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Overview

Phosphate rock contains significant amounts of uranium, although in low concentrations. Intermittent production of uranium from phosphoric acid in the past in the United States ceased with the fall of uranium prices in 1990s. As uranium prices rose from the US$10-15 range in the early 2000s to the US$35-50 range in the period of 2007-2015, recovering uranium from phosphoric acid gained renewed attention. This paper estimates how much uranium might be recoverable from current phosphoric acid production in the United States and what the associated costs might be based on two different recovery processes: solvent extraction and ion exchange.

After phosphate rock is mined and beneficiated, sulphuric acid is added to create phosphoric acid and more than 90% of the uranium in phosphate rock is dissolved into the phosphoric acid. The uranium could be recovered via solvent extraction or ion exchange. Solvent extraction has a history in uranium recovery from phosphoric acid at a commercial scale. In comparison, ion exhchange is a relatively new process with repect to uranium recovery and is under active development.
Methods

To estimate the costs we assume a hypothetical uranium recovery plant adjacent to existing phosphoric acid plant in Florida. The capacity of uranium recovery plant is dependent on that of phosphoric acid which is assumed to be 870,000 tonnes P2O5 per year. In order to estimate the costs based on previous operations, we also assume as follows: a) the hypothetical plant for solvent extraction is nearly identical with one of the previous oprations b) consumption rates of chemical and utilities for solvent extraction are same with the previous operation and c) capacity of the planned unit is within the capacity range for which the scaling exponent is valid. Recovery rate of uranium is assumed as 90%. Using three different interest rates and three different plant life, annlualized costs are caltulated for the two processes and compared.
Results

Based on U.S. phosphoric acid production in 2014, 5.9 million pounds of U3O8 could bave been recovered, which is more than domestic U.S. mine production of uranium in the same year. Our reference case suggests that the price of uranium would need to be at least US$54 per pound U3O8 on a sustainable basis to justify investment in a solvent-extraction plant of US$41 for an ion exchange plant.
Conclusions

Our estimation suggests that it is technically possible for the U.S. to recover significant quantities of uranium from phosphoric acid production. In order for it to become economically feasible on a large scale, either recovery costs should fall or uranium prices should rise. Also, it should be noted that these are order-of-magnitude cost estimates for a hypothetical plant and actual commercial viability will be site specific. 
