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All-Solid State Lithium-Air Battery
Results and Discussion Continued…

Introduction

ii. EIS
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 Equivalent circuit diagram [Figure 4a] was used to calculate resistances
and capacitances.
 Equation 1 was used to find the conductivities: σbulk, σ SEI.
 σbulk and σ SEI were in the region 10-4 S/cm, lower than other research.
 As temperature increases the conductivity increases, because above 70°C
T (c)
the polymer becomes amorphous.
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Figure 1: schematic
illustration of a solidstate Li-air battery.
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The Li-air battery is of prime interest since lithium has the
highest energy density (11,680 Wh/kg). A Li-air
configuration in which there is a solid, solvent-free,
electrolyte, such as those formed by combining a polymer
and a lithium salt [Figure 1], is promising. Polymer
electrolytes pose several advantages: high chemical,
thermal and electrochemical stabilities. As opposed to
current lithium polymer electrolytes, which operate at
room temperature and suffer from low ionic conductivity,
this configuration will operate at a high temperature of
80-90°c.
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Goals
 Investigating the optimal temperature for high lithium ions conductivity and
electrochemical stability of the solid polymer electrolyte.
 Finding the preferred combination of carbon, binder and polymer in the composite
cathode to maximize battery performance.
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Figure 4: (a) Equivalent circuit
diagram for the capacitance and/or
resistance in bulk, grain boundary
and SEI. (b) Generic Nyquist plot
showing resistance curves for bulk,
grain boundary and SEI.
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Figure 5: EIS results showing how
conductivity varies with temperature.
Conductivity (σ) was calculated by:
l=thickness, R=resistance,
A=cross-sectional area.

iii. Discharge
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Results and Discussion
CV
 2.2-4.2V solid polymer electrolyte won’t decompose at 70°C, 80°C and 90°C .
 Extreme of curves above 25°C represent the reduction or oxidation of the
polymer or impurities in the battery.
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Figure 3: CV results at
temperatures of 25°C
(black), 70°C(red), 80°C
(orange) and 90°C (purple).
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iii. Discharge experiments:
Applying constant current of 0.05mA and measuring the voltage. The optimal
temperature and cathode combination for highest capacity and average voltage was
determined according to the discharge results. Cell built for test: Anode-Lithium,
Cathode-cathodes (commercial and made in lab), Electrolyte-LiTf:PEO20.
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Figure 6: a) Discharge results measuring voltage at 80°C. b) Discharge
results measuring voltage at 90°C.
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ii. Electrochemical Impedance Spectroscopy (EIS):
Applying alternating voltage, and measuring the alternating current at different
frequencies from 106-10-3 Hz. This method was used in order to calculate the
conductivity of the bulk and solid electrolyte interface (SEI) at different
temperatures. Cell built for test: Anode-Lithium, Cathode-Lithium, ElectrolyteLiTf:PEO20.
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Methods:
i. Cyclic voltammetry (CV):
Scanning voltage at a constant rate of 5 mV/s and measuring current between 0.5-5V
in order to find the electrochemical stability of the solid polymer electrolyte at 25°C,
70°C, 80°C and 90°C. Cell built for test: Anode-Lithium, Cathode-304 Stainless steel,
Electrolyte-LiTf:PEO20.
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Figure 2: Coin cell configuration
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Materials:
 Battery components
Cathode: Prepared in different weight ratios of:
Carbon super P®Li
PVDF (binder)
Electrolyte
Polyethylene oxide (PEO)
Anode: Lithium metal disc.
Electrolyte: PEO and lithium triflate salt (LiCF3SO3)
20:1 mole ratio were prepared by solution casting
technique.
All cells were assembled in an inert atmosphere
[Figure 2].
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Materials & Methods

Average Voltage (V)
Cathode
(carbon:
polymer: binder)
Commercial
80:0:20
80:0:20
80:10:10
50:40:10

80°C

90°C

2.738

-

2.530
2.547
2.654

2.586
2.612
2.539

Table 1: Average voltage of each
cathode based on combination of
carbon:binder:polmer and
temperature.

 Battery with the commercial cathode failed at 90°C.
 All batteries (bar 50:40:10) had a higher capacity at 90°C [Figure 6b] than at
80°C [Figure 6a], because of the higher conductivity of the electrolyte and
better contact between the cathode and electrolyte.
 Battery with 50:40:10 cathode at 90°C had lower average voltage than
50:40:10 cathode at 80°C, possibly because some polymer in the cathode
decomposed at 90°C.
Σ 𝑎𝑟𝑒𝑎 𝑢𝑛𝑑𝑒𝑟 𝑉 𝑣𝑠. 𝑄 𝑐𝑢𝑟𝑣𝑒
 The average voltage was calculated by:
𝑄𝑡𝑜𝑡𝑎𝑙

Conclusions
 The best combination of carbon: polymer: binder was the 50:10:40
because it maintained a high capacity without compromising a high
average voltage.
 The optimal temperature for the discharge of the battery is 80°C
because it has a higher and more constant average voltage.
 Verify our results by using the charge curves of all the batteries, and
check electrolyte decomposition with an electron microscope.
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