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In the hydrometalurgical process for separation of metals, the ores or scraps are
generally leached with concentrated hydrochloric acid to produce the metals rich solution.
The metals from the metals-contained solution can be recovered using several methods.
Solvent extraction with organic solvent as extractant is the most widely applied technique.
Application of this technique encounter at least two problems. Firstly, the organic solvent
extractants are not environmental friendly due to their flammability and volatility nature.
Secondly, solvent extraction technique consumes the very large amount of extractant which
is not only harmfull to the environment but also economically unprofitable. The first
drawback can be overcome using the nonflammable and nonvolatile extractants such as ionic
liquids (ILs) and deep eutectic solvents (DESs) which are well known as green solvent while
liquid membrane can be used to reduce the amount of extractant. This thesis discusses the
use of these two green solvents both as extractant in the solvent extraction techinque and as
carrier in liquid membrane for separation of metals. Even though the use of solvent
extraction and liquid membrane containing ILs and DESs for separation of metals was
largely investigated, there has been no investigations on the using of these systems for
separation of manganese which is currently being used in many industries such as ferroalloy
or steel industry, dry cel batteries, chemicals, fertilizers, glass, ceramics, paint and for
numerous medicinal and chemical purposes. Because iron is almost always exist in every
source of metals, it was included in this investigation. In addition, the coexistence of
manganese and cobalt is found in several materials such as laterite ores and NMC batteries,
the separation of cobalt was also reported in this thesis.

The first experiment was focused on the use of ILs as extractant in solvent extraction
for separation of Fe (III) and Mn (II) as well the stripping of these metals from metalloaded
organic phase. In the solvent extraction, the metal anion chlorocomplexes, FeCls and MnCls
which are formed in the presence of excess of hydrochloric acid were extracted with all ILs
used via anion exchange reaction. The extractability of Fe (III) was larger than that of Mn
(II) for three ILs experimented indicated that the stability complex of FeCly was higher than
MnCls. The order of extractability for Fe (IIT) and Mn (II) as follows: Cyphos IL 101 > Cyphos
IL 102 > Aliquat 336 inicated that the affinity of phosponium based ILs to react with
chlorocomplexes of Fe3* and Mn2* was higher than ammonium based ILs. Sodium thiosulfate
was the only one stripping agent which gave the quantitative recovery of Fe (III) from
Aliquat 336 solution. Mn (II) was effectively stripped by water from Aliquat 336 solution. The
stripping percentages in metals-Cyphos IL 101 system were lower than those of
metals-Aliquat 336 system. Aliquat 336 is found to be better extractant than Cyphos IL 101
because of its high stripping performance.



The cheaper and more environmental friendly extractant called deep eutectic solvent
(DES) used as extractant for separation of Fe (IIT), Mn (I) and Co (II) was also reported in
this thesis. It was found that the pH of initial metal solution strongly influenced the
extraction mechanism due to the composition of the DES. Fe (III) can be extracted at pH 1.0
to 2.0 due to the ion pair reaction between Fe3* and decanoic anion, while at the higher pH
the extraction mechanism cannot be evaluated because of the formation of precipitation at
the ageous phase. In the case of Mn (II) and Co (II), the ion pair reaction was occured at the
pH of lower than 2.5 and higher than 3.5 for Mn (II) while for Co (I) this mechanism was
observed at pH of lower than 1.5 and higher than 2.5. Between this two ranges of pH, the
most possible machanism was the cation exchange reaction between metal cation with
lidocaine cation. The DES concentration needed to reach the complete separation of Fe (IIT)
was about 25 g/L, while Mn (II) and Co (Il) were completely extracted using about 300 g/L.
The metals in the metals-loaded DES solution were successfully stripped using hydrochloric
acid as stripping agent through cation exchange mechanism.

In order to reduce the amount of extractant used in solvent extraction technique, the
experiments of liquid membrane containing IL and DES as extractant for separation of Fe
(III) and Mn (II) were conducted. It was found that the combination of Aliquat-336 as a
carrier and 0.1 M NasSO4 as a stripping phase gave a largest permeability of Fe (III)
(approximately 80 %). In the case of Cyphos IL-101, the stripping rate was found to be
considerably slow. The permeation rate of Mn (IT) in membrane permeation using Aliquat
336 was smaller than that of Fe (IIT) due to the lower stability constant of MnCls than FeCly.
This suggests that the kinetic separation of Fe (III) and Mn (I]) is possible. Unlike ILs, DES
composed of decanoic acid and tetrabutylammonium bromide cannot permeate Mn (II) at all.

In conclusion, solvent extraction and supported liquid membrane were the great
techniques for separation of metal ions from aqueous solution. ILs can be employed as
extractant in both techniques, while DES was only suitable for solvent extraction technique.
Considering the cost of the extraction process, SILM is suggested for separation of metals as
it consumes very small amount of ILs and the extraction and re-extraction carried out in one
technological step. Between ILs and DES, DES is recomended to be applied in solvent
extraction technique for metal separation because it does not involve the use of concentrated
hydrochloric acid which is highly corrosive.



