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Research subject: With the rapid development of science and technolo-
gy, cerium and cerium oxide are widely used in various fields, including
in the manufacture of aluminum, aluminum alloys, some steels and in
permanent magnets, catalysts, Polishing powder, Glass, Cinema, and Ce-
ramic Technology. Solvent extraction is one of the effective techniques
for extraction, separation, and purification of cerium.

Research approach: The extraction of cerium(IV) from sulfuric acid
solutions using Cyanex 921 in kerosene was investigated. The different
parameters affecting the extraction process of cerium(IV) such as pH
of aqueous solutions, reagent, metal ion concentration, contact time as
well as temperature, are separately investigated. Experiments in the pH
range of 0.5 to 5.5, at 251 °C, using Cyanx 921 in the concentration
range of 0.06 to 0.4 mol L, and a mixture of Cyanx 921 and D,EHPA was
performed in different ratios.

Main results: From the temperature study, the extraction reaction for
Ce (IV) was found to be exothermic in nature. The results indicated that
the effective extraction of cerium(IV) from sulfuric acid solutions cannot
be achieved in a single equilibration because the solubility of Cyanex
921 in aliphatic diluents is limited at ambient temperature. To rectify
this issue, the possibility of using a synergistic mixture of Cyanex 921
and D,EHPA as extractant system to recover cerium(IV) from sulfuric
acid solutions was investigated. Mixtures of Cyanex 921 and D, EH-
PA resulted in synergistic extraction of cerium(IV) from sulfuric acid
solutions. The results indicated that, under experimental conditions,
the maximum synergistic coefficient was obtained at the molar ratio
of (0.6M D_EHPA/0.2M Cyanex 921) 3.0, and cerium(IV) was extracted
into organic phase in the form of Ce(S0,)(HSO,),.Cyanex 921.
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Fig. 1 Effect of Cyanex 921 concentration on cerium (IV) extraction
[Concentration of metal ions in the aqueous phase= 800 mg L*; pH=1.5; Reaction temperature= 25 + 1 °C; Contact

time between two phases=3 min]
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Fig. 2 Effect of solution pH on cerium (IV) extraction with 0.2 mol L Cyanex 921
[Concentration of metal ions in the aqueous phase= 800 mg L}; Reaction temperature= 25 + 1 °C; Contact
time between two phases=3 min]|
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Fig. 3 Relationship between distribution coefficient (D) and temperature.
[Concentration of metal ions in the aqueous phase= 800 mg L!; Extractant concentration= 0.2 mol L! Cyanex 921;

pH=3; Reaction temperature= 25 * 1 °C; Contact time between two phases=3 min]|
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Table 1 Thermodynamic parameters of cerium (IV) extraction reaction with Cyanex 921

AG AS AH
(k] molt) (J mol K1) (k] molt)

-2.09 -13.98 -6.28
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Fig. 4 Effect of contact time on cerium (IV) extraction
[Concentration of metal ions in the aqueous phase= 800 mg L*; Extractant concentration= 0.2 mol L™

Cyanex 921; pH=3; Reaction temperature= 25 + 1 °C]
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Fig. 5 Effect of initial concentration of metal ions in the aqueous phase on distribution coefficient of cerium (IV)
[Extractant concentration= 0.2 mol L Cyanex 921; pH=3; Reaction temperature= 25 + 1 °C; Contact time between two
phases=3 min]
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Table 2 Dependence of cerium (IV) extraction on the nature of the diluent
[Concentration of metal ions in the aqueous phase= 800 mg L'}; Extractant concentration= 0.2 mol L! Cyanex 921;
pH=3; Reaction temperature= 25 # 1 °C; Contact time between two phases=3 min]

Diluent Dielectric Constants at 20 °C [63] Ce (IV) concentration (%)
Hexane normal 1.9 35
kerosene 1.8 30
Benzene 2.3 15
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Fig. 6 Effect of concentration of metal ion on cerium (IV) extraction
[Extractant concentration= 0.2 mol L'* Cyanex 921; pH=3; Reaction temperature= 25 + 1 °C; Contact time between
two phases=3 min]
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Fig. 6 Contact angle of the oil droplets on the surface of sandstone rock in nanofluid, at ambient temperature and
pressure (the angles measured after three hours of droplet stability on the rock surface)
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Fig. 8 Effect of SO,* concentration on cerium (IV) extraction
[Concentration of metal ions in the aqueous phase= 800 mg L!; Extractant concentration= 0.2 mol L! Cyanex 921;

pH=3; Reaction temperature= 25 * 1 °C; Contact time between two phases=3 min]|
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Fig. 10 Effect of D,EHPA concentration on cerium (IV) extraction
[Concentration of metal ions in the aqueous phase= 800 mg L'}; pH=3; Reaction temperature= 25 + 1 °C; Contact time
between two phases=3 min]
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Fig. 11 Synergistic extraction of cerium (IV) with a mixture of 0.1 mol L* Cyanex 921 and different amounts of D,EHPA.
[Concentration of metal ions in the aqueous phase= 800 mg L]
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Fig. 12 Synergistic extraction of cerium (IV) with a mixture of 0.2 mol L' Cyanex 921 and different amounts of D,EHPA.
[Concentration of metal ions in the aqueous phase= 800 mg L]
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Fig. 13 Synergistic extraction of cerium (IV) with a mixture of 0.3 mol L'* Cyanex 921 and different amounts of D,EHPA.
[Concentration of metal ions in the aqueous phase= 800 mg L]
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Table 3 Synergistic extraction coefficient of cerium (IV) in different molar ratios of Cyanex 921 and D2EHPA

"ozt molmatio. | Domam Do R
0.2/0.1=2 0.79 0.11 0.88
0.3/0.1=3 2.25 0.11 1.04
0.4/0.1=4 2.85 0.11 0.87
0.5/0.1=5 5.11 0.11 2.15
0.6/0.1=6 10.56 0.11 2.09

0.1/0.2=0.5 0.12 0.24 6.14
0.2/0.2=1 0.14 0.24 7.57
0.3/0.2=1.5 0.79 0.24 5.72
0.4/0.2=2 2.25 0.24 6.41
0.5/0.2=2.5 2.85 0.24 10.83
0.6/0.2=3 5.12 0.24 12.25
0.7/0.2=3.5 10.56 0.24 8.32
0.8/0.2=4 12.0 0.24 9.0
0.2/0.3=0.7 0.79 0.25 0.39
0.3/0.3=1 2.25 0.25 0.41
0.4/0.3=1.3 2.81 0.25 0.43
0.5/0.3=1.6 5.11 0.25 1.1
0.6/0.3=2 10.56 0.25 1.17
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