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J. Eckert 

ABSTRACT 

This paper provides a comprehensive general 

review of niobium and niobium compounds such 

as halides, carbides, borides, sillcides, nitrides 

and hydrogen. The paper first outlines the 

physical and chemical properties of the metal and 

then goes on to describe its occurrence and 

resource processing. It also covers various 

processes for producing niobium metal from 

diiferent starting sources. 

INTRODUCTION 

Niobium, Nb, atomic number 41, and atomic 

mass 92.91 anu is also known as columblum, Cb, 

In the United States. There are many artificial 

radionuclides, but only one known natural non-

radioactive isotope, ^ ^ N b . The electronic 

configuration of the ground state Is 4s^p 6d 35s 2 , 

which explains the existence of oxidation states 

+2 to +5. 

Niobium was discovered by Hatchett In 1801 

in the mineral columbite and was named 

columblum. In 1844 the name niobium was 

proposed by Rose. 

1. PROPERTIES 

Linear coefficient 
of thermal expansion 

Specific heat 

Latent heat of fusion 

Latent heat of 
vaporisation 

Thermal conduct-
ivity at 0 C 

Electrical resistivity 
0-600 C 

Electrochemical 
equivalent 

Standard electrode 
potential 

Magnetic suscept-
ibility at 25°C 

Superconductivity Tc 

Spectral emissivity at 
650 χ 10-10 m(at 
2003 K) 

Ionisation potential 

Work function 

High Temperature Materials and Processes 

6.892 χ 10"6 K"1 

0.26kJ Kg^K" 1 

290kJ/kg 

7490 kJ/kg 

0.533 Wem' 1 Κ"1 

15.22 μ Ω.cm 

0.19256 mg/C 

Ε Nb/Nb+5 -0.96V 

2.28x10"6 

9.13 Κ 

2.28X10"6 

6.67 ev 

4.01 eV 

Mechanical properties of niobium, like those 

of most refractory metals, are influenced by purity 

of the metal, production method, and mechanical 

treatment. Even small amounts of interstitial 

Impurities Increase the hardness and strength but 

reduce the ductility. Following are some Important 

mechanical properties of commercial niobium /4/: 

Annealed niobium 

Ultimate tensile 195 MPa 
A Physical Properties strength 

Following are some Important physical 
Yield strength 105 Mpa 

properties of niobium metal /1-3/: 
Elongation 30% + 

Reduction in area 80% + 

Density at 20°C 
Q Hardness 60 HV 

Density at 20°C 8.57 g/cm-3 
Hardness 60 HV 

Crystal structure body centred cubic Poisons ratio 0.38 
(a=3.3ax 10-1 0m) (a=3.3ax 10-1 0m) 

Strain hardening 0.24 
melting point 2468+ 10°C exponent 

boiling point 4927°C Elastic modulus 103 GPa 
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Tension shear 17.5 GPa 

Ductile-brittle 

transition < 147 Κ 
temperature 

Recrystallization 800 - 1000°C 
temperature 

B. Cold-Worked Niobium 

Ultimate tensile 

strength 585 MPa 

Elongation 5% 

Hardness 150 HV 

C. Chemical Properties 

Niobium is very resistant to most organic and 

inorganic acids, with the exception of HF, at 

temperatures up to 100°C / l / . Concentrated 

sulfuric acid about 150°C causes embrittlement. 

Resistance to alkaline solution is lower. Because 

niobium has a marked tendency to form oxides, 

hydrides, nitrides, and carbides, its use in air is 

limited to temperatures up to ca.200°C. 

2. OCCURRENCE 

Niobium occupies the 33rd place in order of 

natural abundance, being present in the earth's 

crust at 24 μg/g. It is thus more common than 

cobalt, molybdenum or tantalum. 

The most important niobium mineral is 

pyrochlore, a compound with the general formula 

(Ca,Na)2-m N b 2 0 6 (O, OH, F)i_ n χ H 2 0 . The 

lattice positions of Na and Ca can also be 

occupied by Ba, Sr, rare earths, Th, and U. The 

lat ter two elements are responsible for the 

radioactivity of some pyrochlore concentrates. 

Two types of niobium ore deposits are known. 

Niobium and Niobium Compounds 

In primary deposits, the pyrochlore is always 

interstratifled in carbonatites. This is the case in 

the Canadian deposits at Niobec and Oka, In 

which calciopyrochlore is interstrat i f led in 

dolomite. The ore contains 0.5-0.7% niobium 

pentoxide. In the important secondary Brazilian 

deposits at Araxa and Catalao, the niobium 

content of the carbonate minerals has been 

considerably enriched by weathering. Here, the 

ore is present in combination with apatite, iron 

oxide, and barite and contains about 3% Nb205, 

46% Fe203, 17-18% BaO and 1.5%P as apatite / 5 / . 

Table 1 shows the average ΓΛ>2θ5 capacity, the 

production, and the reserves of various deposits 

/ 6 / . In addition to the sources listed in Table 1, 

other potential sources exist in Canada, Africa, 

Brazil, China, the United States and the Soviet 

Union. 

The most commercially important deposits 

are in Brazil, Canada, Nigeria, and Zaire. World 

reserves are estimated to be 4.1 χ 10® t Nb, of 

which 78% are in Brazil. The Canadian reserves 

are estimated at 0.12 χ 10 6 t . 

The second most important niobium mineral 

is columbite, (Fe, Μη), (Nb, T a ^ O ß . in which 

niobium is nearly always present with tantalum. 

These ores are referred to as columbites if the 

Nb2©5 content is greater than that of T a 2 0 s , 

otherwise as tantalites. Columbites and tantalites 

contain at least 60% combined pentoxides. These 

minerals occur as primary deposits in granites 

and pegmatites or in alluvial secondary deposits. 

Table 2 lists the chemical compositions of various 

Nb and Ta minerals / 7 / . 

Columbite is mined in Australia, Brazil, 

Nigeria, Malaysia and Zaire. Since the discovery of 

enormous deposits of pyrochlore in Brazil, world 
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TABLE 1 

Niobium deposits /6/ 

Location Capacity 106kg 
Nb2C>5 

Ore grade Reserves, 106t 
Nb2C>5 

Production, 106kg 
Nb205 

Araxa, Brazil 

St. Honore, Quebec 

Catalao, Brazil 

Nigeria 

Thailand 

Zaire 

24.75 

3.15 

2.48 

0.9 

0.45-0.9 

pilot scale 

3.0 

0.7 

1.5 

2-3 

500+ 

11 
50 

extensive 

9.45 

3.15 

2.48 

0.23 

TABLE 2 

Chemical composition of the principal niobium-bearing minerals % /7/ 

Mineral Nt^Os Ta2C>5 Ti02 Fe MnO SnC>2 

Pyrochlore 40-65 2 1-6 2 

NaCaNb20ßF 

Columbite, (Fe.Mn) (Nb.Ta) 2 0 6 40-75 1-40 0.5-3 10-20 2.6 2 

Tantalo-columbite 

(Fe.Mn) (Nb.Ta) 2Oe 25-60 20-50 0.5-3 10-20 2.6 2 

Tantalite, (Fe.Mn) (Ta.Nb) 2 0 6 2-40 42-84 0.5-3 10-20 2.6 2 

Microllte, Ca2 (Ta.Nb) 2 0 6 (OH.F) 60-70 

production of columbite has Increased 

considerably. This trend could change when 

extraction of columbite as a byproduct of tin 

extraction is started using the Pitinga deposits in 

Brazil /8/. The discovery of large deposits of 

pyrochlore in South Greenland (Motzfleld Center) 

was reported in 1986. 

A further source of niobium Is provided by 

tantalum-niobium slags from tin production, since 

columbites and tantalltes are often associated 

with cassiterite; niobium and tantalum 

concentrate in the slags as oxides. The niobium 

and tantalum pentoxide content of various tin 

slags is given in Table 3 /9/. Niobium and 
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TABLE 3 

Niobium and tantalum pentoxide 
content of various tin slags, % /9/ 

Country Nb205 Τ32θ5 

Malaysia 4 4 

Nigeria 14 4 

Portugal 7 7 

Singapore 3 2 

Thailand 8 12 

Zaire 5 9 

tantalum are found In rare minerals such as 

stlblocolumbltes (Sb, Nb) TaC>4, fergusonites 

(Re3+) and NbC>4, and euxenite Y (Nb, TÜ2 ΟQ. The 

last two, however, are of no commercial 

significance. 

3. PROCESSING OF NIOBIUM ORES 

A Winning of Pyrochlore Concentrates 

Concentrates containing 50-60% Nb20s are 

ob t a in ed f r o m p y r o c h l o r e - c o n t a i n i n g 

carbonatites or weathered ores by conventional 

beneflciation processes such as crushing, 

grinding, magnetic separation and flotation. 

Brazilian concentrates (Araxa) are also treated 

chemically to remove lead, phosphorus, and sulfur. 

The raw concentrate is roasted in the presence of 

calcium chloride and calcium oxide In a rotary 

furnace at 800 - 900°C, and the product Is leached 

with hydrochloric acid. In the case of Brazilian 

pyrochlore, this procedure also leads to 

replacement of Barium by calcium /10/. 

B. Treatment of Pyrochlore Concentrates 

Whereas pyrochlore from Araxa can be 

converted directly to ferronlobium, pyrochlore 

concentrates from other sources must first be 

chemically treated before niobium can be 

obtained. Some well-known processes use con-

centrated sulfuric acid or molten soda. Reductive 

chlorlnation of pyrochlore at ca 1000°C produces 

volatile chlorides of niobium and other metals. 

These processes are, however, generally regarded 

as uneconomical. This is also true of the process 

In which digestion of pyrochlore with mixtures of 

hydrofluoric and sulfuric acids is followed by 

solvent extraction / l l / . 

C. Production of Niobium Oxide from 
ColumbUes and Tantalites Extraction 
Processes 

Niobium and tantalum always occur together 

In columbltes and tantalites and must be 

separated not only from other elements present 

but also from each other. The Industrial 

separation of tantalum from niobium has long 

been carried out by the Marlgnac process of 

fractional crystal l izat ion of potassium 

heptafluorotantalate and potassium heptafluoro-

niobate /12/. This expensive process of 

precipitation and crystallization, which is also 

environmental ly unacceptable, has been 

abandoned together with the long-established 

Fansteel process /12/ in favour of processes based 

on solvent extraction. 

Tantalite and columblte, naturally produced 

as concentrates from tin slags /13-14/, are 

digested with hydrofluoric and sulfuric acids at 

elevated temperatures. The accompanying 
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elements are dissolved along with the tantalum 

and niobium, which form the complex 

heptafluorides H2 TaF7 and H2NbOF7 or H2NbF7. 

After filtering off the insoluble residue (fluorides of 

alkaline-earth and rare earth metals), the aqueous 

solution of Ta-Nb in hydrofluoric acid is extracted 

in several continuously operated mixer-settlers 

with an organic solvent, e.g., methyl isobutyl 

ketone (MIBK) /15-17/. The complex fluorides of 

niobium and tantalum are extracted by the organic 

phase, whereas most of the impurities and other 

elements, e.g., iron, manganese, titanium, etc., 

remain in the aqueous phase. In practice, Nb2C>5 

+ Ta2C>5 concentrations of 150-200 g/1 in the 

organic phase are used. The organic phase is 

washed with 6 - 15 Ν sulfuric acid and then 

reextracted with water or dilute sulfuric acid to 

obtain niobium. The aqueous phase takes up the 

complex fluoroniobate and free hydrofluoric acid, 

while the complex fluorotantalate remains 

dissolved in the organic phase. The aqueous 

niobium solution is reextracted with a small 

amount of MIBK to remove traces of tantalum. The 

resulting organic phase is returned to the 

combined tantalum-niobium extraction stage. 

Gaseous or aqueous ammonia is added to the 

aqueous niobium solution to precipitate niobium 

oxide hydrate. Crystallization of K2NbF7 can only 

be achieved in strong hydrofluoric acid solution; 

therefore, it Is only carried out on a small scale due 

to high costs resulting from the increased 

consumption of hydrofluoric acid. 

Tantalum is reextracted from the organic 

phase with water or dilute ammonia solution, and 

tantalum oxide hydrate is precipitated by 

ammonia or potassium salts are added to produce 

K2TaF7 which is used in the production of 

High Temperature Materials and Processes 

tantalum metal. 

The oxide hydrates are collected by filtration, 

dried and calcined at up to 1100°C. Variation in 

conditions of precipitation, drying and calcination 

produces different particles sizes, giving oxides 

suitable for various applications. Depending on 

quality requirements, the calcinations is carried 

out in directly or in-dlrectly heated chamber or 

rotaiy furnaces. The nature of the furnace lining 

has considerable influence on purity, 

influence on purity. 

Sophisticated process control and opti-

mization enable niobium and tantalum to be pro-

duced with high yield (>95%) and purity (> 99.9%). 

A number of alternative extraction media 

have been reported in the literature, most of which 

have never been used in industry, except for 

tributyl phosphate (TBP) /18/ and trl-n-

octylphosphine oxide fTOPO) /19/. 

Fig. 1 shows the flow diagram of an industrial 

installation for the processing of tantalum-

niobium raw materials /20/. 

D. Chlorination 

The chlorination process is a modern 

alternative to the extraction process. There are 

two versions: reductive chlorination of natural and 

synthetic raw materials and chlorination of 

tantalum-niobium ferroalloys. 

In reductive chlorination, the ore or 

concentrate Is pelletized with coal/coke and pitch, 

dried, and reacted in a stream of chlorine of 900°C. 

The nonvolatile alkaline-earth metal chlorides 

remain behind while the readily volatilized tetra-

chlorides of silicon, tin and the pentachlorides 

NbCIs TaCl5, and WOCI4 are distilled off and 
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Natural ore 

Tin slags 
Concentrates 
25 % T a 2 0 5 
25 % Nb2 0 5 

Blending milling 
classification 

HF 
H2SO4 

MIBK -
H 2 S 0 4 

>1 

£ 
T a - strip-

solution 

NH4OH 

H 2 0 — 

Purified —«-Γ 
water 

T a - a c i d 

I 
Filtration 

• 

Calcination 

i 
T a 2 0 5 

Milling 
classification 

Ϊ 
Blending 

Chemical decomposition 

Ί 
Filtration 

τ 

Residues to waste 

Solvent extraction 
X 

T a / N b - separation 

NH4OH 

H 2 0 — 

Purified water 

K+ Crystallization I 
K 2 T a F 7 

Raffinate to 
waste 

MIBK 

Nb-strip-
solution I 

Nb-acid 
I 

Filtration 
Τ 

Calcination I 
N b 2 0 5 T~ 
Milling 

classification 
* 

Blending 

Fig. 1 Flow Diagram for the Processing of Tantalum - Niobium raw materials/20/ 

fractionated. The waste gas, which contains large 

amounts of phosgene and chlorine, must be 

rigorously purified. 

The chlorlnation of ferroalloys Is much 

simpler and more economical /21.22/. 

Ferronloblum or ferronloblum-tantalum are 

produced by the alumlnothermlc or electrothermlc 

process, size reduced, and fed together with 

sodium chloride Into NaCl-FeCl3 melt. The 

chlorinating agent is NaFeCl4· Chlorine is passed 

Into the melt, continuously regenerating NaFeCl4-

The following overall reactions take place: 

FeTaNb+NaC 1 +7NaFeC 14—>Ta/NbC 15 

+8NaFeCl3 +4C12—>8NaFeCl4. 
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The reaction temperature of 500-600°C Is much 

lower that that required for reductive chlorinatlon. 

The volatile chlorides are evolved from the molten 

salt bath. The boiling points of NbCl 5, TaCl 5 and 

WOCI4 He between 228 and 248°C and these 

compounds must, therefore, be separated by 

means of a distillation column. 

The chlorinatlon of ferroalloys produces very 

pure niobium pentachlorlde and tantalum 

pentachlorlde in tonnage quantities. The NbClß 

contains less than 30 μg/g Ta. and other metallic 

impurities only amount to 1-2 μg/g. Niobium 

pentachlorlde is an intermediate in the production 

of oxides and organometallic compounds and is 

the starting material for production of niobium 

powder and for chemical vapor deposition (CVD) 

of niobium coatings. 

4. NIOBIUM COMPOUNDS 

A Oxides 

Niobium pentoxide, niobic acid, NI32O5, mp 

265 C, bp 1495 C, is a colorless powder that can 

only be dissolved by fusion with acidic or alkaline 

fluxes such as NaOH or KHSO4 or in hydrofluoric 

acid. It is prepared by hydrolyzing solutions of 

alkali-metal niobates, niobium alkoxides (e.g., 

Nb(OC 2H 5 ) 5 or niobium pentachlorlde or by 

precipitation from hydrofluoric acid solutions with 

alkali-metal hydroxides or ammonia. Depending 

on the method used, the oxide hydrate formed is 

either a gel that Is difficult to filter or Is flocculent. 

The oxide hydrate is filtered, washed, and calcined 

at 800-1100°C. Tlie temperature and treatment 

time determine which of the various crystalline 

modifications is formed. Nearly all the phase 

changes are irreversible /23-25). 

High Temperature Materials and Processes 

Uses - Niobium pentoxide is used In 

metallurgy in the production of hard materials. In 

optics, and in electronics. Hydrated Nt^Os, which 

can be regarded as an lsopolyacld, has a high 

surface acidity and catalyzes the polymerization of 

alkenes, e.g., propylene /26/. 

Various applications require different 

qualities of Nb205. For the electrothermic and 

metallothermic manufacture of niobium metal or 

its alloys, technical quality niobium pentoxide (98-

99%) Is suitable. For higher quality requirements, 

chemically pure niobium pentoxide (> 99.7%) is 

used. 

In optics, niobium pentoxide Is used as an 

additive to molten glass to prevent devitrification 

and to control properties such as refractive Index 

and light absorption /27/. Optical grade niobium 

pentoxide with a purity of > 99.9% must be free 

from colored Impurities such as chromium, nickel, 

iron, manganese, etc. 

Extremely stringent purity requirements 

apply to Nb20s used in the manufacture of 

LlNbOß or KNb03 single crystals (ΓΛ>2θ5 ultra 

pure, grade (99.995%). These compounds are used 

for electroacoustlc and electreoptical components 

such as modulators, frequency doublers and wave 

filters /28,29/. 

Ceramic grade niobium pentoxide, used for 

making dielectric materials, must be 

manufactured with a special particle size 

distribution. This market sector will demand 

greatly increased quantities of niobium pentoxide 

if the development of the new class of ferroelectric 

perovskites (relaxors) Is successful, e.g., Pb(Mg2/3 

Nb2/3)03 for the manufacture of ceramic 

capacitors /30-32/. 

Details on various commercial qualities of 

niobium pentoxide are given in Table 4 /20/. 
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TABLE 4 
Commercially available oxides /20/ 

Specification Technically Chemically Ceramic grade Grade HPO Grade up 
pure grade pure grade (high purity 

optical) 
(ultra pure) 

Composition 
Nb205 min 99% min 99.7% min 99.8% min 99.95% min 99.97% 
Ta max 1600ppm nax 800ppm max 500ppm max lOOppm max 8ppm 
Al max 2ppm max 0.5ppm 
Β max 0.2ppm 
Bi max 0.5ppm 
Ca max 700ppm max 200ppm max lOppm max lppm 
CI max lOppm 
Co max 2ppm max 0.2ppm 
Cr max 2ppm max 0.2ppm 
Cu max 2ppm max 0.2ppm 
F max lppm 
Fe max lOOOppm max 200ppm max lOOppm max lOppm max lppm 
Κ max 1 ppm 
Mg max 0.5 ppm 
Μη max 2ppm max 0.2ppm 
Mo max 2ppm 
Na max 400ppm max 200ppm max lppm 
Ni max lOOppm max 2ppm max 0.2ppm 
Pb max 0.5ppm 
Rare earths max lppm 
S max 30ppm max lppm 
Si max lOOOppm max 250ppm max 50ppm max 50ppm max lppm 
Sn max 0.5ppm 
Ti max 300ppm max lOOppm max lOOppm max lppm 
V max 2ppm max 0.5ppm 
W max 50ppm max lppm 
Zr max 50ppm 
Loss on ignition max 1% max 0.5% max 0.4% max 0.2% max 0.005% 
Average particle 1-10 Mm 0.5-10 Mm 0.7-0.8 um max 5 Mm 1-3 pm 

size (FSSS) 
Tap density 0.8-1 g/cm3 0.8-1.265g/cm3 

Apparent density 
(scott) 

Microtac analysis 

Grain size 

Crystal structure 

90% 1.2 pm 
50% 0.7-0.8 Mm 
10% 0.5 um 

1. <600 umHP0 600 255 Mm 
2. <400 Mm HPO 400 
2. <150 Mm HPO 150 

orthorhombic monolinic monolinic(H-phase)+ 
(T phase (H phase Orthohombic (T phase)+ 
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B. Halides 

Niobium pentachloride, NbCls, M, 270.2, mp 

209.5 C, bp 249 C, is now produced exclusively by 

chlorination of ferroniobium, niobium metal or 

niobium scrap. 

Niobium pentachloride forms strongly 

hygroscopic yellow crystals that react with water 

to form NbOC 13 or Nb2C>5· χ H2O. The 

pentachloride is very soluble in dry ethanol, 

tetrahydrofuran and benzene. Alcoholic solutions 

of niobium pentachloride are used in the 

production of alkoxides such as the 

pentaethoxide, Nb(OC2Hs)5, from which 

micronized niobium pentoxlde is produced /33/. 

Pure niobium pentachloride is used for large scale 

production of niobiumpentoxide and niobium 

metal. 

Niobium tetrachloride, NbCl4, sublimes 

between 350° and 400°C. Niobium trichloride, 

NbClß, and niobium dichloride, NbCl2. are 

formed by reduction of NbCls, with hydrogen but 

are of no industrial importance. 

Niobium oxychloride, NbOCl3, M, 215.28, is a 

colorless, crystalline compound that sublimes at 

400°C and partly decomposes into niobium-

pentoxide and niobium pentachloride on further 

heating. 

Niobium pentafluoride, NbFß, M, 187.91, mp 

72 C, bp 236 C, can be prepared by fluorination of 

Niobium pentachloride or niobium metal with 

fluorine or anhydrous HF. The reaction of ΓΛ>2θ5 

with aqueous HF yields fluoronioblc acids of 

various compositions (e.g., H2NbF7 or H2NbOF5), 

depending on acid concentration. They are 

soluble in organic solvents and consequently play 

an important part in the separation of tantalum 

from niobium by solvent extraction. 

C. Carbides and Hard Materials 

The carbides, borides, silicides and nitrides 

of niobium are metallic hard materials /34/. Some 

of their physical properties are listed in Table 5. 

Only the carbides are commercially important. 

D. Niobium Carbides 

The niobium-carbon phase diagram /35/ 

indicates the existence of a face-centered cubic 

compound, NbC, which melts without 

decomposition at 3600°C with a broad region of 

homogeneity, and of Nb^C, which has a peritectic 

melting point. Only NbC has practical 

applications. In addition to its original use as a 

grain growth inhibitor in tungsten carbide-cobalt 

hard materials, it is now used mainly as solid 

solutions with titanium carbide, tantalum carbide 

and tungsten carbide for cutting tools. The precise 

effect of niobium on the composition, 

mlcrostructure, and properties of these hard 

materials is not yet fully understood /36/. In 

practice, up to 50% of the more expensive TaC can 

be replaced by NbC without appreciably affecting 

the hardness of fracture strength /37/. 

Like that of TaC, production is achieved by 

carburizing the oxide, hydride or metal at 1500°C 

in a carbon tube furnace, vacuum furnace or in the 

presence of a molten metallic menstruum such as 

iron or aluminium. Some of the physical 

properties of niobium carbides are given in Table 

Κ Niobium Borides 

The niobium-boron phase diagram /38/ 

shows th existence of Nb3B2, NbB, Nb3B4 and 
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NbB2- However, these high melting, very hard 

materials have no industrial uses. Table 5 lists 

their physical properties. 

F. Niobium Stltcides 

Nb4Si, Nb5Si3 and NbSi2, are produced by 

the silicothermic reduction of Nb205 or from the 

elements by sintering, pressure sintering or fusion 

in an electric arc furnace. Some physical data are 

given in Table 5. These compounds are not used 

industrially. 

G. Niobium Nitrides 

Various nitride phases with regions of 

homogeneity varying in distinctness are obtained 

by heating niobium metal or mixtures of niobium 

oxide and carbon in a stream of ammonia or 

nitrogen /39/. Niobium metal can be produced by 

thermal decomposition of NbN in high vacuum. 

The pure nitrides have not as yet found any 

industrial application. Table 5 lists some of the 

physical properties of niobium nitrides. 

Κ Niobium Hydrides 

On heating niobium in a pure hydrogen 

atmosphere to 350-500°C, hydrogen (ca 44 atom 

%) is absorbed, causing expansion of the lattice 

and embrittlement. Apart from the NbHo.g thus 

formed, the hydride Nb4H3 /40.41/ and the 

unstable dihydride NbH2 /42/ are also formed. 

The reversible uptake and release of 

hydrogen NbH is used in industry as a means of 

producing niobium powder from compact niobium, 

e.g., scrap or ingots. The metal is first 

Niobium and Niobium Compounds 

hydrogenated, then ground, and finally 

dehydrogenated in a vacuum furnace or under an 

inert gas. 

5. NIOBIUM METAL 

The industrial production of niobium is 

usually carried out by the reduction of the 

pentoxide or halides. The crude metal is then 

refined electrothermically. 

A Reduction of Niobium Pentoxide 

Niobium pentoxide is reacted with carbon, 

aluminium or silicon at high temperature. In the 

carbothermic process, niobium pentoxide is mixed 

with carbon black, and the mixture is pelletized 

and reduced in a vacuum furnace in a two-stage 

process at 1950°C. 

Nb205+7C — 2NbC + 5 CO 

5NbC + Nb205 — 7Nb+5 CO 

The reaction takes place with the formation 

of NbC, Nb2C, Nb02 and NbO /43,44/. A high 

crude product containing oxygen and carbon is 

produced which must be refined in further high 

temperature processes. 

The following one-stage carbonitrothermic 

reduction of niobium pentoxide has been success-

fully carried out on the pilot-plant scale. A 

pelletized mixture of niobium pentoxide and 

carbon black is reacted in a stream of ammonia in 

an induction furnace at 1570° ± 20°C to form 

niobium nitride NbN, which is then thermally 

decomposed in high vacuum at 2100° - 2000°C. 

However, the process does not yet appear to have 

been used on an industrial scale /45,46/. 

Over 90% of niobium metal is produced by 

aluminothermic reduction: 
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3Nb2C>5 + 10A1 6 Nb + 5 AI2O3 

In generell, an excess of aluminium Is used, 

producing a niobium-aluminium alloy which is 

melted In a vacuum, electric arc or electron beam 

furnace to produce low-oxygen, carbon-free 

niobium /47,48/. The amount of excess aluminium 

determines the yields of niobium and its oxygen 

content /49/. 

The silicothermic reduction of niobium 

pentoxlde can lead to silicide formation, and the 

thermodynamics of this reaction are less 

favourable. This process is, therefore, not 

regularly used. 

B. Reduction of Halides 

The reduction of niobium pentachloride can 

be achieved with hydrogen at 600-650°C /50/. 

Alternatively, niobium pentachloride vapor is 

High Temperature Materials and Processes 

reduced with hydrogen in a fluldized bed furnace at 

750-1050°C /51/ or in a hydrogen plasma above 

2000°C /52/. Metallothermic reduction with 

sodium or magnesium has also been reported /53/ 

The TOHO Titanium Corporation has 

commissioned a plant with a capacity of 30 t/a 

niobium in which niobium pentachloride is 

reduced by magnesium /54/. A reduction process 

with zinc using the auxiliary metal bath technique 

is also known /55/. In contrast to the production 

of tantalum, the reduction of the fluoroniobates 

K2NbF7 and K2NbOFs has not become 

industrially significant. 

Very pure niobium can be obtained by 

electro-winlnng from oxygen-free molten salt 

systems with double fluorides or chlorides as the 

source of metal /56/. These molten salts are very 

corrosive and the current efficiencies are low. For 

these reasons, molten salt electrowinning of 

metallic niobium is not used commercially. 

TABLE 5 

Physical properties ofborides, carbides, nitrides and silicides of niobium /34/ 

NbC Nb2N NbN (III) Nb4Sl Nb5Si3 NbSi2 

(12069-94-2) 

face-centered 
NaCC type 
7.78 
2400 
3600 

(12033-43-1) (24621-21-4) 

hexagonal 
W2C type 
8.33 
2123 

cubic 
NaCl type 
8.2 
8 " 

(12164-59-9) 

hexagonal 
ZrSi4 
7.74 
550 
1950 
decomp 

(12060-34-3) (12034-80-9) 

a-tetragonal 
ß-tetragonal 
6.26 
600 
2480 

hexagonal 
CrSi2 type 
5.45 
700 
1950 

35 60 10 40 50.4 

9.5 15.2 1.27 1.2 
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C. Refining 

Crude niobium must be refined in order to 

remove impurities introduced either from the raw 

materials or during treatment stages. 

Purification can be achieved by high-

temperature treatment because the melting point 

of niobium, 2497°C, is so high that most other 

elements can be removed by vaporization. 

Niobium is extremely reactive towards all but the 

inert gases /57/, and melting must, therefore, 

always be carried out in a high or ultra-high 

vacuum or under a pure inert gas to minimize the 

concentration of harmful interstitial foreign 

atoms. 

In comparison to classic sintering and 

electric arc melting processes, electron beam 

melting (EBM) has considerable technical 

advantages for the production of pure metal. 

Niobium and Niobium Compounds 

The vaporization of the impurities can be 

controlled in each melting cycle /58,59/: 

1) by optimizing the melting rate, 

2) by maintaining the bath In a liquid state for 

a long period of time, 

3) by controlled superheating of the molten 

metal. 

Since sufficient refinement cannot be 

achieved with only one melting cycle, in practice, 

the solid ingot produced is remelted. The melting 

rate (kg/h Nb) for the first melt (main refining step) 

depends on the raw material and is lower for ATR 

niobium due to the high content of aluminium and 

NbO that must be evaporated compared with 

compacted granular niobium. Further 

development of the plasma melting technique 

TABLE 5.(continued) 

Nb3B2 NbB Nb3B4 NbB2 Nb2C 

Cas registry 
number 

Crystal 
structure 

Density g/cm3 

Hardness* 
mp: C 

(12045-55-5) (12045-19-1) 

tetragonal 
U3SI2 type 
8.0 
2060 
1860 
decomp 

Electrical 
resistivity 

μΏ cm 

Superconductivity 
transition 
temperature Κ 

orthorhombic 
CrB type 

2200 
2280 

64.5 

(12045-89-5) 

orthorhombic 
Ta3B4 type 

2290 
2700 
decomp 

(12007-29-3) 

hexagonal 
AIB2 type 
6.6 
2600 
3000 

12.34 

(12011-99-3) 

hexagonal 

7.83 
2123 
3100 
decomp 

8.25 1.27 1.27 9.18 

* Vickers hardness at 0.5 Ν loading ** Mohs hardness 
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could permit use of a simple plasma furnace for 

the first melting operation / 60,61 /. In the second 

and third melting cycles, the melting rate can be 

increased by a factor of 3-4, depending on the 

specification of the material. 

Optimization of the equipment used in the 

electron beam melting process, leading to 

reduction in residual gas pressure and leakage 

rate, has enabled standard quality niobium to be 

produced on a large scale from ATR niobium with 

only two melting cycles /62/. 

The electron beam melting and remelting 

technique enables niobium metal with less than 

50 μg/g interstitial impurities to be produced for 

high-frequency superconductors. Fig. 2 shows the 

concentration of interstitial Impurities (Ο, N, and 

C) as a function of the number of melting cycles 

/63/. 

Ultra-high purity niobium can be obtained 

10 0 0 0 F 

Melting cycles — • 

Fig. 2 Contents of Interstitial Impurities Co. 
CN- Ch of an Electron Beam Melted 
Nb Ingot as a Function of the Number 
of Melting Cycles /63/ 

from metal melted by the EBM method by a series 

of additional sophisticated processing steps, 

including electroreflning and electro beam zone 

melting followed by high-temperature treatment in 

high vacuum. With these methods, niobium metal 

can be prepared with metallic impurities in the 

parts per billion range and with Interstitial 

impurities < 1 ppm /64/. 

D. Uses 

Niobium has good resistance towards 

corrosive chemicals /4,65/ even at high 

temperatures, and Is, therefore, used in the 

construction of chemical equipment, though It is 

not quite so resistant as tantalum. The process of 

oxide dispersion hardening of niobium with 

titanium dioxide yields a material which can be 

used both for chemical equipment and for medical 

implants subjected to high mechanical loading 

/66/. High niobium alloys such as KB1 40/41 /67/ 

can also be used under these conditions, for which 

the more expensive metal tantalum had to be used 

in the past. 

Because niobium has a low neutron capture 

cross section and Is unusually resistant towards 

corrosion by liquid sodium, it is used in the pure 

state or as the alloy NbZr-1 in the nuclear Industry 

for the production of fuel element cans. This alloy 

is also used for the sealing caps of sodium vapor 

lamps. 

World consumption of niobium for the 

production of superconducting materials such as 

NbßSn and Nb Ή Is estimated to be 60-70 t/a. 

The addition of niobium to titanium-

aluminium alloys Imparts the ductility needed to 

fabricate this material for the aircraft and space 

industry /68/. 
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Other newly developed alloys, CI03 (Nb-

10Hf-lTl) and Nb 752 (Nb-10W-25 Zr). combined 

with a special coating technique enable niobium 

to be used In the manufacture of nozzles and 

combustion chambers for rocket propulsion /69/. 

6. FERRONIOBIUM 

Eight-five to ninety percent of the total 

niobium production Is used in the steel industry in 

the form of iron-niobium alloy (ferronioblum) 

containing 40-70% niobium. Depending on 

application, the alloy can also contain small 

amounts of Ta (ferroniobium-tantalum), e.g., 

FeNb65Ta2, which contains 65% Nb and 2% Ta. 

Other alloy specifications are given in /70/. 

Niobium and Niobium Compounds 

The method of operation is to charge the 

mixture of niobium concentrate with the additives 

to refractory-lined reaction vessels. Either the 

whole mixture is reacted or a small amount is set 

aside, ignited with a special exothermic mixture 

and added to the bulk mixture. The molten 

reaction product is allowed to solidify in the 

furnace, and the block of metal separates from the 

slag. After cooling, it is broken into pieces of the 

required size. 

In the aluminothermic process operated at 

Araxa, Fe-Nb blocks of metal up to 11 t in weight 

are produced. The yield of niobium metal is 96-

97%. The typical composition of a reaction charge 

is as follows: 

A Production 

Ferronioblum is usually produced by 

aluminothermic reduction of niobium oxide ores, 

with the addition of iron oxides if the niobium ore 

used contains insufficient iron. The starting 

materials are mainly columbites and pyrochlore 

concentrates. 

The enthalpy of the reaction between Nb2Ü5 

and A l Is -276.1 kJ/g atom Al , which is lower than 

the threshold value for self-sustaining alumino-

thermic reactions. The mixture must, therefore, 

either be preheated or mixed with oxygen-

releasing compounds such as BaOi. KCIO3. 

Concentrates with lower percentages of 

niobium (ca. 40%) can also be treated by the 

aluminothermic process in an electric arc furnace. 

A two-stage electroaluminothermic process for 

the production of ferronioblum from columbite 

has also been developed /71/. 

Pyrochlore concentrate 

Ironoxide 

Aluminium powder 

Fluorspar 

18000kg (60% Nb2 

05) 

4000kg (68% Fe) 

6000kg 

750kg 

The reaction gives ca. 11000 kg of ferronioblum 

with the following composition: 

Nb 66.0% 

Fe 30.5% 

Si 1.5% 

Al 0.5% 

Ti 0.1% 

Ρ 0.1% 

s 0.04% 

c 0.08% 

Pb 0.02% 

and ca.20000 kg of slag containing 
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AI 2 O 3 48.0% 

CaO 25.0% 

Tt02 4.0% 

BaO 2.0% 

Re203 4.0% 

Nb2C>5 trace 

Th02 2.0% 

Υ3ΟΒ 0.05% 

Special niobium alloys e.g., nickel-niobium, 

cobalt-niobium, aluminium-niobium and 

chromium-niobium are also manufactured by the 

aluminothermic process. For these alloys which 

have various niobium contents /72/, niobium oxide 

is the only raw material used. 

B. Uses 

Niobium has very marked carbide-and 

nitride-forming properties and is, therefore, 

mainly used in the production of steels and gray 

iron /73/. The addition of niobium prevents 

intercrystalline corrosion in stainless austenitic 

chromium-nickel steels and improves corrosion 

resistance, weldability, ductility and toughness in 

ferritic chromium steels /74/. Ferroniobium is 

also used as a trace additive in large quantities for 

the production of high-strength low-alloy (HSLA) 

steel used in automobile body manufacture, 

structural steels, concrete reinforcing steel and 

pipelines. Superalloys containing up to 5% 

niobium are used for gas turbine components. 

These materials have high hot strength /75,76/, 

and mostly have a nickel or copper base. The 

niobium is added in the form of a nickel-niobium 

or cobalt-niobium. 

High Temperature Materials and Processes 

7. ANALYSIS 

Extensive literature on the analytical 

determination of niobium is available in 

handbooks and monographs /77-80/. 

The determination of niobium in raw 

materials is achieved by x-ray fluorescence 

/81.83/. For this purpose, test pieces in tablet 

form are produced by reacting the niobium-

containing materials with borate to produce a melt 

or by compressing it with binders such as wax or 

boric acid. 

For ferroniobium, x-ray fluorescent analysis 

of HF solutions /84/ or borate tablets Is used. For 

umpire assay, it is usual to separate the niobium 

from other materials by using ion exchange 

resins., followed by gravimetric determination 

/85/. Small niobium contents in steels are 

determined photometrically /86/. 

Metallic impurities in niobium pentoxide or 

niobium metal are determined by atomic 

absorption spectrometry (AAS) or atomic 

emission spectrometry (ICP-OES, DCP-OES) in HF 

solution /87/. Emission spectrum analysis in a 

d.c. current plasma arc is also used. The 

nonmetals, oxygen, nitrogen, hydrogen, carbon 

and sulfur, are determined by extraction at high 

temperature either with a carrier gas or under 

vacuum or by combustion analysis in a stream of 

oxygen /88/. The hydride-forming elements, 

arsenic, antimony, bismuth, selenium and 

tellurium, can be converted to their hydrides and 

detected with high sensitivity by the AAS method. 

The anions, CI" and F", are separated by 

distillation and determined photometrically by 

ion-select ive e lectrodes or by ion 

chromatography. 
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In all the above-mentioned methods, the 

usual limits of detection are from the low μg/g 

region down to the ng/g region In routine quality-

testing. For the analysis of ng/g trace impurities, 

it Is necessary to separate and concentrate the 

material /89,90/. Final determination Is achieved 

by using AAS with a graphite furnace, ICP-OES, 

DCP-OES or voltammetary. Recently, ICP mass 

spectrometry has become a powerful additional 

method for determining many metallic impurities. 

Niobium metal is analyzed simply and quickly for 

metallic and nonmetallic Impurities down to the 

lower ng/g region by glow discharge mass 

spectrometry (GDMS) /91/. Additional techniques 

or neutron activation analysis /92,93/ or proton 

activation analysis /94/ are used for verification. 

8. ECONOMIC ASPECTS 

The world consumption of niobium has 

reached 16-20 χ 106 kg ΓΛ>2°5· The annual rate of 

increase is ca 2%. More than 90% of total niobium 

production goes to the steel industry in the form of 

ferroniobium or niobium alloys, and. therefore, the 

demand for niobium is determined by the world 

market for iron and steel /95/. Fig. 3 shows the 
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Pig. 3 World Niobium consumption 
compared to world crude steel 
production from 1972-1988 /95/ 

clear relationship between steel production and 

niobium demand. Between 1984 and 1988, tech-

nical quality niobium pentoxide was marketed in 

the price range of US $ 14.3-15.2/kg. The price of 

standard grade ferroniobium is currently US $ 

14.5/kg Nb. In mid-1987, the price of niobium 

concentrate (> 65% fft^Os + Ta20s, 10:1) was 5.5-

6.4/kg !Λ>2θ5 CIF Europe. Canadian pyrochlore 

concentrate was quoted at US $ 5.9/kg Nb20s 

FOB. 
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