chloride, and pure niobium pentachloride is separated from 

ferrous chloride by a distillation manner. The residual ferrous 

chloride containing a slight amount of niobium pentachloride is 

rechlorinated for recovering pure niobium pentachloride again, or 

the residue is oxidized for recycling chlorine gas. The 

advantages of this process are follows; 
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1. Chlorination takes place very effectively at low 

temperaeures without producing oxychlorides. 

2. The whole process consists of dry methods and is simpler 

than the current process. 

3. Iron powder is a very cheap reducing agent, resulting in an 

economical process and avoiding the complication of system. 

4. Ferroniobium is new type resources which only can be 

imported from ore-producing country. 

Furthermore, some improvements of this process are also 

considered and another types of separation methods using organic 

so1vent wi11 be presented in detai1. 
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Table 1 Chemical analysis of ferroniobium. 

Ccxlp:Jnent 

Nb 

Ta 

Fe 

Al 

Si 

-«< 
a. -.. 
o 

a. 
(J) 

o 
....I 

cntp:lsitial Chip:Jtlellt Chlp:lsitial 

(wt\) (wt\) 

63.83 c 0.06 

0.37 s 0.07 

30 .80 p 0.04 

3 .31 Sn 0.04 

1.48 

98 7 6 5 4 3 

T emperature (x 1 OOK) 

Figure 1 Stability diagrams of ｾ｢Ｍｃｬ Ｒ＠ and 
Fe-c12 systems . 
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Figure 2 Chlorination apparatus. 
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Figure 3 Ternperature rise during chlorination. 



554 

｣ＱＬＭｾ＠ } ·:i:;. ＺＺＺ［ﾧ［Ｌｾｈｩｾ＿＠ ;== 
. · · . . . . . L Distrlbution 

(2996)(3496)(3596) 

600 ,.... 
::,c 
...... 

ｾ＠ 500 
ｾ＠

］ｾｲ ﾷＬ＠ 11100* f ｾｗｦ ｣ ｾ ｾ ＺﾷﾷＺ＠ i ＺＬＮＧＭＮ［ＧＮＺｾＺＺ＠ ... ｾ＠ :: ｾ＠
:·. z :- 50 ｾ＠

o 
(,) 

... 
cu 

ｾ＠ 400 
cu 
t-

300, ·' '> "·"')), ) '"}, "'jB 
o 0 .1 0.2 

Position of condensation part (m) 

cu 
-o 
ﾷｾ＠
:E 
(.) 

Figure 4 Selective condensation of ferroniobium 
chlorides. 
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Figure 5 DTA curves for reduction of 47mole%NbC1
5

-
53mole%FeC13 mixture by iron powde r_ 
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Figure 6 Flowsheet for NbC15 production from 
ferroniobium by cnlorination. 


