FLOTATION OF LOW GRADE URANIUM ORES WITH
ISO-OCTYL PHOSPHATES

by K. V. ViswanaTraN, 8. K. SHURLA and K. K. MAJUMDAR,
Ore Dressing Section, Metallurgy Division, Bhabha
Atomic Research Centre, Bombay

(Received 29 April 1969)

Low grade uranium ores from Singhbhum Thrust Belt containing uraninite
ag the principal uranium bearing mineral have been earlior successfully
beneficiated by fotation using iso-octyl acid phosphate. The ore under
investigation also obtained from the same area contained about 0-05 per cent
U304 a8 uraninite and 38 per cent chlorite. About 16 per cent of the total
uranium values are intimately associated with the latter and another 16 per
cent are associated with other gangue minerals principally magnetite
(8-9 per cent). Iso-octyl phosphate is not only a very good collector for
uranium minerals but it also acts ag & collector for chlorite and magnetite.
However, by repeated cleaning operation of the flotation concentrate, these
gangue minerals can be discarded but at the expense of uranium values.
The following alkyl phosphates were prepared and used for flotation of low
grade uranium ores: (¢) Normal and iso-octyl phosphates, (b) Lauryl
phosphates, (¢) n.Oleyl phosphates, (d) n-Adol phosphates. Flotation of
low grade uranium ores (0-02-0-05 per cent U3Oy eq) with iso-octyl acid
phosphates and n-octyl acid phosphates at around a pH of 2-4 gave a con-
centrate assaying 0-14-0-168 per cent UyOg, with a recovery of 80-85 per cent.
Under the same conditions C,3;-C;g alkyl phosphates gave higher grade
concentrates (0-22 per cent UzOg) but the recovery was only 70-75 per cent,

There have been many studies on the flotation of low grade uranium ores
but in general flotation of uranium minerals from low grade ores has not been
very successful. The collectors used by earlier workers were petroleum
sulphonate (Lord and Light 1956; Morris and Butler 1956), dithiocarbomates
(Jackson 1955) and emulsified anionic reagents (Madhavan ef al. 1963)
(like oleic acid, sodium oleate, napthenic acid, sulphonated castor oil, ete.).
However, when using these reagents as collectors, some minerals like chlorite,
biotite and apatite occurring in the ores, which were more easily flotable with
these reagents, floated with the uranium minerals and prevented a high
enrichment ratio,

Phosphates form various complexes with uranium minerals and so it was
felt that an organic phosphate m'ght be used as a specific collector for uranium
bearing minerals. Alkyl acid phosphates and their alkali salts were first
used for the flotation of pitchblende ores (Eigeles et al. 1958). Successful
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flotation of uranium minerals like brannerite, uranothorite (Somnay and
Light 1963) and uraninite (Viswanathan and Somnay 1967; Degaleesan et al.
1968) was also reported using iso-octyl acid phosphates or n-octyl acid phos-
phates as collector. '

The present paper incorporates the flotation results of the uranium
bearing mineral uraninite from the low grade uranium ores from Bhatin,
Rakha mines and Narwapahar, all from Singhbhum Thrust Belt.

MATERIALS

Bhatin Ore: The mineralogical composition of Bhatin ore is (wt per-
centage): Quartz—>55, Chlorite—9-6, Pyrite and Chalcopyrite—3, Apatite—
3:7, Tourmaline and other minerals—0-6. The ore assayed 0-03 per cent
U304 by radiometric method and the principal uranium bearing mineral was
uraninite.

Rakha Mines Ore: The copper ores from Rakha mines of Bihar contain 0-02
per cent U3O,.  The mineralogical composition of the ore is (wt percentage):
Quartz—85, Micas—6, Sulphides—3-8, Magnetite—4-0 and others—1-2.

Nawapahar Ore: This ore is from & chlorite bearing quartz schist and
contains 0-055 per cent UsOg. The mineralogical composition of the ore is (wt
percentage): Quartz—51-0, Chlorite—38-0, Apatite—4-8, Magnetite—4-3 and
others-—1-85. The chlorite content in this ore is four times higher than that of
the Bhatin ore and six times higher than that of the Rakha mines ore. Minera-
logical analysis of the ground product indicated that 90 per cent of the uranium
values will be liberated if the ore is crushed to 25 u.

PREPARATION OF FEED

The ores were initially crushed to —10 mesh in a laboratory roll crusher.
They were then wet ground in & rod mill to obtain the required final product
for flotation. Preliminary flotation tests with ores ground to different fineness
gave an indication of the optimum grind.

In the case of Bhatin ore the ore was ground to all —100 mesh and in the
case of Rakha mines ore the ground material was 45 per cent passing through
200 mesh. In the case of Narwapahar ore the material was ground to 70 per
cent passing through 200 mesh.

FroTATION PROCEDURE

The ground ores were floated in a laboratory Denver type flotation cell
using & charge of 0-5 kg or 1:5 kg (dry basis). The pulp density was main-
tained at 17-18 per cent solids during flotation. Sulphuric acid was used for
pH adjustments,
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The Rakha mines copper ore (analysing 0-02 per cent UsOg mainly occur-
ring as uraninite) was initially floated for sulphide minerals using xanthates.
The flotation tailings were subsequently used for uraninite flotation.

FLOTATION OF NARWAPAHAR ORE USING NOP AT VARIOUS pH
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» = /%U,;Os in the float
9%U304 in the tails
PREPARATION 0F FLOTATION COLLECTORS

The collectors were prepared by the method suggested by Breymann
(19568) with some modification subsequently. To a known weight of phos-
phorous pentoxide (Py0;—6 gms) 25 ml of kerosene was added. To this
slurry the fatty alcohol was added drop by drop until P,O; was dissolved.
The resulting product was diluted with acetone. But in order to reduce the
- cost of flotation reagent acetone was replaced by rectified spirit. Only a
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mixture of mono- and di-octyl acid phosphates is obtained by this method.
The reaction can be represented as follows:

o 0

: i i
3R.0H+P;05=R.0—P—0H-+R.0—P—OH

on

)
R (R = alkyl chain)

Evarvation or Resvrts

The form of the Selectivity Index used for calculations is as follows
(Madbhavan and Majumdar 1963):

%U30g in the float

Selectivity Index (n) = %/ TUq04 in the tails

FLOTATION OF NARWAPAHAR ORE USING 10AP AT VARIOUS pH
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Results:

Table I summarizes the flotation results obtained in low grade, chlorite
content Bhatin ore and tailings from Rakha mines copper ore. Table I
incorporates the results obtained on Narwapahar ore. For comparison the
experimental results carried out with other common collectors, viz. oleic acid
(OA) and petroleum sulphonate (PS), are also included. In the case of

FLOTATION OF NARWAPAHAR ORE USING LAP AT VARIOUS pH
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Narwapahar ore, which contained a high amount of chlorite, other long
chain acid phosphates containing C,5—Cig carbon atoms are also included.
Figures 1-5 give the results of flotation on this ore with various alkyl acid
phosphates at different pH values,



FLOTATION OF LOW GRADE URANIUM ORES 379

DiscussioNs

From Tables I and II, it is seen that the optimum pH condition for
the flotation of uraninite varies from ore to ore. The Selectivity Index is
found to be the highest around 10 in the case of Rakha mines ore and between
2-5 and 3 in the case of Narwapahar ore. A mixture of mono and di n-octyl
acid phosphates (1 : 1) was not selective beyond 6 pH in the case of Bhatin
ore. The recovery figures were 80 pef cent and above in the pH range
1-7-2-8 with more or less the same grade of the float, around 0-12 per cent U;Oy.

It is seen from Figs. 1-5 that in the case of Narwapahar ore both the
lower and higher aliphatic alkyl phosphates are found to be selective
up to 3-5 pH. Within the homologous series the best flotation characteristics
were displayed by iso-octyl acid phosphate. Using iso-octyl acid phosphate
around a pH of 2-5, a grade as high as 0-168 per cent U 0y is obtained with a

FLOTATION OF NARWAPAHAR ORE USING OAP AT VARIOUS pH
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recovery of 83 per cent. Under the same conditions n-octyl acid phosphate
gave a grade of 0-14 per cent U;Og with 80 per cent recovery. Among the
flotation reagents tried Lauryl acid phosphates gave the highest grade of 0-22
per cent U304 at 2.5 pH, but the recovery was only 75:-5 per cent. Oleyl
phosphate which is having a double bond in the alkyl chain gave a grade of
0-13 per cent UgOy with 70 per cent recovery. ADOL phosphate gave a
grade of 0-14 per cent Uz04 with 75 per cent recovery.

FLOTATION OF NARWAPAHAR ORE USING ADOL PHOSPHATE AT
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The recovery figures remained constant between 1-5 and 3-2 pH in the
case of n-octyl acid phosphate and iso-octyl acid phosphate but the grade was
maximum only around 2:5 pH. In the case of Lauryl acid phosphate the
optimum pH was found to be around 2-5 and it was around 3 pH in the case of
oleyl acid phosphate and ADOL phosphate. Increasing the alkyl chain
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length, thus resulted in the higher grade of uranium in the float but at the
cost of recovery.

Because of the low pH required for flotation the reagent consumption is
found to be very high. However, the flotation studies on Rakha mines uran-
inite as shown in Table I indicated that an emulsion of iso-octyl acid phos-
phate, diesel oil, dodecyl sulphate (DDS) and Aerosol reduced the reagent
consumption considerably. In the case of Narwapahar ore (viz. Table II)
consumption of iso-octyl acid phosphate was reduced to half using an emul-
sion of DDS, diesel oil and cresylic acid.

Radiometric analysis of the individual minerals present in the Narwa-
pahar ore is shown in Table III.

TasrLe III
Mineral o, St. 06 U304 ey 9, Distribution

Quartz .. .. 50-0 0-004 4-0
Chlorite .. .. 40-0 0:020 16-0
Apatite .. . 40 0-017 1-3
Magnetite .. 415 0-100 8-4
Other sulphide minerals 1-85 0-077 2:9

100-00 0-0163 326

The results indicate that uranium loss due to magnetite, chlorite and
sulphide minerals is of the order of 32-6 per cent.

Autoradiographs of uraninite, magnetite and (unfloated) chlorite par-
ticles are given in Fig. 6. From the figure it is clear that activity is locked up
in the case of magnetite as radioactive coatings (Fig. 6(e)) and also as lattice
substitution of uranyl ion for Fe** ions (Fig. 6(b)). Autoradiograph of com-
pletely liberated uraninite particles is given in Fig. 6(c). The activity is locked
up in the case of chlorite as opaque inclusions (Fig. 6(d)) and also as small opaque
inclusions showing activity on one part of the chlorite grain. Very fine
uraninite particles (Fig. 6(¢)) were also carried down along with large chlorite
particles. The loss of uranium in the tailings can be attributed to all these
factors.

CONCLUSIONS

1. Uraninite can be successfully floated from low chlorite as well
as from high chlorite content low grade uranium ores (U304
eq 002 to 0-05) using iso-oetyl acid phosphates and n-octyl
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acid phosphates as collectors at a pH around 2-5 with recovery
about 80-85 per cent, the grade of concentrate being 0-14
per cent to 0-168 per cent UzOs.

2. C;9-0y5 alkyl fatty phosphates gave high grade concentrate
(U304—0-22 per cent) but the recovery was only of the order of
70-75 per cent.

(e ®)

(Ol

(d) | ©)

F1e. 8. (a) Radioactive coatings on magnetite { x 230); (b) Radioactive magnetite ( x 230);
(¢} Fully liberated uraninite (x110) particle; (d) Opaque inclusions in chlorite (X 230)

showing activity; (¢) Small uraninite particle (showing activity) with large chlorite particles
(% 230),
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APPENDIX
Formulae of the Reagents

CeH;,H,PO, m-n-Octyl Acid Phosphate (m—NOP)

(CsH,;).HPO, Di-n-Octyl Acid Phosphate (Di-NOP)

C Hy—CH(C.H;)—CHH,PO, m-iso Octyl Acid Phosphate (m~-IOP)
(CHy—CH(CyH;)—CH,),HPO, Di-iso Octyl Acid Phosphate (Di-IOAP)
CioHysHo PO, m—Lauryl Acid Phosphate (m-LAP)

(C12Hg5); HPO, Di-Lauryl Acid Phosphate (Di-LAP)
CeH,;,—CH=CH—CzH,,—H,P0, m—Oleyl Acid Phosphate (m-OAP)
(CeH1—CH=CH-—CgH 4), HPO, Di-Oleyl Acid Phosphate (Di-OAP)

.
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