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Abstract 

This work analyzes the extraction behavior of transition 
heavy metal Zinc and other metal ions such as Copper, and 
Cadmium from hydrochloride aqueous solution in the 
absence of chelating agents by using a novel class of 
hydrophobic ionic liquids. Ionic liquid for this study was 
synthesized based on 1-(n-alkyl)-3-methylimidazolium 
cations and hexafluorophosphate anions followed by the 
metathesis route at room temperature were evaluated. 
The advantages of using these ionic liquids include their 
simple synthesis and sustainability. Which makes them 
“Greener and Simpler” compared to other solvents used 
for metal extraction. The experimental results  
show that ionic liquid 1-Butyl-3-methylimidazolium 
hexafluorophosphate, [BMPSM][PF6] entirely removed of 
Zinc (extraction percentage 94.4%) and other Copper and 
Cadmium heavy metals from the aqueous solutions. Based 
on the results, the use of ionic liquids for selected heavy 
metal ions as a substitute to the traditional extraction 
agents in liquid/liquid extraction of heavy metal ions shows 
considerable potential and is quite promising and 
promoting for further extraction. 

Keywords: Heavy metals, wastewater, ionic liquids, metal 
ions extraction. 

1. Introduction 

Over the past few decades, disproportionate population 
growth and rapid development of industries culminated 
severe wastewater pollution containing heavy metal ions 
affecting natural water bodies (Kenntner et al., 2003). The 
presence of traces of heavy metals in wastewater and 
industrial effluents is one of the major concerns of 
environmental pollution (Babel and Kurniawan, 2004). 
Heavy metal pollution is considered to be more damaging 
than other sorts of water pollution as it causes serious ill 
effects because due to high degree of toxicity (Li and Trost, 
2008; Tian et al., 2019). Therefore, the decontamination of 
wastewater is an area of enormous focus in the field of 
environmental waste and pollution control (Nordberg and 
Nordberg, 2009). 

Heavy metals elimination by traditional processes for 
industrial aqueous effluents includes electrolysis, ion 
exchange, chemical precipitation, solvent extraction, 
membrane separation, coagulation and adsorption (Blais et 
al., 1999; Fu and Wang, 2011). Among these technologies, 
liquid-liquid extraction is one of the efficient and simple 
techniques to separate and concentrate metal ions from 
the industrial wastewaters (Singh and Savoy, 2020). 

As a matter of fact, technologies are important for heavy 
metals removal from wastewater and impediment to their 
secretion into surface water (Gunatilake, 2015). The use of 
ionic liquids as extracting agents for the removal of heavy 
metals from the wastewater could be an excellent 
alternative to conventional procedures (Faur-Brasquet et 
al., 2002; Pacheco-Fernández and Pino, 2019). 

Ionic liquids are environment-friendly compared with 
volatile organic solvents because of undetectable vapor 
pressure and good chemical and thermal stability at high 
temperature (Sheldon, 2001). Recently ionic liquids are 
considered in a broad variety of chemical and biochemical 
processes as a clean alternate to typical organic solvents 
(He et al., 2020; Toral et al., 2007). Additionally, the 
properties of ionic liquids (solubility, hydrophobicity, 
viscosity, etc.) can be diversified by flashing the substituent 

mailto:zhanhhh@263.net
https://doi.org/10.30955/gnj.003434


30  TARIQ et al. 

group on the cation or combined anion, making them more 
suited for the use as “green designer” solvents (Caparica et 
al., 2018; Gardas and Coutinho, 2008). This prominent 
characteristic plays a key role in realizing the successful 
extraction processes since proper combinations of cation 
and anion of the solvents can be made (Ghandi, 2018) (Ríos 
et al., 2009). Ionic liquids have recently been introduced as 
attractive clean alternatives to traditional organic solvents 
in an extensive range of chemical and biochemical 
processes (Toral et al., 2007; Vekariya, 2017). They also 
function effectively in extraction processes, such as 
separation of metal species (Germani et al., 2007; Marsousi 
et al., 2019), organic compounds (Marsousi et al., 2019), 
and even macromolecules (Marsousi et al., 2019). Over the 
past few years, extraction of several metal ions using ionic 
liquids containing suitable complexing agents such as 
crown ether (Marsousi et al., 2019), dithizone (Phuong et 
al., 2010), and other organic ligands has been carried out 
(Isosaari et al., 2019; Zhang et al., 2018). 

Examples of 1-(3-pyridyl) undecan-1-one oxime extractor 
and its quaternary salts have been successfully tested as 
possible Zn extractors (Wieszczycka, 2013). Efficient 
removal of copper from chloride solutions by 
bis(isodecyl)pyridine-3,5-dicarboxylate which has been 
successfully used as an attractive extractant. The most 
interesting extractant is 1-(2-pirydyl) tridecan-1-one oxime, 
which, as an extremely complexing agent, has the ability to 
extract copper effectively. Laboratory-scale studies 
demonstrate that 3-[1-(hydroxyimine) undecyl]-1-
propylpyridinium bromide is effective and versatile in 
copper extraction (Wieszczycka et al., 2012; 
Wojciechowska et al., 2017b). Another example of 
successfully Pb (II) extraction via chloride formulations 
using Ionic Liquid 3-[1-(hydroxyimine) undecyl]-1-
propylpyridinium chloride (3PC10-PrCl) dissolved in methyl 
isobutyl ketone (MIBK) (Wojciechowska et al., 2017a). 

Phosphonium ionic liquids such as trihexyl (tetradecyl) 
phosphonium chloride (Cyphos IL 101), trihexyl 
(tetradecyl)phosphonium bis(2,4,4-trimethylpentyl) 
phosphinate (Cyphos IL 104) and tributyl(tetradecyl) 
phosphonium chloride (Cyphos IL 167) as extractants 
selective extraction of ruthenium(III) in the existence of 
Rh(III) acidic aqueous solutions was successfully evaluated 
(Rzelewska et al., 2017). 

Efficiently removal of cobalt, manganese, iron and zinc 
eliminated from rare earths and nickel in metal-filled liquor 
with a high concentration of chloride (8 M chloride) by ionic 
liquids trihexyl(tetradecyl)phosphonium chloride (Cyphos 
IL 101) or tricaprylmethylammonium chloride (Aliquat 336) 
(Larsson and Binnemans, 2014). 

Four separate TSILs used as an extractor: 
Trioctylmethylammonium bis(2-ethylhexyl) phosphate 
[TOMA][D2EHP]; trioctylmethylammoniumbenzoate 
[TOMA][BA]; trihexyltetradecylphosphonium bis(2-
ethylhexyl) phosphate [P6,6,6,14][D2EHP]; and 
trihexyltetradecylphosphonium benzoate [P6,6,6,14][BA] 
were found to have high molybdenum (VI) extraction rates. 
In comparison, the best cation was  
[TOMA]+ for both diluents and [BA]− was the best anion 

while kerosene and 1-octyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide, [omim][Tf2N] were used 
as diluents (Quijada-Maldonado et al., 2018). Additionally, 
using two ionic liquids, 1-octyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide ([OMIM][NTf2]) and 
trihexyltetradecylphosphonium bromide (Cyphos 102) 
successfully investigated for separating Pt(IV) and Pd(II) in 
acidic aqueous solution containing HCl (Papaiconomou et 
al., 2015). This was a reason to continue the equilibrium 
extraction studies of the most widely related metals using 
an oxygen-containing solvent reagent as an organic diluent. 

In this work, using two different imidazolium-based ionic 
liquids, 1-Hexyl-3-methylimi-dazolium hexafluoro-
phosphate (IL1) and 1-Butyl-3-methylimidazolium 
hexafluorophosphate (IL2) were synthesized and tested for 
the extraction of transition heavy metal especially zinc and 
other metals such as copper and cadmium from aqueous 
hydrochloride solutions in the absence of chelating agent 
at room temperature. Also, the extraction percentage (%E) 
of metal ion concentrations by the influence of ionic liquids 
was evaluated. 

2. Experimental section 

2.1. Reagents 

The aqueous solutions of target metals were prepared by 
dissolving chloride salt (analytical grade purchased from 
Sinopharm Chemical Reagent) of the respective metals in 
hydrochloric acid. 1-(3-Aminopropyl) imidazole (≥97%), 
purchased from Aldrich Chemicals; methyl isothiocyanate 
(97%); 1-butylimidazole (97%), purchased from Suiyuan 
Chemical Technology (Shanghai) Ltd; 1-bromobutane 
(99%), 1-bromohexane (99%), 1-bromooctane (99%) from 
Shanghai Civic Chemical Technology Co., Ltd; Acetonitrile 
(HPLC grade) from Labing Chemical; Carbon tetrachloride, 
purchased from Aladdin Chemical Company. 

2.2. Physical measurements 

To analyze the extraction efficiency of metal ions from the 
aqueous sample solution, metal ions concentration was 
determined by inductively coupled plasma atomic emission 
spectrometry (ICP-AES, Varian 700-ES series) 
measurements of cadmium, copper, and zinc with the 
wavelengths: 324.75 nm (Cu), 213.86 nm (Zn), 228.80 nm 
(Cd), respectively. The UV–visible spectra of metal 
solutions were recorded on visible spectrophotometer PTS 
2000 in the range of 200–1000 nm. The water content of 
ionic liquids was measured by a Mettler-Toledo DL39 Karl 
Fischer coulometer. The solubility of ionic liquids in the 
aqueous phase was determined by the Shimadzu TOC-V 
CHP analyzer operating between 40 to 800 °C. Element 
analyses were carried out on a Perkin-Elmer 2400 C, H, and 
N element analyzer. 

The ionic liquids were dried in vacuum under anhydrous 
phosphorus pentoxide and stored in desiccators to 
guarantee the long-term stability of ionic liquids. 

2.3. Synthesis 

The Ionic liquids 1-Hexyl-3-methylimidazolium 
hexafluorophosphate, [HMPSM][PF6] (IL1) and 1-Butyl-3-
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methylimidazolium hexafluorophosphate, [BMPSM][PF6] 
(IL2) were synthesized followed by metathesis route. 

For synthesis, equal molar amounts of 1-(3-Aminopropyl) 
imidazole and butyl bromide in three mouthed flasks fixed 
with a reflux condenser were refluxed for 24–72 h at 70 °C 
with intelligent magnetic stirring until two phases formed. 
The upper phase was gradually poured and added 
acetonitrile followed by scrupulous mixing. The acetonitrile 
was decanted and the procedure repeated twice to make 
sure that unreacted materials were removed from the 
lower phase. The resulting liquid, [BMPSM] [Br] was poured 
from the reaction vessel to a plastic bottle followed by the 
addition of 500 mL of deionized water. 

KPF6 was added slowly in the resulting liquid solution to 
prevent the reaction temperature of solution to rise. After 
adding KPF6 solution stratification observed, removing the 
upper layer solution phase and then constantly washing 
the aqueous phase with distilled water until added to 
AgNO3 without precipitation, which showed that the KBr 
has been produced in the reaction. The final product, i.e. 
[BMPSM][PF6] ionic liquid was carried out by removing the 
water with the help of rotary evaporation. The purity or 
yield of ionic liquid was 83.79% and it confirmed by 
measuring the water content using Karl Fischer 
coulometer. The chemical reaction route shown in Figure 
1. 

[BMPSM]+[Br]− + KPF6
 40°𝐶,24ℎ 
→        [BMPSM]+[PF6]

− + KBr (1) 

 

Figure 1. 1-Butyl-3-methylimidazolium hexafluorophosphate 

ionic liquid 

The hexyl derivative was prepared in similar manner and 
also all the parameters remained the same as described 
(Figure 2) and the purity or yield of ionic liquid was 74.53%. 

[HMPSM]+[Br]-+KPF6

 40°C,24h 
→       [HMPSM]+[PF6]-+KBr

 
(2) 

 

Figure 2. 1-Hexyl-3-methylimidazolium hexafluorophosphate 

ionic liquid 

2.4. Liquid-liquid extraction of metal ions 

The sample solutions used for the extraction experiment 
were prepared by dissolving solid ZnCl2, CuCl2, and CdCl2 in 
deionized water. A certain volume (0 mL-5 mL) of mixtures 
of solutions was taken and well shaken for one hour with 
0.1 mL of a pure ionic liquid. Each mixture was shaken 
vigorously to facilitate the transfer of compounds into the 
ionic liquid phase. Afterwards, the mixture was centrifuged 

to separate aqueous phase and ionic liquid phase. The 
phases were then separated for analysis; the composition 
of aqueous phase was analyzed by inductively coupled 
plasma atomic emission spectrometry (ICP-AES). The metal 
ion concentration in the ionic liquid phase was deduced 
from difference between initial concentration of metal ions 
in aqueous phase and concentration of metal ions in the 
raffinate. 

The efficiency of the extraction process was evaluated by 
the calculation of the extraction percentage rate (%E) using 
the following equation: 

−
= in fin

in

( )
% 100*

C C
E

C  (3) 

Where Cin (mg/L) is the initial concentration of the aqueous 
solution and Cfin (mg/L) is the content of metal ions in the 
raffinate phase after extraction. The extraction percentage 
was determined at 303 K. The experiments are conducted 
trice to make sure the repeatability of experiments, and 
mean values are reported. The reproducibility of the assay, 
as measured by relative standard deviation, was 3 % or less. 

3. Results and discussion 

The extraction percentage of metal ions from the 
hydrochloride aqueous solution in the ionic liquid phase at 
303K was determined. For this purpose, [BMPSM][PF6] and 
[HMPSM][PF6] ionic liquids were chosen on the basis of 
their low miscibility in water. 

3.1. Extraction of metal ions 

The extraction effects of ionic liquids for selected metal 
ions were determined by taking 1 mL of [HMPSM][PF6] (IL1) 
{also same for [BMPSM][PF6] (IL2)} mixed with 50 mL of 20 
mg/L zinc chloride, copper chloride and cadmium chloride 
solution at room temperature for a certain period of time. 
The solution was separated into two-phase (biphasic) after 
the extraction effects and then concentrations of 
remaining metal ions in the water were measured. 

The experimental results showed that the ionic liquid has 
certain extraction effects on Cd and Cu also. The extraction 
rate is shown in Figure 3 below: 

Figure 3. Comparison of extraction effects of IL1 (Figure 3a) and 

IL2 (Figure 3b) 

As shown in Figure 3a, IL1 has better extraction effect on 
copper metal ions and its extraction efficiency reached 
83%, while the extraction rate on cadmium and zinc ions is 
relatively less i.e. 65% and 72% respectively. 

IL2 showed better extraction effects on Zn metal ions and 
its extraction efficiency reached 91% as shown in Figure 3b. 
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The extraction efficiency of Cu reached 72%, and the 
extraction rate of Cd reached 65% by using IL2. The 
extraction effect of these two metal ions is less than that of 
Zn, which proves that IL2 can be used for selective 
extraction of Zn from water. The extraction rate on Cu 
metal ions with IL2 is not as good as IL1. 

The extraction effects on metal ions were compared under 
the same experimental conditions for IL1 and IL2, and the 
results are shown in Figure 4. 

 

Figure 4. Extraction effect of ionic liquid (IL1) and (IL2) on metal 

ions 

The contact time of IL1 with zinc metal ions aqueous 
solution started from 0 to 70 minutes, but after 10 minutes 
IL1 began to show extraction effects towards zinc metal 
ions and continued till 50 minutes and that time extraction 
rate was 70%. After 50 minutes extraction effects became 
constant until the experiment finished. However, the 
contact time of IL2 for zinc ions was also 0 to 70 minutes 
but after 20 minutes, extraction effects were outstanding 
from IL2 that reached 80% and continued to illustrated 
considerable extraction effects until reached at 90% within 
30 minutes of the experiment. After 30 minutes, the 
extraction efficiency was constant and stable up to 90%. 
The extraction rate increased continuously with increasing 
time. After that, the extraction rate no longer significantly 
increased with the increase of time span and finally stabled 
at about 90%, which means IL2 has higher extraction rate 
and efficiency than IL1. Based on extraction efficiency 
results, IL2 may be considered for further extraction 
experiments for selected metal ions. 

3.2. Analysis of ionic liquid (IL2) 

During the synthesis process of ionic liquid, the purity of 
the ionic liquid (83%) is not high due to the large microwave 
power (700W), and some of the conventional ionic liquids 
change the cohesive force, the process as shown in Figure 
5. 

Enhanced mass transfer can effectively impede the adverse 
effects of steric hindrance, in that way promoting the 
extraction of zinc metal ions. Ultrasonic waves, stirring 
strength and other factors can reduce the hydration radius 
of metal ions in water and improve the mass transfer rate. 

The issue of cohesion and steric hindrance needs further 
study. 

 

Figure 5. The extraction process of ILs 

Influential factor on Zn metal ion extraction rateThe 
adaptability of extraction effect is an important indicator to 
measure the quality of an extractant. The extraction effect 
of ILs may be affected by the extraction conditions. 
Therefore, the stability of IL2 extraction on Zn metal ions 
under different extraction conditions was studied and the 
adaptability results of extraction circumstances were 
investigated. 

Effect of ultrasonic wave Ultrasonic waves are often used 
to enhance mass transfer because of their strong energy as 
an auxiliary means of extraction. The extraction of Zn from 
water, ultrasound will considerably affect the extraction 
effect of ionic liquids. The adaptability of the extraction 
effect under different intensity ultrasonic waves on zinc ion 
extraction is as Figure 6 follows: 

Figure 6. Effect of ultrasonic waves on the extraction rate of IL2 

on Zn 

As shown in the figure, under the of ultrasonic waves 
enhanced the mass transfer rate, the extraction rate was 
greatly accelerated and the extraction time reduced from 
70 min to 30 min, and more importantly, the final 
extraction rate also increased from 88% to 94.4%. It is 
speculated that the hydration of metal ions by ultrasonic 
waves has a certain reduction effect so that Zn metal ions 
in the mass transfer process is less susceptible to steric 

10 20 30 40 50 60 70
30

40

50

60

70

80

90

E 
(%
)

time (min)

 Zn（IL2）
 Cu（IL2）
 Cd（IL2）
 Zn（IL1）
 Cu（IL1）
 Cd（IL1）

0 20 40 60 80 100

50

60

70

80

90

E 
(%
)

time (min)

 ultrasonic
 no-ultrasonic



EXTRACTION OF ZINC METAL IONS FROM AQUEOUS SOLUTION USING IONIC LIQUIDS  33 

hindrance effects so that the extraction of IL2 have high 
adaptability on different ultrasound waves. 

4. Conclusion 

In this work, preliminary consequences on the extraction of 
Zn, Cd, and Cu from the aqueous hydrochloride solutions in 
ionic liquids in the absence of chelating agents are shown. 
The composition of ionic liquids used as extraction agents 
were seen to strongly influence efficiency of the extraction 
process. With [BMPSM][PF6] ionic liquid, almost complete 
extraction of Zn metal ions has been achieved. 
Furthermore, it was also found that the extraction rate 
improved with the impact of the ultrasound wave factor. 

This work demonstrates the promising potential of ionic 
liquids to be used as extraction agents in green extraction 
processes since it is possible to design a specific ionic liquid 
for each metal ion by changing either anion or the cation to 
create an efficient process. 
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