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Abstract

when starting to create batteries, the cost, efficiency and safety (Environmentally friendly) of these
batteries must be taken into consideration. Much has been achieved by using ionic liquids and deep
eutectic solvents, when used as electrolytes with aluminum-graphite cells and in the presence of
additives that improve their conductivity by reducing the high viscosity of these liquids. Where these
electrochemical cells showed an interesting response by measuring the discharge voltage of the AICls.
chloroacetamide ionic liquid withDichloromethane as additivewhich amounted to (1.73 v), in contrast,
the cell voltage in the presence of the CaCl2.6H20: Acetamide DESwith DI water as additivewas
(.27 v) and the internal resistance (9.0 ohm), (22.0 ohm) respectively, which is due to the
concentration and quality of the ionic species, and the cells showed thermal stability when charging
and discharging. In addition, the surfaces of the aluminum electrodes and the effect of the ionic
liquid& DES on those electrodes were studied via SEM, EDXA devices.Note that such battery cells
can be used in the field of renewable energy, because they can be charged and discharged
continuously and for a long period, as well as its high capabilities to withstand the surrounding
environmental conditions.

Keywords: lonic liquids,deep eutectic solvents,Aluminum chloride, urea,Aluminum batteries,
renewable energy, Environmentally friendly.

Introduction

It has been proven practically that the energy density that is extracted from lead-acid batteries (the
batteries used in cars) and from nickel-cadmium batteries is low and does not fully meet the needs of
the various electronic equipment that are spreading today [1-3]. It was also noted that these batteries
do not work with the same efficiency and capacity at low temperatures or at relatively high
temperatures [4]. Thus, the need arose for batteries that meet the needs of the modern market, which
can equip modern machines, equipment and devices with a higher energy density. For the purpose of
obtaining such batteries, efforts have focused on manufacturing new batteries whose negative
electrodes (anodes) have higher potential compared to the potential of lead electrodes or nickel-
cadmium electrodes. Where the markets are invaded at the present time by those batteries that are
based on lithium and graphite (LIBs) [5-7], but despite their good specifications in terms of their long
life, high energy, and rechargeability, the issue of flammability and the toxic nature [8-10] of some of
the materials involved in the manufacture of these batteries remains the main concern of researchers
to find batteries that improve Perfectionism with all its properties and qualities. Therefore, it was
achieved to manufacture aluminum-based batteries (ALBs) [11-12] with graphite electrode [13-17] as
a safer, more abundant, cheaper and lighter alternative.Besides that, lonic liquids (IL) and deep
eutectic solvents (DESs) were used as electrolytes inside these batteries [18-21], as these liquids and
solvents have high ionic conductivity and thermal stability,with a wide electrical window, as well as
non-interaction with the electrodes that used with them, as the surfaces of those electrodes retain their
shape and properties without being affected by contact with these liquids, and also safe, non-toxic and
inexpensive [22,23]. Examples of this type of electrolyte are the aluminum chlorideanhydrous/urea IL
[24] and thecalcium chloride/acetamide DES[22]. Where it is possible to prepare these liquids and
deal with them easily without additional complications, and it is also possible to add some elements
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and salts that increase the efficiency of these liquids when manufacturing different types of
batteries[25].

Materials and Methods

All of the chemicals were usedwithout any purification, Dichloromethane (DCM) (Sigma Aldrich),
Deionized Water (DI water) (HACH company), (AICls) (from Carloerba), chloroacetamide (CA)
(from Sigma-Aldrich), Calcium chloride dihydrate (CaCl..2H,0O) (Chem-Supply) and Acetamide
(AC) (Fluka).The surface morphology of specimens was investigated by using a high-resolution
fieldemission scanning electron microscopy (SCM) (INSPECT S50).The (X Flash 6110) Bruker EDX
was used in conjunction with SEMto determine the composition of samples surface. The Instrument
for Cyclic voltammogram (CV)was recorded by using a three-electrode system Digi-lvy-
Dy2300Bipotentiostat comprising platinum plat as working electrode (WE), a platinum disc of 2 mm
diameter as a counter electrode (CE), and wire of silver as a reference electrode (RE). The Open
circuit potential (OCP)was recorded by Digital Multimeter Electric Tester,INGCO DCM200 and the
impedance measurement was done by Digital internal resistant tester, Vapce YR21030.Etekcity
Infrared Thermometer (Temp Gun) 1080, used to record Heat Temperature.Experiments were
performed and results were obtained at room temperature in anArgon gas-filled glove box.

Preparation ofAluminum-graphene cellsby the presence of AICI;:CA IL and CaCl,.6H,O:Ac
DES as electrolytes with and without additives.

To demonstrate the applicability of the data that will be mentioned later,Aluminum — graphene cells
were prepared from two systemsof electrolytes, the first by using ionic liquid (AICI;:CA) (2:1 mole
ratio)[26]without anyadditives, then with DCMdelusion organic solventthat added to the ILby
percentage 25% to 75%, respectively, depending on the highest value of measured
conductivity[27].The second system electrolyte is by usingCaCl2.6H20: Ac DES (1:7 mole
ratio)[22]also before and after adding water (35% DI water to 65% DES, respectively)as an assistant
to increase the ion’s freedom movement by reducing the high viscosity of the DES [27].

On the other hand,the graphene electrode was used as acathode with a column of 5mm indiameter
while the negative electrode was made of aluminum with dimensions of 1*10*50mm.

In the end, all these components were placed in a sealed glass container under an inert atmosphere of
argon gas, to prevent any possible oxidation process or contamination of the cell with other chemical
impurities, Fig (1).

—

Figure (1) Hlustration of an aluminum-graphite electrochemical cell
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Results and Discussion

1. the self-discharge

After completing the process of preparing the battery cells with various systems and additives, all
cells were charged with a continuous voltage (DC) of 3 volts for 5 minutes, then the voltages of the
cells were tested using aDigitalMultimeter for a period of 7 days and the readings were recorded to
find out the extent to which the cells concerned retain energy inside them, as shown in Table (1).

Table (1): The voltage measurements of all cells’ battery during one week.

Aluminum- | Self-voltage discharge per unit time
Graphite First Voltage | Voltage | Voltage | Voltage | Voltage | Voltage | Voltage
cells with after 1| after 2 |after 3| after 4 |after 5| after 6| after7
Voltage

day day day day day day day
IL 1.21 1.18 1.15 1.10 1.12 1.08 1.05 1.02
IL+DCM | 1.73 1.69 1.62 1.54 1.49 1.46 1.39 1.36
DES 0.64 0.60 0.57 0.53 0.51 0.49 0.44 0.39
DES* Dl 1157 122|116 |1208 |099 [095 |092 o087
water

Where was notedfrom the table values, the best results were for the IL + DCM compared with the
DES or other cells. The table also shows the role of the additives in increasing the cells’ voltage by
reducing the viscosity and increasing the movement of ions within the electrolytes.

The results that have been recorded are to give an idea of the self-discharge term that occurs to the
batteries as a result of some chemical reactions inside the cells, which can be avoided or reduced
byusing a suitable passivating layer on the electrodes.

2. Thermal charge-discharge test

By using an electronic thermometer, the temperature of all four Aluminum-Graphite cells (IL,
IL+DCM, DES and DES+DI Water) were measured from inside the cell and the external ambient
temperature to measure the charging and discharging of each cell (equation 1)the results appeared as
shown in the following figures

Charge
Al +2e¢ —Al ... (1)
Discharge
40
38
36 )
® 34 e Ampient Temp
% 32 = Temp Rise Limit
& 30
2 28 / Cell 1 (1L)
S e - - Cell 2 (IL+DCM)
. | Y/ Cell 3 (DES)
22 Cell 4 (DES+DI Water)
20

Measurement during Time

Fig (2): Thermal charge test for Aluminum-Graphite cells with different electrolytes.
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Fig(3): Thermal discharge test for Aluminum-Graphite cells with different electrolytes

Where the cells were fully charged for 5 minutes at 3 (DC) volts and the temperature was measured,
Fig(2), then the cells were discharged for 5 minutes at 0.5 amperes, the temperature was measured
also coinciding with time, Fig(3), it was noted that the temperature did not exceed 15 degrees allowed
within the approved charging and discharging of the batteries [28].

3. Internal Resistant Test

The concept of internal resistance, which is the amount of impediment to the flow of current inside
the batteries, gives a broad idea of the validity of the battery cells and their ability to supply energy.
The internal resistance of the four aluminum cells was measured by using a digital internal resistant
tester, and the amount of current for each cell was calculated (without any external load) using Ohm's
law (equation 3).

Ohm's law: R=V/I...3
Where Rresistance, V volte, | current.

From the recorded results in Table (2), it was noted that the internal resistance is affected by the
quality, concentration of the electrolyte and, the distance between the electrodes, etc.Wherethe better
cell efficiency, the lower value of internal resistance[29].

Table (2): Voltage, Internal Resistance and Current measurementsfor Aluminum-Graphite cells
with different electrolytes.

Aluminum- Volte IIQn(:irsq[ZLce Current
Graphite cells | (V (A

- : (Ohm .
with: unit) . unit)

unit)
IL 1.21 18 0.067
IL+DCM 1.73 9 0.192
DES 0.64 43 0.015
DES+ DI water 1.27 22 0.058
4. Scanning Electron Microscope (SEM) and Energy dispersive X-ray analysis (EDXA)

examination results

Initially, the surface of the aluminum electrode was examined before and after its treatment with Two
electrolytes (IL+DCM and DES+ DI water) that were used in this research, by Scanning Electron
Microscope (SEM), Fig(4a, 4b, 4c). Where the results showed a significant effect of electrolytes on
the aluminum surface. It is likely that, a layer of an oxide (Al,Os) was formed over the aluminum
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electrode when the electrode is exposed to the DES+ DI water Fig (4b), What helped to form that
layer of an oxidecould be the presence of water in the DES+ DI watercomposition [30].

When using thelL+DCM, it also suffers from the formation of an oxide layer (Al203) due to the
electrochemical reaction in the presence of corrosive Al,O; ion, which is part of the components of
the ionic liquid Fig (4c) [31].

It is certain that the repetition of the charging and discharging process will increase the formation of
that layer depending on the time and the thickness of the aluminum electrode, which may affect the
efficiency of the cell. But it is worth noting that the ionic liquid maybe can act as a coating material
during the charging process [32], and this leads to another benefit that can be achieved by preserving
the surface of the aluminum electrode and increasing its lifespan.

Flg (4):SE mages of AI-eIecrdebfre (4a) and after imersin in
IL+DCM(4c).

DI water(4b),

On the other hand, the EDXA test was conducted to find out thesurface componentsof the aluminum
electrode after exposure to the two electrolytes, where Figure(5a) Shows the aluminum electrode
before immersion in the electrolyte as it contains only the element aluminum, but when it is immersed
in the electrolytes(IL+DCM or DES+ DI water), the elements nitrogen, oxygen, carbon and chlorine
appear as components present in the used electrolytes, Figure (5b, 5¢).
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Fig (5): EDXA images of Al-electrode before (5a) and after immersion inDES+ DI water(5b),

IL+DCM(5c).

Note that all samples that were examined for the aluminum electrode with the two electrolytes was
taken after 7 days of charging and discharging the aluminum —Graphite cell.

Conclusion

In this article, models of batteryaluminum-graphite electrodes cellsbased on electrolytes consisting of
AICl3. chloroacetamideionic liquid (enhanced withDCM) andCaCl2.6H20- Acetamide DES(enhanced
with deionized water), were established with a 1 cmelectrodes immersion inside the electrolytes and a
rate of Charging 3 DC volts for 5 minutes, as the cells formed from the ionic liquid gave an open
circuit Potential (OCP) of (1.73) volts, an internal resistance of (9.0) ohms, and a current of (0.192)
amperes without using an external resistance, compared withcells based on DES that gave an open
circuit Potential (OCP)of (1.27) and an internal resistance (22.0) ohms and the amount of current
(0.058) amperes without using an external resistance too. All cells showed thermal stability when
charging and discharging and gave similar behavior to all electrochemical cells in terms of surface
oxidation and the role of theionic species and their concentration in the electrolytes, and this is proven
by measurements and images For SCM and EDXA.

It should be noted that all done cells are experimental models to prove the ability of ionic liquids and
DESs to be applied as electrolytes, as they need an industrial application in a manner that contributes
to develop these cells into batteries with high energy and storage capacity that can be used at all levels
because they are environmentally friendly batteries.
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