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Abstract

Metals are widely used in various areas of human life, and their existence in the environ-
ment at high concentrations has become a cause for concern. Metals can enter the human
body and disturb the human metabolic system. Therefore, research to recover metals
from their matrix both from industrial wastewater and from ores or scraps containing
metals is of great importance. One of the separation techniques proposed to overcome
those issues involves using supported ionic liquid membranes (SILMs). This chapter
summarizes the recovery of metals using SILM. In SILM, an ionic liquid that acts as an
extractant is embedded in small pores of a polymer support. The latest type of physical
impregnation of ionic liquid, which is the type most commonly used in metal separation,
is called polymer inclusion membrane (PIM). PIMs were prepared by casting a solution
containing an ionic liquid, a plasticizer and a base polymer to form a thin, flexible and
stable film. A PIM including ionic liquids has a similar configuration to SILM, and it is
considered to be a kind of SILM. In this chapter, effects on the stability and selectivity in
SILM and PIM for metal separation are reviewed.

Keywords: liquid membrane, ionic liquid, metal, separation, supported membrane

1. Introduction

The separation of metals has become a hot topic of research in recent years. This is because
metals are widely used in many aspects of human life, and their existence in the environ-
ment at high concentrations is a cause for concern. Although some metals are essential for the
human body, their presence in high concentrations will disturb the human metabolic system.
Therefore, research on recovering metals from their matrix both from industrial wastewa-
ter and from ores and ore scrap is of great importance. In hydrometallurgy, several conven-
tional methods are being used to remove and recover heavy metals from aqueous solutions.
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These methods include chemical precipitation [1], reverse osmosis [2], adsorption [3], ion
exchange [4] and solvent extraction processes [5]. Those techniques have their own inherent
limitations such as low efficiency, sensitive operation conditions, production of secondary
sludge, high capital and operating costs, and expensive disposal [6]. Hence, more efficient and
cost-effective removal and recovery methods are sought to overcome these problems.

One technique proposed to overcome those issues involves using supported ionic liquid
membranes (SILMs). This technique is superior to the above techniques because the advan-
tages of the liquid membrane and ionic liquid are included in the technique of SILM. The
advantages of liquid membranes such as combining the extraction and stripping into a single
step and using a very small amount of solvent give SILM very low capital and operating costs
and make it easy to scale up. Using ionic liquid as an extractant in this technique increases the
efficiency and selectivity of SILM. In addition, the very low vapour pressure and very high
viscosity of ionic liquid give the best stability of the liquid membrane, which also absolutely
affects the flux and selectivity and is environmentally friendlier.

The properties and applications of SILMs are greatly affected by support types, supporting
methods and kind of ionic liquid used. The supporting method could be chemical or physical.
The physical immobilization of an ionic liquid can be conducted through simple impregna-
tion [7], sol-gel method [8], encapsulation [9], and so on. In chemical immobilization, the
ionic liquid is bound to solid support via covalent bonding [10, 11]. The kind of ionic liquids
determines the efficiency and selectivity of separation.

This chapter reviews use of supported ionic liquid membranes for separation of metals. At
the beginning, it is important to briefly present a summary of supported liquid membrane
using ionic liquid and metal separation using this method to ensure the better understanding
regarding this topic. Then, we review several articles discussing the effect of related param-
eters such as type of solid support and supporting method as well as kind of ionic liquids on
the stability of the membrane, efficiency and selectivity of metal separation.

2. Supported liquid membrane and ionic liquid

A membrane is a semipermeable barrier between two phases. If membranes are viewed as
semipermeable phase separator, then the concept of membranes including solids as polymer
or ceramic films can be extended to include liquids, and these are defined as liquid mem-
branes (LMs). A liquid membrane system involves a liquid that is immiscible with the source
(feed) and receiving (product) solutions and serves as a semipermeable and barrier between
two liquid and gas phases [12]. Liquid membrane separation combines the solvent extraction
and stripping (back-extraction) in a single step [13]. The great potential for energy saving, low
capital and operating costs, and the possibility to use expensive extractants due to the small
amount of the membrane phase make SLMs an area attracting the special attention of both
researchers and practitioners.

The transport in a membrane is a dynamic and non-equilibrium process. The transporting
compound dissolved in the feed aqueous solution has to dissolve in the organic, hydrophobic
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membrane phase and diffuse through it to enter the aqueous stripping phase. Although it
is possible to transport the hydrophobic compound through the hydrophilic membrane, this
review concerns the transport of water-soluble compounds such as metal ions. The mass trans-
fer in this system takes place due to the difference in the chemical potential across the mem-
brane as a driving force.

According to the configuration definition, three groups of liquid membranes are usually con-
sidered as illustrated in Figure 1: bulk (BLM), supported or immobilized (SLM or ILM) and
emulsion (ELM) liquid membrane transport [12]. A supported liquid membrane (SLM) is one
of the three-phase liquid membrane systems in which the membrane phase (liquid) is held by
capillary force in the pores of microporous polymeric and inorganic film. The immobilized
liquid is a membrane phase, and a microporous film serves as a support for the membrane
[13]. SLM was reported for the first time by Scholander [14], who used thin cellulose acetate
filters impregnated with an aqueous haemoglobin for oxygen transport.

F F F
77/ 7727 O%O O
M 7L / MM 7 ) w
/‘ O
R =upport Pore R
R
(a) (b) (c)

Figure 1. Liquid membranes: (a) bulk, (b) supported and (c) emulsion. (F: feed, M: membrane, R: receiving).

Successful applications of SLMs are possible due to their advantages compared to other sepa-
ration methods. The main advantages of SLMs are the small amounts of organic phase and
extractant (carrier) used, which allows for use of expensive extractants, one-step mass trans-
fer, the possibility of achieving high separation factors, enrichment of extracted compound(s)
during separation and low separation costs. Nevertheless, there are some problems limiting
the practical application of SLMs. The main problem is the stability of the liquid membrane,
caused by leakage and/or losses of membrane phase components during the transport pro-
cess. lonic liquids (ILs) come to solve the problem of membrane instability.

ILs are organic salts remaining as liquids under ambient temperatures. They normally consist
of an organic cation (e.g. imidazolium, pyridinium, pyrrolidinium, phosphonium, ammo-
nium) and inorganic anion (e.g. tetrafluoroborate, hexafluorophosphate, chloride) or, increas-
ingly, an organic anion (e.g. trifluoromethylsulphonate, bis[(trifluoromethyl) sulphonyl]
imide) [15]. The main advantages of these media are their near-zero vapour pressure, which
means that they will not evaporate easily from the pores of membranes, have good chemical
and thermal stability, and have a large temperature range where they are stable. They also

541



542

Progress and Developments in lonic Liquids

will not be replaced easily from the pores of the membrane due to their very high viscos-
ity. The properties of ILs (hydrophobicity, viscosity, solubility, etc.), which can be varied by
altering the substitutive group on the cation or the combined anion [16], make them more
widely applicable in many physical and chemical fields. Therefore, they have been considered
environmentally benign solvents as compared to volatile organic solvents. The structures of
common ILs used in metal separation are shown in Table 1. Most ILs show the pronounced
miscibility in the aqueous phases due to their polar nature. ILs have to be hydrophobic as
shown in Table 1 to extract the metal ions from the aqueous phases. For this reason, the ILs
used in the metal separation were limited to those listed in Table 1.

Molecular structure Product name Viscosity® cP Water content?, wt %

Chemical name

Can\ 8 Aliquat-336 1450 (79.05)° 4.3 (20.3)°
N-Methyl-N,N,N-
CsH17 | Cl- trioctylammonium chloride
CgHq7
i {lzﬁH 13 Cyphos IL-101 1824 (95.8)° 0.67 (12.8)°
. ]
3 !:"L? o Trihexyl(tetradecyl)
CeHa™ / "c 1aHzg phosphonium chloride
gMya
[ CegH1a Cyphos IL-102 2094 (190.4)° 0.002 (6.1)°
¥ ] Bf?} Trihexyl(tetradecyl)
CeHia™ g C.H ] phosphonium bromide
/ 14720
C 12
C EH ™ Cyphos IL-104 805.8 Not measured
P~ C. H O\\ L 3 H,, Trihexyltetradecylphosphonium
C.H }: H 147729 P X bis-2,4,4-trimethylpentyl
6 13 6 13 [/ - ) H " phosphinate
a25°C.

PThese values were determined using water-saturated ionic liquid.

Table 1. Structures of common ILs used in metals separation.

3. Metal separation using supported ionic liquid membrane (SILM)

An interesting field of application of supported ionic liquid membranes is the removal of
metal ions from aqueous solutions. In this review, SLMs with IL as a metal carrier dissolved
in the conventional organic solvent were excluded, and SLMs impregnated with IL or the
mixture of IL and metal extractant in the absence of conventional solvents were discussed as
SILM. In the SILMs impregnated with IL only, metals are slowed to be separated from their
matrix if the metal ions are in the form of an anionic complex that reacts with the cation of
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ionic liquid in the membrane. Aqueous solution of metal ions in hydrogen chloride was used
as the feed phase in order to form the anionic metal complex, although other forms such as
nitrate and sulphate were also used in several investigations. The reactions of metal ions (M™)
and HCl to form the complex are as follows:

M™ +(n+1)HCl = MCIl_,; +(n+)H"
(1)
Furthermore, at the feed solution-membrane interface, the complex of MCI,,; enters into the

membrane because of the anion-exchange reaction with IL (Q*X™ ) in the membrane to form
the metal complex Q"MCI,; .

MCI,; +Q"X = Q*MCl,, + X~ @)

This complex diffuses through the membrane to the membrane-stripping solution interface.
At the interface between the membrane and stripping solution of low chloride concentration
(usually electrolyte solution such as sodium sulphate), the reverse reactions of above equations
are proceeded to release the metal complex and to form free metal ion in the stripping phase.
The transport of metal ion from the feed to the stripping phase by SILM is a coupled transport.

In other cases, the metal extractants were dissolved in IL instead of conventional organic sol-
vent, and the membrane was impregnated with IL containing the extractant as a metal carrier.
Permeation mechanism of the metal ions depends on the extractant included in the membrane.

3.1. Effect of solid support and preparation method on stability of membrane

3.1.1. Supported ionic liqguid membrane

The stability of SILMs is greatly affected by the type and characteristic of solid support used
to immobilize the IL as well as the preparation methods of the SILMs. When the SILMs will
be used to separate the metals from the metal matrix, impregnated liquid with the conven-
tional organic solvent in membrane can be released because of two factors: evaporation of the
impregnated liquid due to high vapour pressure of volatile organic solvent and dissolving
impregnated liquid both in the feed solution and in the stripping solution. Use of ILs with
very low vapour pressure as the impregnated liquid resolved the first problem. On the other
hand, dissolution of ILs to adjacent phases remains a problem that has to be solved. The
stability of SILM is mainly affected by the properties of the support membrane and IL, and
preparation method [17].

Several groups have prepared SILMs using many types of solid support as well as method of
preparation for metal separation. The stability of the membranes yielded was further evalu-
ated using several techniques. de los Rios et al. [18] used nylon, a hydrophilic polyamide mem-
brane, as a solid support to impregnate methyltrioctylammonium chloride. This membrane
was used to transport Zn(II), Cd(Il), Cu(Il) and Fe(IIl). Physical impregnation was conducted
by mixing the solid support and ionic liquid in an ultrafiltration unit and applying nitro-
gen pressure to force the ionic liquid to enter the pores of the solid support. The membrane
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resulting from this process was still stable after 456 h with the percentage of retained ionic
liquid ranging from 75 to 89%, and in most membranes was higher than 80%.

Polyvinylidene fluoride (PVDF) is another solid support commonly used to immobi-
lize IL. Baba et al. [19] used this material to impregnate 1-octyl-3-methylimidazolium
bis(trifluoromethanesulphonyl)imide ([C8mim][Tf2N]) containing N-N-dioctyldiglycol amic
acid (DODGAA) to separate Dy(IlI) and Nd(III) in magnet scrap. The SEM micrograph after
immersing PVDF in IL containing DODGAA showed that the porous structure of the liquid
membrane appeared was well filled with [C8mim][Tf2N]. The membrane was proved to be
stable during more than 140 h of operation.

The new material, which is probably a candidate for SILM, was successfully synthesized by
Qian et al. [20]. Silica gel was used as a solid support to chemically bind tropine-type ionic lig-
uid, which contained 10% of ionic liquid. Although tropine-type ionic liquid-modified silica
has not been used in membrane permeation, there is a high probability to use it as an extract-
ant in the membrane permeation of metals because it is not only stable below 200°C, but it also
has 19.36 mg/g of adsorption capacity to the Cu(Il) ion.

3.1.2. Polymer inclusion membrane

The most recent type of physical impregnation, which is also the type most commonly used
in metal separation, is called polymer inclusion membrane (PIM) [21]. While SILMs were
commonly prepared by immersing IL to the pore of the solid support, PIMs were prepared
by casting a solution containing a carrier, a plasticizer and a base polymer such as cellulose
triacetate (CTA), poly (vinyl chloride) (PVC) or PVDF to form a thin, flexible and stable
film. In many cases, a plasticizer or modifier is additionally incorporated into the mem-
brane preparation in order to improve the PIM flexibility and the compatibility between
the membrane components. It should be noted that an IL acts not only as a carrier but also
as a plasticizer. Therefore, in the PIM using IL as a carrier, plasticizers are sometimes not
needed. A PIM including ILs has a similar configuration to SILM, and it is considered to be
a kind of SILM. It is found that the PIM including ILs became more stable than conventional
SILM [22].

PVC is a commonly used base polymer in the preparation of PIM. Stability studies of PVC-
based PIM containing Aliquat 336 as a carrier have been conducted [23]. They found that
the mass loss of the membrane is due to leaching Aliquat 336 from the membrane and is
suppressed in the salt solutions. They concluded that, although PIMs are capable of losing
some membrane liquid phase when exposed to aqueous solutions, this loss can be minimized
or even eliminated by increasing the solution concentration of the counter anion of IL. It
was found that membrane of Aliquat 336 content higher than 50% was soft and sticky and
mechanically too weak to be used for the metal extraction [24].

Recently, Bonggotgetsakul et al. prepared PIM containing Cyphos IL-104 as a carrier using
PVC support to extract Au(Ill) from a hydrochloric acid solution [25]. PIMs prepared with
Cyphos IL-104 alone, or with the addition of the modifier 1-dodecanol, were homogeneous,
transparent and flexible. Although the permeation rate with PIM including the modifier was
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faster than that with IL alone, loss of 1-dodecanol from the newly developed PIM to the aque-
ous solutions in contact with it was observed.

CTA is the most commonly used polymer support. Regel-Rosocka et al. [26] prepared the
PIM using CTA as a support and Cyphos IL 101 as carriers to remove Zn(Il) and Fe(III) from
chloride solution. Although the highest Zn(II) flux was obtained for membrane without plas-
ticizer, with the highest Cyphos IL 101 content, the membranes with o-nitrophenyl octyl ether
as a plasticizer have been selected because of their better mechanical properties. Thus, CTA-
based PIM needed plasticizer to form stable and mechanically strong membrane. Gardner
et al. [27] prepared a series of new cellulose-based PIMs. The ester linkages in the cellulose
backbone of the polymer are susceptible to hydrolysis under extremes of pH, especially under
alkaline conditions. The durability of the newly prepared PIMs against hydrolysis under alka-
line and acidic conditions was evaluated. Durability increased with replacement of acetyl
substitution on the cellulose polymer with propionyl or butyryl, while they also observed that
ion transport across the membrane decreased as the alkyl chain lengths increased.

Studies were carried out to compare the use of CTA and PVC as base polymer of PIM with
Aliquat 336 [28] and Cyphos IL 101 and 104 [29]. Under the optimum condition, in Cr (VI)
permeation with PIM including Aliquat 336, the permeation rates of CTA- and PVC-based
membranes were comparative, while in Zn (II) permeation with PIM including Cyphos IL 101
or 104, transport abilities of CTA-based membranes were much better than those of PVC. The
CTA-based PIM lost 42% of efficiency after 6 days [28].

PVDF is one of the most commonly used solid supports for SILM. Guo et al. [30, 31] suc-
cessfully prepared new PIM including PVDF as a base polymer, 1-alkyl-3-methylimidazolium
hexafluorophosphate or tetrafluoroborate as ionic liquid plasticizers and Cyphos IL 104 and
modified Aliquat 336 as a carrier and used this for transport of Cr(VI). The permeation rate
with PIM including modified Aliquat 336/PVDEF was faster than PIMs including Cyphos IL
104/PVDF or original Aliquat 336/PVC. After nine cycles, permeation rates of PIM composed
of Cyphos IL 104/PVDF decreased to 69%, while it was found that the permeation rates of
similar PIM composed of original Aliquat 336/CTA and modified Aliquat 336/PVDF decreased
to 33 and 59% after six cycles, respectively. More recently, Bonggotgetsakul et al. prepared
new PIM containing Cyphos IL-104 as a carrier and poly(vinylidene fluoride-co-hexafluoro-
propene) (PVDF-HFP) as a base polymer to extract Au(Ill) from a hydrochloric acid solution
[32]. PVDEF-HFP was found to be an excellent base polymer because of its high hydrophobicity,
excellent thermal and mechanical properties, higher stability in strong acids and better solu-
bility in tetrahydrofuran used for preparing membrane casting solutions. Extraction perfor-
mance of this PIM was decreased to about 70% after 2 h and until 8 h extraction performance
remained at the same level.

Recently, polymer fibres using electrospinning method were successfully prepared for the
metal extraction from the aqueous solutions [33-35]. Electospinning is an innovative technique
for the production of polymer fibres with diameter of less than a few micrometres, resulting in
a large surface area-to-volume ratio and high porosity. A solution is first prepared by dissolv-
ing PVC and Aliquat 336 in the solvent. Then the solution is electospun to produce the mats
consisting of electospun fibres. The role of Aliquat 336 in electospun fibres differed from that in
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PIMs. Electospun fibres were homogeneous and plasticized by Aliquat 336. On the other hand,
PIMs composed of PVC and Aliquat 336 were visually transparent but were phase separated.
Percolation threshold of electospun fibrous mats was much lower than that of PIMs.

3.2. Effect of ionic liquid on metal separation

Separation of metal by ionic liquid-containing membrane is based on the chemical reaction
between the ionic liquid and metal ion itself. Therefore, the efficiency and selectivity of metal
separation are totally affected by the characteristic and type of ionic liquid in the membrane.
This is because each ionic liquid has the specific affinity to the metallic ion as a result of the
difference in functional groups bonded by an ionic liquid compound. Stojanovic et al. [36]
summarized ammonium and phosphonium-based ionic liquids as shown in Table 1 in the
extraction process. This section will focus on the efficiency and selectivity of metal separation
with ionic liquid itself and using supported ionic liquid membrane.

3.2.1. Quaternary ammonium salts

Quaternary ammonium salts as anion exchangers have been frequently used to extract metal
ions and hence are only effective in the presence of strong anionic ligands as indicated in
Eq. (1). It is known that Aliquat 336 dissolved in the organic solvent had the enhanced perfor-
mance for the removal of metal ions from hydrochloric acid solutions compared to the alkyl
amine extractants [37]. Sulphate [38] and thiocyanate [39] as ligands also have been used in
the metal solvent extraction system using Aliquat 336. Generally, selectivity of anion exchange
reactions is believed to be poor compared to that of chelating reaction. A further approach is
to anchor different functional groups onto the anion [36]. By this, it is possible to combine the
hydrophobicity of ammonium cation with the affinity of the functional group to desired metal
ion. This enhances both efficiency and selectivity of the extractant. Aliquat 336 was modified
by exchange the chloride anion of original Aliquat 336 (Q"CI1™ ) with a salicylate anion ( HSal ")
for the extraction of Cu (II) and Fe (III) [40]. The following extraction reaction of Fe(Ill) was
proposed.

Fe** +2Q"HSal™ + HSO; = Q'FeSal; + Q"HSO; +2H" 3)

Both extraction efficiency and selectivity of Fe (III) were enhanced compared to those of
original one. And thiosalicylate-exchanged Aliquat 336 was reported to be selective to Cd
(IT) [41]. Aliquat 336-based ionic liquids containing bis(2-ethylhexyl)phosphate ([DEHP]~) or
bis(2-ethylhexyl)diglycolamate ([DGA]~) anions were synthesized. The extraction of Eu (III)
over Am (III) was studied, and superior extraction of Eu (III) and excellent separation fac-
tors were achieved [42]. The following extraction mechanism of Eu(IIl) with bis(2-ethylhexyl)
phosphate-exchanged Aliquat 336 was proposed [43].

Eu** +3Q"DEHP™ + 3NO; = Eu(NO3);3Q"DEHP~ @

In this case, ion association mechanism was proposed instead of the anion exchange mecha-
nism of Eq. (2) because both the Q* and [DEHP]~ are involved in Eu(III) extraction. The molecu-
lar structures of counter-anions of Aliquat 336 described in this chapter are shown in Figure 2.
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Figure 2. Molecular structures of anion part of modified Aliquat 336.

There are few examples of SILM using Aliquat 336 in the absence of diluents for metal separa-
tion. In most cases of SLM, Aliquat 336 was diluted in the organic solvent, and the membrane
was impregnated with diluted Aliquat 336 solution.

de los Rios et al. [18] studied metal separation with the SILM based on methyltrioctylam-
monium chloride, [MTOA"][CI-]. In the solvent extraction, it was found that the ionic liquid
[MTOA'][C]] allowed the almost complete removal of Zn(II), Cd(II), Fe(IlI) and Cu(II) from
the aqueous solutions. To realize the selective permeation in SILM process, they examined
the composition of the receiving solution. They found that Milli-Q water and Na,CO, solution
as the receiving solution allowed the recovery of Zn(Il), Fe(Ill) while the use of NH, (6 M)
allowed the recovery of Cd(II). These results indicate that high selectivity of metal separation
can be reached by changing the receiving phase.

As described above, Aliquat 336 has been extensively applied as a carrier in PIM and used to
extract different metal species (e.g. Co(Il), Ni(II), Cd(Il), Cu(ll), Cr(VI), Au(Ill), As(V), Pd(II),
Zn(Il)) [21, 36]. Kebiche-Senhaji et al. [28] studied Cr(VI) transport from a mixture containing
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Ni(II), Zn(II), Cd(I) and Cu(II) with the PIM based on Aliquat 336. Because Q,CrO,~ complex
is predominant form in the membrane, in sulphate media, Ni(Il), Zn(II), Cd(Il) and Cu(Il)
were not formed anionic species, which is exchangeable with chloride ion on Aliquat 336.
Therefore, Ni(Il), Zn(II), Cd(II) and Cu(Il) were not transported through the PIM, while Cr(VI)
is transported with high efficiency. Pont et al. [44] studied Cd(II) transport with PIM contain-
ing Aliquat 336 from the chloride solution containing Ni(II). Although the reason of this selec-
tivity is undescribed in the original paper, this may be because of difference in the stability
constants of Cd(Il) and Ni(Il) of Eq. (1). Similar result was obtained for Cd(Il) transport with
PIM containing Aliquat 336 from the chloride solution containing Cu(II) [24].

Guo et al. [31] prepared a series of PIMs composed of anion-exchanged Aliquat 336 and used
them for Cr(VI) permeation in the presence of Fe(IlI), Co(I) Cu(II) and Zn(II). These transition
metals were not transported through the PIM composed Aliquat 336 exchanged with acidic
phosphorus compounds, while Cr(VI) is selectively transported. Because the optimum pHs of
extractions of these transition metal cations with these modified Aliquat 336 extractants were
within a range around neutrality, under the acidic conditions, the extraction reactions of these
transition metal ions did not proceed.

3.2.2. Phosphonium salts

Tetraalkyophosphonium salts like Cyphos IL 101, 102 and 104 listed in Table 1 have recently
been investigated as potential new IL extractants. Cyphos IL 101 diluted in organic solvent is
extensively studied to extract metal ions such as Zn(Il), Fe(IlI), Pd(II) and U(VI) [26, 45-48].
Cyphos IL 104 and 109 ((trihexyl)tetradecylphosphonium bis(trifluoromethylsulphonyl)
imide) are also used as the extractants for Zn(II), Fe(Ill), Cd(II), Cr(VI) and lantanides [26,
49-51] and Au(Ill) [52].

Cyphos IL101 is diluted and used solely as the extractant, and many of the advantages using
ILs are lost. Viscosity of pure Cyphos IL 101 is 24.69 Pa-s at 20°C, and it drops to 11.10 Pa-s
by mixing with 1% water. Therefore, undiluted Cyphos IL 101 can be used as both extractant
and diluents when contacting with aqueous phase [53]. Undiluted Cyphos IL 101 was used
for extractions of Co(Il), Fe(Ill) and rare earths [53-56]. Extraction mechanism of metal ions
with undiluted Cyphos IL101 is same as that of Cyphos IL 101 diluted in organic solvent.
Cholio-Gonzalez et al. employed Cyphos IL 101 as diluent and Cyanex 272 as extractant for
separation of Co(II) and Ni(II) [57].

Unfortunately, there are no reports on metal separation with SILM with undiluted phospho-
nium-based ionic liquids. A number of reports on SLM described the use of diluted ionic
liquids. Fe(III) and Zn(II) were transported through a PIM composed of Cyphos IL 101 and
CTA or PVC [26, 58]. Sulphuric acid was found to be an effective stripping phase. Cr(VI) was
removed from hydrochloric acid through a PIM composed of Cyphos IL 104 and PVDF to
sodium hydroxide solution [30]. Pd(II) was permeated through a PIM composed of Cyphos
IL 101, 102 or 104 and CTA [59]. The highest values of extraction efficiency were obtained
for Cyphos IL 102 and 104 as IL and 3 M HCI as a receiving phase. The efficiency strongly
depended on the type of carrier and the receiving phase. Separation of Cd(II) and Cu(II) from
hydrochloric acid solution was conducted using PIMs composed of Cyphos IL 101 and 104,



Supported lonic Liquid Membranes for Metal Separation
http://dx.doi.org/10.5772/65754

and CTA [60]. High selectivity of Cd(II) over Cu(Il) was obtained because of difference in the
stability constants of Cd(I) and Cu(II) of Eq. (1). Gold (III) was successfully recovered from
the hydrochloric acid solution through a PIM composed of Cyphos IL 104 and PVDF-HFP
to sodium sulphite solution [32]. In the stripping process, Au(lll) is reduced to Au(I), which
forms a complex with the sulphite anion. Therefore, complete transport of Au(Ill) from the
feed to the receiving solution even in the presence of other metal ions was realized.

4. Conclusion

In this chapter, we reviewed several articles discussing the effect of related parameters such
as type of solid support and supporting method as well as kind of ILs on the stability of the
conventional SILM and PIM, efficiency and selectivity of metal separation. Ammonium and
phosphonium ILs have been used not only as the metal extractants and carriers but also as
the diluents in the solvent extraction and the membrane separation processes. In gas/vapour
separation, non-volatile nature of ILs should allow for significant improvement to current
processes and the development of new approaches to gas/vapour separation, while in liquid
separation, problems of instability of the membrane still seem to remain despite achieving
considerable improvement compared with SLM using conventional organic solvent [61]. The
physical dissolution of ILs to adjacent liquid phases is in principle inevitable. On this occa-
sion, PIM will become an excellent alternative. Although it is expected to be the lower diffu-
sivity in PIM than in SILM, this disadvantage can be easily offset by creating a much thinner
membrane in comparison to its traditional SLM counterpart [62]. So far, base polymers used
in PIMs were limited to CTA and PVC. Recently, new base polymers are developed for the
metal separation in PIMs. Anion-exchanged ILs such as Aliquat 336 and Cyphos IL 101 had
the different capacity and selectivity of metal extraction compared with the original ones. This
is suggesting that design of task-specific ILs is important and possible.
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