Pre prints.org

Communication Not peer-reviewed version

The Separation of Lithium lon and
Imidazolium Cation by Electrical Driven
Membrane Technology

XUE Jingyi , MENG Xiang , WANG Runci, Zhongwei Yuan i , Weifang_Zheng .

Posted Date: 31 January 2024
doi: 10.20944/preprints202401.2203.v1

Keywords: lithium ions; imidazolium cations; electrical driven membrane technology

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3354758
https://sciprofiles.com/profile/3355732

Preprints.org (Www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 January 2024 doi:10.20944/preprints202401.2203.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Communication

The Separation of Lithium Ion and Imidazolium
Cation by Electrical Driven Membrane Technology

Jingyi Xue, Xiang Meng, Runci Wang, Zhongwei Yuan * and Weifang Zheng *

China Institute of Atomic Energy; xuejingyi0925@163.com (J.X.); mengxiang199603@163.com (X.M.);

wangrunci@163.com (R.W.)

* Correspondence: yuanzw99@163.com (Z.Y.); zhengwfcn@163.com (W.Z.); Tel.: +15110094392 (Z.Y.);
+13701116776 (W.Z.)

Abstract: The separation of Li* and [Bmim]*(1-Butyl-3-methylimidazolium) by electrically driven
membrane technology was studied. The effects of the types and modification processes of cation
exchange membranes, current density, total cation concentration, temperature, and anion types on
separation efficiency were investigated. The results indicated that it is feasible to achieve efficient
separation of Li* and [Bmim]* using the selectivity of cation exchange membranes under electric
field. Membrane CMX and the modified membrane A and B which obtained from the CMX showed
obvious selective of Li* from [Bmim]*. When the current density is 5 mA/cm? and the feed
concentrations of Li* and [Bmim]* are 0.3 mol/L and 0.2 mol/L, the selective transport coefficient of
the modified membrane B can reach 6.2 in the first 120 minutes of the process. Reducing current
density and increasing total cation concentration can improve separation efficiency. Lowering the
temperature can improve the separation effect, but improvement is not obviously. Changing the
anion of the feed from chloride ion to acetate has no effect on the separation.

Keywords: lithium ions; imidazolium cations; electrical driven membrane technology

1. Introduction

Lithium-ion batteries are widely used in electronic products, scale energy storage, military
industry, aerospace and other fields due to the advantages of high specific energy, long cycle life and
no memory effect [1-3]. Currently, the organic electrolytes used in lithium-ion batteries are
flammable and explosive, which poses a major safety hazard at high power densities [4-7]. Ionic
liquids (ILs), with high ionic conductivity, low viscosity, excellent thermal stability, negligible vapor
pressure, and a wide electrochemical window [8-10] are expected to solve the safety problems of
lithium-ion batteries and improve its electrochemical performance [11-13]. In addition, ILs can also
broaden the operating voltage of the battery [14] and increase its temperature range. However, ILs
are expensive due to high production costs, resulting in a high threshold for their application [15-
17]. On the other hand, a large amount of waste liquid containing low concentration of ionic liquids
will be generated, which needs to be properly disposed prior to discharge. Otherwise the potential
toxicity of ionic liquids and their low natural degradation property will increase environmental
pollution risk [18-20].

Lithium mainly exists in lithium ores, salt lake brines and seawater. After years of development,
lithium ore resources have been on the verge of depletion. Therefore, obtaining lithium resources
from salt lake brine, geothermal brine, seawater and lithium containing industrial wastewater is of
strategic importance [21-23].

Currently, the separation and recovery of lithium ions mainly focuses on the separation of Li*
from divalent cations such as Mg?, Ca?, Co?, Ni*, Mn*, and Fe? [24-27], and there are also some
reports on the separation of Li* from Na* and K* [28-30]. [Bmim]*(1-Butyl-3-methylimidazolium) is
an ionic liquid cation with promising applications in high-voltage electrolytes for lithium-ion
batteries, but there are few reports on the separation of Li* and [Bmim]* cation. Because of same
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charge properties and charge numbers, the separation between monovalent cations is difficult. The
research on the separation of Li* and [Bmim]* cation can provide technical support for the recovery
of new high-efficiency lithium ion batteries using ionic liquid as electrolyte in the future, and can also
provide reference for the separation between other monovalent cations.

Considering the size and structural differences between Li* and [Bmim]* cation, there exists a
competitive migration phenomenon when they pass through the cation exchange membrane. Driven
by an electric field, this work explores a green separation method of Li* and [Bmim]* cation without
the addition of external reagents.

2. Experimental

2.1. Equipment and Methods

The laboratory-scale electrically driven membrane separation unit used is schematically shown
in Figure 1. It consists of an electrodialysis chamber (desalination chamber) and two electrode
chambers; the two chambers are connected to share a common electrode solution to maintain the pH
value of the solution; both the electrode solution and the feed solution are circulated by a peristaltic
pump. The anode and cathode were made of ruthenium coated titanium and titanium respectively.
The separation unit was powered by a constant-current DC power supply (omitted from the figure).
The electrode solution used in the experiments was 150 mL 0.1 mol/L LiNO:s solution, and the feed
solution was 150 mL LiCl and [Bmim]Cl solution; the flow rate of the peristaltic pump was 100

mL/min.
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Figure 1. Schematic diagram of experimental device.

The selective transport coefficient T[l,‘;;im]a, was used to evaluate the separation effect of the

process, which could be calculated as follows:
Lit _ AQt(Li+)/AQt([Bmim]+)
o™ Qo(LiT)/Qo([Bmim]*)

Style:

AQ¢(Li*)--Decrease in Li* in the electrodialysis chamber at moment t, mol;
AQ¢([Bmim]*)--Decrease in [Bmim]* of the electrodialysis chamber at moment t, mol;
Qo(Li*)--The amount of Li* in the electrodialysis chamber at the initial time, mol;
Qo([Bmim]*) --The amount of [Bmim]‘in the electrodialysis chamber at the initial time, mol.

2.2. Cation Exchange Membranes and Modification

Five types of cation exchange membranes were studied. Among them, three types are
commercial cation exchange membranes, namely N-117 (Jiangsu Thinkre Membrane Materials Co.,
Ltd.), CMB, and CMX (Astom Corportation). CMX is a standard model, so Modified membrane A

and B are obtained by modifying CMX. The properties of cation exchange membranes are shown in
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Table 1. Pretreatment is required before modification, and the specific process is as follows: Firstly,
the cation exchange membrane CMX is immersed in deionized water for 4 hours, then immersed in
1 mol/L sulfuric acid for 4 h, rinsed and immersed in 1 mol/L sodium hydroxide for 4 h, and immersed
in deionized water for 4 h again, then rinsed repeatedly with a large amount of deionized water to
remove surface residual ions. The next step of modified membrane A was to immerse the CMX
membrane into 0.5 mol/L polypyrrole solution at a constant temperature of 25°C, stirred for 8 h, stood
for 24 h, and then rinsed with deionized water, thus obtained the Modified membrane A. The
modification step of the Modified membrane B was to immerse the CMX membrane in methanol
solution at 25 °C for 24 h, and rinsed it with deionized water, and then immersed it in a solution of
0.5 mol/L polypyrrole and 0.1 mol/L hydrogen peroxide at 25°C, stirred for 8 h, stood for 24 h, then
immersed in 0.05 mol/L sulfuric acid solution for 2 h, finally removed it and rinsed with deionized
water, thus obtained the Modified membrane B.

Table 1. Properties of cation exchange membranes.

Membrane Type R(eél.sctla::)c ¢ Burstl(rﬁsat;‘ength Th:;ll::f 59 Temperature (°C) pH
N-117 Z28(Tensile strength) 0.175
CMB 4.5 =0.40 0.21 =40 0~14
CMX 3.0 =0.40 0.17 =40 0~10
Modified After pre-treatment, the CMX membrane is modified with polypyrrole solution
membrane A ’
Modified After pre-treatment, the CMX membrane is modified with hydrogen peroxide
membrane B and polypyrrole solution

2.3. Analytical Methods

2.3.1. Analytical Methods of [Bmim]*

The concentration of [Bmim]* was determined by UV spectrophotometry. In this study, the
maximum absorption wavelength of [Bmim]*is 211 nm. Weigh several grams of [Bmim]|Cl, then
dissovle it in 500 mL deioned water. Then dilute it to obtain solutions with concentrations of 10, 20,
30, 40, and 50 mg/L, respectively. The standard curve was got from these solutions, and it is shown
in Figure 2. The standard curve equation is: y=0.095+3.981x, r>=0.999.
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Figure 2. Standard curve of Bmin]*Cl aqueous solution.

2.3.2. Analytical Methods of Lithium Ion

The concentration of Li* was analyzed by atomic absorption spectrometry (ICP-AES). The
analysis method is the standard curve method, which is mainly suitable for samples with coexisting
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components that do not interfere with each other. Measure the absorbance of a series of standard
solutions under the same conditions and obtain a standard curve. Then, measure the absorbance of
the sample under the same conditions to obtain the lithium content of the sample to be tested.

3. Results and Discussion

3.1. Comparison of Cation Exchange Membranes

The current density of was set to 5 mA/cm?, and the feed concentrations of Li* and [Bmim]* were
0.3 mol/L and 0.2 mol/L, respectively. The separation performances of the five types of selected
membranes for Li* and [Bmim]* were compared. The results are shown in Figure 3. All the tested five
membranes showed selective transport of Li* from [Bmim]*, and the modified membrane B showing
the most excellent selective performance, with the selective transport coefficients of up to 6.2 in the
first 120 minutes of the process. The selectivity performance of N-117 and CMX is not satisfactory,
with the maximum selection transport coefficients during the experiment being 1.53 and 1.60,
respectively. The selectivity performance of CMB and modified membrane A has slightly improved,
with the maximum selectivity transmittance coefficients of 2.02 and 2.12, respectively. By modifying
CMX with polypyrrole solution, the pore size of the cation exchange membrane is reduced, thereby
enhancing the effect of pore size screening on ion separation. However, the performance of the cation
exchange membrane modified by impregnation method is not stable enough, and the surface
modification layer is prone to detachment. The modified membrane B has improved the stability of
the modified layer through hydrogen peroxide oxidation, therefore, the modified membrane B
showed the best selectivity performance.
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Figure 3. Effect of cation exchange membrane on the selective transport coefficients of Li* and
[Bmim]*.

3.2. The Effect of Current Density

Since the modified membrane B showed best separation performance, the experiments were
carried out using the modified membrane B in all subsequent studies. The concentrations of Li* and
[Bmim]* were 0.3 and 0.2 mol/L. Constant current densities of 5, 10, and 20 mA/cm? were applied to
investigate its effect on the process. The changes in Li* and [Bmim]* concentrations over time were
shown in Figures 4 and 5. It can be seen that the decreasing rate of [Bmim]*concentration increased
gradually, while the decreasing rate of Li* concentration slows down gradually. In the initial stage of
the process, due to the membrane selectivity, Li* preferentially transmembrane transport. As the
process progresses, the Li* content in the solution gradually decreases, and the total amount of cations
migrated is fixed during the constant current process. More [Bmim]* replace Li* for transmembrane
migration, resulting in this phenomenon.
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Figure 4. Changes in Li* concentration over time.
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Figure 5. Changes in [Bmim] * concentration over time.

Different current densities result in different separation times for the same solution. It is more
convenient to study the effect of current density on separation process under the same electric
quantity passing by the membrane. The selective transport coefficients of Li* and [Bmim]* with the
electric quantity was shown in Figure 6. It can be seen that when the current density is 5 mA/cm?, the
selective transport coefficients is the highest, and Li* is more likely to pass through the cation
exchange membrane. Therefore, under the conditions of these tests, a current density of 5 mA/cm? is
the optimal condition for separating Li*and [Bmim]*.

Selective transport coefficients

1000 2000 3000 4000 5000
Electric quantity(C)

Figure 6. Effect of current density on selective transport coefficients of Li* and [Bmim]*

3.3. The Effect of Total Cation Concentration
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The concentration ratio of Li*:[Bmim]*was fixed at 3:2, and the total cation concentrations were
0.25 mol/L, 0.5 mol/L, and 1.5 mol/L, respectively, to investigate the effect of total cation concentration
on the separation process. The changes in Li* and [Bmim]* concentrations over time are shown in
Figures 7 and 8. Similar to the experimental phenomenon of current density mentioned earlier, under
all three conditions, there was a trend of gradually increasing [Bmim]* concentration reduction rate
and gradually slowing down Li* concentration reduction rate. The total cation concentration is
different, but the selective transport coefficient with the same percentage of ions passing through the
membrane can indicate the separation effect. The variation of selective transport coefficients with the
percentage of ions passing through the membrane was shown in Figure 9. It can be seen from Figure
9 that selective transport coefficients increases with the increase of total cation concentration. When
the total concentration of Li*and [Bmim]*is 1.5 mol/L, the maximum selective transport coefficients
is 6.75. The reason may be that when the total cation concentration in the feed increases, there will be
more cations that binding with the ion exchange groups in the cation exchange membrane, thereby
providing a stronger shielding effect on the double layer on the membrane surface. Therefore, pore
size screening may be the dominant factor during the separation process.
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Figure 7. Changes in Li* concentration over time.
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Figure 8. Changes in [Bmim]* concentration over time.
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Figure 9. Effect of total cation concentration on selective transport coefficients of Li* and [Bmim]*

3.4. The Effect of Temperature

The concentrations of Li*and [Bmim]* were 0.3 and 0.2mol/L, at 5mA/cm?, the effect of feed
temperature on the process was shown in Figure 9. It can be seen that compared to the feed
temperature of 20 and 35 °C, when the material liquid temperature was set to 5 °C, the selective
transport coefficients is higher. However, the improvement of the separation effect by reducing the
temperature is limited. The reason may be that the swelling degree of the membrane increases with
the increase of the feed temperature, leading to an increase in the membrane pore size. Therefore, Li*
and [Bmim]*in the solution both are more likely to transmembrane transport.

Selective transport coefficients

4 5 6 7 8
Time(h)

Figure 9. Effect of temperature on selective transport coefficients of Li* and [Bmim]*

3.5. The Effect of Anion Types

The concentrations of Li*and [Bmim]*were 0.3 and 0.2 mol/L, at 5 mA/cm?, changing the anion
of CI to CHsCOO- (acetate), the effect of anion types on separation efficiency was investigated. The
change in the selective transport coefficients with time is negligible, as shown in Figure 10. Changing
the chloride ion in the system to acetate ion has almost no effect on the separation effect. Acetate and
chloride ions do not complex with imidazole cations, and the two ionic liquids dissociate completely
in aqueous solution. Therefore, changing the chloride ion in the system to ion has almost no effect on
separation effect.
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Figure 10. Effect of anion types on selective transport coefficients of Li* and [Bmim]*

4. Conclusions

(1) It is feasible to utilize the selectivity of cation exchange membranes to realize the efficient
separation of Li* and [Bmim]* under the driving of electric field. The modified membrane B
showed best selective for Li* and [Bmim]*, with the selective transport coefficients up to 6.2
under the test conditions.

(2) Compared with 10 and 20mA/cm?, a smaller current density of 5mA/cm? has better separation
efficiency for Li* and [Bmim]*.

(3) Increasing the total cation concentration in the solution is beneficial for the separation of Li* and
[Bmim]*. When the total concentration of Li*and [Bmim]*is 1.5 mol/L, the maximum selective
transport coefficients is 6.75.

(4) Compared to 20 and 35°C, when the feed temperature was set to 5°C, the selective transport
coefficients is higher. However, the improvement degree by reducing the temperature is limited.

(5) Changing the chloride ion to acetate ion has almost no effect on the separation.
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