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Use of Ionic Liquid 1-Octyl-3—methylimidazolium Hexafluorophosphate as a
Recyclable Solvent for Extraction/Removal of Hg(ll) from Water

Wang, Xiaowei’* Chen, Sha***
(“ Key Laboratory of Beijing on Regional Air Pollution Control, Beijing University of Technology, Beijing 100124, China)
¢ College of Environmental and Energy Engineering, Beijing University of Technology, Beijing 100124, China)
(° Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning, Beijing Centers for Diseases
Control and Prevention & Centers for Preventive Medical Research, Beijing 100013, China)

Abstract Mercury, a highly persistent and toxic substance, seriously threatens the human health and the environment. As an
environmental friend solvent, ionic liquids (ILs) have been used as replacements for conventional organic solvents in various
separation processes. But there are still some technical aspects that need to be addressed before ILs can be practically applied
to remove Hg(Il) from water. The first and most important issue is the recovery and recycling of ILs without significant loss
to make the process economically viable and reduce their potential environmental burden. In this study, a novel approach for
removal of Hg(Il) from water was developed via 1-octyl-3-methylimidazolium hexafluorophosphate ([CsMIM]PFy). Hg(II)
was extracted into [CgMIM]PF4 and then reduced into Hg(0) with formic acid. Extraction and reduction conditions were op-
timized. Because the extraction efficiency of Hg(II) into the pristine [CsMIM]PF¢ was limited, 0.4% (¥V/V) 1-methylimidazole
was added as complex agent of Hg(Il) into [CsMIM]PF¢ to enhance the extraction efficiency. Under a phase ratio of
[CsMIM]PF¢ to water of 1 : 50, almost 100% of the Hg(Il) in water phase (1 mg/L) was extracted into the [CsMIM]PF¢
phase after shaking for 2 h at 220 r/min and 50 ‘C. Afterwards, Hg(IT) concentrated in the IL was reduced to Hg(0) by formic
acid under the heating condition, and then the [CsMIM]PF; was isolated for the purpose of recycling the IL. The Hg(Il) in
[CsMIM]PF4 was reduced to Hg(0) using 40% (¥/V) formic acid at 50 “C. Under a phase ratio of 40% (¥/V) formic acid to
[CsMIM]PF¢ of 4 © 1, about 60%~70% of Hg(Il) was reduced to Hg(0) in 20 min. The formed Hg(0) in the mixture was
removed after centrifugation, and the [CgMIM]PF4 was collected and recycled. The extraction efficiency for Hg(Il) in water
was ca. 83% in the initial two runs, and then increased to 91%~98% in the following 7 runs by the attribution of the formic
acid which is residues in the IL phase and enhances extraction efficiency.

Keywords ionic liquid; mercury; liquid-liquid extraction; reduction; formic acid
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Figure 1 Optimization of extraction condition: (a) Extraction temperature: Into 1 mL, 1000 mg/L Hg(II) solution was added 1 mL [CsMIM]PFg, and the
mixture was kept shaking at 220 r/min for 30 min; (b) Extraction time: Into 1 mL, 1000 mg/L Hg(II) solution was added 1 mL [CsMIM]PF, and the mix-
ture was kept at 50 C and shaken at 220 r/min; (c) Phase ratio: Into 10, 25 and 50 mL 1 mg/L Hg(II) solutions, respectively, was added 1 mL of
[CsMIM]PF, and the mixtures were kept at 50 ‘C and shaken at 220 r/min; (d) Effect of complexant (1-methylimidazole): Into 10, 25 and 50 mL 1 mg/L
Hg(II) solutions, respectively, was added 1 mL [CsMIM]PF¢ and different volumes 1-methylimidazole, and the mixture were kept at 50 ‘C and shaken at
220 r/min for 2 h
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Figure 2 Optimization of reduction condition: (a) Concentration of formic acid solution: Into 1 mL [CsMIM]PF; containing 1 mg/L Hg(II) was added 2
mL formic acid solution which has various concentration, and the mixture was shaken at 50 ‘C for 30 min; (b) Reaction temperature: Into 1 mL
[CsMIM]PF containing 1 mg/L Hg(II) were added 2 mL of 20%, 40% and 60% formic acid solution, respectively, and the mixture shaken for 30 min; (c)
Reaction time: Into 1 mL [CsMIM]PF; containing 1 mg/L Hg(Il) were added 2 mL of 20%, 40% and 60% formic acid solution, respectively, the mixture
shaken at 50 C; (d) Phase ratio: Into 1 mL [CsMIM]PFg containing 1 mg/L Hg(I) were added 20%, 40% and 60% formic acid solution at varied phase
ratio, respectively, and the mixture was shaken at 50 ‘C for 30 min
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Figure 3 Assessment of the recycle ability of [CsMIM]PF¢: Into 50 mL
of 1 mg/L Hg(Il) solution was added 1 mL [CsMIM]PF, containing 20%
(V1V) 1-methylimidazole, and the mixture was kept at 50 ‘C and shaken
at 220 r/min for 2 h. After centrifugation, into the separated [CsMIM]PFg
was added 2 mL 40% formic acid solution, and the mixture was shaken at
50 ‘C for 30 min. After that, the [CsMIM]PF4 phase was collected for
the next run
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