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An electrogenerative process has acquired interest among scientists due to its feasible
functioning to recover the heavy metals in polluted water. But due to its long-time recovery due
to obstruction of ohmic resistance in conventional supporting electrolytes makes it less
preferable. To conquer this issue, ionic fluids were acquainted to function in as a supporting
electrolyte that accelerate conductivity of the application. This short article investigated the
impacts of different kinds of imidazole-based ionic fluids such as 1-Butyl-3-methylimidazolium
chloride (Bmim[ClI]), 1-Butyl-3-methylimidazolium bromide (Bmim[Br]) and 1-Ethyl-3-
methylimidazolium chloride(Emim[CI]) as supporting electrolytes in the electrogenerative
process. This electrogenerative process utilizes a batch cell comprising of a reticulated vitreous
carbon as the cathode and pure zinc plate as the anode. The results show Emim[CI] is the best
performing supporting electrolyte to recover 99.9% of copper(ll) from a copper(ll) sulphate
solution after 90 minutes of operation compared to 240 minutes in the use of conventional
supporting electrolyte of ammonium chloride. The Emim[CI] has a high conductivity and
mobility characteristics which contribute to total recovery of copper(ll) ions.
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Currently, water pollution is a considerable issue due
to growing industrial discharge from various sources
such as mining, chemical industries, plantation and
industrial discharge [1-3]. This industrial discharge
consists of toxic substances that are not biodegradable
such as heavy metals. Prolonged exposure to very high
levels of heavy metals can affect living organisms
badly [4-6].

There are numerous methods for removing
heavy metals from wastewater such as solvent
extraction, precipitation, adsorption, ion exchange,
membrane and filtration [1,7-9]. However, all of these
technologies have advantages and disadvantages. So,
there is a need to introduce a system that is not only
cost-effective but also simple to operate. Electro-
chemical treatments are proven to be a suitable
approach to prevent pollution. Electrochemical
treatments have two types such as electrolytic and
electrogenerative processes. Between them, the
electrolytic treatments are not cost effective due to
poor performance in extracting metal ions it needs
high electrical power input. Therefore, electro-
generative process is a better choice for removing
metal ions from wastewater [9,10].

In this study, the electrogenerative process is
introduced to remove copper(l1) ions using reticulated
vitreous carbon (RVC) as a cathode and zinc foil as an
anode. The electrogenerative process involves a
spontaneous chemical reaction in which a more noble
metal is reduced at the cathode and a less noble metal
is oxidized at the anode [11,12]. Due to the spontaneous
chemical reaction, this technology is cost-effective
because no external supply of energy is required. The
electrogenerative reactions all have a negative Gibb's
free energy, indicating spontaneous redox reactions.
The equations below represent the galvanic reaction of
copper and zinc:

Anode: Zn = Zn?* + 2 & E°=-0.76 V D)

Cathode: Cu** +2e-=2Cu  E°=0.337V )

Overall: Zn + Cu?* 2 Zn* +Cu E°=1.100V (3)

The positive cell potential in the overall equation
(Eq. (3)) for this galvanic reaction implies that the
process will occur spontaneously when the cell is short-
circuited. In previous work, the electrogenerative
system had been demonstrated successfully to remove
copper from aqueous solutions by [1,13,14].
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The functions of supporting electrolyte are to
increase the conductivity of the solution and to
eliminate the electrical field from the electrolyte. The
use of conventional supporting electrolyte such as
NaCl, KCI, NaClO, and KF in the electrogenerative
process have been reported [15,16]. However, the
generation of resistance from the extremely high
concentration of supporting electrolyte raised the
operating costs of the experiments [16]. This
phenomenon occurs when supporting electrolyte used
has an extremely high salt concentration and the
analysis take a long time to complete. The high salt
concentration of supporting electrolyte resulting an
uncompensated ohmic resistance of the electrolyte,
which requires an extra electrical energy to complete
the electrogenerative process. This subsequently
contributes to an increase of operating costs of the
experiments. Thus, it is appropriate to utilize other
potential supporting electrolyte, for instance, ionic liquids.

lonic liquids are raising much interest in the
study area of electrochemistry to overcome the draw-
backs of traditional supporting electrolytes. Several
studies have been carried out on the application of
ionic liquids in electrochemistry [17-19]. It was found
that ionic liquid provides a system with intrinsically
high ionic conductivity and a relatively sizeable
electrochemical stability window. Other reports
claimed ionic liquids as promising green reaction
media, and it gained an interest in sustainable
chemistry to overcome waste issues associated with
traditional supporting electrolytes [20-24]. In addition, it
is discovered that ionic liquids are desirable because of
its high conductivity, wide electrochemical window, and
unique chemical and physical properties. In addition, ionic
liquids possess high thermal stability, low toxicity, low
volatility, non-flammable and extremely low negligible
vapor pressure [20]. Furthermore, Jonsson (2020) also
added that ionic liquids are appealing supporting
electrolyte for energy storage’s application [19].

This work aims to study the recovery of
copper(ll) ions using an electrogenerative process by
varying different types of imidazole ionic liquids as
supporting electrolytes. The selected ionic liquids are
1-Butyl-3-methylimidazolium chloride (Bmim[Cl]), 1-
Ethyl-3-methylimidazolium chloride (Emim[CI]) and
1-Butyl-3-methylimidazolium bromide (Bmim[Br]). In
addition, the effect of physicochemical properties and
concentrations of each ionic liquids used during the
electrogenerative process will be investigated too.

EXPERIMENTAL
Chemicals and Materials

All solutions were prepared from analytical grade-
reagents which are copper(l1) sulphate, CuSO4 (QreC)
(Malaysia), ammonium sulphate (NH4).SO. (QReC)
(Malaysia), Bmim[ClI] (Ionictech) (Germany), Emim[ClI])
(lonictech) (Germany) and Bmim[Br] (lonictech)
(Germany).The materials used throughout the

A Novel Use of Imidazole-based lonic Liquid as
Supporting Electrolyte on the Electrogenerative
Process of Copper(ll) lons

experiment were ion exchange membrane Neosepta®
AM-01 (Tokuyama Corp.) (Japan), electrodes such as
RVC 80 porous per inch (ppi) (The Electrosynthesis
Co.) (USA), and zinc foil (R&M) (United Kingdom).
1000 mg L copper standard solution (Merck) (Germany)
was used as the standard copper solution.

Characterization Methods

The electrogenerative setup used in this study is
similar to the reported literature [14]. The batch cell
has two electrolyte compartments (cathode and
anode) separated by an anion exchange membrane
(Figure 1). The cell was prepared by sandwiching
two cell compartments together with rubbers, a
membrane and six pairs of bolts and nuts. The RVC
(cathode) was cut into rectangular shapes with
dimensions of 2.0 cm x 5.5 cm x 0.4 cm. A pure zinc
plate with a purity of 99% was used as the anode
material with dimensions of 2.0 cm x 5.5 cm x 0.07
cm. Electrodes were adhered to current collectors
using a small piece of parafilm. The current collector
used in this experiment was copper plate. The cell
was completed using crocodile clip wires to connect
the current collectors to the anode and cathode
terminals on a multimeter (model Sanwa CD800). A
magnetic stirring bar is placed in the cathode
compartment to flutter the electrolyte.

Distilled water was utilized to prepare all
reagents. The supporting electrolytes utilized
were Bmim[CI], Emim[CI] and Bmim[Br] and the
concentration utilized were 1%, 3%, 5% and 10%. For
catholyte, 100 mL of a mixture of copper sulphate
(CuS0s) and the ionic liquid was utilized. An amount
of 99 mL of water was mixed with 1 g of ionic liquid.
Glass rod was utilized to stir the solution until the ionic
liquid was dissolved. Then, 0.03 g of copper sulphate
(CuSO4) was weighed and added into the mixture of
water and ionic liquid. The mixture was stirred until
dissolved. Then the mixture was poured into a 100 mL
volumetric flask. The preparation of catholyte was
repeated with different proportions of copper sulphate
(CuSQy): ionic liquid ratio of 99:1, 97:3, 95:5 and
90:10, with respect to different concentrations of ionic
liquids. For anolyte, ammonium sulphate was weighed
and dissolved in water to make a 0.5 M ammonium
sulphate (NH4)2SO4 solution. Experimental details of
the batch cell are listed in Table 1.

A 0.5 mL (500 pL) of the catholyte solution
was pipetted from the catholyte compartment using a
micropipette. The sample was then pipetted into a 25
mL volumetric flask and was filled with distilled water
to level. Then, the sample was transferred into a 25 mL
labelled plastic bottle. After that, to ensure that both
electrolytes were in the same quantity as the initial
volume, 0.5 mL of distilled water was added back into
the catholyte compartment of the batch cell. The sample
was collected every 30 minutes again during a four-
hour operation. All experiments were conducted at
room temperature.
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Figure 1. Experimental setup consisting the static batch cell.

Table 1. Experimental condition for the batch cell.

Cathode compartment

Anode compartment

5 mg L Copper (l1) ions
concentration

(CuS0Oy): ionic liquid ratio = 99:1,
97:3, 95:590:10

Cathode: RVC (Dimensions 2.0 cm x
5.5cm x 0.4 cm)

0.5 M ammonium sulphate (NH4)2SO4

Zinc plate (Dimensions 2.0 cm x 5.5 cm
% 0.07 cm)

The amount of copper(ll) ions left in catholyte
solutions was monitored from the samples taken at
every 30 minutes. Atomic Absorption Spectroscopy
(AAS), Perkin Elmer Analyst 200, was used to
determine the copper ion concentrations. The AAS
used was set up at a wavelength of 324.8 nm with an
air acetylene flame. The percentage of copper ions
recovered was calculated mathematically with
equation (4):

Percentage of copper(l1) ions recovery =[1 - (Ct/ C0 omin)] * 100 %

With Ct is the concentration of copper(ll) ions at a
specific time (mg L) while Co o min is the initial
concentration of copper(I1) (mg L™2).

Finally, the influence of difference concentration
of the best performance supporting electrolyte was
investigated by varying its concentration with 1, 3, 5
and 10% of ionic liquid.

RESULTS AND DISCUSSION

An electrogenerative process was utilized to study the
recovery of copper(ll) ions. The experiment was

@

conducted for 240 minutes. Three sets of operations
were performed three times for each supporting
electrolyte used. A layer of red-brown copper was
observed to be deposited on the RVC surface area of
the cathode. The mass transfer has driven the
electrode rate reaction. Diffusion occurred as the
dissolved reactant from the bulk solution diffused to
the surface of the electrode [25]. The diffusion of the
bulk solution moved down the gradient from higher to
lower concentration areas [26].

Figure 2 shows the graph of logarithm of
normalized copper(ll) ions versus time using three
different supporting electrolytes. The concentration of
copper(ll) ions decreased over time. It can be
observed that the use of Emim[CI] as the supporting
electrolyte was able to recover copper(ll) faster than
Bmim[CI] and Bmim[Br]. The result obtained also
verified that the use of ionic liquids as the supporting
electrolyte have enhanced the copper(ll) ions
recovery time (90 minutes) as opposed to the reported
literature (240 minutes) [11]. In addition, the linear
concentration-time relationship also proves that the
copper(ll) reduction on the cathode was a mass
transport-controlled process [27].
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Figure 2. Graph of the logarithm of normalized copper(ll) concentration versus time using 3% Bmim[Cl], 3%
Emim[CI] and 3% Bmim[Br] as the supporting electrolytes for the recovery of 5 mg L* CuSO, solution.

Table 2. Current efficiencies of different supporting electrolytes in recovery of copper(ll) ions via an
electrogenerative process. (time= 240 minutes, temperature 25 °C).

Type of supporting electrolyte Current efficiency (%) Reference
None 15.20 [11]
0.1 M NH4CI 32.40 [12]
1% Bmim|[Cl] 48.60 This study
1% Bmim[Br] 46.30 This study
1% Emim[ClI] 61.30 This study

Table 2 displays the influence of
supporting electrolytes on the current efficiency
of an electrogenerative process under different
concentration of supporting electrolytes. It can be seen
that the absence of supporting electrolyte, the current
efficiency is very low, which is less than 15%. The
presence of a supporting electrolyte has increased the
current efficiencies two-fold [12]. While the use of
ionic liquids have raised the current efficiencies
tremendously. This can be explained by the ability of
the ionic liquids to accelerate the mass transfer
process, depress the production of CuO; and
significantly reduce the hydrogen evolution reaction
(HER) side reaction [16, 19].

Figure 3 shows the comparison of copper(ll)
ions recovery using different types of supporting
electrolytes. From the results obtained, Emim[CI] as
the supporting electrolyte produced the best copper(11)
ions recovery in 90 minutes of operation, followed by

Bmim[CI] and Bmim[Br]. The recorded copper(Il)
ions recovery using Emim[CI] as the supporting
electrolyte is 99.9%.

In the electrogenerative process, the hydronium
adsorption and hydrogen gas desorption occur at the
same time. In order to minimize HER, the protonated
imidazolium molecules are electro-statically
adsorbed in competition with the catholyte [28, 29].
The ionic liquid cation, on the other hand, is larger
than the conventional supporting electrolytes
molecules that cause molecular water to be displaced
from the metal surface. Due to the electrons present in
the imidazolium ring and nitrogen atom with a free
electron pair available to be donated, the ring covers a
substantial part of the metal surface by donation. Thus,
adsorption promotes the protection of the metal
surface. This show ionic liquids influence the
diffusion process and facilitate the ion transfer in the
electrogenerative process [21, 30, 31].
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Figure 3. Graph of percentage of copper recovered versus time by using different supporting electrolytes of 3%
Bmim|[Cl], 3% Emim[Cl] and 3% Bmim[Br].

The other explanation is Emim[CI] has a higher
electrical conductivity compared to Bmim[CI] and
Bmim[Br] at room temperature [23]. Since Emim[CI]
posseses a high electrical conductivity, it facilitates
the transfer of ions from the anode to the cathode with
lower resistance. Thus, it contributes to total recovery
of copper(Il) ions.

Furthermore, Bmim[CI] has the biggest molar
mass among all three supporting electrolytes, while
Emim[CI] has the smallest molar mass. This confirms
that the lower the molar mass of the supporting
electrolyte, the higher the ion mobility in the
electrolyte. To conclude, Emim[CI] was chosen as the
best-supporting electrolyte for this investigation.

Another essential parameter in this study is the
supporting electrolyte’s concentration. Supporting
electrolyte increased the ion conductivity and maintained
a constant and unchanged ionic strength throughout
the reaction. Thus, the resistance of the solution was
suppressed significantly [32, 33]. The analysis was
conducted in a copper(ll) solution with a variable in
the concentration of Emim[CI] (1, 3, 5 and 10%). Four
different concentrations were studied in order to
choose the optimum supporting electrolyte
concentration. However, ionic liquids with the
concentration of 5% and 10% were not completely
dissolved in water. Thus, only ionic liquids with 1%
and 3% were used as the supporting electrolytes.
Bystron et al. (2009) stated that the ionic conductivity
of an electrodeposition process increases as the

concentrations of supporting electrolyte used increase
[16]. Figure 4 shows that the time for copper(ll)
recovery for 3% Emim[CI] was shorter in comparison
to 1% Emim[CI]. The explanation to this result is
concentration of 3% Emim[Cl] is considered optimum
and did not caused any saturation on the cathode,
which will contribute to high recovery of copper(Il)
[14]. Hence, 3% Emim[CI] was chosen as the
optimum supporting electrolyte concentration.

CONCLUSION

The present study has proven that copper(ll) may be
recovered from a CuSO, solution using an electro-
generative process consisting of imidazole ionic
liquids as the supporting electrolyte. According to the
findings of the experiments, 3% Emim[CI] appears to
be the best performing supporting electrolyte, as
99.9% of copper(ll) was effectively recovered in 90
minutes. In addition, ionic liquids were able to
increase the current efficiencies of the electro-
generative process. It shows ionic liquid has a massive
potential to be used as a supporting electrolyte in the
electrogenerative process, replacing the conventional
supporting electrolytes.
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Figure 4. Graph of percentage of copper(ll) recovered versus time using 1% and 3% Emim[CI] for 5mg L™

CuSOq solution.
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