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Rhenium distribution between Tri-n-butyl phosphate (TBP) dissolved in kerosene and sulfuric aqueous
media is investigated under different temperatures, acidities, and TBP concentrations. Results show
an exothermic extraction reaction with a distribution factor that decreases with the increase of the
temperature and increases with the increase of the acidity and the TBP concentration. The stoichiometry
of the reaction indicates neutralization of 1 mole of H+ with 1 mole of ReO�

4 and solvating of a
neutral molecule with four molecules of TBP. The structure of the complexes formed is, therefore,
4TBP � HReO4. The apparent Gibbs free energy of the formation of 4TBP � HReO4 from TBP,
ReO�

4 , and H+ is determined to be equal to �66,989 � 219.8 T J/mole.

I. INTRODUCTION extraction of rhenium from solutions containing U, W,
Mo, Tc, Al, and Fe.

MOLYBDENITE concentrate is an important source There are, however, no quantitative details on the effect
for rhenium. Roasting changes the concentrate from molyb- of temperature, TBP concentration, and sulfuric acid
denum disulfide to molybdenum trioxide. Rhenium disulfide molarity on the distribution factor in the literature. Thermo-
also oxidizes to rhenium hepta-oxide, which sublimates with dynamic properties such as enthalpy, entropy, and equilib-
other volatile materials such as MoO2 and SeO2 at the oxida- rium constant of extraction reaction are required for detailed
tion temperature. The exhausting gas contains N2, O2, SO2, scientific studies and industrial applications. These proper-
volatile materials, and dust. The gas is usually cleaned up ties can conveniently be utilized for the estimation of the
by filtration. Most of the sublimated rhenium remains in distribution factor prevailing under practical extraction con-
the filtrate dust. Rhenium is subsequently extracted through ditions. Extensive research has been carried out during the
leaching of the dust. During leaching, rhenium dissolves in past few years in our laboratory to evaluate these properties.
aqueous media. Other soluble materials such as molybde- The results corresponding to extraction of ReO�

4 from sulfu-
num, iron, copper, and selenium also dissolve into their ionic ric acid media with TBP are given in this article.
forms. The solution is generally treated for extraction of the
valuable materials. Purity of the rhenium depends on the
method of extraction and the type of reagents used. II. CHEMICAL EQUILIBRIA

A commercial method for recovery of rhenium is
The extraction reaction issolvent extraction. Different extractants have been used

for this purpose. These include organic materials such sS(aq) � mM(aq) � aA(aq) � [AaMm�sS]org [1]
as Tri-n-butyl phosphate (TBP),[1–12] Tri octyl amine

where S is the extractant, M is the ion being extracted (anion(TOA),[13–18] Bis-2-ethylhexyl phosphoric acid
or cation), and A is any counter ion or other species that may(D2EHPA),[19–24] Alamin 336,[22–28] Tri alkyl amine
be present in the organic phase. The equilibrium constant of(TAA),[29] mixture of TBP with Tri octyl phosphin oxide
the extraction Reaction [1] may be written as(TOPO),[30–33] TBP with D2EHPA,[34–36] TBP with

TOA,[30,32] TBP with primary Amine,[37–41] TBP with
CMPO,[42,43] TOA with Alamin 336,[25–27] TOA with TBP KP �
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and TOPO,[30] Tri-octyl arsine,[44] and other organic com-
pounds.[45–62] Many investigators have studied solvent
extraction of rhenium from aqueous media containing �

[AaMm�sS]org

[S]s[M]m[A]a � Q
sulfuric acid,[9,13–15,17–18,20,24,29,36,37,45,48,62–80] nitric
acid,[3,5,7,12,13,20,26,39,42,43,62,63,79,81–83] hydrochloric

where Q is the quotient of the activity coefficients and squareacid,[2,5,13,20,30,31,46,62,64,69,69,84–91] and perchloric
brackets indicate molar concentrations. The distribution fac-acid.[17,33,41,62,69] These studies have shed light on the
tor of species M may be written as

DM �
� [M]org

� [M]aq
[3]
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