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A B S T R AC T

Conditions have been optimized for selective removal of protactinium by solvent extraction 
from short-cooled spent fuel dissolver solution and from high-level waste solution under sim-
ulated conditions employing diisobutyl carbinol (DIBC) as extractant. These studies include: 
effect of acidity, extractant and thorium concentration on the extraction behavior of protac-
tinium. Selectivity of the extractant for protactinium has been investigated with respect to U, 
Pu, Th, and the fi ssion/activation products. These studies suggest that 40% DIBC (~2.02 M) 
solution in n-dodecane can be employed for the recovery of protactinium from short-cooled 
spent fuel dissolver solution and from high-level waste solutions. Extraction of Pa increased 
with aqueous phase acidity due to the formation of protonated species of DIBC, [H(DIBC)1−2]

+ 
and anionic Pa(OH)2(NO3)4]

– species. There was an enhancement in Pa extraction at lower acidi-
ties 4 M HNO3) with increased Th concentration (up to 200 g/l) beyond which a decrease was 
observed. At 200 g/l Th in 4 M HNO3, the separation factor (SF) values of Pa over U and Th are 
~100, >105, respectively. DIBC displays good fi ssion/activation product decontamination under 
the c onditions of these studies.
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1. Introduction

Thorium is 3 to 4 times more abundant than ura-
nium and is an easily exploitable resource for nuclear 
power in many countries. Unlike natural uranium, 
which contains ~0.7% fi ssile 235U isotope, natural tho-
rium does not contain any ‘fi ssile’ material and is made 
up of the ‘f ertile’ 232Th which can be converted to ‘fi s-
sile’ 233U, thereby enlarging the fi ssile material resources. 
Thorium fuels and fuel cycles are particularly relevant 

to c ountries like India having large thorium deposits 
(approx 600,000 tons) but very limited uranium reserves 
(approx 80,000 tons) to sustain its long-term nuclear 
power programme [1]. Several thermal reactor systems 
have been proposed for thorium utilization in India’s 
nuclear power program. Amongst them, the develop-
ment of advanced heavy water reactor (AHWR) is rela-
tively on an advanced stage. Other important options 
for thorium utilization program are: (a) Molten Salt 
Breeder Reactor (MSBR), (b) Aqueous Suspension Reac-
tor (ASR) [2–5]. These reactors are expected to work on 
circulating fl uid fuel (molten fl uoride/slurry of thorium 
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