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Uraninite occurs as veins in a hard, compact quartzite at Chhinjra in the
Middle Himalayas described by Dar (1964). As the size of the deposit does
not warrant, at this stage, the setting up of a conventional mill for uranium
extraction, two tests on bulk ore were carried out at site under field conditions,
after a study of suitable parameters in the laboratory, to extract uranium
cheaply by lixiviation methods which are the only methods suitable for
deposits of such size in such locations. Here, however, the first difficulty
which had to be overcome was to reduce grinding of the ore to the barest
minimum-—a contingency which does not arise in the case of pervious sand-
stone type deposits. The other parameters involved in the study were pH
and redox potential levels required to be maintained during leaching, control
of iron present which affects oxidation of tetravalent uranium to the soluble
hexavalent state, and peptization problems in precipitation of uranium
from pregnant liquor.

The parameters found suitable in the laboratory yielded better results in
bulk treatment of ore in the field. In the field test No. 2, at a feed size of
— 10 mesh, with 70 Ib/ton of 1 per cent Hy804 and 10 1b/ton MnQ,, a leach-
ability of 83-3 per cent was obtained, from ore analysing 0-06 per cent U304,
against 67-9 per cent leachability obtained in the laboratory tests with 60
Ib/ton of 1 per cent HySO, and 10 lb/ton of MnO; on an ore analysing 0-10
per cent U304, Although good results have emerged from this work,
investigations are now being carried out to reduce acid and oxidant consump-
tion, by controlling ferrous/ferric ratios, and peptization losses.

INTRODUCTION

The main problem in treating ore from comparatively small deposits in out-
of-the-way places is reduction of cost by adoption of methods and improvisation
of equipment which would make the cost of the product fairly competitive.

Uraninite occurs in the Chhinjra quartzite as veins or veinlets and as
paint or coatings, as well as replacement of quartz grains. Occasionally,
secondary uranium minerals are also present. Other associates of the ore are
copper sulphides, pyrite, magnetite, etc. The quartzite ore is hard and
compact necessitating grinding which is not necessary in the sandstone type
deposits the porosity of which facilitates complete acid attack.

Tests in the laboratory showed that physical beneficiation is not suitable
as reasonable recoveries could be obtained only at a grind of 75 per cent
—200 mesh (ASTM). Such a fine grinding entailed increase in the over-all
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cost of operation, recovery of 70 per cent in the concentrate with a recovery
of 90 per cent or so of uranium in leach liquor would have meant an over-all
recovery of 63 per cent only. This method has, therefore, to be discarded.

Agitation leaching tests at 80 per cent —200 mesh yielded recoveries of
97 per cent in 12 hours with 80 Ib/s. ton Hy80, and 11-2 Ib/s. ton MnO, at a
pH of 1-5 and redox potential of —480, but was given up as it involved not
only fine grinding of ore and high acid and oxidant consumption but introduced
additional expenditure on acocount of energy required for agitation and equip-
ment required for conventional leaching.

EXPERIMENTAL

Out of a number of percolation leaching, static leaching and pugging
tests carried out in the laboratory, percolation leaching was found to be the
cheaper and more suitable method for field conditions.

The most suitable parameters for extraction of uranium in the laboratory
were 60 Ib/s. ton of 1 per cent H,;SO, and 10 Ib/s. ton of MnO, for obtaining
a recovery of 68 per cent in 35 days of circulation from ore analysing 0-10
per cent UgOg at — 10 mesh (ASTM).

, Field tests

Following a series of laboratory tests (discussed separately by Jayaram
et al. 1970) to ascertain the most suitable parameters for feed size, acid
strength, time, amount of oxidant required to maintain redox potential at
the required level of —430 m for conversion of iron from ferrous to ferric
state and uranium from tetravalent to hexavalent state, control of pH for
dissolution of uranium and peptization problems in uranium precipitation
with NaOH, two tests were carried out on bulk ore weighing 65 s. tons and
10 s. tons analysing 0-142 per cent and 0-06 per cent UgO,, respectively.

The field tests were carried out close to a water source in the prospecting
area at Chhinjra on the Bhuntar-Manikaran road.

Construction of Platforms

Three platforms, 20 ft. X 15 ft. in area, were prepared. The second
platform from the top one was 8 ft. below it and the third 6 ft. below the
second. Each platform was lined with a 1-inch thick cement-concrete layer.
The middle platform was coated with 1/8-inch thick coal-tar layer and lined
with a polythene sheet. Two tanks of 4,500 litres capacity for acid and leach
liquor fabricated at site, with locally available wooden planks supported by
1}-inch angle-iron framework, were coated inside with a 1/8-inch thick coal-tar
layer followed by polythene sheet lining. The tank on the uppermost plat-
forms was used for acid, that on the lowest platform for collection of leach
liquor. The central platform on which the ore was spread had a gentle slope
of 1 in 200 for the leach liquor to gradually drain off into the lowest tank,
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Crushing

The ore received at a size of 1 to 1}-inch was jaw-crushed and then
roll-crushed in crushers of 2 tons/day capacity to 10 mesh (ASTM) size
(13-08 per cent and 30-0 per cent oversize) respectively in respect of test Nos.
1and 2. :

Percolation

The crushed ore was spread in 1-ft. thick layer over a 2-inch thick filter-
bed made up of 3/4-inch to 1/2-inch fragments of gangue on the middle plat-
form. Aecid from the acid tank was passed through 3 polythene pipes at 3-5
lit/mt/60 sq. ft. and was sprayed on the stack evenly to prevent its channeliza-
tion. Leach liquor after percolation was passed through an asphalted wooden
chute into the lowest tank. The leach liquor was pumped back into the
acid tank and recirculated through the ore stack for 8 hours every day leaving
16 hours per day for curing till maximum loading of uranium was obtained
when it was withdrawn and uranium precipitated. During the precipitation
and filtration of each batch which took more than 48 hours additional curing
time was given before circulation of fresh acid. The results of these tests
are given in Tables I and IT and Fig. 1.

Tase I
Tons treated : 6-5s. tons Residue: 0-025% U304 Leachability : 76-869,
Stack height : 1 foot Acid used: 100 ibfs. ton 19, v/v HoSO0y Recovery: 65-789,
Feed assay: 01429, U30,; Size: 10 mesh (ASTM) 13-089 oversize End pH: 2:0 (by
paper)
Leach liquor data Cake collected
8. No, Stage No.of fiﬁﬁ:&tﬁfy
No.  days  ygq G&gﬂ;ﬁ“ Mgflit o gyor-all Grade % Recov-
(Litres) cake) U304 9% U04 ery
1 I 3 1687 6-00 792 16-00 13.22 15-90
2 Curing 2 - - - - - -
3 I 2 1545 8-40 1646 30-37 19-65 24-59
4 Curing 2 - - - - - -
5 IIx 1 3210 0-75 220 - - -
2 - 1-01 326 - - -
3 2109 1-80 387 - - -
4 2109 2-64 364 922 13-85 8-30
6 Curing 2 - - - - - -
7 Iv 3 1194 3-14 659 940 20-00 7-38
8 Curing 2 - - - - - -
9 v 1 1605 1-50 455 - - -
2 - 2-00 469 - - -
3 1333 2-60 457 7-27 17-50 6-24
10 Curing 2 - - - - - -
11 VI 1 776 1-35 314 2-90 20-3 240
12 Curing 2 - - - - - -
1 775 1-10 160 1-40 88 0-71

13 Vil
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Precipitation

Uranium in the pregnant liquor thus obtained was precipitated with
sodium hydroxide at a pH of 10-5 as crude cake which after filtration was
dried at the ambient temperature. On analysis of this cake, it was found
that the uranium recovered in it accounted for omly 6578 and 58-03
per cent of the uranium in the pregnant liquor in which a leachability of
76-86 and 83-33 per cent respectively from the ore had been affected. There

TaBLE 1T

Tons treated: 10-0 s. tons Acid used: 70 Ibjton of Recovery : 58:039,
19, v/v Hy80,
Size: 10 mesh (ASTM) Feed assay: 0-069, U304 Oxidant: 10 Ib/ton MnO,

300/
30°, oversize

Leachability : 83-339, Residue assay: 0-01% U,04
Leach liquor data Cake collected
St Stage No. of Volun}e of Estima.t?d
No. No. days lencl.n liquor (g [lit Mo llit leachability
litres sodium Mg/lit o/ gyer.gll Grade Recovery
cake Us04 % U308 :
1 1 4 2300 700 400 166 50 13:75
2 Curing 13 - - - - - -
3 11 4 2375 7-06 300 13-3 33 12:16
4 Curing 6 - - - - - -
5 It 4 2450 5-00 290 11-1 317 5-80
6 Curing 3 - - - - - -
h IV 4 2450 650 410 183 3:40 12:90
8 Claring 13 - - - - - -
9 AY 4 2200 6-00 370 150 325 11.25
10 Curing 9 - - - - - -
11 VI 3 2000 3:60 150 58 2-00 0-92
12 Curing 3 - - - - - —
13 VII 3 700 1-80 230 30 200 1-25

was thus a loss of 11-08 and 25-3 per cent uranium, respectively, during preci-
pitation. Tests carried out on this problem (Table III) showed that on the
average about 23-3 per cent uranium could not be precipitated with NaOH
(commercial) due to peptization and carbonate complexing.

Experiments carried out to ascertain the pH level at which minimum loss
occurred showed that at a pH of 10-5 the loss was reduced to 9-5 per cent
from 23-3 per cent (Table IV).
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TaprLe JIT

Precipitation tests on cold leach liguors.

pH of precipitation: 10-5

Precipitate 2

Precipitate 1 with from fltrate in

NaOH (Com.)

Per cent U in

Per cent U in

Sk No. from cold leach col. 2 after boil- precipitate 2 o
; o eae ing with HNO, (filtrate of I) precipitate 1
liquor (in gm) .
(in gm)
i 2 3 4 5
1 0-1840 0-0482 20-75 79-25
2 0-2772 0-0084 26-20 73-80
3 0-2315 0-0714 23-6 76-40
4 0-1764 0-0490 213 787
5 0-0030 0-0011 270 73-0
6 0-0172 0-0053 21-0 790
Average: 233
TaBLE IV

Precipitation at different pH

.. Per cent

. Precipita- .
S. No. tion pH losses in
filtrate

1 3-5 99-2

2 4-0 98-0

3 45 880

4 9-5 321

5 100 17-9

[ 10-5 95

7 11-0 17-6

8 115 84-2

9 12-0 70-9

10 > 120 90-0

CoNCLUSIONS

The foregoing data show that:

1. With the distribution of uranium in various sized fractions
being generally of the same order, the material ground to 10
mesh (ASTM) size would be as well as that ground further to
any other size. Though increased specific surface due to
fine grinding facilitates better acid attack, percolation was

When the size is coarser, the

diffusion of acid is low due to the impermeability and preei-

hindered due to compaction.

pitation of sulphates and hydroxides on the ore grains.
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2. For ore of a given tenor, there is an optimum concentration of
solids at which the highest recovery of uranium is obtainable
beyond this point the leachability of uranium decreases at
the expense of other elements like iron which increases with a
decrease in pH. This is due to the reduction and reprecipit-
ation of ferric iron and uranium being leached in the top
layers when they come into contact with pyrite and other
ferrous minerals, in the bottom layers of the stack. (Please
refer to Table I, S. Nos. 5 and 9).

3. The loss in precipitation in addition to handling losses is due
to (i) the carbonate complexing with the high amount of
Na,CO; present (15 per cent Na,COg present in the com-
mercial NaOH used in the field), (ii) low concentrations of
uranium in leach liquors, (iii) complexing of uranium hydro-
xide with ferric hydroxide which is a suspensoid and conse-
quent loss during filtration.

While a breakthrough for leaching uranium from an impervious hard
rock, located in out-of-the-way places, has been made, additional work is now
necessary for further cost reduction. This work will involve theoretical
studies on the adsorption process, porosity and effect of bacterial leaching.
Experiments have already been initiated for recovering uranium by using
amberlite-TRA-400 resin and precipitating uranium with NaOH. This
method has the advantage of low water consumption, production of very few
effluents, and not much skilled supervision after the process has been set,
all of which sectors contribute to reduction in the cost of initial investment
and cost of uranium recovery.
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