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A B S T R A C T   

Due to the sudden rise in demand, a shortfall in the supply of critical metals or high technology metals, especially 
gallium (Ga), germanium (Ge) and indium (In) is experienced throughout the globe. The different primary and 
secondary resources are being utilized to recover and recycle these metals through the widely accepted tech
nique, solvent extraction (SX). The extraction of metals may be potentially achieved by compounds of negligible 
volatility, phosphonium ionic liquids (Phos ILs). Ionic liquids (ILs) are potential and useful compounds to 
separate and recover Ga, Ge and In from synthetic solutions and waste materials due to their tunable nature to 
achieve higher selectivity, superior physicochemical properties and diverse structural properties. Ion exchange 
mechanism was mainly found applicable for the extractive separation of such metals through Phos ILs. Based on 
the efficiency, extraction mechanism and diverse operating conditions of Phos ILs, the present review provides a 
comprehensive description of separation as well as recovery of Ga, Ge and In from the synthetic solutions as well 
as waste materials.   

1. Introduction 

Presently, global fossil fuel consumption has increased at an alarm
ing rate, which poses one of the biggest challenges to environmentalists 
for the development of competent mitigating techniques to enhance 
energy efficiency. As per the European Union (EU) guidelines, in 2030, 
the consumption of renewable energy as well as energy efficiency must 
be enhanced to 27 %, whereas, greenhouse emissions must be reduced to 
40 % of emissions in 1990 (European Commission 2014). The accom
plishment of such targets necessitates the development of low carbon 
energy technologies such as solar cells, photovoltaic power generation 
etc., which are dependent on critical metals such as gallium (Ga), 
germanium (Ge) and indium (In) (Sun et al., 2017). These metals are 
utilized in solar photovoltaic cells and light emitting diodes (Lv et al., 
2019; Kuroiwa et al., 2014a). The energy efficiency and device perfor
mance are enhanced by these metals. The production of Ga, Ge and In is 
adequate, but due to stockpiling at some countries, high growth in de
mand and export restrictions, the economically viable supply of these 
metals in future is at risk (Directorate General Enterprise and Industry 
2015). Therefore, these metals are regarded as highly critical raw ma
terials. Also, due to global digitalization, the demand for Ga, Ge and In 

has been magnified (European Commission 2016). At present, in India, 
the large scale production of these metals is not available. Hence, these 
metals are required to be recovered from various resources. Presently, 
an extremely low amount of these metals is recycled and their recycling 
habits are required to be systematically changed for the accomplishment 
of future demands (Nassar et al., 2015). Huge possibilities are expected 
from metallurgy or hydrochemistry due to high possibility of secondary 
waste elimination, selectivity in the extraction of critical metals, flexi
bility and moderately high recovery rate (Gulliani et al., 2023; Khaliq 
et al., 2014). 

Different metallurgical operations are applied for recovery of various 
metals using sources of a secondary nature. Pyrometallurgy is one of 
them, which refers to a conventional technique for recovery of different 
metals from various wastes. The method of pyrometallurgy has certain 
limitations, such as the generation of poisonous substances and the 
consumption of higher energy to increase the high temperature 
(Wędrychowicz et al., 2022). Recently, based on hydrometallurgical 
processes, the recovery of important metals from wastes can be ach
ieved. The hydrometallurgical process is a suitable alternative to treat 
electronic wastes due to their effectiveness, simple control of the pro
cedure, operational selectivity, less poisonous gasses, dust formation, 
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and cost-effectiveness (Chen et al., 2015). Compared to pyrometallurgy, 
the hydrometallurgical process uses lower temperatures and is highly 
controllable and predictable (Cui and Zhang, 2008). Currently, various 
hydrometallurgical methods are being employed to recover metals 
through primary or secondary industrial waste, including solvent 
extraction (SX) (Kumar et al., 2010; Ahmed et al., 2018), ion exchange 
(Parhi and Sarangi, 2008; Alyüz and Veli, 2009) and chemical precipi
tation (Huisman et al., 2006; Mirbagheri and Hosseini, 2005). Among 
these, SX has been extensively utilized for metal recovery and purifi
cation because it is simple, fast, cost-effective and selective (El-Nadi, 
2017). 

The SX strategies are flexible for variation in the composition of 
wastes compared to other processes. SX is one of the most flexible pro
cesses to remove, separate and concentrate metal ions from mixed metal 
aqueous solution. SX or liquid-liquid extraction depends on the differ
ential distribution of components to be separated between two immis
cible liquid phases, an organic solvent and aqueous phase. The substance 
is extracted from one liquid phase to another. It depends upon the mass 
exchange of the substance from the first liquid phase to the second liquid 
phase (Rydberg et al., 2004; De et al., 1970). 

Several extractants such as organophosphorus compounds (Gupta 
et al., 2007; Iyer and Dhadke, 2001; Jha et al., 2013; Padhan and Sar
angi, 2014), chelating agents (Lupi and Pilone, 2014; Nusen et al., 
2015), carboxylic acids (Cheng, 2006; Cheng et al., 2010), high mo
lecular weight amines (Nayl, 2010; Mishra et al., 2011) and bifunctional 
extractants (mixture of two extractants such as organophosphorus 
compound and high molecular weight amine) (Zhou et al., 2022) were 
examined to separate and recover different metals through various 
wastes and aqueous media. In the aqueous phase, the metal ion 
extraction using acidic extractants is dependent on concentration of H+

ion. The extraction efficiency is adversely affected by the H+ ion release 
in the aqueous medium. In order to avoid these conditions, there is a 
requirement for released acid neutralization and extractant saponifica
tion during the extraction process. In acidic media, Oximic extractants 
like LIX65 and LIX63 are hydrolyzed (Wilson et al., 2014). Amine 
extractants with high molecular weights mainly observe aggregation of 
colloids with organic diluents, which results in poor selectivity and 
emulsion formation (Moore, 1960). Poor extractant is reported with 
water soluble neutral organo phosphorous extractants (Kumari et al., 
2016). 

Due to their immeasurably low vapor pressure, ionic liquids (ILs) 
have attracted the attention of chemists as alternatives to conventional 
organic solvents from the past two decades. Therefore, these are referred 
to as ‘green’ solvents in contrast to traditional volatile organic com
pounds (Ghandi, 2014). The present review consists of discussion about 
various kinds of ILs and phosphonium ionic liquids (Phos ILs) advan
tages compared to other ILs. The importance of metals such as Ga, Ge 
and In and their recovery through SX are described. The purity, recov
ery, extraction mechanism, important results based on percentage 
extraction and variable operating parameters were also discussed as the 
flow sheet for the developed process. 

2. Ionic liquids 

The ILs are the organic salts that are composed of organic cations 
(such as 1-alkyl-3-methylimidazolium, N-alkylpyridinium, tetraalky
lammonium and tetraalkylphosphonium) and inorganic or organic an
ions (like hexafluorophosphate, tetrafluoroborate, 
trifluoromethylsulphonate, acetate, nitrate and halide) and have 
melting points below 100 ◦C. Some of these are liquid at room tem
perature with a high boiling point and are called room temperature ionic 
liquids (RTILs). Among ILs, often beneficial properties are observed such 
as nonflammability, high ionic conductivity and wide electrochemical 
potential window, thermal and chemical stability. One of the attractive 
properties of ILs is that these may be obtained as water-immiscible salts 
by incorporating hydrophobic anions and extending the alkyl chain 

length of the cation. These hydrophobic ILs are potential extractants for 
liquid-liquid extraction systems (Rout et al., 2014; Pandey, 2006). 

Lately, nitrogen-based as well as phosphonium-based ILs have been 
explored as extractants for the separation of metal ions. Among the 
nitrogen-based ILs, imidazolium and ammonium types have been 
explored majorly (Wei et al., 2003; de los Riios et al., 2010; Heitzman 
et al., 2006; Li et al., 2007). ILs are better than conventional extractants 
because they do not release H+ in raffinate thus neutralization of the 
released acid is not required (Rout and Binnemans, 2016). One of the 
disadvantages of imidazolium ILs is that during the extraction process, 
the imidazolium cation is released into an aqueous medium. This makes 
ILs based on imidazole unsuitable for eco-friendly perspectives. Hy
drophobic ILs can be obtained by replacement of the imidazolium cation 
by quaternary phosphonium or ammonium cations having long alkyl 
chains (Ferreira et al., 2012). Phosphonium-based ILs is less viscous and 
more thermally stable than analogous ammonium-based ILs (Shirota 
et al., 2019). The phosphonium-based ILs are less expensive than their 
equivalent imidazolium and ammonium-based ILs (Fraser and MacFar
lane, 2009). 

A literature survey reveals that lately, phosphonium-based ILs have 
been widely investigated to extract and recover metal ions. Large 
quantities of phosphonium-based ILs are easily available commercially. 
The phosphonium-based ILs have high thermal stability and low toxicity 
(Fraser and MacFarlane, 2009). 

3. Solvent extraction of Ga, Ge and In using Phos ILs 

3.1. Gallium 

Gallium is presently significant due to its growing uses in novel thin- 
film photovoltaics, solar cells and thermometers to measure high tem
perature. Gallium is used to make brilliant mirrors because of its ca
pacity to frame metal alloys and silvery color (Lv et al., 2019; Chou 
et al., 2008) and is also important for clean energy technologies (Okabe, 
2010). Microelectronic components present in various products contain 
gallium nitride (GaN) or gallium arsenide (GaAs). GaAs can convert 
electricity directly into laser light and are utilized in the production of 
optoelectronic gadgets such as solar cells, photodetectors, light-emitting 
diodes, and laser diodes, which are significant for aerospace, media 
communication applications, medical and industrial equipment (Frenzel 
et al., 2016). GaAs is also used to produce highly specific integrated 
circuits, transistors and semiconductors. GaN is mainly utilized in 
assembling radio-frequency (RF) electronics and power gadgets, laser 
diodes, and light emitting diodes (LEDs). Due to the higher efficiency of 
GaN power transistors than GaAs devices, the use of GaN-based items is 
expected to enhance in the future (Global LED Lighting Market Size, and 
Share Worth $54.28 Billion by 2022 Zion Market Research 2017). 

Gallium is presently recovered as a byproduct in the mining of other 
mineral products, mostly aluminum (Al), copper (Cu), and zinc (Zn). 
Nearly 70 % of Ga is used in media communications, high-performance 
PCs, and integrated circuits (both digital and analog). The remaining 30 
% of Ga consumption is in medical equipment, industrial equipment, 
consumer goods, broadcast communication and aerospace applications 
(Moskalyk, 2003; De Almeida et al., 2014). Several studies have been 
reported to recover Ga using SX using Phos ILs. 

Sumitra and Niharbala (Nayak and Devi, 2017b) reported extraction 
and recovery of Ga from synthetic solution and photodiodes using tri
hexyl(tetradecyl)phosphonium chloride (Cyphos IL 101). Job’s method 
was applied to propose the extraction species at 2 mol L− 1 HCl. The 
results suggest that Ga extraction with Cyphos IL 101 occurs through an 
anion exchange mechanism. Separation of Ga from Al/Zn/Fe/Cu/Ni was 
studied. Stripping of Ga from photodiode leach liquor was 99.5 % using 
HCl (0.1 mol L− 1). The same research group (Nayak and Devi, 2017a) 
also studied Ga extraction with trihexyl(tetradecyl)phosphonium bis(2, 
4,4- trimethylpentyl)phosphinate (Cyphos IL 104). The effect of 
different experimental parameters on Ga extraction was investigated 
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and an ion-exchange mechanism was proposed. They reported stripping 
of 98 % Ga from photodiode leach solution and stripping of 96.4 % Ga 
along with 21.4 % V from red mud leach solution using 1 mol L− 1 H2SO4. 

Bossche et al. (Bossche et al., 2019) recovered Ga, In and As from 
semiconductors (GaAs, GaN and InAs) using tributyldecylphosphonium 
tri bromide ionic liquid [P44410][Br3]. They concluded that [P44410][Br3] 
was effective in preventing the formation of high toxine arsine (AsH3). 
Selective stripping solutions were used to recover As and Ga. Results 
showed that 95 % As and 96 % Ga were recovered using 4 mol L− 1 NaBr 
and ultrapure water as stripping solution, respectively. 99 % In was 
precipitated and recovered as In(OH)3 using NaOH solution. After 
stripping of all the metals, no damage was observed for both tribromide 
anion and phosphonium cation. Therefore, the IL can be reused. Upon 
molecular bromine addition, the regeneration of reacted tribromide 
anion was reported. Fig. 1 shows the flow sheet for the separation of As, 
Ga and In from GaAs and InAs semiconductors. 

3.2. Germanium 

Germanium is referred to as a critical element because of its 
numerous applications in optics and electronics industries. Germanium 
is primarily utilized in transistors because of its semiconductor proper
ties (Kuroiwa et al., 2014b). Germanium is also used in polymerization 
catalysis, chemotherapy, metallurgy, fiber optics and solar cells (Nguyen 
and Lee; Chen et al., 2017). The major sources of Ge are sulfide minerals 
of Cu, Pb and Zn, coal deposits, residues and byproducts from coal 
processing (smelting flue dust and coal fly ashes). In fact, 30 % of 
worldwide Ge consumption is met by its recycling (Cruz et al., 2018). 
Germanium has low chromatic dispersion, high refractive index and 
capacity to prepare expanded 3-D networks of Ge-O tetrahedral similar 
to Si-O. Such physical characteristics decide the higher economic sig
nificance of Ge and its compounds in industries. Germanium finds ap
plications in manufacturing lenses and window sheets for IR detectors in 
view of its transparency to IR radiations. Germanium is used as an 
alloying constituent (0.35 %) for Au or Al-Mg alloys for toughness 
enhancement (Moskalyk, 2004; Arroyo and Fernandez-pereira, 2008). 

In the case of Ge, not many studies have reported on the extraction, 
separation and recovery of Ge using Phos ILs. Only one study has been 
reported by Gupta and Dhiman (Dhiman and Gupta, 2020b). Authors 
developed a sensitive, fast and simple technique for Ge separation and 
recovery from Zener diodes. Detailed partition behavior of Ge 

employing toluene diluted Cyphos IL 104 was examined. The signifi
cance of various parameters like temperature, Cyphos IL 104 concen
tration, shaking time, nature of diluents, nature and concentration of 
acid on the partition of Ge were investigated. Loading capacity as well as 
recyclability of Cyphos IL 104 was reported. The partition behavior of 
correlated metal ions, namely Cu, Hg, Fe and Al with Cyphos IL 104 was 
investigated. The optimum parameters were evaluated for the successful 
recovery of Ge from Zener diodes. McCabe-Thiele extraction diagram 
was plotted and the theoretical stages of counter-current extraction were 
calculated. They recovered 99.9 % pure Ge from Zener diodes leach li
quor using readily available and cost-effective stripping solution i.e., 
deionized water. Mercury (Hg), a toxicant present in the leach liquor, 
was removed before its disposal (Fig. 2). 

3.3. Indium 

Indium is one of the essential metals for communication develop
ment and sustainable economy. The abundance of In is around 0.05 ppm 
in the continental crust (Redlinger et al., 2015). Indium has no primary 
sources. Indium tin oxide (ITO), accounting for around 85 % of In 
consumption, prepares transparent conductive coating for displays like 
touch panels and flat panel liquid crystal plasma displays (Bleiwas, 
2010). It is use in flat screen television and computer monitors as 
flat-panel liquid crystal displays. It consumes >50 % of primary In across 
the globe. ITO thin films were employed in solar cells and organic LEDs. 
Around 8 % of In is consumed in solders and alloys (Buchert et al., 
2009). The copper indium gallium selenide semiconductor applied in 
preparing thin-film solar cells is synthesized using In (Ramanujam and 
Singh, 2017). The wind turbines and photovoltaic cells future develop
ment as well as deployment are majorly dependent on the presence of 
various elements including In (Öhrlund, 2011). In Li-ion batteries, 
anode material is proposed as nanocomposite, which is prepared from a 
facile solvothermal method based on graphene nanosheet and tin in
dium oxide (SnO2-In2O3) (Yang et al., 2013). According to European 
Commission, In is estimated to be among the most critical metals in 
coming years due to the increasing demand and supply gap (European 
Commission 2010). The application of Phos ILs in SX has been initiated 
for In recovery in various research. 

Deferm et al. (Deferm et al., 2016) reported a sustainable SX process 
to purify In using Cyphos IL 101. The percentage of In extraction was 
>95 % in a wide range of HCl concentrations. Upon stripping with NaOH 

Fig. 1. Flow sheet for the leaching and separation of As, Ga and In from GaAs and InAs semiconductors (Bossche et al., 2019) (Reprinted with permission from 
{(Bossche et al., 2019)} Copyright {2019} American Chemical Society). 
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solution, In has been recovered as In(OH)3. Cyphos IL 101 was regen
erated in the stripping step itself. 

Deferm et al. (Deferm et al., 2017) also studied the speciation of 
chloro complexes of In during the extraction of In from HCl medium 
using Cyphos IL 101. In an aqueous HCl phase (0–12 mol L− 1), In exists 
as octahedral mixed complexes, [In(H2O)6-nCln]3-n (n = 0–6). These 
species were characterized by Extended X-ray absorption fine structure 
(EXAFS) and 115In Nuclear Magnetic Resonance (NMR). 

A hydrometallurgical solvent extraction process was developed by 
Nayak and Devi (Nayak and Devi, 2020) for In recovery from waste 
liquid crystal display (LCD) using Cyphos IL 101. The authors have 
optimized various extraction factors like equilibration period, chloride 
ion and acid concentration to extract In. Quantitative extraction was 
observed at 0.005 mol L− 1 Cyphos IL 101 and 2.0 mol L− 1 HCl, and 
quantitative stripping was found with 1.0 mol L− 1 H2SO4. 

Dhiman and Gupta (Dhiman and Gupta, 2020a) demonstrated the 
environmental and economic advantage of using waste LCD screens to 
separate and recover In, Zn and Sn using Cyphos IL 104. In the organic 
phase, extraction of In was in the form of [InCl3.2R3R′P+A− ]. The 
evaluated thermodynamic parameters propose the endothermic and 
spontaneous nature of the process. The metals were selectively recov
ered from waste LCD screens by application of optimized conditions. 
Using Cyphos IL 104, Sn, Zn and In were extracted over Mn, Sr, Ca, Al 
and Fe. Applying 0.1 mol L− 1 Cyphos IL 104 at A/O = 3/2, in two 
counter-current stages, at 3 mol L− 1 HCl, quantitative extraction of Sn, 
Zn and In was achieved. In two counter-current stages, at O/A = 3/2, the 
stripping solutions, conc. HCl, 4 mol L− 1 HNO3 and 0.001 mol L− 1 HNO3 
were used to strip Sn, Zn and In from the loaded organic phase. The 

experiment based on Mc-Cabe Thiele diagrams achieved a recovery of 
>98 % with >99 % purity. Through the strip solutions, SnS, ZnO and 
In2O3 nanoparticles were recovered with a particle size of 68.8, 41.1 and 
42.4 nm, respectively. The theoretical stoichiometric composition was 
matched with an atomic percentage of constituent atoms using the 
outcome of EDX analysis for SnS, ZnO and In2O3. The flow sheet of this 
study has been presented in Fig. 3. 

Kumar et al. (Kumar et al., 2022) studied In extraction employing 
Cyphos IL 104 from nitrate medium and its mathematical modeling to 
predict the transport of In ions through a flat-sheet-supported liquid 
membrane (FSSLM). The results indicated a good agreement for the In 
extraction and modeling outputs at different extractant concentrations. 

The extraction study for Ga, Ge and In has been reported in the 
literature and is summarized in Table 1. It suggests that Phos ILs such as 
Cyphos IL 104, Cyphos IL 101 and [P44410][Br3], were the most applied 
extractants for separating and recovering Ga, Ge and In from various 
other metal ions. 

4. Conclusion 

The present review describes the recovery of critical metals such as 
Ga, Ge and In. There is a gap between supply and demand of the studied 
metals due to less abundance of these metals in their natural resources 
and enhancement of applications at various levels. Heavy metals may 
cause health risks as these reach living beings through the food chain, 
accumulate in water and soils, and are non-biodegradable. In order to 
reuse the waste metals, technologists and scientists have applied 
continuous efforts due to their economic, environmental and health 

Fig. 2. Flow sheet for Ge recovery from Zener diodes (Dhiman and Gupta, 2020b) (Reprinted with permission from {Dhiman and Gupta (Dhiman and Gupta, 2020b)} 
Copyright {2020} Elesvier). 

S. Dhiman et al.                                                                                                                                                                                                                                 



Journal of Ionic Liquids 4 (2024) 100080

5

Fig. 3. Flow sheet for Sn, Zn and In recovery from discarded LCD screen (Dhiman and Gupta, 2020a).  

Table 1 
Summary sheet on the extraction of Ga, Ge and In using Phos ILs.  

S. 
No. 

Starting metals (mg L− 1) Extractant Aqueous 
medium 

Extraction mechanism Extracted 
metals ions 

Comments References 

1. 69.72 Ga Cyphos IL 
101 

HCl GaCl4−(aq) + [R3R′P+Cl− ](org) ↔ 
[R3R′P+ GaCl4− ](org) + Cl−(aq) 

Ga Quantitative extraction and stripping 
were achieved at 2 mol L− 1 HCl and 
0.1 mol L− 1 HCl, respectively 

(Nayak and 
Devi, 2017b) 

2. 16.03 Ga, 1.25 As, 0.02 
Pb, 1.09 Al, 1.73 Ag, 
1272 Cu, 2.4 Ni 

Cyphos IL 
104 

HCl GaCl4−(aq) + H+
(aq) +

[R3R′P+A− )](org) ↔ [R3R′P+

GaCl4− ](org) + HA(org) 

Ga, Fe, Zn, V, 
Pb, Cu 

98 % recovery of Ga from photodiodes 
using Cyphos IL 104 (0.002 mol L− 1) 

(Nayak and 
Devi, 2017a) 

3. 500 Ga, 500 As, 500 In [P44410] 
[Br3] 

– [M]+3 + 3Br− + [P44410][Br] ↔ 
[P44410][MBr4] 

Ga, As, In 99.6 % As and 96.5 % Ga were 
recovered using NaBr and water, 
respectively 

(Bossche et al., 
2019) 

4. 108 Ge, 1590 Cu, 16.1 
Si, 1990 Fe, 100 Hg, 10.5 
Al 

Cyphos IL 
104 

HCl Ge+4
(aq) + 6 Cl−(aq) + 2H+

(aq) + 2 
[R3R′P+A−

(org) ↔ [(R3R′P+)2 

GeCl62− ](org) + 2HA(org) 

Ge, Cu, Fe, 
Hg 

94.6 % Ge with purity of 99.9 % was 
recovered using water as stripping 
solution 

(Dhiman and 
Gupta, 2020b) 

5. 5000 In Cyphos IL 
101 

HCl InCl4−(aq) + [R3R′P+Cl− ](org) ↔ 
[R3R′P+ InCl4− ](org) + Cl−(aq) 

In In was recovered as In(OH)3 by 
precipitation stripping with a NaOH 
solution 

(Deferm et al., 
2016) 

6. 91.5 In, 20.6 Sn, 78.4 
Cu, 4.3 Al 

Cyphos IL 
101 

HCl In3+
(aq) + 3Cl−(aq) + [R3R′P+Cl− ](org) 

↔ [R3R′P+ InCl4− ](org) 

In, Sn 99.1 % and 99.7 % of In and Sn were 
recovered by selective stripping 

(Nayak and 
Devi, 2020) 

7. 162 In, 507 Sn, 112 Zn, 
2947 Fe, 1279 Al, 232 
Mn, 3145 Ca, 320 Sr 

Cyphos IL 
104 

HCl In3+
(aq) + 3Cl−(aq) + 2[R3R′P+A− ](org) 

↔ [InCl3.2 R3R′P+ A− ](org) 

Sn, Zn, In 99.6 % Sn, 100 % Zn and 98.9 % In, 
recovered with >99 % purity by 
selective stripping 

(Dhiman and 
Gupta, 2020a) 

8. 100 In Cyphos IL 
104 

HNO3 In3+
(aq) + 2NO3

−
(aq) + E(org) ↔ [In 

(NO3)3.E](org) 

In >95 % In was extracted using HNO3 

(0.001 mol L− 1) with Cyphos IL 104 
(0.01 mol L− 1) 

(Kumar et al., 
2022) 

# where A = bis-(2,4,4-trimethylpentyl)phosphinate); R3R′R+ = tetradecyl-(trihexyl)phosphonium; E = Cyphos IL 104. 
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issues. The present review primarily focuses on applying Phos ILs 
through SX to recover Ga, Ge and In. By employing suitable cations or 
anions, Phos IL properties may be changed and these are designable. 
Upon application of a specific cation or anion, Phos ILs may show spe
cific characteristics like good selectivity, high thermal stability and low 
volatility. In the separation and extraction mechanism, cation or anion 
nature significantly affects the ability to solublize for stationary phase. 
In aqueous phases, to remove different solutes, Phos ILs are useful as 
extracting solvents due to the hydrophobicity of long alkyl chain. The 
present review demonstrates that during the metal ion extraction, anion 
exchange mechanism was adopted by the Phos ILs. The study also sug
gests that the leach solution of spent materials containing multiple el
ements can be used to recover valuable metals at a higher rate utilizing 
Phos ILs, promising extractants. 
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