
 

 
Application of ionic liquids in hydrometallurgy of nonferrous metals 

 
TIAN Guo-cai(田国才), LI Jian(李 坚), HUA Yi-xin(华一新) 

 
Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, 

Kunming 650093, China 
 

Received 6 July 2009; accepted 13 January 2010 
                                                                                                  

 
Abstract: Ionic liquids as green solvents have shown important application in the extraction and separation of nonferrous metals. 
The new application perspective, the important fundamental and the applied studies of the extraction and separation of nonferrous 
metals in ionic liquids, including the dissolution and corrosion of metal and metal oxide, hydrometallurgy of chalcopyrite and 
metallic oxidized ore, and extraction and separation of metal ions, are introduced. 
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1 Introduction 
 

Non-ferrous metals are important strategic resources 
and have a wide range of applications in industries as 
diverse as industrial equipment, health, transport, energy, 
construction, automotive and aircraft, electronic 
equipment, and packaging. Most nonferrous metals are 
obtained by hydrometallurgical processes, for example, 
aqueous acids or alkalis are predominantly used to 
dissolve the metal oxides, sulfides, or silicates. 
Electrowinning and solvent extraction are frequently 
used to recover and concentrate the metals. A limited 
number of high-temperature molten salts have also been 
used extensively for the recovery of refractory metals, 
such as titanium and aluminum, from their ores[1]. 
Nonferrous metal industry has a rapid development and 
has achieved remarkable progress in recent years. 
However, the production of non-ferrous metals from 
natural mineral ores is of in general high energy 
consumption, large acid consumption, high 
environmental pollution, and serious corrosion, 
furthermore, the ores need to be sourced from less rich, 
low grade and/or geologically complex sites as high 
quality ore bodies are progressively mined out. Therefore, 
the development of highly effective, low-temperature 

and environmentally benign technologies for metals 
processing to reduce energy consumption and to lower 
investment costs and the greenhouse gas emissions is 
urgent[2]. Ionic liquids are considered to be the most 
promising candidates due to their low toxicity and little 
environmental impact in recent years. The application of 
ionic liquids as solvents to metallurgical ore 
beneficiation may offer potential as environmentally 
sensitive media and alternatives to hydrometallurgical 
processes. 

Ionic liquids (ILs), also called room temperature 
ionic liquids (RILS) and ambient temperature molten 
salts, which are liquids at ambient temperature[3], are 
completely composed of organic cations and 
inorganic/organic anions. They have many fascinating 
physical properties which make them attract fundamental 
interest to many chemists, since both the 
thermodynamics and kinetics of reactions carried out in 
ionic liquids are different from those in conventional 
molecular solvents, then the chemistry is different and 
unpredictable at our current state of knowledge. And 
they have been widely and successfully used in synthesis 
and preparation of materials, catalysts, electro-deposition 
of metals, and fuel cell[4−6]. Common characteristics of 
ILs for solvent and electrochemical application 
include[4−6] the following items: 1) Non-flammability 
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and very low or negligible vapor pressure. The 
non-flammability of ILs is particularly valuable for 
solvents used for exothermic reactions. Negligible vapor 
pressure means that solvent evaporation is eliminated, 
reducing the need for respiratory protection and exhaust 
systems, which can be used in high vacuum systems and 
in distillation or sublimation of products and by-products, 
which are not possible with traditional low-boiling 
organic solvents. 2) ILs can dissolve a wide range of 
inorganic and organic compounds. It is important for 
dissolving disparate combinations of reagents into the 
same phase. 3) Wide liquid range and thermal stability, 
which allows access to wider temperature ranges and 
allows more tremendous kinetic control of chemical or 
electrochemical processes than that attained by using 
conventional molecular solvent/electrolyte systems. And 
this characteristic is also useful for temperature- 
dependent separation techniques, such as extraction, 
precipitation or crystallization. 4) Lower melting points, 
air and water stability, which considerably increases the 
scope of the electrochemical reactions. 5) Wide 
electrochemical window, high electrochemical stability 
and ion conductivity, which allows investigation of 
electrochemical processes that are previously beyond 
solvent limits, and can be used in place of traditional 
solvent-based electrolytes. It is prone to volatility, 
flammability, leakage, and corrosion. It has been widely 
and successfully used in electrodeposition of metals 
(epically reactive metals) and in many electrochemical 
devices including fuel cells, solar cells, batteries and 
capacity. 6) ILs are designer solvents. Different cations 
and anions can form different kinds of ionic liquids and 
their properties can be adjusted to suit the requirements 
of a particular process by changing the cations and 
anions. Properties such as density, melting point, 
viscosity can be easily varied by simply changing the 
structure of the ions. Changes with structure is the 
miscibility of water in these ionic liquids, which can be 
of substantial benefit when carrying out solvent 
extractions or product separations, as the relative 
solubility of the ionic and extraction phase can be 
adjusted to make the separation as easy as possible. 

Preliminary studies have shown that ionic liquids 
have potential as solvents and electrolytes for metal 
recovery, and the feasibility of these solvents has been 
demonstrated for the extraction of gold and silver from a 
mineral matrix[7], the recovery of uranium and 
plutonium from spent nuclear fuel[8], electrodeposition 
and electrowinning of metals (especially Li, Na, Al, Mg 
and Ti) from ionic liquids[9−11]. Research works have 
shown that the electrodeposition of Al from ionic liquids 
can save 30%−50% energy consumption compared with 
the traditional process, and this technology has been 
strongly supported as an industrial technologies project 

by the partners of University of Alabama, Albany 
Research Center, Century Aluminum Company, Secat 
Inc. and University of Kentucky. Ionic liquids as green 
solvents and electrolytes have shown important and 
potential application in the extraction and separation of 
nonferrous metal. In this work, the new application 
perspective and the important fundamental and applied 
studies of the extraction and separation of nonferrous 
metal in ionic liquids including metal oxide processing, 
hydrometallurgy of chalcopyrite and metallic oxidized 
ore, and extraction and separation of metal ions are 
introduced. 
 
2 Processing metal oxides with ionic liquids 
 

Metal oxide processing is essential for metal 
extraction, waste recycling and catalyst preparation[12]. 
Metal oxides are insoluble in most molecular solvents 
and generally strong aqueous mineral acids are used for 
their dissolution, especially high temperature molten 
salts are also used extensively for the recovery of 
refractory metals, such as titanium and aluminum, from 
their ores[1, 12−13]. However, there are many 
disadvantages in these processes such as large acid 
consumption, recycle of acid waste, environmental 
pollution, high energy consumption, and serious 
corrosion. Therefore, there has been a worldwide interest 
in seeking for new and green solvents for processing 
metal oxides under ambient atmosphere and low 
temperature with low consumption of energy, acid and 
oxygen as well as free of any pollutants release. Ionic 
liquids that have abilities to dissolve a wide range of 
inorganic and organic compounds provide a potential 
way to process metal oxides greenly at low temperature. 
In recent years, many research works have been focused 
and much progress has been achieved in this filed. 

In 1997, DAI and co-workers[14] determined the 
solubility of UO3 in imidalozium-based chloroaluminate 
melts to be 24.58 mmol at 65 ℃. The dissolution of 
V2O5 in (Emim) chloroaluminate ionic liquids was 
studied by BELL et al[15]. The oxide was found to be 
very soluble in the basic melt, 0.15 g in 1 g, but also 
soluble in the neutral melt. The authors reported that 
V2O5 reacts with the acidic chloroaluminate melt, 
forming a volatile VOCl3 compound. 

High solubility of inorganic salts such as LiCl and 
AgCl, aromatic acids, amino acids, and metal oxides 
CuO in choline chloride eutectics 
[HOC2H4N(CH3)3]Cl(ChCl)/urea mixtures was reported 
by ABBOTT et al in 2003[16]. One year later, they 
reported the solubility of ZnO, CuO, and Fe3O4 in three 
deep eutectic solvents (DES) formed between choline 
chloride and carboxylic acids at 50 ℃[17]. They found 
that Fe3O4 is most soluble in the oxalic acid/ChCl 
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mixture, whereas it is 20 times less soluble in the 
phenylpropionic acid mixture, but CuO shows the 
opposite behavior. It is suggested that solvents can be 
designed to preferentially extract one metal oxide with 
respect to another. The majority of the more ionic 
transition metal oxides were found to be soluble in a 
DES although the more covalent metal oxides such as 
aluminates and silicates are insoluble in all DES studied 
to date, which suggests that metal ions could be extracted 
from an aluminosilicate matrix without dissolving the 
matrix. Metals such as copper can be recovered 
electrochemically from the DES with high current 
efficiencies using bulk electrolysis, which could have 
potential applications to mineral extraction or metal 
oxide processing. 

In 2006, ionic liquid choline chloride (ChCl) and 
urea were applied to the processing of electric arc 
furnace dust by ABBOTT et al[18]. It was found that the 
solubility of ZnO, Cu2O and PbO2 is large, and zinc and 
lead can be selectively removed and subsequently 
electrowon from the liquid, whereas the insoluble iron 
and aluminosilicates can be recycled in the electric arc 
furnace. The solubility of 17 common metal oxides have 
been determined in three ionic liquids based on choline 
chloride with urea, malonic acid, and ethylene glycol and 
compared with aqueous solutions of HCl and NaCl[19]. 
Table 1 gives the details. It is found that the order of 
solubility is: HCl ＞ malonic acid ＞ urea ＞ NaCl ＞
ethylene glycol. Higher solubility was observed with the 
more ionic oxides such as ZnO in an analogous manner 

than those expected for aqueous acidic solutions, 
whereas more covalent oxides such as TiO2 exhibit 
negligible solubility.  

The task-specific ionic liquid protonated betaine 
bis(trifluoromethyl sulfonyl)imide([Hbet]Tf2N) was used 
for selective solubilization of metal oxides and metal 
salts by ABBOTT et al[20]. They found that the metal 
oxides such as Sc2O3, Y2O3, La2O3, Pr6O11, Nd2O3, 
Sm2O3, Eu2O3, Gd2O3, Tb4O7, Dy2O3, Ho2O3, Er2O3, 
Tm2O3, Yb2O3, Lu2O3, UO3, PbO, ZnO, CdO, HgO, CuO, 
Ag2O, NiO, PdO, and MnO can be soluble in the ionic 
liquid [Hbet][Tf2N] and insoluble or very poorly soluble 
for iron and cobalt oxides, as well as aluminum oxide 
and silicon oxide. Very recently, it has been reported the 
solubility of metal oxides in various task-specific ionic 
liquids, such as betainium bis(trifluoromethylsulfonyl) 
imide ([Hbet]Tf2N), N-butyl-N-dimethylbetainium bis(tri 
fluoromethyl-sulfonyl)-imide ([C4Hbet]Tf2N), N-hexyl- 
N-dimethylbetainium bis(trifluoromethylsulfonyl)imide 
([C6Hbet]Tf2N), N-carboxymethyl-N-methylpyrro- 
lidinium bis(trifluoromethylsulfonyl)imide ([HbetmPyr]- 
Tf2N), N-carboxy-methyl-N-methylpiperidinium bis- 
(trifluoromethylsulfonyl)imide ([HbetmPip]Tf2N), 
N-carboxymethyl-N-methylmorpholinium bis- 
(trifluoromethylsulfonyl)imide ([HbetmMor]Tf2N), N- 
carboxymethyl-N-methyl morpholiniumethylester  bis- 
(trifluoromethylulfonyl)imide ([EtHbetmMor]Tf2N), 
N-carboxymethyl-pyridiniumbis(trifluoromethylsulfonyl)
imide ([HbetPy]Tf2N), 1-carboxymethyl-3-methyl- 
imidazolium bis( tr if luoromethylsulfonyl) imide 

 
Table 1 Solubility of metal oxides in eutectic mixtures of ChCl with malonic acid (11׃), urea (12׃), and ethylene glycol (12׃), 
compared with that in aqueous 0.181 mol/L NaCl and 3.14 mol/L HCl after 2 d (10−6) 

Oxide 
ChCl with 

malonic acid (11׃) 
ChCl with 
urea (12׃) 

ChCl with ethylene 
glycol (12׃) 

NaCl HCl Urea 

TiO2 4 0.5 0.8 0.8 36  
V2O3 365 148 142 3 616 4 686  
V2O5 5 809 4 593 131 479 10 995  
Cr2O3 4 3 2 13 17  
CrO3 6 415 10 840 7 12 069 2 658  
MnO 6 816 0 12 0 28 124  

Mn2O3 5 380 0 7.5 0 25 962  
MnO2 114 0.6 0.6 0 4 445  
FeO 5 010 0.3 2 2.8 27 053  

Fe2O3 376 0 0.7 11.7 10 523 3.7 
Fe3O4 2 314 6.7 15 4.5 22 403  
CoO 3 626 13.6 16 22 166 260  

Co3O4 5 992 30 18.6 4 142 865  
NiO 151 5 9 3.3 6 109 21 

Cu2O 18 337 219 394 0.1 53 942 22 888 
CuO 14 008 4.8 4.6 0.1 52 047 234 
ZnO 16 217 1 894 469 5.9 63 896 90 019 

Solubility is measured at 50 ℃ except for last column, obtained at 70 ℃[19]. 
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([HbetmIm]Tf2N )[21]. It is found that the oxides Sc2O3, 
Y2O3, La2O3, Pr6O11, Nd2O3, Sm2O3, Eu2O3, Gd2O3, 
Tb4O7, Dy2O3, Ho2O3, Er2O3, Tm2O3, Yb2O3, Lu2O3, 
UO3, PbO, ZnO, CdO, HgO, CuO, Ag2O, NiO, and PdO 
as well as the hydroxides Pb(OH)2, Zn(OH)2, Cd(OH)2, 
Cu(OH)2, Ni(OH)2, Fe(OH)2, Fe(OH)3, Co(OH)2, 
Cr(OH)3, Mn(OH)2,LiOH, NaOH, KOH, RbOH, CsOH, 
Mg(OH)2, Ca(OH)2, Sr(OH)2, and Ba(OH)2 can be 
soluble in the ionic liquids, whereas Co3O4, CoO, Co2O3, 
Cr2O3, FeO, and Fe2O3 are found to be insoluble in the 
ionic liquids under the experimental conditions used to 
dissolve the other oxides. However, these oxides could 
be solubilized in the ionic liquids (including [Hbet]Tf2N) 
by using a digestion bomb at higher temperature. 

ZHANG and co-workers[22] reported recently that 
alumina (Al2O3) can be soluble in the 
1-ethyl-3-methyl-imidazolium hydrogen sulfate 
([Emim]HSO4) ionic liquid and the solubility was 3.81 
g/L at 20 ℃, which suggests that this system might 
satisfy the electrolysis of alumina, and alumina could be 
reduced to aluminum at a platinum electrode. With 
normal deposition at −0.54 V and under potential 
deposition (UPD) at −0.26 V, the deposition is a 
diffusion controlled process[22]. 

The research works mentioned above show that 
most of the metal oxides can be selectively solved in 
ionic liquids, which provides a new method to obtain the 
specific metal ion in ionic liquids to further extraction 
and separation. Especially, it may be used as a potential 
“green” leaching agent for low-grade ore and refractory 
oxide ore. Although much progress has been achieved, 
there are challenging issues remaining. The low 
solubility of metal salts is a serious drawback for 
possible applications of ionic liquids that require high 
concentrations of dissolved metal salts, e.g., the 
electro-deposition of metals or solvents for the synthesis 
of nano-particles[23]. Unfortunately, quantitative data 
about the solubility of metal salts in ionic liquids are still 
very scarce. The dissolution mechanism of metal oxides 
in ionic liquids is an key issue that needs to be further 
investigated because it has recently been reported that 
the coordination environments of the solvates in ionic 
liquids might be quite unique[24−25]. 
 
3 Ionic liquids in mineral processing 
 

The most important process in hydrometallurgy is 
efficient separation of metals from their ores followed by 
metals recovery from concentrate. In recent decades, 
increasing importance has been attached to 
hydrometallurgical processing of sulfide ores, such as 
chalcopyrite, as more attentions have been paid to the 
green and sustainable development of metallurgical 
industry[7, 11, 26−27]. Some leaching processes, 

including chloride leaching, bioleaching and pressure 
sulfate leaching, have been developed to recover copper 
from chalcopyrite concentrates to date. However, due to 
the highly toxic nature of cyanide and environmental 
consequences, the process is very controversial and 
provokes examination of new leaching species. 
Therefore, there has been a worldwide interest in seeking 
for new and green hydrometallurgical processes for the 
production of copper operated under ambient atmosphere 
and low temperature with low consumption of energy, 
acid and oxygen as well as free of pollutants release. 
Ionic liquids were examined as solvents (either as a neat 
liquid or as aqueous mixtures) for the leaching of gold, 
silver, copper and base metals from sulphidic ores[7, 
26−27]. At present, cyanides are mainly used for the 
commercial hydrometallurgical leaching of gold and 
silver from ores and concentrates. 

The possibility of application of ionic liquids in 
processing of copper sulfide ores and base metal sulfides 
supported by preliminary findings in the use of ionic 
liquids in the electrorefining of chalcopyrite (CuFeS2) 
was also indicated by McCLUSCEY et al[11]. 
1-butyl-3-methyl-imidazolium tetrafluroborate ([Bmim] 
BF4) ionic liquid with Fe(BF4)3 was used as the leaching 
agent of chalcopyrite, after 8 h with ferric tetrafluroborate 
in water: [Bmim]BF4 of 11׃ and an extraction of 90% of 
available copper was achieved at 100 ℃. 

WHITEHEAD et al[7] reported the recovery of gold 
and silver from ore in 1-butyl-3-methyl-imidazolium 
hydrogen sulfate ionic liquid ([Bmim]HSO4) with 
iron( Ⅲ ) sulfate oxidant and thiourea added. The 
extraction of gold was achieved to be larger than 85% 
from synthetic oxidic ore as well as natural sulphidic ore 
at 20−50 ℃  using ionic liquid as a solvent. Gold 
extraction was close to results achieved for aqueous 
system H2SO4/tiourea/Fe2(SO4)3, whereas recovery of 
silver from the natural sulphidic ore was significantly 
higher (≥60%) for the neat IL compared with an 
aqueous acid solution ( ＜ 10%). Moreover, high 
selectivity for the extraction of gold and silver was 
reported, with minimal selectivity of other metals (Cu, 
Zn, Pb and Fe). 

The [Bmim]HSO4 has been applied as a solvent 
medium to leach gold, silver, copper and base metals 
from sulphidic ores using thiourea (mainly) in the 
presence of iron(Ⅲ) as oxidant by WHITEHEAD et 
al[26](Fig.1). They found that copper extraction from 
chalcopyrite was much more efficient than iron 
extraction in the ionic liquid medium at 70 ℃ , 
increasing from 55% to 87% as the ionic liquid 
composition increased from 10% (mass fraction) in water 
to 100%. Gold and silver recoveries were larger than 
85% and larger than 60%, respectively, in the presence 
of iron(Ⅲ)/thiourea at 20−50 ℃ in this ionic liquid   
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[7, 26]. Extension of n-alkyl chain length in imidazolium 
cation resulted in decreasing extraction efficiency of gold 
and silver, which might result from the increasing 
viscosity of ILs. The analysis of leaching results obtained 
for ILs with varied chain length and different types of 
anions showed that [Bmim]HSO4 was the most effective 
medium when taking into account of the relatively low 
price of this compound[7, 27]. 
 

 

Fig.1 Comparative leaching of gold and silver from ore using 
aqueous H2SO4 or [Bmim]HSO4 in presence of Fe2(SO4)3 and 
tiourea[7, 27] 
 

Leaching experiments with [Bmim]HSO4 ILs were 
carried with pure ionic liquid and their aqueous solutions 
in stationary flask to leach the chalcopyrite concentrate 
in a temperature range of 50−90  with pulp densities of ℃

10 g/L and 100 g/L under air atmosphere in our 
group[28]. Copper extraction increased from 51.8% to 
87.8% as the ionic liquid concentration in leaching 
solution increased from 10% (volume fraction) to 100%. 
Copper extraction was very low at temperature below 70 

, whereas increased markedly at moderately elevated ℃

temperature from 70 to 90 , suggesting that a moderate ℃

temperature (≥70 ) was needed to break bonds in ℃

chalcopyrite crystal lattice to accelerate the chemical 
reaction. 

Preliminary researches performed in last decade 
show that ionic liquids have good selectivity for gold and 
silver. It is indicated that ILs may be used as a potential 
solvent to replace traditional cyanides in the commercial 
hydrometallurgical leaching of gold and silver from ores 
and concentrates, and to develop efficient processing 
technology for the recovery of gold and silver from ores. 
 
4 Ionic liquids in solvent extraction of metal 

ions 
 

Solvent extraction is a process that allows the 
separation of two or more components due to their 
unequal solubilities in two immiscible liquid phases. It is 

an important method in hydrometallurgy in separation of 
metal ions from their solution. The unique properties, 
such as good stability, nonvolatility, wide liquid range, 
low flammability and adjustable miscibility and polarity, 
being hydrophilic and hydrophobic depending on the 
structures of cations and anions, make ILs attractive as 
alternative media in liquid-liquid extraction of metal ions 
from aqueous solutions. 

DAI et al[29] observed large distribution coefficient 
value for extraction of Sr(NO3)2 from aqueous solutions 

by using dicyclo-hexyl-18-crown-6 (DCH18C6) as 
extractant and imidazolium hexaflurophosphates and 
bis[(trifluoromethane)-sulfonyl]amides as solvents. 
CHUN et al [30] observed the low extraction efficiency 
of competitive alkali metal salt from aqueous in 
CnmimPF6 (n=4−9). The high extraction efficiency 
appears when extractant DCH18C6 is added; and the 
selectivity is K+＞Rb+＞Sr2+ Cs+＞Na+≥Li+. ROGERS 
et al[31] reported the extraction of sodium, cesium and 
strontium nitrates from aqueous solution into 18-crown-6 
(18C6), DCH 18C6 and 4, 4′(5′)-di-(tert- 
butylcyclohexano)-18-crown-6 (Dtb18C6) in CnmimPF6 

(n=4, 6, 8). It was found that the best extraction effects is 
Dtb18C6 and the selectivity is Sr2+＞Cs+＞Na+. 

Since the partitioning of metal ions from aqueous 
solutions into ionic liquids is inefficient as a result of the 
tendency of the metal cations to remain hydrated in the 
aqueous phase, additional extractants, in types of crown 
ethers[30], calixarenes[31], ditizone[32] and 
others[33−60] were used. These species significantly 
enhance the partitioning of metal ions by forming 
complexes. Many research works have been focused on 
the extraction and separation of alkali metals[30−31, 
38−39], alkali metals extracting heavy metals[29, 37−39, 
41−42], heavy and radioactive metals[32−33, 36−37, 
42−49] , rare earth metals[43−60], and part works of this 
field have been reviewed by ZHAO et al[35] and CHEN 
et al[57]. The progress in IL extractions of metal ions, 
including alkali, alkaline earth, heavy and radioactive 
metals, and rare earth in recent years are given in Table 2. 

To improve the selection and the solubility of metal 
ion, the commonly used methods include a metal 
ion-ligating functional group in structure of one of the 
ions named Task Specific ionic liquids, which plays dual 
roles of both hydrophobic solvents and extractants. 
VISSER et al[36−37] presented new thiourea, urea and 
thioether derivative of ILs designed to extract heavy 
metal ions (e.g. Hg2+ and Cd2+), and the same methods 
have been used to the extraction and separation of rare 
earth metals by CHEN et al[56−57]. 

Research results described above indicate that the 
application of ILs as an alternative solvent to replace 
traditional organic solvents in liquid-liquid extraction of 
metal ions is very promising and may offer potential for 
development of efficient processing of nuclear materials. 
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Table 2 Extractions of metal ions in ionic liquids 
Substance Metal ions ILs Extractant/ligand/metal chelator Reference

Li+, Na+, K+, Rb+, Cs+ [CnMIM]PF6(n=4−9) DC18C6 [30, 38] 
Na+, Cs+ [CnMIM]PF6(n=4, 6, 8) 18C6, DC18C6, Dtb18C6 [39] 

Cs+ [CnMIM]Tf2N(n=2, 3, 4, 6, 8) BOBCalixC6 [31] Alkali metals 

Na+, K+, Cs+ [CnMIM]Tf2N(n=2, 4, 6, 8) 
DC18C6, N-alkyl aza-18- 

crown-6ethers 
[41] 

Mg2+, Ca2+, Sr2+, Ba2+ [CnMIM]PF6(n=4−9) DC18C6 [38] 
Sr2+ [CnMIM]PF6(n=4, 6, 8) 18C6, DC18C6, Dtb18C6 [39] 
Sr2+ [R1R2MeIM]PF6 [R1R2MeIM]Tf2N DC18C6 [29] 

Sr2+ [CnMIM]Tf2N(n=2, 4, 6, 8) 
DC18C6, N-alkyl aza-18-crown-6 

ethers 
[41] 

Alkaline 
earth metals 

Sr2+ and Cs+ [Bu3MeN]TFSI DCH18C6, BOBCalixC6 [42] 
Pb2+ [CnMIM]PF6 (n=4−9) DC18C6 [37] 

Cu2+, Ag+, Pb2+, Zn2+, Cd2+, 
Hg2+ 

[C4MIM]PF6 Dithizone [32] 

Cd2+,Co2+, Ni2+, Fe3+, Hg2+ [C4MIM]PF6, [C6MIM]PF6 PAN, TAN [43] 
Ag+ [CnMIM][PF6](n=4, 6, 8) Calyx[4]arene-bearing pyridine [44] 

Cu2+, Cr6+, Zn2+ 
[CnMIM][BF4](n=1, 3, 6, 8, 10),

[CnMIM][PF6](n=6, 10) 
− [45] 

Hg2+, Cd2+ TSILs − [36−37] 
Nd3+, La3+, Er3+, Ce3+, Sm3+, 

Eu3+, Gd3+, Ho3+ 
[C4MIM]PF6 CMPO [46] 

Th4+, U2+, Pu4+ [C4MIM]PF6, [C4MIM]NO3 Dtb18C6, CMPO, TBP [33, 47] 

Zn2+, Cd2+, Hg2+, Pb2+ 
[OMIM]BF4, [3MOPYR]BF4, 

[4MOPYR]BF4 
− 

Cu2+, Tl+, Hg2+, 
[4MOPYR]Tf2N, [4MOPYR]TfO, 

[4MOPYR]NfO 
− 

Mg2+, Fe3+, Co2+, Ni2+, Cu2+, 
Zn2+, Cd2+, Hg2+, Tl+, 
Pb2+, Sn4+, Ag+, Pd2+ 

[4MPYRCN]Tf2N, [MPIPCN]Tf2N − 

Mg2+, Fe3+, Co2+, Ni2+, Cu2+, 
Zn2+, Cd2+, Hg2+, Tl+, 

Pb2+, Sn4+, Ba2+ 
[MPYRROS2] Tf2N, [MPIPS2]Tf2N − 

Heavy and 
radioactive 

metals 

Ni2+, Cu2+, Co2+ di-tert-butyl ester  

[49] 

Sc3+, La3+, Y3+, Yb3+ [C8MIM]PF6 Cyanex925 [50] 
Y3+, Sc3+, Ho3+, Er3+, Yb3+ [C8mim]PF6 Cyanex923 [51] 

Yb3+ [CnMIM]PF6(n=4, 6, 8) Cyanex923 [52] 
Y3+, Er3+, Tm3+, Yb3+ [C8MIM]PF6 Cyanex923, EDTA [53] 

Ce4+, Th4+, Ce3+ [CnMIM]PF6(n=4, 6, 8) DEHEHP P503 [54] 
Th4+, La3+, Ce3+, 
Nd3+, Gd3+, Er3+ 

[C8mim]PF6 N1923 [55] 

Sc3+ [A336]NO3 , C8MIM]PF6 TBP, Cyanex923 [56] 
Y3+ [BAAZM]PF6, [C8MIM]PF6 − [57] 

Y3+, Tb3+, Yb3+, Ho3+, Er3+, Sc3+ [C8MIM]PF6 Cyanex923 [58] 

Y3+, Sc3+, Ho3+, Er3+, Yb3+ 
[C8mim]PF6, 

[Cnmim]PF6/Tf2N (n=4, 6, 8) 
Cyanex923/EDTA [59] 

Ce4+, Th4+, Ce3+, La3+, Pr3+, 
Nd3+, Sm3+, Eu3+, Tb3+, Dy3+, 

Ho3+, Er3+, Tm3+, Yb3+ 
[C8mim]PF6 DEHEHP [60] 

Rare earth 
metals 

Ce4+, Th4+, Ce3+, Gd3+, Yb3+ [C8mim]PF6 − [61] 

Others Al3+ 
[C4MIM]Tf2N, [C6MIM]PF6, 

[C8MIM]PF6 
− [62−63] 

CnMIM: 1-alkyl-3-methylimidazolium; DC18C6: dicyclohexano-18-crown-6; 18C6: 18-crown-6; Dtb18C6: 4,4’-(5’)-di- 
(tert-butylcyclohexano)-18-crown-6; BOBCalixC6: calix[4]arene-bis(tert-octylbenzo-crown-6); Tf2N=bis[(trifluoromethyl) 
sulfonyl]amide; R1R2MeIM=1-R1-2-R2-3-methyl-imidazolium (R1=Bu, Et, or Pr; R2=H, or Me); PAN: 1-(2-pyridylazo)-2-naphthol; 
TAN: 1-(2-thiazolylazo)-2-naphthol; CMPO: octyl(phenyl)-N,N-diisobutylcarbamoylmethyl phosphine oxide; TBP: tri-n- 
butylphosphate, BOBCalixC6: calix[4]arene(tert-octylbenzo-crown-6); Bu3MeNTFSI: tri-1-butyl-methylammonium 
bis-((trifluoromethyl)sulfonyl)imide 
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5 Conclusions 
 

Ionic liquids as a new-type of “green” media have 
shown important and potential application in the 
extraction and separation of nonferrous metal. It is 
indicated that ionic liquids process can be taken at or 
near room temperature and can significantly lower the 
energy consumption, operation costs, and pollutant 
emissions. In recent years, many efforts have been 
preformed and various important progress has been 
obtained on the extraction and separation of nonferrous 
metal in ionic liquids, such as metal oxide processing, 
extraction and separation of metal ions, mineral 
processing, electrodeposition and electrorefining of 
metals. In summary, ionic liquids are unique and 
promising solvents for extractions because of their 
non-volatility, adjustable hydrophobicity and polarity, 
and dissolution ability. 

However, there are still some problems to be solved, 
since information about ionic liquids is not well known 
up to now and most of works are only performed in 
laboratory. How about the relationships between the 
properties and the structure of ionic liquids? Variations 
in cations and anions can produce a large number (1018) 
of ionic liquids and properties of ionic liquids depend on 
the structure of ions. How to do and how we start from 
for a specific research? What’s the mechanism for metal 
oxide and mineral processing, electrodeposition and 
extraction of metal ions? How do the ions such as metal 
ions, cations and anions of ionic liquids behave? 
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