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Figure 1 Molecular structures of the extractants used in
this study.
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Figure 2 Extraction of Au(Ill) from 5 mol/L HCI using
various solvents.
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Figure 3 Extraction of Ga(IIl) using various solvents as a
function of HCI concentration.
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Figure 4 3D HSP diagram of available compounds for the
extraction of Ga (III) with the limit of HSPs (sphere).
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Table 1 Comparison of each regression analysis model for
the prediction of Au(III) extractability.

r2 RMSE MAE
REKR 0.799 19.7 7.42
SVR 0.752 21.9 14.1
PLS 0.875 15.6 10.6
vV ElfE 0.823 18.5 12.3
RF 0.815 18.9 11.2
UAEIL 0.722 232 14.9

OLS 0.392 343 22.7
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Figure 5 Extraction of Au(Ill) using DCHK, DBA, and
MIBK as a function of HCI concentration.
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Figure 7 Extraction of Ga(IlI) using various extractants from the mixture of simulater seawater and hydrochloric acid.

Table 3 Physical properties of DBC, MIBK, and DCHK

properties DBC MIBK DCHK
molar mass [g mol'!] 218.3 100.2 194.3
solubility in water [g/L] 3.0 19.1 -

density [g/cm?] 0.88 0.80 0.95
viscosity [mPa-s] 2.40 0.61 7.9
boiling point [°C] 256 116 316

flash point [°C] 118 17 >110
logP [-]* 3.11 1.52 4.58

- Not measured.

a Estimated using MarvinSketch 6.2.1 software (ChemAxon Ltd., Budapest, Hungary) and the KLOP method.(!)
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Summary

Extraction based on ionic solvation, which can extract metal chloride from an aqueous solution rapidly, with
high capacity, as well as high metal selectivity, is expected as a separation and recovering technique for rare metals
from water resources including seawater. In recent years, the authors have found a candidate solvent (2-nonanone)
that has the similar Au(IIl) extractability compared with commercial extractants. The solvent is expected to reduce
wastewater pollution and extractant costs due to the lower water solubility. However, optimization of solvents for
ion solvation extraction has not been achieved, because there are thousands of candidate compounds. In the present
study, the relationship between the metal extractability for various solvents and physical properties of the solvents
was analyzed by machine learning, in order to find the powerful solvents from a number of candidate solvents, with
better physical properties than the commercial extractants. From the results of the extraction tests for Au(Ill) and
Ga(III) at high HCI concentration, solvents were categorized by the metal extractability. Ketones commonly
showed high extractability, whereas there was a wide distribution of metal extractabilities for ethers. Additionally,
the authors found that there is a certain correlation between the Hansen solubility parameters (HSPs) and the metal
extractability, but that there are also exceptions. By machine learning using the results of Au(III) extraction tests,
models with high prediction accuracy for hydrocarbons, carboxylic acids, and ketones were constructed. However,
in the model there was a large error for ethers. From the results of HSPs relationship and machine learning,
dicyclohexyl ketone (DCHK) was selected as a candidate solvent for Au(Ill) extraction. The extraction test for
Ga(Ill) from simulated seawater using 2-nonanone was also performed. Ga(Ill) was recovered by increasing HCI

concentration.





