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Abstract of Thesis

The objective of this work was to determine the electrochemically active surface area of the electrode
reaction rate constant, and mass transfer coefficient quantitatively using voltammetric responses. In order
to do that, the entire voltammetric response measured by cyclic voltammetry (CV) has to be recovered correctly
by considering effects of ohmic drop and non—faradaic current.

In chapter 2, a numerical model, including the combined effects of ohmic drop, non—faradaic current, mass
transfer, and faradaic processes, for simulating CV responses was proposed. Effects of ohmic resistance and
constant phase element (CPE) on CV responses were discussed. The proposed model was a combination between
continuum model to describe faradaic processes and circuit analysis to describe effects of ohmic resistance
constant phase element. An approximate solution for the time—domain response of a CPE without the involvement
of ohmic resistance which allowed the actual applied potential to be any function of time was derived and
obtained to simulate a non-faradic current.

In chapter 3, the analytical solution for the time—domain response of a CPE under CV conditions was
successfully derived for the first time which allow CV to serve as an alternative approach in determining
the CPE parameters. Using the approximate solution obtained in chapter 2, effects of voltage—dependence of
the CPE parameters and resistances could be included in simulating non—-faradic current. This model was validated
against the CV responses of commercial supercapacitors. The results also revealed that, in general case where
a potential window was relatively large, effects of diffuse layer resistance and voltage—dependence of the
CPE parameters and resistances needed to be included to correctly predict a non—faradic current.

In chapter 4, the modified Randles circuit with an additional resistance (diffuse layer resistance) connected
in series with the CPE was proposed as an equivalent circuit of the system to include effects of diffuse layer
resistance. To keep the system for model validation as simple as possible, the simulation results were compared
against experimental responses obtained from ferri/ferrocyanide solution with cylinder electrodes. This model
accurately evaluated the faradaic and non—faradic currents, while it was impossible to obtain such responses
using the previous models. By fitting the simulation results with the experimental data, the electrochemically
active surface area of the electrode and reaction rate constant were obtained

In chapter 5, the application of the model proposed in chapter 4 was presented to obtain mass transfer
coefficient using rotating cylinder electrodes. Without the proposed model, it was not clear how the surface
treatments fundamentally affected the parameters. The procedure in this study showed that it could
quantitatively obtain the electrochemically active surface area of the electrode, reaction rate constant,
and mass transfer coefficient from electrodes with different surface structures

In chapter 6, the summary of this dissertation was presented
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