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Uranium has already been extracted on a commercial scale from phosphatic
rocks in the U.5.A. as far back as 1952 by the Blockson Chemical Company
in Joliet, Illinois, in 1955 by the International Minerals and Chemical Cor-
poration, Bartow, Florida, and in 1957 by the Tennessee Corporation. On the
basis of the estimate that the United States is losing 1,200 tons U;Og annually
from this source and is likely to lose as much as 2,000 tons U 04 per year in
the manufacture of high.grade triple superphosphates, wet process phos-
phoric acid, ammonium phosphate and other technical grade phosphorus
chemicals, the prospects of extracting urenium from the phosphatic deposits
in India during the manufacture of superphosphates, etc., are examined.
The uranium content of some of the Indian phosphatic rocks compares well
with that in deposits in the U.S.A. and other countries. The problem of
uranium extraction is discussed with respect to the feasibility of the chemical
precipitation and solvent extraction methods. Investigation of phosphatic
deposits in India is now in its incipient stages. It is, however, roughly
estimated that with an average grade of 0-015 per cent U304 in phosphatic
rocks, a 5-foot thick bed of phosphatic rock in a l-mile square area would
contain around 1,045 tons UzOg of which 60 to 70 per cent would appear to
be recoverable. These facts impart importance to phosphatic rocks as a
large source of uranium. Certain lines of investigations necessary in this
direction have also been suggested.

In another paper presented at this symposium, I have drawn attention
to the large reserves of low-grade uranium resources in many shales,
lignites and phosphorites, the utilization of which in the not too distant future
is now being seriously considered. Of these, it seems, phosphorites are likely
to be the first to be utilized for uranium extraction because, in the first place,
large deposits thereof occur in many countries and, in the second, some
experience on uranium extraction from them is already available. I propose
to deal with this subject in the present paper.

Until a few years ago, the only phosphorite deposits known in India were
those of Tiruchirapalli, South Arcot, Pondicherry and Mussoorie. With the
priority that phosphorite exploration has recently received because of the
domestic demand for fertilizers, many new deposits have been discovered
and more are likely to be brought to light with continued exploration. The
promising areas lie in Jammu and Kashmir; Chamba, Mandi, Bilaspur, Mahasu
and Sirmur in Himachal Pradesh; Garhwal, Naini Tal, Pithoragarh and the
Vindhyan tract in the plains in Uttar Pradesh; Udaipur and Jaisalmer and
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possibly also portions of Jodhpur in Rajasthan; Khammam, Warangal,
Karimnagar, Adilabad, Cuddapah, Kurnool, Anantapur and Mehboobnagar in
Andhra Pradesh; and the Laccadive islands. In some of these areas phosphate
deposits have already been found.

The extraction of uranium from phosphorites is closely linked with the
manufacture of wet-process phosphoric acid, ammonium phosphate, high-
grade triple superphosphate, and other high-grade phosphorus chemicals as it
can be recovered in an intermediary stage during their manufacture. With
direct application of the phosphate rock to soil, with or without wetting with
sulphuric acid, recovery of uranium is not possible.

The advantage of utilizing phosphate rocks for uranium extraction lies in
the fact that mining of the phosphate deposit will not be necessary for this
purpose alone as this would be done in any case for the manufacture of the
aforesaid phosphorus products.

Now that there is a concerted effort for expansion of the fertilizer industry
in India, wet-process phosphoric acid and other products may also come to
be manufactured with the development of the industry. It is, therefore,
necessary to examine the possibility of uranium extraction from these rocks

as well as the preliminary work needed in this direction. To this end some
basic ideas are presented in this paper.

UraNIUM IN PHOSPHORITES

Sedimentary phosphatic deposits have been formed in different geological
periods, but have attained considerable development in the Cambrian,
Permian, Jurassic, Cretaceous and Tertiary times. They may show either
mio-geosynelinal or platform facies (Mckelvey ef al. 1953).

Most of the phosphorites contain small amounts of uranium but some
show significally high values. Although in many cases uranium may be
found to increase with the phosphate in the rock, this is not always so because
of leaching by surface and ground waters of uranium and/or phosphate.
Waters from phosphorite mines in the phosphoria formation contain as much
as 0-022 ppm U, whereas surface and ground waters carry only 0-001 ppm U or
less (Mckelvey and Carswell 1956). There is a possibility of such waters
being found in radioactive phosphorites in India.

Swanson (1960) has compared the P;O5 and UgOg content of phosphatic
rocks of Montana and has shown that even the high-grade phosphorites
{more than 31 per cent P;O;) do not contain more than 0-012 per cent uranium.

The chief phosphate minerals are coliophane, a cryptocrystalline car-
bonate fluorapatite, and its microcrystalline, fibrous variety, francolite. In
some phosphate rocks, however, aluminium or caleium-aluminium phosphates
(wavellite or crandallite) may be the main phosphate minerals. The latter
characterize the leached zone deposits of Florida, Senegal and Nigeria.
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Uranium is commonly associated with carbonate-fluorapatite deposits,
but in certain cases its concentrations may be found in the leached zone type
deposits. Even in these leached zones uranium concentration does not follow
Al at all but correlates well with PO, F and Ca. Aluminium phosphorites
(wavellite and turquoise) can be uraniferous (Davidson and Atkins 1953;
Heinrich 1958) due to U+* substituting Cu in turquoise and Ca in crandallite
{Heinrich 1958).

Krauskopf (1955) has indicated the concentrations and enrichment factors
of certain rare metals in phosphorites, the best ppm averages being those of
Ba, Cr, Ni, Pb, RE, Sr, V and Zn. While most of these and some others
(Cu, Mo, Nb, Ni, Pb, Sr) have maximum concentrations of 3,000 ppm, the
maximum for Ba is 1,000 ppm, for RE 1,500 ppm, for Cr 10,000 ppm and
for V 30,000 ppm.

According to Heinrich (1958), who has compiled an excellent account of
uranium in phosphatic rocks in various countries, sometimes minute amounts
of secondary uranium minerals have been noted in altered phosphorites, e.g.
autunite in the leached zone of Florida deposits, tyuyamumite in the weathered
phosphoria formation in Utah and carnotite in some of the French North
African deposits.

A thin sandy clay bed between the Bone Valley and the Hawthorn for-
mations contains 0-002 to 0-015 per cent Uz0g. Crandallite and Millisite
concentrates from Bone Valley formation material have up to 0-03 to 0-04
per cent U whereas pure wavellite contains only 0-002 to 0-004 per cent U
(Altschuler et al. 1956).

Some shales devoid of phosphatic nodules in Oklahoma and Kansas
contain uranium, but with the appearance of phosphatic nodules their uranium
content rises (Mckelvey and Nelson 1950). Phosphatic nodules of eastern
Kansas contain 0-017 per cent UyOq and those of south-eastern Kansas average
0-015 per cent eU (Ryan 1956).

Alaskan phosphorites contain 0-024 per cent U, those of Brazil 0-013
per cent UgOg and British phosphorites free from calcite 0-01 to 0-10 per cent
U304 (Heinrich 1958).

Davidson and Atkins (1953) note 0-002 to 0-004 per cent eU;Og in Belgian
phosphate deposits; 0-004 to 0-007 per cent eUzOgq in French deposits; 0-001 to
0-007 per cent eUgOg in those of Germany; and 0-002 per cent eUsOg in the
phosphate beds of Albala in Spain, in which torbernite oceurs.

The phosphatic deposits of Morocco contain 0-012 to 0-014 per cent UsOg;
those of Algeria, 0-011 to 0-014 per cent U3Og; of Tunisia, 0-0047 to 0-009
per cent UsOy; of Kosseir and Safaga in the Middle East, 0-07 to 0-010 and
0-009 to 0-012 per cent eU30j, respectively; and those of Nigeria, 0-004 to
0-007 per cent eU30y in the collophane type and 0-006 to 0-011 per cent eUsOg
in the wavellite type deposits (Davidson and Atkins 1953).
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Guntz and Arene (1953) report 400 g/ton uranium in the Senegal deposits.
Carbonaceous phosphorites in the Karoo formation in Nyasaland are reported
by Davidson (1966) to contain 0-73 per cent U;Os.

UranioM IN InpiaN PrHospEATE DEPOSITS

The data on Indian phosphorites is still very meagre, but with the com-
mencement of investigations in recent years much useful information is
gradually becoming available.

The Extra-Peninsular phosphatic deposits occur in Chamba and Sirmur
in Himachal Pradesh and in Dehra Dun, Garhwal and Pithoragarh in Uttar
Pradesh in the black chert and carbonaceous shale member of the Lower
Tals and immediately above the Krol-Tal contact. In Sirmur and in Dehra
Dun, this horizon is quite persistent over considerable distances. At places,
it containg phosphatic nodules and, at others, phosphatic pellets. In certain
localities the phosphatic material is granular. The P,0; content of these
phosphatic rocks ranges from 5 to 30 per cent. The recently discovered
phosphate deposits in Udaipur district, Rajasthan, including that of Kanpur,

presently under investigation are, presumably, of pre-Cambrian Age as it is
associated with Aravalli rocks.

(¢) Chamba:

The phosphatic deposit of Chamba extends in a band for some 12 miles
and contains phosphatic nodules, which give the impression of being fossil
casts of some species of Lima, which are well developed, range in size up to 3—4
in., and are embedded in a black shaly matrix. The rocks present a thoroughly
pitted appearance where the casts have been removed by weathering. The
findings of a field party of the Atomic Minerals Division, which carried out a
reconnaissance survey in this area, are presented in another paper in this
symposium. Nagaraja Rao (1968) has identified fluorapatite, carbonate
apatite, dahllite, wavellite, francolite and vauxite in nodules from the Siul
Valley by x-ray study. The phosphate content of core material of the nodules
from Dhaneli and of their outer shell is 1-03 and 0-50 per cent, respectively,
which is very low, as is also the case with a sample of black shale with nodules
from Prehli Adhwar which has analysed 1-60 per cent P,0;. Uranium content
determined fluorimetrically in these samples is of the order of 0-0003 to 0-0017
per cent Uz0q.  Detailed work in this area has yet to be done.

(33) Sirmur:

Krol rocks form elongate outerops in two inverted synclines enclosed
between the Krol thrust below and the local Giri thrust above them, East of
Dadahu these rocks are cut up by smaller thrusts and the syncline becomes
wider and more open and in which the Tal formations succeed the Krols
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(Auden 1934; Pascoe 1959). The phosphatic horizons occur in the Lower
Tals and are closely associated in places with black shales. The main Krol-
Tal sequence forms an ovoidal synclinal outerop, extends for a distance of
some 16 miles between Mashrur in the west and Kandon in the east, and is
about 7-5 miles across at its widest part. A similar but smaller outerop, 9
miles in length and about 5-5 miles in width, runs between Korga on the west
and Tons river in the east. Radiometric assays of some preliminary black
shale samples collected by a survey party of the Atomic Minerals Division,
have shown 0-010 to 0-022 per cent eU;0q.  Similar samples from the Korga-
Sakandon area have chemically analysed 0-011 to 0-018 per cent Uj0,.

(¢i7) Dehra Dun:

Further east, the Krol-Tal succession reappears in the Krol syneline of
Mussoorie which runs for a distance of some 12 miles in a NW-SE direction
and is about 6 to 7 miles wide. Some portions of the margins of this geo-
syncline are under investigation by the Geological Survey of India, who
have been able to locate phosphorite horizons with the help of GM Counters.

The phosphatic horizons here are usually 9 to 15 feet thick, but at places
they attain a thickness of some 40 to 45 feet. X-ray examination of samples
from Loharigarh area indicate the presence of fluorapatite and carbonate
apatite (Nagaraja Rao 1968).

Some phosphorites and associated black shale samples from Loharigarh
have analysed 0:022 to 0-114 per cent UzOq, nil ThO,, and 6-31 to 33-41
per cent P,0;. Radiometric assays of similar samples from Masrana have
reported 0-013 to 0-038 per cent eUzO4, from Loharigarh, 0-011 to 0-041
per cent eUzOq, from Kimoi, 0-025 and 0-029 per cent eUzOg; from Pari
Tibba, 0-001 to 0-057 per cent eU;04; and from Chamansari, 0-007 to 0-093
per cent eUg0;.

(tv) Trichinopoly :

Two samples from the 10-sq. mile occurrence of phosphatic nodules in
the coastal Cretaceous deposits of Trichinopoly (Tiruchirapalli) extending
between Nambakurichi and Varagupadi analysed, several years ago, 0-:009 to
0-0095 per cent U0y (Dar 1964).

(v) Pithoragark and Udaipur:

No information about the Pithoragarh and Udaipur occurrences is readily
available but Nagaraja Rao (1968) reports dahllite in the Pithoragarh phos-
phatic rocks, and fluorapatite in the Udaipur phosphorite.

Such figures for uranium in Indian phosphate rocks as are now available
compare favourably with those reported from other deposits in the world.
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If uranium can be extracted from phosphorites in other countries, it stands to
reason that this can be done in India as well.

URANTUM AVAILABLE IN INDIAN PHOSPHORITES

It would be profitable to assess as roughly as possible the likely amount
of uranium that may be available in phosphorites in India. For this it would
be appropriate to cite the example of Florida phosphate rocks from which
recovery of uranium had been started by 1952 by the Blockson Chemical
Company of Joliet, Illinois (Heinrich 1958), following research contracts
which the U.S. Atomic Energy Commission entered into as early as the 1950s,

Florida land pebble phospbate contains 0-01 to 0-02 per cent Uj,QOj.
According to Kennedy (1966) the United States lost about 1,200 tons of U,04
in 1955 in the wet-process phosphoric acid manufactured and will begin to
lose as much as about 2,000 tons UgO, per year, and that with the growth of
the phosphate industry this loss of uranium would continue to grow at a
progressively increasing rate. A similar situation will develop in India if
steps are not taken in time to recover this important nuclear material.

It is easy to see that a 5-foot thick phosphorite bed with an average
grade of 0-015 per cent UzOg would contain over an area of 1 mile square
some 1,045 tons UzOg, 60 to 70 per cent of which should be recoverable as we
shall see presently. The uranium content of carbonaceous phosphorites,
such as those of Loharigarh, is generally higher than in non-carbonaceous
types and, consequently, the quantity of uranium available in them would be
greater than in the latter.

ExTrAOTION OF URANIUM FROM PHOSPHATE ROCKS

As far back as 1952, the Blockson Chemical Company employed chemical
precipitation method by partial neutralization of wet-process phosphoric acid
to form mono-sodium phosphate, after oxidation with a strong oxidizer, e.g.
chlorine, which helped in retention of 80 to 90 per cent uranium in solution
and precipitation of impurities consisting of Ca, Fe and Al. About 90 to 95
per cent uranium was then precipitated with sodium hydrosulphite as a
gelatinous uranous phosphate. Filtration of this precipitate was effected
with a diatomaceous earth filter aid and uranium in the product upgraded to
40 to 60 per cent UgO, representing an over-all recovery of 60 to 70 per cent
(Kennedy 1966). Calcination of the phosphate rock to eliminate organic
impurities, not permissible in the technical grade phosphate chemicals pro-
duced by the Company, reduced uranium dissolution by 10 to 20 per cent
(Stoltz 1958) and it is not known whether uranium recovery would have been
effected had this rock not been calcined.

The International Minerals and Chemical Corporation employed in 1955 a
solvent extraction process in which uranium was extracted from in-process
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phosphoric acid without neutralizing the acid to minimize interference in
triple superphosphate manufacture. Both anionic and cationic resins were
unsuccessful because of saturation loadings of 0-1 to 0-2 gflit of resin.
Solvents offered the greatest difficulty because of their insufficient stability, the
most favourable being the alkyl pyrophosphate esters. Another difficulty was
encountered in the reduction pits due to rapid formation of coatings of iron
phosphate and gypsum on serap iron which passivated the reaction. This was
overcome by using a rotary stainless steel drum, the agitation in which pre-
vented formation of coatings on iron. Only centrifuges proved satisfactory
for separating organic from aqueous phases. The problem of stabilization of
emulsions by econtinuous collection of fine solid particles in acid, mainly
gypsum, at the organic-aqueous interface was substantially overcome by
allowing the acid to stand for a few days before solvent extraction. Uranium
load in the solvent was removed in a single stripping stage with 12 per cent
solution of HF or a mixture of 12 per cent HF and 25 per cent H,80,. The
crude uranium tetrafluoride after drying contained 40 to 60 per cent .U;04
and it was necessary to refine by developing a satisfactory commercial pro-
cedure for it (Kennedy 1966). The Tennessee Corporation in 1957 also
employed solvent extraction for uranium recovery.

Zefirov (1966) notes that it is important to develop suitable physically
more stable solvents with high selectivity for extraction of various valuable
constituents associated with uranium.

Lmnes oF INVESTIGATIONS NECESSARY

A review of the foregoing facts shows that while, broadly speaking, pros-
pects of uranium extraction from phosphate rocks presents & promising
outlook, a good deal of fundamental work will still be required both in the
field and in the laboratory.

This programme of investigations should include systematic mapping of
the phosphorite horizons; demarcation of the boundaries of carbonaceous
varieties of phosphorites and those which are not, as the former are likely to
have a higher uranium content than the latter; marking of leached zones
which are likely to be high in uranium; location of secondary uranium minerals
which may, possibly, occur in some localities; systematic sampling; estimation
of U,04 or U in the phosphatic horizons; location of their stratigraphic posi-
tions and their correlation; study of P,0;/U;Oq ratios and possible uranium
mobilization and its concentration at lower stratigraphic levels in favourable
lithological horizons, or leaching of the phosphate leaving a uranium-rich rock
behind.

The laboratory work should include identification of phosphate minerals
present in the phosphorites in different areas; their relationship with uranjum



358 K. K. DAR

concentration, the differences in the concentrations of uranium in bioclastic
and ovulitic phosphorites, physical beneficiation tests for various useful
constituents of the phosphorites, and leaching tests for uranium using the
neutralization and the solvent extraction and, possibly, other methods. Steps
by appropriate agencies taken to develop physically stable solvents with
high selectivity for recovery of different economic materials, associated with
uranium in phosphatic rocks, would prove beneficial in meeting the extraction
problems in the long run.

This investigation will require close collaboration and exchange of data
and information between agencies concerned with and interested in different
aspects of the problem to achieve the results aimed at.

Eventually, the by-product recovery of uranium and, maybe, of other
useful minerals, will have to be correlated with the plans of the phosphate
fertilizer industry and will thus depend, as stated earlier, on the products that
are planned to be manufactured. The best interests of the country, it seems,
will be served by a broad-based project embracing manufacture of wet-
process phosphorie acid, ammonium phosphate, high-grade triple phosphate and
technical quality phosphate chemicals; some of these are likely to find a
market in neighbouring countries also. In this manner an effort can be made
to prevent the loss of uranium which is otherwise likely to oceur.
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