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Abstract

Two rare metals, tantalum and niobium, have

received considerable attention in view of their

vital importance and military applications. This

paper presents a critical review of recent literature

on the discovery of new minerals, exploration and

production, for the minerals in many parts of the

world, studies on the pure metals, their alloys and

compounds. Recent work in India and the possi-

bilities with regard to these metals in this country

have been specially emphasized.

Introduction

T HE two rare metals, tantalum and

niobium, are now considered to be of
critical importance. Extensive work

has been conducted in many " countries to
locate new ore deposits of the metals, to pre-

pare pure metals, alloys and compounds and

to investigate their uses. In this paper an
attempt has been made to review current
literature critically with special reference

to the minerals of tantalum and niobium in
India.

Importance of the Two Metals

Tantalum and niobium were less familiar
metals till recently and found only limited
use. During the last few years, particularly

in America, enormous work has been conduct-

ed on the metals, their alloys and compounds.
It has been reported in the U.S. recently1,2

that tantalum and niobium figure among ' ten
metals still on critical list ', and that the

demand for niobium is 20 times greater than
the supply. The metals have been produced
by vacuum reduction3, by electrolysis of

fused salts' and by electrodeposition5. Tan-

talum finds innumerable applications . in

chemical plant equipment, where it resists

the attack of 70 common acids and other
corrosive chemicals6. It is an integral part

of electronic tubes especially for ultra-high

frequencies'. It has been invaluable in sur-
gery and in medical applications8. New
alloys of tantalum and niobium with various

metals have been developed to meet special
needs. The addition of niobium and tanta-

lum to zirconium raises the strength of
zirconium at elevated temperatures"- 10.
Titanium tantalum alloy systems and .tita-

nium-tantalum-molybdenum alloy systems
have been studiedl1-13. The two metals have

been used in welding electrodes', in thermo-
couples", for sandcasting of aluminium
alloys16, in high-speed steels, and niobium in
fluorescent materials'''. Niobium is reputed

to be vital in high-temperature alloys for gas

turbine rotor blades and jet engine parts18.
Lastly attention must be drawn to the separa-
tion of niobium and zirconium, and niobium

and tantalum by using ion exchange resins19,20
and the development of a radioactive tech-
nique for the detection of tantalum in ferro-
niobium alloys and niobium ores21 . Thus it
will be evident that there are important uses
for niobium and tantalum in many fields;
however, the incorporation of niobium in jet
engine alloys may outshadow its other uses

and render the metal of vital significance for
military applications.

Mode of Occurrence

In nature, the two metals invariably occur
together as tantalates and niobates in view of
their close resemblance in many of their proper-
ties. According to Clarke and Washington2",
these two elements constitute 0-003 per cent
of igneous rocks of the earth's crust. Though
they are dispersed in about 50 rock minerals
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most of them are rare and only a few are of

commercial significance. Since small quan-
tities of uranium are to be found in some of
their minerals, they have been extensively

exploited in many parts of the world. The
minerals for most part are complex and
further, owing to certain erroneous concep-
tions which prevailed earlier, it has been

stated that many of the reported formulae

' are worthless quantitatively and defective
qualitatively '23. However, recent refine-
ments in their analyses have yielded reliable

data. The classification of the minerals can

be done according to crystallographic char-
acteristics or chemical composition. Dana24

classifies them crystallographically as fol-
lows :

(a) Isometric Pyrochlore group Pyro-
chlore, hatchettolite, microlite.

(b) Tetragonal Fergusonite group - Fer-

gusonite, sipylite.
(c) Orthorhombic Columbite group-Colum-

bite, tantalite.
(d) Orthorhombic Samarskite group -

Samarskite, yttrotantalite.
(e) Orthorhombic Aeschynite group -

Aeschynite, euxenite polycrase.
They can be classified chemically as tantalo-
niobates and titanoniobates. The most
important ones commercially are the colum-
bite, tantalite and samarskite. There is a
perfect gradation from columbite to tantalite

with a corresponding increase in the specific
gravity of the minerals. They usually occur
in pegmatites and are black, lustrous and
heavy.

brisk and though columbite has been known

to occur in South Dakota26 and Colorado27,
U.S. Geological Survey currently announced
fields of rich deposits in an area known as

Magnet Cove in Central Arkansas2s. In
Nigeria, where the greatest amount of tanta-
lum-niobium minerals are produced, impor-

tant occurrences of their minerals in granites
and placers have been reported29'31). In
Belgian Congo tantalite and columbite
have been noticed31. Tantalite occurs in

minable amounts in pegmatite dykes of
Karbib area in South-West Africa32. Small

quantities of bismuthotantalite and other

minerals have been worked in Uganda33.
The tantalite deposits of the Pilbara gold-

field in Western Australia have yielded much
of the minerals in that country34. Brazil has
exported tantalites during and after the last
war35•36. In Pampacolca pegmatites of Peru
tantalum-niobium minerals are noticed37.

On the Continent, in Portugal, tantalite in
the pegmatite of Mangualda was noted for
the first time associated with cassiterite3S.
Deposits of the minerals have been found in
Italy39, U.S.S.R.40, Sweden41, Norway42,

Greenland43, Alaska44 and Manchuria45.
The world production of tantalite-columbite
was estimated to be about 2460 tons in 1945
by the U.S. Bureau of Mines46. Nigeria con-
tributed 1796 tons, while Australia, Brazil,
Belgian Congo and U.S. produced 250, 200,
200 and 3.5 tons respectively. The U.S. has
now fixed a long-term price for the minerals
and it appears that there is no danger that
the demand for niobium will drop in the near

future47.

New Minerals and Explorations
Abroad

Some new minerals and finds of niobium
and tantalum have recently been reported in
literature - and extensive explorations are
going on for their minerals in many nations
of the world. A new black mineral of the
chemical composition of meta-titanate-nio-
bate has been discovered in Japan and named
Kobeite25. In the United States, activity is

Occurrence in India

Though a regular survey for the rare mine-
rals was not undertaken, except in the recent
past by the Geological Survey of India, many
occurrences of tantalum and niobium mine-

rals have been noted in several parts of the
country. The first recorded occurrence is
a tantalite from Palni (Madras) by Muzzy4S.

Tantalites and columbites have later been
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noticed in the mica-bearing pegmatites of
India. Columbite was first found by French at
Pananova Hill in Monghyr district (Bihar) 49

and was examined by Holland50. It has also
been found in Hazaribagh district (Bihar )5r
and at Masti, Bangalore district (Mysore )s2.

The author recently examined a heavy black,
lustrous specimen of columbite from Coimba-
tore (Madras) and analysed it. Columbite has
been found in association with monazite and

uranium ochre in Gaya district (Bihar )53.
It has also been studied recently from the
pitchblende deposits of Bihar54, in Rajasthan

in association with tantalite-55 and at Otbara
(Travancore) as a radioactive columbite55a.
Samarskite is known to occur in Sankara
mine, Nellore district (Andhra )56, and in
Yedur, Bangalore district (Mysore )57. Among
rare minerals, in Nellore a mineral resembling

allanite containing 18 per cent Nb2O5 and
another mineral sipylite have been noticed".
Hatchettolite from Tovla taluq (Travancore),
aeschynite and a titanoniobate allied to
euxenite from Eraniel taluq (Travancore)
have also attracted attention59•60. Another
mineral, probably hatchettolite or eudeio-
lite, containing 41 per cent (NbTa) 205, has
been observed near Vayampatti, Trichy
(Madras )61. While many occurrences of
these minerals have been known, production
in India has been negligible. In 1937 about
12 cwt. of the minerals were worked from
Bihar, in 1944 the production has been
10.5 cwt. from Mewar ( Rajasthan )82 and no
production has been reported in subsequent

years.

Recent Studies in India

In the last few years, several Indian

workers have directed their attention to the
correct analyses of the minerals, separation
and preparation of pure compounds of nio-
bium and tantalum and allied studies. Six
specimens of samarskite associated with
columbite-tantalite and containing appre-

ciable quantities of uranium have been

analysed and found to contain 53.4-69.7

per cent (NaTa)205 63. A specimen of samar-
skite collected by Tipper (loc. cit.) from
Nellore has now been analysed and found to
contain 44.5 per cent Nb205 and 8.03 per cent

Ta2O554. The preparation of pure metal
oxides from Indian columbite and the ana-
lysis of binary and ternary mixtures of

tantalic, niobic and titanic acids have been
undertaken fi5.Og. The analytical separation
of niobium and tantalum has received atten-
tion. Extensive investigations have been

conducted on complex compounds of the
metals resulting in the isolation of two new
series of compounds called the tartratonio-
bates and the tartratotantalates and the

preparation and physico-chemical study of
30 new complex salts and some niobates07-72.

Physical studies on the metals have revealed
new bands of niobium oxide73 and a study
of the energy spectrum of tantalum has also
been made74. The above only illustrates
the interest on the two metals in the
country.

Possibilities in India

Though recorded occurrences of the mine-
rals of tantalum and niobium are many in

India, the extent of these deposits is not
known. It is believed that the Rare Minerals
Section of the Indian Atomic Energy Com-
mission is exploring the occurrences of the
two metals in the country as an ancillary to
a search for strategic minerals. The geolo-

gical work can be complemented by work on
the chemical and metallurgical aspects of
the metals. In view of the importance of

citrates in ion exchange, studies could be
initiated on the citrate complexes of niobium
and tantalum. The importance attached to

the niobium alloys in the aircraft industry
has been mentioned earlier. While a limited
study of tantalum-titanium alloys has been
made abroad, in view of our enormous re-
sources of titanium, alloys of titanium,

niobium and tantalum could be prepared

and studied. The addition of niobium and

tantalum to zirconium raises the strength of
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Zr at elevated temperatures; hence Zr-Nb-
Ta alloys offer special advantages. Thus

studies on the two metals niobium and
tantalum will greatly help the non-ferrous
metal industry and the resources of our
country.
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Discussion

DR. H. BHATTACHARJEE ( National Metal-
lurgical Laboratory , Jamshedpur)

Commenting on the paper stated that regard-
ing the exact composition of the minerals of
niobium and tantalum in India, it is believed

that the minerals are mainly niobates, though
some tantalite has been found at jhajha in

Bihar.
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