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The lixiviation of uranium ore occurring in & quartzite at Chhinjra presented
certain problems from the grinding stage to the final precipitation of uranium
us crude cake at site as cheaply as possible without use of conventional plant.
Experiments were carried out to find suitable parameters for feed size, pH,
redox potential, and the like. It was found that — 10 mesh (A.8.T.M.) feed
size provided a via media between too coarse a size, which reduced recovery,
and too fine a size which resulted in compaction of ore and prevented acid
percolation.
Leaching efficiency, which depends largely on the oxidation of uranium to a
higher valance state, was found to increase with the use of MnQ,, or HCIO,,
but there were significant losses in the precipitate due to occlusion of uranium
with ferric ion, Reduction of the ferric to ferrous ion, which thus became
necessary, was effected by addition of scrap iron or zinc to the pregnant
liquor before precipitation which resulted in an increase in precipitation of
uranium from it.
The effects of oxidation on leaching and precipitation of uranium are
discussed.

IxTRODUCTION

Use of lixiviation or heap leaching of uranium for low-grade ores situated
{ar from mills or high-grade ores in small deposits for which conventional
plants cannot be set up is becoming increasingly important. The Chhinjra
uranium ore generally provides three grades: (i) Low grade (up to 0-10 per cent
Uy04), (i1) medium grade (0-11 to 0-2 per cent UzOy) and (iii) high grade
(above 0-21 per cent UzOg). Unlike uranium occurrences in the porous and
friable sandstone type deposits, which are eminently suited for such treat-
ment, uranium in Chhinjra occurs in a hard, compact, impermeable rock-like
quartzite with which are associated pyrite (2-3 per cent), Cu-sulphides (0-5 to
1-0 per cent), other iron minerals like magnatite, hematite, etc., and presents
problems peculiar to itself for treatment by this process.

Although leaching experiments carried out in laboratory on ores from
Kulu Himalayas showed that use of oxidants increased the leachability of
uranium and reduced acid consumption considerably, in tests on bulk ore at
site it was found that 23 per cent of uranium leached escaped precipitation
with commercial NaOH resulting in loss in recovery. Investigation of this in
the laboratory indicated that the reason for this loss was the occlusion of
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uranium in the ferric iron, and its reduction to ferrous iron by scrap iron or
zinc to be a useful remedial measure.

The results of these laboratory investigations which will now be utilized
in the field operations are also presented.

LEAcHING

One per cent V/V H,S0, was percolated for eight hours through 1-ft.
high stacks of —10 mesh ore with which was admixed an oxidant in varying
quantities, all held in perspex columns. The initial leach liquor obtained
was recirculated after 16 hours of curing, through the column till optimum
loading of uranium in it was attained. -

Table I shows that with 5 lbjton HCIO, and 40 lb/ton of 1 per cent
H.S0,, the Fe, : Fe; ratio rises from 1: 06 to 1 :16 in contact time of 72
hours, leachability increases from 2-8 to 16-5 per cent.

TasLe 1

Leaching accompanied by oxidation with HClO,

Code No. CH/f11 Feed assay: 0429, Uz04 Size: — 10 mesh
H,80, Percentage 3 Percentage

8L No. ]'.;?y s used strength ?(’?04 Feg: IFey  leach-
o lbjton  ofacid  P/ton ability

1 1 40 1 - 1:1 4-4

2 2 40 1 - 1:04 4-0

3 3 40 1 - 1:06 28

4 1 40 1 >0 1:18 10-0

b 3 40 1 30 1:16 T

6 3 40 1 50 1:16 163

Table 1I shows that with similar quantity and strength of H,S0; and
with the addition of 5 Ib/ton MnO,, the Fe, : Fe, ratio rises from 1 : 0-20 to
1:0:55 in a period of 4 days, with improvement in leachability from 9-7
per cent without the use of MnO, to 17-1 per cent.

In the other set of tests using 15 Ibjton MnQO, and the same quantity
and strength of H,S0y, the ferrous : ferric ratio rises from 1 : 0-20 to 1 : 8-00
with improvement in leachability from 9-7 per cent to 58:10 per cent in a time
of 17 days. It is significant that in these tests, highest recovery of 65-06
per cent is obtained with 30 lb/ton of 1 per cent H,80, and 15 Ibjton of
MnO, at a Fe, : Fe, ratio of 1 : 4-80 in 7 days and that with further increase
in contact time leachability is reduced progressively to 50-93 per cent. This
is due to the increased ferric iron, coming in contact with iron in the ore and
consequent precipitation of uranium, after reduction.
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Taswe II
Leaching accompanied by oxidation with MnQO,
Feed size: — 10 mesh - Feed assay: 0-119 U0,
HgSO* used
No. of MnO, Percentage
SL. No. days Percent-  »H used  Fey:Fey U :Fe;  leach-
Ib/ton age Ibjton ability
strength
1 4 40 1 0-65 Nil 1:0-20 - 9-7
2 1 40 1 0-65 5 1:0-33 2-2 150
3 2 40 1 0-60 5 1:041 0-2 250
4 4 40 1 0-55 5 1:0:55 2-5 17-1
3 1 40 1 0-7 15 1:2-50 1:16 41-3
6 2 $0 1 o7 15 1: 800 1:20 581
7 3 40 1 07 15 1:98 1:21 53-4
8 1 30 1 057 15 1: 265 1:45 14:52
] 3 30 1 1-0 15 1:2-70 1:47 1870
10 5 30 1 12 15 1:3-60 1:24 41-60
11 7 30 1 1-1 15 1:4-80 1:18 6506
12 13 30 1 1.2 15 1:530 1:1-9 50-43
PRECIPITATION

The leach liquor obtained at the end of each test was split into three
parts, one part for direct precipitation of uranium, the second for reduction
with zinc followed by precipitation, and the third for reduction with scrap
iron prior to precipitation. In all these cases, the leach liquors, the filtrates,

TaeLe III

Precipitation pH and losses of
urantum in filtrate

. Percentage
Sk No. Precipitation losses in
» filtrate
1 3-5 99-2
2 4-0 98:0
3 4-5 88-0
4 9:5 32:1
5 10-5 179
6 10-5 95
7 11-0 176
8 11-5 84-2
9 120 70-9
10 12-0 90-0




Stage precipitation with different reagents

Taprm IV

Leach liquor data Precipitation data Cake data Filtrate data
. U305 Precipi-
S1. No. Vol. in pH —mv Foy : Foy U305 total Re- pH EH Fo, : Feg tatirlljg pH —mv Wt gm. gm. Total Percentage v pH —mv Fog : Fog U304 Percentage
c.c. mg/l mg. agent agent % U305 UgOsfmg  dist. mgfl dist.
1 250 1-75 —450 1:8 730 183 - - - - NaOH 10-5 +50 2-700 6-30 170 95-25 100 8-8 —140 1:2 87 475
2 250 1-76 —450 1:8 730 183 - - - - NH,0H 10-5 +210 0-906 19-60 177 96-79 100 86 —120 1:2 60 3-31
3 100 1-75 —450 1:8 730 73 Zn 4-4 —220 1:025 NaQOH 10-5 +120 0-669 25-10 72 98-9 100 9-5 + 85 1:07 20 11
4 100 1-75 — 450 1:8 730 73 In 4-4 — 220 1:025 NH4,O0H 10-5 + 30 0-450 40-70 72 100-00 100 10-3 +215 1:05 Nil -
5 100 1-75 — 450 1:8 730 73 Scrap 2-5 — 280 1:040 NaOH 10-5 +40 0-720 10-00 72 98-5 200 94 4220 1:1 14-5 15
iron
] 100 1-75 ~450 1:8 730 73 ' 2:5 —290 1:0-40 NH,O0H 10-5 -+80 0-490 14-90 73 99-7 150 10:0 + 50 1:0-7 4-0 0-32
7 250 £ 20 — 650 1:7 730 183 ”» 54 +80 - NaOH 10-5 -+125 0-602 29-9 180 100-00 200 10-2 + 60 Fe,
8 300 1-12 — 530 1:54 760 228 - - - - NaOH 16-5 150 3-5 6-0 210 92-1 450 10-0 - - 40 7-8
9 250 1-20 - 1:84 1310 327 - - - - Ca{OH), 12-0 +120 3-8 6-5 247 755 4000 12-0 - - 16 19-6
10 600 2:0 - 1:6 866 520 - - - - Ca(OH), 50 - 32 49 168 30-3 -~ - - - - -
11 - - - - - - - - ~ - Ca(OH), 9-0 - 41 11-87 287 55-2 700 90 - - 47 6-3
12 400 L 20 - 1:9 425 170 - - - - NaOH 9-0 - 5-0 31 155 89-1 550 9-0 - - 35 10-9
13 500 £ 20 - 1:9 425 213 - - - - Ca(0H), 3-0 - 100 0-23 23 11-26} 650 _ _ _ " 21.6
- - - - 190 - - - - Ca{OH), 9-0 - 11 13 143 67-10
14 100 L 20 - - 22 2-2 - - ~ - Ca(OH), 105 - - - 1-6 72-7 - - - - 5 22-7
15 100 220 - - 20 2:0 - - - - Ca(OH), 35 - - - 0-2 100 - - - - - 400
16 85 Z 20 - - — 1-8 _ - - - NaQOH 12-0 - — _ 1-4
17 100 L 20 - - 100 10 - - - - NaOH 10-5 - -~ - 6-0 60-0 - - - - 40 40
18 100 £ 20 ~ - 100 10 - - - - NaOH 11-0 - - ~ 62 62-0 - - - - 38 38
19 120 2-0 - - 100 12 - - - - NaOH 115 -~ - - 88 73-3 - - - - 32 26-6




Tasre V

Peptization and reduction precipitation
Leach liquor data Prec(iipit&tion Filtrate data Cake data
ata
Vol.in  U;0 Total Reagent nee U,05 Percent. Poroontag b orcent
81 No. o in n:g /? U, (()): mg pH - my Fe, : Fey f:izn Time pH —mv Fey : Feg ];;m 04 Vol. m3g /f ergie:t-age Wt. gm. U;g: er;:;rtl.age Remarks
titrated ‘ &

I 1000 3109 3109 0-85 —420 1:2 NaOH 24 10-8 +120 NoFe, 01 970 Nil Nil 57-00 6-07 99-8 Direct precipitation.

2 1600 1581 1581 0-85 — 420 1:2 NaOH 24 10-5 125 NoFe; 01 1000 67 042 17-00 9-16 985 »

3 1000 918 918 0-85 —420 1:2 NaOH 24 10-5 +130 NoFey 0-1 1100 140 1-60 8-20 10-97 979 '

4 1000 630 630 0-85 — 420 1:2 NaOH 24 105 +130 NoFey 0-1 1150 14-2 2-58 5:30 11-72 946 '

5 1000 385 385 0-85 420 1:2 NaOH 24 10-5 +130 NoFey 01 1210 14-6 4-00 4:00 9-00 93-5 ’

6 1000 243 243 3-0 - 1:35 NaOH 24 10-5 - NoFe, - 1000 113 46-50 412 317 535 Field test stage III.

7 300 3109 933 0-85 —420 I:2 Zn 5 1-95 —130 1:1 32 300 1293 40-40 ~ - 595 Reduction with zinc granules 5 gm.

8 300 3109 933 0-85 —420 1:2 Zn 23 3-65 —200 1:0-36 32 270 2900 93-20 - - 7-0

9 300 3109 933 0-85 —420 1:2 Zn 29 3-75 —160 1:035 34 240 2636 70-60 - - 29-4
10 300 3109 933 0-85 —420 1:2 Zn 47 2.2% -120 ~ 3-5 220 1727 38-90 - - 61-1 *1 c.c. HySO, added for hastening reaction.
11 300 3109 933 0-85 420 1:2 Zn 120 4-70 —310 35 200 1737 37-10 2-36% 16-40 415 1Iron-Zine-Uranium cement.
12 Precipitation of Sl. No. 11 filtrate: NaQH 24 11-60 +130 1:1 01 160 1-95 Nil 24-73 1-66 43-9 +20-5 per cent for analysis (total 104-90).
13 300 3109 933 - 085 —420 1:2 Serap 5 1-10 —270 1:0:55 65 300 2475 75-1 - - 20-4

iron

14 300 3100 933 0-85 —420 1:2 " 23 1.95 —195 1:036 7-1 270 2812 81:3 - - 18-7
15 200 3109 933 0-85 —420 1:2 . 29 2-20 —40 NoFey 7-6 240 2636 70-6 - - 294
16 300 3109 933 0-85 —420 I:2 » 47* 2-20* —150 1:015 89 220 1462 329 - - 67:1 *1 c.e. HpS0, added.
17 300 3109 933 0-85 —420 1:2 . 120 065 310 1:1 16-0 190 3177 727 0465 2-23 11 34+7 per cent for analysis: (324 mg).
18 Precipitation of Sl. No, 17 filtrate: NaOH 24 11-35 +130 - 0-1 210 055 Nil 4536 1-30 63-1 Total 98-9 per cent (1-1463-14-347).
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and the cakes and the cements were analysed for U0, Fe, : Feg ratio, and
their pH and Eh found. The effect of different precipitants like NH,(OH),
NaOH and Ca(OH), was also studied. The results of these tests are sum-
marized in Tables TII, IV and V.

Table III shows the results of direct precipitation tests with commercial
NaOH at different pH. A pH of 10-5 is found to be optimum for precipitation.

PLATE LEFFECT OF MNO, ON
URANIUM LEACHABILITY
S «o!?
b3
-
hKS/IZ
12 4 s & 7 8B 39 w®
FQZ:FEB
CODE NO | MNOj 1bs /TON | Hz 504 1 bs/TON
KS 12 5 40
KS 13 15 40
KS 17 15 30
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Table IV shows the effect of prereduction and stage precipitation on the
loss of uranium in the filtrates, with different precipitating agents. NH,OH
is found to be the best precipitating agent.

Table V shows the effect of uranium concentration in the leach liquors
on the loss of uranium as a suspensoid and the effect of various levels of reduc-
tion on the grade of the cake and cement precipitated.

CoNCLUSIONS
The implications and results of these experiments may be summarized as
follows:

1. Optimum leachability of uranium is obtained with 15-0 lb/ton
of MnO, due to the oxidation of tetravalent uranium to hexavalent
uranium which is easily soluble in acid. The catalytic action involved
may be written as:

MnQO,-+4H*-+2¢ = Mn*+-+2H,0+1230 mv

PLATE 2. EFFECT OF FERRIC IRON ON URANIUM PRECIPITATION
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The ferrous ion is thus oxidized to ferric state (E° = —771 mv) which
in turn oxidizes the uranium. This is confirmed by Eh readings which
show that maximum leaching of uranium is obtained at about —400 mv
(see graph, Plate 1, Tables I and II).

2. (i) A pH of 10-5 is found to be optimum for precipitating uranium
with commercial NaOH (Table III and Plate 2).

(ii) NH,OH is found to be a better precipitating reagent than NaOH
or Ca(OH), (Table IV).

3. The loss in the filtrate is due to:

(i) The high amount (15 per cent) of Na,CO; present in the commercial
NaOH due to which uranium in the leach liquor complexes with Nay,COy
as a carbonate and escapes precipitation unless pH of 12 is maintained
during precipitation. This in turn, however, increases the carbonate
content in the liquor which leads to further complexing of uranium with
Na,COj; (Table II and Sl. Nos. 11 and 12 of Table 1IV).

(ii) Peptization, as the leach liquors obtained in percolation leaching
contained very low concentration of uranium, being 400 mg/litre and less
(Table V, SL. Nos. 1 to 6).

(iii) Oxidation during leaching results in the formation of excess
ferric hydroxide during precipitation, which remains in a colloidal state
during precipitation and the uranium hydroxide occluded in it escapes
precipitation.

4. Controlled prereduction of the leach liquor with zinc reduces the
uranium losses from 4-75 per cent to 1-1 per cent and with serap iron to
1.5 per cent (please refer to Table IV, col. 24). This is due to the
reduction of ferric ion to ferrous ion (cf. 5 and 6 with 12 and 13 of
Table IV and S1. Nos. 7 to 18 of Table V). The reduction reactions may
be written as:

(1a) 2Zn-+-2H,80, — 2ZnSO,+4H

(2) F62(804)3+2H — 2FGSO4+H2804
(8) U0,(80,)+2H — U0 +-H,80,

5. Complete reduction of the leach liquor, however, yielded a uranium
cement (uranium oxy-sulphide) which, though richer in grade, requires
subsequent cleaning steps.

6. Post-reduction precipitation yielded a cake of higher grade of
uranium with zine than with iron (ef. S1. No. 12 with 18, Table V).

7. The availability of Zn/Fe and the free H,SO, for starting the
initial reaction represented by equations (1a) and (1b) determine the course
of reduction (Plate 3).
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PLATE 3. REDUCTION PRECIPITATION-CHHINJRA
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8. The UO, cement precipitated forms hydroxides depending upon
the pH and the uranium concentrations of the leach liquor and when the
time allowed for the reaction is large, the cement obtained gets redissolved.
Auto oxidation/reduction of the intermediate reduction product UO,* as
shown below also causes redissolution of the cement:

(1) UOgH+e~  UO# = E° = 4006
(2) 2UO0, U0+ +UO0,

It is, therefore, necessary that in order to prevent the cement passing
back into the solution, the velocity of the reduction reaction has to be regulated
by carefully controlling the time and pH. A detailed study of the uranium
cement formed from pure solutions has to be carried out to understand fully
the kinetics of cementation process.
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Discussion

Question by Sri D. V. Bhatnagar

The paper deals with two alternate methods of recovery of uranium from
the leach liquors obtained during the heap leaching studies. One is by direct
precipitation with sodium hydroxide and the other is by cementation with
scrap iron or zine. Taking into account the composition of the leach liquors
and other relevant factors, I feel that the best way of recovering uranium
from these solutions will be by employing strongly basic anion exchange
resins.

Answer by Sri K. M. V. Jayaram

Investigations are at present on hand on the alternative suggested by
Sri Bhatnagar., 75 per cent net recoveries are obtained by this method with
cake grade of 50-0 per cent UzOg. But keeping in view the difficulties of
resin poisoning, etc., and also the inaccessibility of deposits the other two
methods are being investigated in detail. This investigation also includes the
hydrolysis of UO, formed during cementation. If the aim is to produce a
crude cake in the field cementation process has definite advantages in certain
types of ores like Umra, though copper contamination has to be studied in
this case.



