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Executive Summary

Monitoring the health of zinc bromine flows batteries requires a broad array of data. One
component of battery health is the state of the electrolyte. Two quantities are especially important
for the efficient operation of zinc bromine flow batteries: state of charge (SoC) and pH. Detailed in
this report is a method for monitoring the SoC via aqueous bromine photometry. From the findings
of this relationship, methods for determining pH that depart from the traditional hydrogen ion

selective electrode are contemplated. Future work stemming from this project aims to design a

photometric monitoring system that might quantify pH and ion concentration.
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1 Introduction

Healthy electrolyte of the zinc bromine flow battery is integral to the efficient operation of the entire
system. The electrolyte of the zinc bromine flow battery is aqueous and supplemented with
supporting electrolytes to bolster conductivity. Functionally, the zinc bromine cell reduces bromide
at the positive electrode and oxidises zinc (ll) at the negative electrode to charge the cell. The

discharge process sees bromine oxidised and zinc reduced.

Two quantities of the electrolyte that indicate a healthy capacity for efficient reaction are state of
charge and pH. The state of charge of the zinc bromine flow battery is proportional to the amount

of agueous bromine in the electrolyte.

pH is a critical quality to the efficient operation of the zinc bromine flow battery. Ideally, the
electrolyte pH should be between 1 and 2 to ensure that the electrochemical reaction of bromine
and zinc are the primary reactions. In the presence of the aqueous electrolyte, pH becomes even
more important as the electrolysis of water (the oxygen reduction reaction and the hydrogen
evolution reaction) is detrimental to energy efficiency and results in potentially hazardous off-

gassing of hydrogen.

Previous investigations into reliable methods of online pH measurement have shown that the
submersion of hydrogen selective ion electrodes (HISE) in zinc bromine electrolyte is not feasible
over extended periods of time. This is due to the bromine induced corrosion of the glass membrane
of HISEs which results in very significant voltage drift when the analogue output of these electrodes

is read. The negative trend correlating to bromine corrosion can be seen in Figure 1.

This report details the preliminary investigation of an optical method for measuring electrolyte
health beginning with determining SoC. Given the corrosion of HISEs, proposals for indirect methods

are discussed bearing in mind component reliability and serviceability in a commercial application.
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2 Photometric Quantification of Electrolyte
Health
2.1 Determining State of Charge by Aqueous Bromine Concentration

of Electrolyte

A reliable method of directly quantifying state of charge is the concentration of aqueous bromine in
electrolyte. Given bromine’s distinct red hue, a correlation is easily established as the aqueous
bromine concentration decreases logarithmically to an increase in state of charge (SoC). Figure 2

shows a test assembly used to establish this relationship.

Photometric analysis offers a non-destructive means of quantifying bromine concentration which
can be conducted automatically. This is especially desirable in volume sensitive experiments where
titration is not feasible or where experiments might run over multiple days and human observations

are not always possible.
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Figure 3: Proof of Concept Spectrophotometer Assembly
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Figure 3: Photometer Concentration Curve Modelling

2.2 Calculation & Data Analysis:

Fundamental to photometry is the linear relationship between absorbance and concentration per
the Beer-Lambert Law (see Equation 1).

A = ecl (1)

Where A is absorbance, ¢ is the molar absorption coefficient, ¢ is concentration and [ is the optical
path length through the analysed vessel. In the case of photometry, absorbance is measured to
determine concentration. This curve can then be used to interpolate unknown analyte
concentrations. Absorbance is defined as the ratio between the analyte absorbed light intensity and

incident light intensity as per Equation 2.

I
A= logloa (2)
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Thus, if absorbance is known, this can be converted to transmittance and the molar absorption

coefficient and optical path length can be determined by curve fitting experimental data.

As seen in Figures 3 however, due to scattering effects and high concentrations, the absorbance
does not follow the Beer-Lambert Law. Rather the data is best fit by a decaying exponential. To

interpolate concentration for a calibrated curve, Equation 3 is used:

() 3)

~c=In—=
c n_b

Where m is the gradient and b is the asymptote. Absorbance is converted to percentage

transmittance for data readability. Transmittance is calculated as per Equation 4
T(%) = 100-1074 (4)

Given that this spectrophotometer will be used to determine bromine concentration, a 100% blue
RGB value was chosen as it is complimentary to the red colour of bromine. Accordingly, as this blue

light is monochromatic, the spectrophotometer only analyses light intensity for one wavelength.

Figure 4 shows a functional test of the calibrated photometer against samples of zinc bromine
electrolyte of known aqueous bromine concentrations. It can be noted that this is reasonably
accurate for low concentrations of bromine but less so for concentrations above 20mM. Further

refinement of the calibration curve is required to mitigate these high concentration inaccuracies.

2.3 Future Work

If possible, it is desirable to correlate electrolyte pH with a photometric property. An observed
symptom of high pH (>3) is the evolution of zinc hydroxide in the anolyte tank. It is necessary to
conduct further research at a spectrum of wavelengths to establish photometrically observable

chemical consequences of increased pH.
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Figure 4: Functional Test of Bromine Photometer
Two technologies exist that may prove a feasible solution over extended periods in corrosive
environments. These are the ISFET sensor and fibre optic interference methods. It is worth noting
that these methods are not photometric and require direct contact with the electrolyte which may

would eventually lead to some damage.

3 Conclusions and Recommendations

From the conclusions of the spectrophotometric testing and with progress towards pH
measurement in corrosive environments, | plan to productise this for use on the Redflow ZBM Gen
3. Should this be successfully employed, | would formalise the findings for submission to an

authority specific to energy storage in Australia.

The ability to monitor battery health is integral to the transition to renewable energy in Australia,
especially with batteries being installed in increasingly remote areas. Electrolyte health in the
application of the Redflow ZBM is a component of this. To make this contribution for an Australian
company, | hope this can be translated into a meaningful impact for energy storage in Australia’s

grid.

4 Programs/Organisations Involved

As an engineer at Redflow, my work was completed through the research and development
department. Integral to the progression of this project were CTO Steven Hickey and Senior

Electronics Engineer Peter Wu. Their guidance and analyses are critical to my ongoing investigations.
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