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Beneficiation tests on medium-grade uranium ore, analysing 0-109, UzOg,
from Chhinjra ghowed that, as compared to the low grade ore (0-:0329%, U,;054)
from the area, uranium distribution in the sieved fractions is higher in the
coarser sizes upwards - 60 mesh (A.S.T.M.), and tabling yields a concentrate
assaying 0-949, oUzOy from & —100 mesh feed assaying 0-129%, U304 at a
low recovery of barely 219, and anionic flotation of deslimed feed at
- 200 mesh (A.S8.T.M.) yields a concentrate analysing 0-829, eU30g4 at 77-59%,
recovery.

In order to reduce the cost of grinding to fine sizes and loss of uranium in
physical beneficiation, agitation and percolation leaching tests were tried;
the latter yielding better results than the former. Leachability increased
from 36-0 per cent without oxidant to 81-0 per cent with the use of 10 Ib/ton
of MnQ,, the main function of the latter being to oxidize ferrous iron to ferric
iron which, in turn, oxidized tetravalent uranium to the soluble hexavalent
uranium. Removal of magnetics (0-10 wt. per cent) from the sample
decreased the leachability to 75 per cent consequent on the decrease in the
quantity of iron which was otherwise available for oxidation.

InTRODUCTION

The Chhinjra uranium ore analysing 0-11 per cent UzOz was found to
consist of hard, compact quartzite which besides 88-16 per cent quartz contains
tourmaline, pyrite (1-54 per cent) and 0-1 per cent magnetics (Jayaram
unpublished report).

The quartzite is traversed along fractures by veinlets of uraninite. Much
of the uraninite occurs along these fractures as hard ‘paint’ or as coatings
on the quartz grains, the latter being, in part, replaced by it. Besides the
uraninite, coatings of a ferruginous matter and smears of secondary uranium
minerals are also observed, especially in the phyllite. The ferruginous
coatings were also found to be radioactive. Little uraninite, if any, occurs
in the associated phyllite (Bhattacharyya unpublished report).

EXPERIMENTAL
Beneficiation Tests:
Sieve analysis of samples, radiometrically assaying 0-032 to 0-22 per cent
eU;0, ground to —20 mesh (A.S.T.M.), indicated that the uraniferous minerals
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in these samples are uniformly distributed in all the fractions of the low grade
ore whereas the high grade vein material shows, as is to be expected, pre-
ferential concentration in the coarser sizes upwards of +4-60 mesh (Table T).

TasLe I

Sieve analysis at —20 mesh (4.8.7.M.)

Locality o Shangshan Shangshan Dhara-Khanora-Nal
Asgay value of
feed . 00329, eU304 0109 eU,04 0-229, eUz04
~ A~ N r~ A N e & ™

% eUs04 % % %

mesh (A.8.T.M.) Wt. 9, eUz0s 9, Dist. Wt.% eUzOg 9% Dist. Wt.% eUz05 9 Dist.

grade grade grade

— 20 + 30 156 0027 129 14 0-14 19-3 75 0-52 160
— 30 + 40 135 0-027 11-30 15 014 20-6 5-64 0-61 14-0
— 40 4 60 14-5 0-027 14-7 8 0-14 111 5-64 0-48 11-5
— 60 4100 125 0-030 11-6 10 0-20 19-7 8:06 0-32 10-9
—100 4140 90 0025 69 13 0-029 36 1777 0-14 105
—140 4200 40  0-025 31 40 0-065 256 12-09 0-10 51

- =200 310 0-041 395 - - - 43-54 017 31-4

TaBrE 11

Tabling of Chhinjra ore
Feed assay : 0,10 per cent eUz04

Concentrate Tailings Slimes

Feed size (A.S.T.M.) r ~ ™ s — — —
Grade o T Grade o/ T Grade .

st, st 9, Dist.
% oU;04 % Dist 0 oU,0% % Dis % eU404 % Dis
— 200 mesh 1-80 346 0-096 31-7 0-12 339
—100 mesh 094 20-8 0-077 50-0 0-17 29-1
— 60 mesh 0-50 194 0-108 755 0-027 52
— 20 mesh 0-25 750 0-034 12-5 0-038 126

— 60 mesh 0-50 19-4 - - - -
0-70 484
Tails of § ground 0-95 29-0 0-069 46-4 0-027 52
to — 100 mesh
Tabling :

Tabling tests carried out on samples ground to —200 mesh indicated that
some amount of upgrading in the table concentrates and slimes is possible,
but at less than 50 per cent recovery, the middlings and tailings seldom attain-

ing a rejectable grade (Table II). Tabling at —60 mesh followed by retabling
3
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of tails ground to —100 mesh gave a concentrate analysing 0-70 per cent eU30,
at an overall recovery of 48-4 per cent (Table II).

Tabling of the ore at —100 mesh followed by flotation of table tails ground
to —200 mesh yielded a combined concentrate analysing 0-24 per eent eU;04
at a recovery of 83-4 per cent (Table III).

Tasre II1

Tabling and flotation of table tails
Feed assay: 0-12 per cent eUy0g

Size Nature of “Grade %, %
(A.8.T.M.) concentrate 9% eUy04 Wt. Dist.
— 100 Table concentrate 094 3-0 234
—100 Table slimes 017 210 296
-~ 200 Flotation concentrate 0-20 11-4 189
— 200 Flotation slimes 0-21 65 11-3
~ 200 Tails 0-035 875 166
499-4 v9-8

Flotation :

Anionic flotation of 0-1 per cent eUgO, feed at —200 mesh (A.S.T.M.)
size in an acid circuit yielded concentrates analysing eight times the feed value
at only 77 per cent recovery (Table I111A).

Leaching Tests:

In order to reduce costs of grinding the ore to fine sizes, reduce losses in
tabling and flotation, and to recover as much uranium as possible, preliminary
agitation leaching tests were carried out on samples ground to —60 mesh
(A.S.T.M.). In these over 90 per cent of uranium was leached with 120-0
Ib/ton of HeS0, at ambient temperatures.

Percolation leaching tests to reduce acid consumption and eliminate
cost of agitation were tried on different feed sizes. Other parameters studied
were: height of stacks, strength of acid solution, percolation rate, quality and
quantity of acid solution loaded at each stage, effect of oxidant and pH, ete.

PROCEDURE

The feed was ground to —5 mesh size and treated in a polythene container
with 100 c.c. of 3 per cent He80,. Acid was then drawn by percolation.
The leach liquor obtained was recirculated after curing the stack till it was
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unable to take up any more uranium. Finally, the stack was washed with water.
In the second set of experiments dilute H,SO, of known strength was perco-
lated through the stack for 7 hours and recirculated after allowing 17
hours’ ‘curing’ time till maximum amount of uranium was extracted
from the feed. The results of tests using various parameters are tabulated in

EFFECT OF OXIDATION ON LEACHING OF CHHINJRA ORE
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@ —0 8 DAYS
—XwX— 24 DAYS-MAGNETIC FRACTION REMOVED

Fra. 1

Table IV, which shows that 81-0 per cent of uranium in the ore could be
leached in 24 days with 54 Ib/ton of 3 per cent H,SO, and 10 lb/ton of
MnO,.

Table V shows that with the removal magnetics from the ore the
leachability decreased from 81-0 to 75-0 per cent because less ferric iron was
formed which in turn limited the oxidation of tetravalent uranium to hexa-
valent state. Similarly addition of ferric iron helped the oxidation.
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TaBLE IV

Stack leaching of Chhingra ore

389

. Acid HzSO4 Vol. of o
S1. (Z“SB A;:iy A MnO, Curing "M Total lonch U,04 Le a/";}l_
No. T.M.) cont Ibjton o Ib/ton hrs. hrs, days liquor Mg/l ability
Strength c.c.
1 -5 010 54 3-0 nil 24 48 8 200 210 21
+48 448
448
2 -5 010 54 3-0 2:0 +48 448 8 200 380 380
3 -&5 010 54 3:0 50 +48 448 8 200 520  52-0
4 -5 010 54 3-0 10-0 +48  +48 8 200 535 535
5 -5 010 .54 3:0 nil 24 - 24 300 240  36-0
6 -5 010 54 30 2 24 48x6 24 300 490 735
+5x48
+24
7 -5 010 34 3:0 b do 486 24 300 535 80-0
8 -5 010 54 3-0 10 do 48x6 24 300 540 810
9 —10  0-09 54 30 10 272 112 16 500 1060  58-0
10 —10 009 54 3-0 10 153 63 9 500 895 50-0
11 —10 009 54 30 10 323 133 19 500 990  56.0
12 -3 009 54 3-0 10 442 182 26 500 875 485
13 -3 009 54 30 10 578 238 34 500 1050  58-0
14 -10 010 30 1-0 15-0 80 40 5 - 20-7% 504
15 —10 0-10 80 3-0 20-0 64 32 4 - 17-6* 52.2
16 —10 010 60 10 18-0 96 48 6 - 18-2¢ 679
* Per cent Uy04 cake grade.
Tasis V
Effect of iron on the oxidaiion
Feed value: 0-10 per cent eUzO4
Acid Ho80, Time y
’ MnO, MnO, L A
5L Joaded utilized T Vol 39 Leach-
No. ypjton TIbjton I/ %  Curing Leaching Total mefl bty
ton  Strength hrs. hrs. days
1 nil nil 54 3-0 288 288 24 300 240 36-0
*2 nil nil 54 30 288 288 24 300 245 365
3 5 40 54 3-0 288 288 24 300 538 80-0
¥4 5 35 54 3-0 288 288 24 300 480 72:0
5 10 50 54 3-0 288 288 24 300 540 81-0
*6 10 45 54 30 288 288 24 300 500 75+0
17 10 - 40 10 32 16 2 - 1639 566
8 15 - 40 1-0 32 16 2 - 17-0% 629

* Magnetics removed.
T Fe(S0,); added @ 4 Ib/ton.
1 Per cent UzO4 cake grade.
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These experiments show that:

(i) One per cent H,S0, and even thinner solutions yield better
grade cakes than stronger solutions due to lesser dissolution of
iron (Table IV, Sl. Nos. 14, 15 and 16).

(ii) While the feed size of —5 mesh (A.S.T.M.) has been observed to
be suitable for the purpose of a reasonably high leaching of
uranium from the ore, & certain minimum amount of fines
(32 per cent of —140 mesh) in the stack facilitates quicker
leaching. Grinding the ore to a size finer than —20 mesh
leads to compaction of the ore after wetting and prevents
percolation of the acid (Table IV).

(iii) Use of 5 Ib/ton MnQ, increases the leachability from 36 per
cent to 80 per cent due to the oxidation of uranium and,
therefore, reduces acid consumption, but excess of MnO,
above 18:0 Ib/ton raises the U:Te ratio to well over 1:7
and reduces uranium leachability by its reprecipitation in the
lower parts of the stack during downward percolation of the
leach liquor by reacting with minerals containing ferrous
iron, e.g. pyrite, magnetite, etc. (Table IV).

(iv) Within certain limits leachability increases with leaching time
and ouring period (Table IV).

(v) Removal of magnetics from the ore reduces the leachability from
81 per cent to 75 per cent because less ferric iron was formed
which in turn limited the oxidation of tetravalent uranium to
the hexavalent state. Due to this the quantity of MnO,
actually used up in oxidation was reduced to 45 per cent,
that is 5 per cent less of the original consumption of 50
per cent (refer Table V and Fig. 1). '

In view of the factors explained above, it is necessary to ensure in actual
bulk heap leaching practice that no parameter is extended beyond its critical
point to get the maximum-leachability and recovery.
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