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Abstract: One of the challenges in the rare earth elements (REE) production industry is the difficulty
of separating them from each other. Therefore, in the present study, the possibility of cerium separation
from carbonate concentrate of REEs containing 22.75% Ce, 9.4% La and 8.6% Nd (total REEs of 41.51%)
was investigated. Two methods were used to separate Ce from other REEs. In the first method, due to the
very low solubility of Ce*, the calcination of carbonate concentrate and conversion of cerium carbonate
to cerium oxide and selective dissolution of other REEs from the calcine were investigated. In the second
method, prior to the carbonate precipitation of REEs, the possibility of cerium oxidation in the sulfate
solution (by using potassium permanganate) and its subsequent selective separation from other REEs was
investigated. Results of the calcination (first method) showed that only 35 and 45% of La and Nd were
dissolved at 80 °C after 2 hours leaching with 1 molar nitric acid, respectively. Results of the calcine
leaching with 4 molar nitric acid at 80 °C for 2 hours showed that more than 90% of the La and Nd were
dissolved. In this conditions, 35% of the Ce was also dissolved and the leaching process was not selective.
In the second method, using potassium permanganate with a stoichiometric ratio of 1.5 to 1 for oxidant
to Ce, pH 3.5 for 1 hour, 98% of the Ce and less than 1% of La and Nd were precipitated. The resulting
hydroxide was calcined at 850 °C for 1 h to produce CeO, and finally a Ce oxide concentrate was obtained
with 99% purity.

Keywords: Esfordi phosphate concentrate, Mixed Rare Earth Elements Carbonate concentrate, Cerium
Oxide, Potassium Permanganate.

INTRODUCTION

Rare earth elements (REE) include 17 elements including 15 elements from the lanthanide group and
yttrium and scandium [1]. The most important rare earth minerals are bastnasite, monazite, xenotime, and
apatite [2]. The Esfordi phosphate mine (Bafgh, Yazd province) with igneous origin is one of the most
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important phosphate and REE reserves in Iran [3]. Previous studies by authors have shown that in order
to recover phosphate and REE from the Esfordi concentrates, calcium and phosphorus in the concentrate
should first be dissolved by nitric acid or phosphoric acid. By selective leaching of phosphate and
calcium, the grade of REE:s in the leaching residue increased from 1.2 to 17.5%. In this case, REEs can be
economically recovered from the residue and after acid baking, water leaching and carbonate precipitation,
a pure concentrate of REE can be produced [4-7].

The first step in the separation of REEs from most REE concentartes is the separation of cerium from
other REEs [8]. The oxidation of Ce** to Ce*" is the most common way to separate cerium from other
REEs. Oxidizing agents such as hypochlorite, H,O,, and atmospheric oxygen can precipitate cerium at an
appropriate pH range as cerium (I'V) hydroxide [9]. McNeice et al. (2019 and 2020) studied the effect of
four different oxidants including hydrogen peroxide, sodium hypochlorite, potassium permanganate and
Caro’s acid for Ce** oxidation in a chloride medium in the pH range of 1 to 4 and temperature range of 25
to 65 °C. They concluded that potassium permanganate and Caro’s acid were the best oxidants for cerium
oxidation in the chloride medium [8,10].

Given that most of the studies have been focused on the selective separation of cerium in chloride and
nitrate solution, the present research innovation is the selective separation of cerium from a sulfate solution
containing low concentrations of REEs.

METHODS

The Esfordi phosphate sample characterization

The sample used in this study was the Esfordi phosphate concentrate sample with d80 of 54 microns,
which had been used in previous studies by authors. Previous studies by the authors have shown that the
Esfordi phosphate concentrate contains 16.31% phosphorus, 37.13% calcium, 1.2% total REEs, 2.91%
iron, 3% fluorine and 0.3% chlorine [5].

Mixed REEs carbonate concentrate production and the separation of cerium from mixed
concentrate

The present study can be divided into two stages as follows: In the first stage, using the method presented
in the previous studies by the authors [7], a mixed REEs carbonate concentrate containing 41.15% total
REEs was produced from the Esfordi phosphate concentrate. In the second stage, potassium permanganate
was used to oxidize cerium from the sulfate solution resulting from acid baking-water leaching (before
carbonate precipitation of REEs) of the residue. In this way, cerium was selectively separated from the
mixed REEs concentrate.

RESULTS AND DISCUSSION

Calcination of the mixed REEs carbonate concentrate

The purpose of the experiments was to oxidize Ce** to Ce*" (conversion of cerium carbonate to CeO,).
The results of the calcine leaching with 1 M nitric acid showed that the recovery of cerium, lanthanum and
neodymium elements was 1.5, 35 and 45%, respectively. As expected, cerium leaching efficiency was low
(about 1.5%). But, the leaching efficiency of lanthanium and neodymium were also low. Therefore, the
calcine was leached by 4 M nitric acid at 80 °C for 2 h with the aim of complete dissolution of the cerium
and other REEs to be fed to a solvent extraction stage to separate cerium from other REEs. As shown in
Figure 1, more than 90% of the lanthanum and neodymium were leached and the leaching efficiency of
cerium was about 35%. It was found that the selective leaching of lanthanium and neodymium over cerium
was not possible.

Pottasium permangentae oxidation of cerium

In another method, potassium permanganate was used for cerium oxidation and its subsequent separation
from other REEs in sulfate solution before the carbonate precipitation of mixed REEs. Cerium oxidation
tests were performed on sulfate solution at 1.5 to 1 stoichiometric ratio of potassium permanganate to
cerium in the solution at 40 °C for 60 min at pH 3.5. Results showed that 98% of cerium and less than 1%
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Figure 1. Leaching efficiency of cerium, lanthanum and neodymium from the calcine in 1M and 4M nitric
acid at 80 °C for 2 hours

of lanthanum and neodymium were removed from the solution. This shows that the oxidation process is
selective for cerium over lanthanum and neodymium. Ce(OH), was calcined for 1 h at 850 to convert it
to CeO,. During the calcination process, the sample weight loss was about 16%. Cerium oxide produced
was characterized by XRD analysis (Figure 2), which showed that the sample after calcination contained
cerium in the form of CeO, and ceryanite (Ce, Th)O,. The results of ICP analysis showed that the cerium
grade in the concentrate resulting from the oxidation process with permanganate was 99% (the produced
concentrate was pure).
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Figure 2. Result of the XRD analysis of the produced cerium concentrate

CONCLUSIONS

The aim of the present study was to selectively separate cerium from the mixed REEs concentrate
produced from the Esfordi phosphate concentrate. The main REEs in the carbonate concentrate were
cerium, lanthanum and neodymium. Results showed that the cerium grade in the concentrate resulting
from the oxidation process with permanganate was 99%. It should be noted that the implementation of the
process of cerium oxide production from the phosphate concentrate should be tested on a pilot scale and its
problems should be evaluated to be applied on an industrial scale.
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