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1)

In the present study, the extraction of cerium(IV) from sulfuric acid leach liquor using Cyanex 923 has been investigated 

systematically. The extraction equilibria investigated with varying concentrations of extractant into the organic phase and acid 

into the aqueous phase could reveal the solvation of [Ce(SO4)2·2L·HSO4
-]org species. The thermodynamic properties 

determined at different temperatures exhibited the exothermic nature of extraction (ΔH°, −12.2 kJ·mol−1). The quantitative 

extraction and back-extraction of cerium(IV) in sulfate media could be achieved in three stages of counter-current contact at 

an organic-to-aqueous ratio of 2/3 and 3/2, respectively.
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Introduction

The unmatched spectroscopic, magnetic, and catalytic properties exhibited by the REMs have progressively established themselves as inevitable raw materials
to an array of advanced applications in low-energy fluorescent bulbs, superconductors, renewable energy, petroleum refinery and automobile catalysts,
permanent magnets, modern electronics, telemedicine, etc. Consequently, the worldwide demand for REMs is continuously growing. Due to the geopolitical
scenario and soaring consumption of REMs and the increasing supply risks, South Korea is planning to exploit its potential resources of vein deposits monazite
to reduce the import dependency on REMs. Although South Korea is traditionally not known for the REMs producing country, the development of indigenous
exploitation technology is high on the agenda from both primary and secondary streams.
Notably, among REMs, both pure and doped compounds of cerium have significantly attracted the scientific and technological relevance for their surface and
transport properties . In order to achieve the desired properties, two different approaches are used involving (i) the hydrolysis of a metal salt solution, and (ii) the
precipitation of metal ions with oxalic acid. The latter forming a non-soluble metal oxalate as the precursor material to prepare ceria by annealing, showing
uneven morphologies while oxalate precipitation conducted at different conditions. So in present study, the extraction of cerium(IV) from sulfuric acid leach
solution using Cyanex 923 has been systematically investigated. The influential parameters like extractant concentration, acidity of the aqueous solution,
temperature, and organic-to-aqueous phase ratio for the extraction of ceric ions followed by stripping have been examined. Subsequently, the precipitation of
cerium has been conducted from the stripped liquor and the changes in product formation along with the precipitation kinetics have been studied.

Experimental

Results and Discussion

2022 Fall Joint Conference and the 8th International Symposium on Mine Reclamation

Conclusions

• The extraction equilibria investigated with varying concentrations of extractant into the organic phase and acid into the aqueous phase indicated the solvation
of [Ce(SO4)2·2L·HSO4

-]org species.
• The thermodynamic properties determined at different temperatures exhibited the exothermic nature of extraction (ΔH°, −12.2 kJ·mol−1).
• The quantitative extraction and back-extraction of cerium(IV) in sulfate media was achieved in three stages of counter-current contact at an organic-to-aqueous

ratio of 2/3 and 3/2, respectively.

Ce-bearing sulphate 
media

Selective extraction of 
cerium

Fig. 2. NMR spectral analysis of the pre- and post-extraction
organic phase belonging 1H NMR (a); 13C NMR (b); and 31P
NMR (c), Extraction behaviour of cerium(IV) as a function of
temperature and the van’t Hoff plot of log Kex vs. 1000/T (d),
McCabe–Thiele plot of extraction isotherm using respectively (e).
0.15 mol·L–1 Cyanex 923 and 890 mg·L–1 cerium(IV) into the feed
organic and aqueous solution,

Fig. 3. Extraction behaviour of cerium(IV) as a function of Cyanex 923
concentration and log–log plot of distribution ratio vs. extractant
concentration (a), Extraction behaviour of cerium(IV) as a function of
acid concentration using 0.15 mol·L–1 Cyanex 923 into the organic
phase and log–log plot of distribution ratio vs. H2SO4 concentration (b).

(a) (b)

(a)
(b)

(a)

(b)

(d)

(e)

Fig. 4. McCabe–Thiele plot of stripping isotherm using 1315 mg·L–1

cerium(IV) loaded Cyanex 923 and 3.5 mol·L–1 H2SO4 solution (with
0.1 mol·L–1 H2O2) as the feed organic and aqueous phase (a), Eh-pH
diagram of Ce-H2O-H2C2O4 system for 0.1 mol·L–1 cerium at 298 K and
1 atm (b).
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Fig. 5. Precipitation behavior of oxalate
salt as a function of oxalic acid dosage
with respect to cerium(IV) concentration
as the mole ratio of Ce:H2C2O4 (a),
XRD of the precipitated products at
different temperatures, 25 °C (a);
50 °C (b); 70 °C (c); and 90 °C (b).

Fig. 1. Experimental schematics for Solvo-chemical extraction of cerium.
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