PROGRESS IN HEAP-LEACHING INVESTIGATIONS ON
DIFFERENT TYPES OF URANIUM ORES

by K. K. Dar, Regional Director, Atomic Minerals Division,
Department of Atomic Energy, New Delhi 22

On the consideration of the facts that uranium requirements in the 1981 to
2000 period will far exceed the existing reserves, and that future discoveries of
high-grade surface and near-surface deposits are not likely to be as frequent
as they were in the early days of uranium exploration, recourse to exploita-
tion of small deposits of high-grade and large deposits of low-grade uranium
would be inevitable. It is suggested that them heap-leaching of ores, the
transportation cost of which would not be economic and for which the
installation of conventional mills not warranted, will become necessary for
uranium extraction,

The progress of work carried out on some domestic ores of different character-
istics is reviewed in this paper. Attention has been drawn to the saving in
time achieved with equivalent recoveries in comparison with time that is
normally considered necessary for heap-leaching in countries where this
method is being applied.

It is suggested that this method may also come to be employed for extrac-
tion of base metals from small and scattered domestic deposits which may
otherwise remain unexploitable,

INTRODUCTION

Of late heap-leaching methods for extraction of uranium from small
deposits of high-grade ores and other deposits of low-grade ores in out-of-the-
way localities—in fact all ores the transportation cost of which to existing
mills was likely to be uneconomic and for which the installation of a conven-
tional plant not justified—have become the subject of much attention and
investigation because of several reasons.

One important reason is that the world reserves (excluding those of the
U.8.8.R., China, etc.) of high-grade uranium, estimated at 600,000 short tons
on January 1, 1964, of which a sizeable amount has since been utilized, are
expected to be depleted by 1980 with the rapid growth and expansion of
nuclear power programmes, and the need for some 3,200,000 short tons of
U3Og—which is six times the 1964 reserves—between the period 1981 and
2000 (Faulkner and McVey 1964).

The second is the realization that discoveries of large high-grade reserves
are not likely to show the same frequency which marked the period 1950-1956
and that prospecting methods which were used in the 1945-1955 period are
not likely to be so fruitful in the present period (Bowie 1964).

Consequently, it is apparent that the time is not far off when various
nuclear countries of the world will have to draw upon small but high-grade
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ores as well as low-grade ores containing 0-005 to 0-03 per cent UgOq.  Enor-
mous reserves of such uranium exist in shales, lignites, phosphatic rocks, etec.
-—sgources which were not generally considered exploitable hitherto—to meet
future uranium requirements (Bowie 1964).

Notable amongst the countries which are trying the heap-leaching tech-
niques are Argentine (Cechetto et al. 1964), Portugal (Andrade et al. 1964) and
France. Japan (Anon. 1964) has utilized the pugging method.

The presently mined reserves in the U.S.A. and other countries are in the
category of §5 to $10 per Ib UgO4. But, by 1980, there will be need to work
out ores in the $10 to $15 and $15 to $20 categories and, subsequently, perhaps
even ores in the higher categories of more than $20 per Ib UgOs.

As ore characteristics and their mineralogical composition vary widely
from place to place, each particular type of ore will require to be treated by a
method most suitable for it. This now calls for research and development of
processes for treatment of such ores by the time we come to exploit them.

Although it has been claimed that 35 per cent economy in cost of equp-
ment, 20 per cent in acid consumption, 35 per cent in energy consumption
and 50 to 100 per cent in transport cost is effected by employing heap-leaching
{Cechetto et al. 1964), these figures would, naturally, be variable and depend on
the nature and location of the deposits, cost of materials and ordinary technical
skill locally available and similar other factors. On the whole, however,
these methods appear to be most suitable for the type of deposits which are
being considered here.

Presently, the high-grade ore reserves in India are small but large reserves
of low-grade ores and ores below cut-off grade of 0-05 per cent UgOy are
available. These ores occur in phyllites, schists, quartzites and some granular
rocks, etc., which are generally very different in character from the sandstone
type uranium deposits of the U.8.A., France, etc. Because of their high trans-
missivity, enabling efficient acid attack on the contained uranium minerals,
the sandstone type deposits do not require much grinding. The Indian
uraniferous ores, on account of their hardness and imperfect permeability, or
impervious character, introduce cost of grinding—a major cost in the opera-
tion—into the cost inventory. In order to reduce this cost, determination of
maximum particle size commensurate with efficient leaching becomes an
important parameter for study, in addition to other parameters such as con-
sumption of acid and other reagents, control and maintenance of pH and Eh
levels and of conditions necessary for preventing co-precipitation of associated
elements in the cake.

The progress of investigations carried out in the Mineral Technology
Laboratories of the Atomic Minerals Division of the Department of Atomic
Energy on different types of ores from Umra and Udaisagar Prospects
(Udaipur district, Rajasthan), Chhinjra-Dharmaor Prospect (Kulu district,
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Himachal Pradesh), Tunji Prospect (Chamoli district, Uttar Pradesh), Inderwa
(Hazaribagh district, Bihar) and Neyveli Lignite Mine (South Arcot district,
Madras) are reviewed and the problems encountered in the work discussed
in this paper. The experimental data are summarized in Table 1.

UmrA PROSPECT

The Umra uranium deposit (Dar and Nandi 1958; Dar 1964) is small.
Uraninite with a host of secondary minerals, associated with pyrite and
chalcopyrite and variable amounts of calcite, occurs along the sheared lime-
stone/black shale contact. Secondary uranyl minerals predominate over
primary uraninite. For leaching tests the ore was classified in three cate-
gories: (i) high grade (0-21 per cent U3Og and above), (ii) medium grade (be-
tween 0-11 and 0-20 per cent UsOg) and (iii) low grade (0-10 per cent U;0,
and less). These were separately investigated. As medium- and low-grade
ores contain more carbonate (10-6 per cent) than the high-grade ore (5-1 per
cent), they were subjected to alkaline leaching.

High-grade ore—With 0-39 per cent UzOq grade feed ground to —5 mesh
(ASTM) size leached at a pulp density of 70 per cent with 63 lb/ton of 20-0
per cent H,S0, at a pH of 2, leachability of 85 per cent in 24 hours was obtained
without recirculation of the leach liquor. Crude cake precipitated with 35
Ib/ton of commercial NaOH analysed 10 per cent U3Og. During this process
6 1b Cu per ton of ore treated was recovered by cementation.

Medium-grade ore—This —5 mesh (ASTM) size feed, assaying 0-12 per
cent U30q, indicated leachability of 78 per cent in 30 days with 20 lb/ton
sodium carbonate at a pulp density of 50 per cent and pH of 10-2, without
any recirculation of the leach liquor. The crude cake precipitated with 20
1b/ton NaOH analysed 50 per cent UsOg. Cementation tests carried out on
this ore showed that 93 per cent of the uranium leached could be cemented
with 13 1b/ton of iron.

Low-grade ore—Leachability of 86-6 per cent was obtained with a —5
mesh (ASTM) feed, analysing 0-05 per cent UgOg, on its treatment with 25
Ibjton Na,COq and 6 Ib/ton NaHCOj; at a pulp density of 60 per cent and pH
of 10-2 in 20 days as first results of preliminary tests on this ore. The cake
precipitated with 35 Ib/ton commercial NaOH analysed 15-2 per cent UgOs.

Ubarsagar PrROSPECT

The Udaisagar ore is low grade and consists of crushed, weathered and
partially kaolinized granitic material in which are embedded feldspar and
phyllitic fragments. Uraninite associated with pyrite (3-2 per cent), both
occurring as stringers and specks, as well as some secondary uranyl minerals
(mainly autunite), constitute the ore. Some uranjum occurs in a cationic
state as a result of adsorption in clay (Jayaram 1968).
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Physical beneficiation on classified and unclassified material analysing
0-03 per cent UgOg proved fruitless due to uniform distribution of uranium in
fine sizes.

Agitation leaching, tried with 10 Ib/ton of H,S80, at 50 per eent pulp
density, showed a leachability of 99 per cent in 20 hours, the low acid con-
sumption being due in part to cationic state of uranium present and partly
also to the hydrolysis of pyrite.

EFFECT OF pH AND TOTAL VOLUME OF
LEACH/LIQUOR ON URANIUM RECOVERY
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Fig, 1

These tests were followed by static leaching experiments, to save on
cost of agitation, by varying the contact time, but keeping the pulp density
constant at 62-5 per cent in all cases. It was found that the best leachability
of 70 per cent was obtained with 6-5 lb/ton of 0-166 per cent H,SO, in a 5-hr
contact period, that any inorease of attack time raised the pH of the leach
liquor resulting in precipitation of uranium, and that finer grinding increased
the specific surface of particles for attack and greater dissolution of Fe and Al
resulting in the reduction of the cake grade. Undissolved cationic uranium in
the residue, however, is recoverable by washing the residue with water, the
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recovery increasing with the quantity of water used (Jayaram 1968), The
crude cake, precipitated with 15 lb/ton commercial NaOH, analysed only 4-5
per cent UzOg at a recovery of 60 per cent (Fig. 1).

CHEINJRA-DHARMAOR PrOSPECT

The ore is a compact, hard, fine-grained quartzite with some phyllitic
madterial in which uranium occurs as veins, veinlets, interstitial fillings, smears
and coatings of amorphous uraninite on quartz grains, and as replacement of
quartz grains. Pyrite averages 1-5 per cent in the ore (Jayaram 1964).

Tabling was unsuccessful due to uniform distribution of uranium and
its non-liberation up to a grind of — 200 mesh. Anionic flotation of — 200 mesh
feed with oleic acid yielded concentrates with 78 per cent recovery, but cost of
fine grinding would make flotation uneconomic in the Himalayas.

Likewise, agitation leaching of —200 mesh ore with 120 I1b/ton H,80, at
pulp density of 50 per cent, with 90 per cent recovery in the leach liquor, is
uneconomic due to high acid consumption, high free acid left in the leach liquor
and the fine grinding of the ore required.

Percolation leaching tests with 50 Ib/ton of 3 per cent H,80, at 1-5
lit/hr/em? and 10 lb/ton MnO, on —10 mesh (ASTM) feed analysing 0-09 per
cent U0, showed that 65:1 per cent uranium was leachable in 28 days with
28 recirculations without any stage addition of acid.

In a second series of similar tests on — 10 mesh feed analysing 0-16 per cent
U304, at a percolation rate of 0-04 lit/hr/em? with 54 Ibjton of 3 per cent
H,80,, and with 10 lb/ton MnO, mixed with the feed, leachability of 63 per
cent was obtained in 32 days with daily recirculation of leach liquor. Cake
obtained by precipitation with 35 lb/ton NaOH, however, analysed only 3-0
per cent U;0,.

In a test on 10 tons of 0-06 per cent UzOg grade — 10 mesh feed at the
prospect site with 70 Ib/ton 1 per cent H,SO4 and 13 lb/ton MnO, in 26 re-
circulations at percolation rate of 0-04 lit/hr/fcm?, 83-6 per cent uranium was
leached but the cake obtained by using 40 Ib/ton NaOH analysed only 33
per cent UgOg.

In both cases, the low value of uranium in the cake is due in part to dis-
solution of iron in the leach liquor and its co-precipitation with uranium in the
cake and in part to peptization losses.

In all these percolation leaching tests, curing time of 17 hours was allowed
between each leaching phase of 7 hours.

Tuxst PrROSPECT

Uraninite occurs as stringers, grains and smears in the cleavage planes of
chiorite schist in which pyrite is seen as specks and stringers. The schist is
also cut by thin granitic veins.
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In a few preliminary static leaching tests carried out on —5 mesh feed ana-
lysing 0-20 per cent UgOy with 27 Ib/ton of H,SO, and 4 lbjton of MnQ, at a
pulp density of 77 per cent, 64-0 per cent of the uranium was leached. 'The
cake obtained, however, analysed only 6-4 per cent U0,

NEevveLl LiGNITE MINE

Static leaching tests on the low-grade carbonaceous clay (0-018 per cent
U;04) samples with which 0-001 to 0-05 per cent Se, 0-01 to 0-25 per cent V,
and trace amounts of Mo are associated (Dar 1964), a leachability of 36 per
cent was obtained in 28 days with 36 Ib/ton of 2 per cent H,SO, at a pulp
density of 28 per cent. The leach liquor was also found to contain 125
mg/lit of vanadium and some selenium. This work is still in progress.

Agitation leaching of this material with 97-2 Ib/ton of 1-1 per cent H,S0,
and 23-4 1b/ton of NaCl raised the leachability to 62-5 per cent in three days.
Without NaCl under the same conditions, only 50 per cent of the uranium
was leached. It is, thus, seen that due to the existence of uranium in a
cationic adsorbed state and of a reducing environment due to carbon and
marcagite in the clay, the use of an exchanger is useful for effective recoveries.

INDERWA

The uraniferous amphibolite and migmatite sample from the Inderwa
area contains significant amount of pyrite, chalcopyrite, covellite, malachite
and calcite. Uraninite occurs as minute inclusions in hornblende.

Tabling tests on —60 mesh (ASTM) feed analysing 0-087 per cent UzO4
yielded a concentrate analysing 0-092 per cent UyOg with a recovery of only
32-8 per cent. This is attributable to uniform distribution of uranium in all
sized fractions. Clearly the ore is not amenable to such treatment. A rough
test on this material ground to — 200 mesh by hand panning showed a recovery
of only 38-3 per cent in the concentrate analysing 0-24 per cent UgOQz. Even
with mechanical concentration of the material at —200 mesh, no significant
increase in recovery may be expected as liberation is still incomplete at this
size. For the same reason, flotation of the material would also not be fruitful.

Leaching of uranium from this ore also presents problems due to dis-
solution of high amounts of iron which passes into the cake, thereby lowering
its grade. The presence of calcium carbonate increases acid consumption.

It was found in a series of tests on —5 mesh (ASTM) size feed of 0-087 per
cent UgOy grade that while with static leaching with 72 1b/ton of 10 per cent V/V
H,80, and 15 lbjton KCLO; recovery of 77-8 per cent, respectively, was
achieved, in percolation leaching with the same quantities and amounts of
reagents, recovery was only 58-6 per cent. It would thus appear, subject to
results of additional tests on other sizes of this material in hand, that with
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this ore higher leaching efficiency is likely to be obtained by static leaching
than by percolation leaching.

KCIO; is a more efficient oxidizer than MnO,. Static leaching of —5
mesh feed with 72 Ib/ton of 10 per cent V|V H,S0, yielded recoveries of 77
per cent with 15 Ibjton of KCIO; against 60 per cent with 15 lb/ton of MnO,
(Fig. 2). None the less, it is necessary to find ways of increasing leachability
with the use of cheaper MnO,.

EFFECT OF OXIDANTS ON URANIUM LEACHABILITY
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ProBLEM OF PEPTIZATION

Leach liquors obtained in heap-leaching contain 300 to 900 mg/lit
uranium but precipitation of sodium di-uranate with commercial NaOH leads
to incomplete recovery in the cake because some of the uranium in solution
complexes (i) with about 15 per cent carbonate present in the NaOH, (ii)
with ferric hydroxide present in leach liquors as a positively charged sus-
pensoid in a colloidal state thereby escaping precipitation, and (iii) complexing
of U(S0,); . 4H,0 in the leach liquors during precipitation with Na,SO; . 7H,0
and Na,SO, . 7H,0 formed on addition of NaOH to the leach liquor due to
free sulphuric acid present, all these salts being water-soluble and therefore
unable to precipitate.

Complexing of uranium with carbonate was reduced by careful main-
tenance of pH at 10-5 by controlling NaOH. Some data on this will be pre-
sented in another paper in this symposium.

2
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Careful reduction of ferric oxide dissolved in the leach liquor to ferrous
oxide by addition of scrap iron or zinc with resultant release of uranium
which can be precipitated enabled increase in the cake value. With this
loss of uranium due to peptization was reduced from 4-5 to 1-1 per cent.

The complexing of uranium sulphite with sodium sulphate and sulphite
can be avoided by stripping uranium with resin and recirculation of the free
acid, or recirculation of the barren liquor which contains free acid.

Complete reduction of all the ions in the leach liquor with scrap iron
or zinc resulting in the cementation of uranium and copper improves the
grade of uranium recovered in the cement, iron remaining in solution. This
aspect of the work is the subject of another paper for this symposium
(Dar 1970).

Experiments tried with amberlite IRA-400 resin on leach liquor obtained
from 0-09 per cent U0y grade ore from Chhinjra gave a 50 per cent U,04
grade sodium-di-uranate cake representing complete recovery of 76 per cent
uranium teken into solution by the leach liquor.

Resin extraction tests with different types of resin for leach liquors
obtained from ores of differing characteristics are now being carried out.

BacoTERIAL LEACHING

A few words on bacterial leaching would not be out of place here. The
main object of bacterial leaching is to reduce cost of acid, such as can also be
done by autoclave leaching of sulphide ores or by formation of acid from
sulphides by heap-leaching. Thiobacillus ferroxidans in the presence of iron
sulphide minerals between 18 °C and 35 °C increases leachability of uranium by
converting ferrous iron to ferric iron and formation of sulphuric acid. Ferric
iron oxidizes the tetra-valent uranium to the hexavalent state enabling
its dissolution (Fisher 1966). It has been noted that rate of extraction
decreases logarithmically when plotted against time. In Yugoslavia, Thio-
bacillus ferrobacillus group of bacteria obtained from mine water, selected and
cultivated, are thought to have some influence on leaching rate of uranium
from low-grade ores (Buji 1966). The bacterial strains have to be adaptable to
conditions resulting from the reactions between ore, moisture and air (Downes
1966). A good deal of preliminary investigation and culture of bacterial
strains thus appears to be necessary for selection of bacteria which would be
effective in & given environment. For this reason it has not been possible to
experiment with bacterial leaching in our laboratories yet.

A period of 10 to 12 months is considered necessary for heap-leaching., It
is to be noted that equivalent recoveries have been discovered in our investi-
gations in a period not generally exoeeding a month and, in some cases, in a
day or a few days.

2B
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It is necessary in conclusion to draw attention to the high cost of sul-
phuric acid (Rs.400 per ton as against Rs.150 to Rs.200 per ton materially in
Europe, etc.) in India which effects the economics of heap-leaching as it has
already done in the case of other industries which depend on this essential
chemical.

None the less, because of the general simplicity of the process, after the
basic parameters for treatment of a given type of ore have been established
in the laboratory, the avoidance of heavy capital outlay on equipment and
cost of expensive technical supervision, heap-leaching or lixiviation, it seems
to me, will come to be used extensively for extraction of uranium from the
type of ore deposits mentioned earlier in the paper. This expectation may,
perhaps, be extended in course of time to extraction of various base metals
from small deposits scattered in different parts of the country which would
otherwise remain unexploitable. The account just presented not only shows
the progress achieved thus far in heap-leaching but its far-reaching future
possibilities.
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DrscussioN

Question

Since uranium-bearing lignitic clay is friable, it is likely to present prob-
lems of percolation due to compaction in heaps. Has this problem been
met and studied ¢

K. D. AgrawaL

Author’s reply

Compaction of fine material in stacks is a well-known problem. This
compaction is aided by wetting of the material or when it is submerged under a
liquid. We are working on this problem as presented by the uraniferous
clay bed at Neyveli. The two obvious solutions seem to be to use very thin
layers of clay separated by coarse material in stacks, or by pugging the clay
with acid and washing it with water to draw out uranium. We hope to be
able to present the results of our investigations in the near future.

Paper: Progress in Heap-leaching Investigations on Different Types of
Uranium Ores.

Author’s name: K. K. Dar.
Questioner’s name: D. V. Bhatnagar.
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Commenls

Heap and percolation leaching techniques have been employed in
various parts of the world for the recovery of uranium. Some interesting
data have been presented on some of the Indian ores by Mr. Dar and his
band of workers. At Jadugoda also some studies are in progress in the
recovery of uranium by percolation leaching from ore, below-the-cut-of-grade,
which will be raised to the surface and is proposed to be sent to the waste
dumps. While conducting percolation or heap-leaching studies, economic
aspects of uranium recovery must be kept in view and studies on a large scale
and putting up of large plants should be undertaken only after economic
feasibility studies have been made. I would like to give an example where
percolation leaching technique has not given the desired results. In Sweden,
after very good laboratory studies on the uraniferous shales, an elaborate
flowsheet employing ore dressing, weathering and percolation leaching tech-
niques was evolved and a full-scale plant with a capacity of 3,000 tonnes per
day was put up to treat a low-grade ore assaying about 0-03 per cent UsO,.
Now the process has been found to be very uneconomical and I understand
that either the plant has been shut down or is operating at only 10 per cent of
its rated capacity.

It has been mentioned at this symposium that some samples of low-grade
uraniferous ores from India have been sent to Prof. Kilstadt of Sweden for
uranium recovery studies. In view of the fact that Swedish scientists and
engineers have not been able to recover uranium economically from their
own very vast resources, it should not be presumed that they will find eco-
nomical processes for the ores sent by us.

D. V. BrATNAGAR
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