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Abstract

In this study, an aqueous-based redox flow battery (RFB) was constructed using tungstosilic acid (TSA), which is a kind
of polyoxometalate, as the negative electrode active material and iron chloride (FeCls) as the positive electrode active material
in a sulfuric acid (H,SO4) supporting electrolyte. As a result of the cell’s performance, it exhibited capacity fading and low
energy efficiency. To address these issues, malic acid (MA), an organic additive, was introduced to the positive electrode
active material and then tested for electrochemical properties and single cell performance. The malic acid in the iron chloride
aqueous solution is working as a chelate agent, and two carboxyl groups are effectively coordinated with iron ions. It was
found that MA reduced the electrolyte resistance of the positive electrode active material, leading to chemical stabilization
and an increase in capacity and energy efficiency.
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Figure 1. Schematic representation of an electrochemical cell for CV
experiments.
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Figure 2. (a) Cyclic Voltammetry test results in iron chloride and TSA 2.0 M sulfuric acid supported electrolytes at scan rate 100 mV s™. (b) Cyclic
Voltammetry test results of iron chloride (FeCl;) with and without malic acid at scan rate 100 mV s (c) Nyquist plots of iron chloride and malic
acid addition to iron chloride. (d) Cyclic Voltammetry test results of iron chloride (FeCl;) with and without acetic acid at scan rate 100 mV s™.
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Figure 4. (a) Charge-discharge curve at 1, 10, 25, 50, 75, and 100
cycle using cut-off voltage range from 0.0 V to 1.4 V. (b) Charge
efficiency and energy efficiency curves during 100 cycles. (c) Charge
and discharge capacity versus cycle number curves of RFB single cell
using 0.3 M TSA in 40 mL of 2.0 M sulfuric acid and 0.3 M iron
chloride 80 mL of 2.0 M sulfuric acid.
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Figure 5. (a) Charge-discharge curve at 1, 10, 25, 50, 75, and 100
cycle using cut-off voltage range from 0.0 V to 1.6 V. (b) Charge
efficiency and energy efficiency curves during 100 cycles. (c) Charge
and discharge capacity versus cycle number curves of RFB single cell
using 0.3 M TSA in 40 mL of 2.0 M sulfuric acid and 0.3 M iron
chloride 80 mL of 2.0 M sulfuric acid with using 0.1 M malic acid
additive.

Iron chloride with H,SO, 2.0 M
12004 In situ at 100 cycle
—=— No additive
—e— 0.1 M Malic acid
900 1
(®]
=
s 600
£
N
h
300
04
T T T T T
0 300 600 900 1200
Q)

rea
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using 0.3 M TSA in 40 mL of 2.0 M sulfuric acid and 0.3 M iron
chloride 80 mL of 2.0 M sulfuric acid with using 0.1 M malic acid
additive.
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