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Abstract

In this paper, we propose a design of a Galvanostat for modifying the electrodes of
electrochemical sensors. The proposed Galvanostat can be used in the sensor
development process to alter the properties of the working electrode, such as modifying
a silver electrode into a silver chloride electrode.

The proposed Galvanostat consists of a 32-bit mixed-signal microcontroller
(EFM32), four voltage followers, a 12-bit digital-to-analog converter (DAC), a 12-bit
analog-to-digital converter (ADC), a voltage divider circuit, a TTL-to-USB module, an
operational amplifier (OPA), and three inverting amplifier circuits. The EFM32
microcontroller controls both the DAC and ADC. The DAC is responsible for setting
the voltage required to generate the constant current for electrode modification, while
the ADC receives the reaction voltage from the reference electrode during the
experiment. This reaction voltage is transmitted to a personal computer via the EFM32
and TTL-to-USB module, where real-time experimental results can be monitored and
analyzed using LabVIEW.

To validate the system, we used the TE100 electrode strip and the ASPE silver
electrode strip from Zensor R&D Co., Ltd. as sensor components. Various
concentrations of potassium chloride (KCI) standard solutions (1M, 0.1M, 0.01M, and
0.001M) were used as electrolytes for electrode modification. The TE100 electrode
strip served as the counter electrode and reference electrode, while the ASPE silver
electrode strip was used as the working electrode. A constant current of 2 mA was
applied to the sensor, and the potential variation of the reference electrode was analyzed
under different KCI solution concentrations. The transition of electrode properties was
considered complete when the potential shifted from one value to another steady
potential. This transition could also be visually observed through the color change of
the electrode, indicating the electrochemical reaction process. Experimental results
demonstrated that the transition time of electrode modification is inversely proportional
to both the applied current and the KCI solution concentration. Higher current and
higher KCl concentration resulted in shorter transition times.

The proposed Galvanostat has been successfully verified for use in
electrochemical sensor electrode modification. Additionally, another potential
application of this system is the determination of unknown KCI solution concentrations
based on the observation of reference electrode potential transition times.
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