
Accepted Manuscript

Recovery of uranium, thorium and rare earth from industrial
residues

Janúbia C.B.S. Amaral, Michelle L.C.G. Sá, Carlos A. Morais

PII: S0304-386X(17)30970-2
DOI: doi:10.1016/j.hydromet.2018.09.009
Reference: HYDROM 4906

To appear in: Hydrometallurgy

Received date: 23 November 2017
Revised date: 23 August 2018
Accepted date: 14 September 2018

Please cite this article as: Janúbia C.B.S. Amaral, Michelle L.C.G. Sá, Carlos A. Morais
, Recovery of uranium, thorium and rare earth from industrial residues. Hydrom (2018),
doi:10.1016/j.hydromet.2018.09.009

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.hydromet.2018.09.009
https://doi.org/10.1016/j.hydromet.2018.09.009


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

RECOVERY OF URANIUM, THORIUM AND RARE EARTH FROM 

INDUSTRIAL RESIDUES 

 
aJanúbia C.B.S. Amaral, aMichelle L. C. G. Sá, aCarlos A. Morais* 

 
aCentro de Desenvolvimento da Tecnologia Nuclear – CDTN/CNEN 

Av. Presidente Antônio Carlos, 6627, Campus da UFMG - Pampulha, 

30123 – 970 - Belo Horizonte, MG, Brazil.  

 
ABSTRACT 

 
This paper addresses the development of a process to recovery uranium, thorium and rare 

earth elements from an industrial residue, with a subsequent removal of U and Th from the 

liquor generated. Sulfuric acid digestion followed by water leaching was found to be the 

best method to solubilise the metals. The acid digestion was carried out with an acid sample 

ratio of 700 kg t-1 and a reaction time of 2hours, without temperature control. The water 

leaching step was performed at room temperature (25 ± 2ºC), with 1 hour of mechanical 

stirring and 20% of solids. Under these conditions, a metal dissolution of 94%, 81% and 

97% was reached for the REE, Th and U, respectively. After the metal solubilisation,  

a sulfuric liquor containing 0.08 g L-1 Th, 0.35 g L-1 U, 9.1 g L-1 REE, 16 g L-1 Al, 7.8 g L-1 

Fe, 0.47 g L-1 Ca, 0.75 g L-1 Zn and 0.1 g L-1 Si was formed. This liquor was used in the 

solvent extraction stage in order to separate Th and U from the REE, as well as from other 

metals. The effect of the type and extractant concentration, acidity of the liquor and type 

and concentration of the stripping solution were investigated. The results showed that 97% 

of the uranium and 94% of the thorium were extracted by a mixture of 0.05 mol L-1 of 

Primene JM-T and 0.1 mol L-1 of Alamine 336, in a single stage. The stripping from the 

loaded organic phase for the simultaneous removal of U and Th can be effectively done by 

using 1.7mol L-1 NaCl solution at pH 1.2. 
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