INFLUENCE OF URANIUM EXTRACTANTS ON PYRITE OXIDATION ABILITY
OF Thiobacillus ferrooxidans

A.E. Torma* and I.J. Itzkovitch
Department of Metallurgical and Materials Engineering, New Mexico
Institute of Mining and Technology, Socorro, New Mexico 87801, USA
and Department of Metallurgy, Ontario Research Foundation,
Mississauga, Ontario, Canada, L5K 1B3.

Abstract:

Microbiological leaching as applied to uranium ores involves the metabolic oxida-
tion by Thiobacillus ferrooxidans of associated pyrite to sulfuric acid and ferric
sulfate. The sulfuric acid and ferric sulfate generated are effective leachants for

common uranium minerals. Dissolved uranium can be recovered from the aqueous leach
solutions by solvent extraction or ion exchange techniques. The present study explored
the effects of potential solvent extraction reagents for uranium on pyrite oxidation
ability of Thiobacillus ferrooxidans. For the solvents studied it was found that in
all cases the dissolved organic matter decreased the pyrite oxidation activity of the
bacteria, the surface tensionof the leach solutions and the oxygen saturation concen-
tration. The following order of inhibition was established for the solvents and

modifiers studied: aliquat 336 > nonyl phenol > kerosene 140 > alamine 310 > adogen
381 > di (2-ethylhexyl) phosphoric acid > adogen 365 > tri-n-butyl phosphate >
isodecanol > alamine 308 > alamine 336 > alamine 304. Suggestions to integrate
solvent extraction and bacterial leaching for uranium by treating the recirculating

raffinate are described.

INTRODUCTION

The role of microorganisms in the solubilization of uranium from low-grade ores
has been studied by many investigators [5—7,12—15,21,24,26,27,38,45]. They have
found that the chemolithotrophic bacterium, T. ferrooxidans [48] is the most
effective in promoting uranium solubilization. This microorganismis a gram-negative,
rod-shaped bacterium (0.5-0.8u by 1.0- 2.0u), which derives energy from the oxida-
tion of ferrous ion [3,34] and reduced-valence inorganic sulfur compounds [36,37,44].
It obtains all the carbon necessary for the biosynthesis of this cellular material
from carbon dioxides [19] provided by air during aeration of the leach solutions.

Tetravalent uranium present in the ore is insoluble in the aqueous sulfuric acid
Teach solutions. However, the uranium can be oxidized by ferric jon to its hexavalent
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After separation of the phases, the aqueous phase is recycled to leaching and uranium
recovered from the organic phase by stripping. The recycled solution will contain
different amounts of organic matter depending on the solubility of the solvents
used [18,42] and the mechanical losses due to entrainment [10,31,32], both of which
may affect bacterial activity. The subject of this paper is to investigate how the
activity of T. ferrooxidans is affected by dissolved organics, which are potential

extractants for uranium, during oxidation of a museum grade pyrite mineral.

EXPERIMENTAL

Bacteria. A pure strain of T. ferrooxidans used in this studywas routinely maintained

onanutrient medium [35] in whicha pyrite concentrate served as the source of energy.

Museum-grade pyrite concentrate assayed 45.6% iron, 49.2% sulfur and contained trace

amounts of nickel, zinc, and lead. It was ball-milled to a particle size of 32yu.

Solvents. The organic solvents and modifiers studied are shown in Table 1.

Cultivation. Cells were cultured in leach suspensions containing 3% (wt/vol) pyrite

concentrate, 10 (vol/vol) inoculum of T. ferrooxidans and 20 liters of 9K basal salts

nutrient medium [35] ina thermostatically controlled, stirred tank apparatus [39].

These experiments were carried out at pH 2.3 and 35°C and with air enrichment to

0.2% CO2 for aeration.

optimal for the growth of T. ferrooxidans [43].

This carbon dioxide concentration has been reported to be
When the early stationaly phase was

reached, a portion of leach suspension was then transferred into a new medium to

maintain the stock culture, and bacteriawere harvested from the remaining part.

TABLE 1

Commercially Available Organic Uranium Extractants

Solvents Formula Supplier
Alamine 304 N(C]2H25)3 General Mills Chem. Inc.
A]amine 308 N((CHZ)SCH(CH3)2)3 "
Alamine 310 N((CH2)7CH(CH3)2)3
Alamine 336 N(C8H]7)3; C8/C1O mixture

Adogen 364

+ 1% secondary amine + 0.2%
primary amine

N(C,H )3; C8/C10 mixture

Ashland Chemical Co.

8 17
Adogen 381 N((CHZ)SCH(CH3)2)3 ! ! !
Isodecanol (CH3)2CH(CH2)70H Exxon Chemical Co.
Tri-butylphosphate (TBP) (CH3(CH2)3)3P04 Canada Colors & Chem. Ltd.
Di(2-etyhlhexyl)phosphoric
acid (DEPA) (CH3(CH2)3CH(CH2)C2H5)2PO3OH Union Carbide Corporation
Aliquat ((C8H]7)3NCH3)C1 General Mills Chem. Inc.
Nonylphenol C9H]9C6H40H Chemical Development of

" Kerosene 140

Canada Ltd.
Shell Canada Ltd.



Influence of Uranium Extractants on T. ferrooxidans 159

form which is soluble.

uo, + Fe, (SO = 10,50, + 2FeSO4 (1)

2 7 4)3 24

In this oxidation process, ferric ion is reduced to ferrous ion, which will be
reoxidized by the microorganisms:

T. ferrooxidans
2FeS0, + H2504 $el/2 02 —_— 2Fe2(SO4)3 +.-H.0 )

4 2

Ferric sulfate and sulfuric acid are produced by bacterial oxidationof iron sulfides,
such as pyrite [33] which is generally present in uranium bearing ores.

T. ferrooxidans v Fe2(50 + H.S0

2FeS, + H a)3 * 180, (3)

2 2O d /2 02

Microbiological leaching of uranium-bearing ores [23] is schematically represented
in Figure 1 as a cyclic leaching process [17-28] including recovery of dissolved ura-
nium by solvent extraction [4] and precipitation. In solvent extraction, the uranium
is transferred during loading from the aqueous phase into the organic phase.

o [V0,50,-Solvent] (4)
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FIGURE 1

Schematic representation of a
simplified bacterial uranium

ol cyclic leaching process.
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