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ABSTRACT

Energy Storage (Li-ion and Na-ion Battery)

With increasing demand of electric vehicles in the coming decade, there
will be a significant increase in utilizing battery technologies. This will significantly
increase the demand of materials required to make them. Based on conventional
cathode chemistries, materials used for commercial lithium-ion batteries are
lithium, nickel, cobalt, manganese, and aluminum. Major electric vehicle
automakers are looking for an alternative to cobalt because of potential risk
associated with the supply of cobalt, price instability, environmental toxicity and
major geographical resource concentration in certain countries. Thus, alternative
cathode chemistries with no cobalt are needed to be explored. We summarize the
potential candidates for cobalt free cathodes for rechargeable Li-ion (LIBs) and
Na-ion batteries (SIBs).
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In this dissertation, we report solution-based doping and coating
strategies to improve the electrochemical performance of the Co-free layered
oxide cathode LiNi0.5Mn0.5O2 (NM-50/50). We noticed that small amounts of d0
dopants (e.g., Mo6+and Ti4+, 0.5-1 at. %) increased the cathode’s specific capacity,
cycling stability, and rate capability. Effects of 1 at. % Mo dopant on the cathode
structure have been studied using a suite of characterization tools including X-ray
diffraction (XRD), Raman spectroscopy, transmission electron microscopy (TEM),
X-ray Photoelectron Spectroscopy (XPS) and X-ray absorption spectroscopy. This
work also reports the use of an inorganic Mn 2P2O7 coating which enhanced the
cycling stability of Mo-doped NM-50/50, presumably through formation of a
stable cathode electrolyte interphase (CEI) layer.
We also report a sol gel synthesis-based Zn-doped Na0.6Fe0.5Mn0.5O2
(NFM) cathode and the effects of Zn-doping on the crystal structure and
electrochemical performance. X-Ray Diffraction (XRD) pattern analysis showed a
decrease in the Na-layer thickness with Zn doping. With this understanding, we
report a wet synthesis-based titanium doping strategy to improve the structural
stability and electrochemical performance for P2-type Na0.67Fe0.5Mn0.5O2 layered
oxide cathodes. It was observed that Ti4+ doping increased the Na layer thickness,
minimized the lattice volume strain, showed better structural stability, minimally
decreased Fe migration to the Na layer, and lowered the charge transfer
resistance in these P2-type cathodes.
Last part of this dissertation discusses about accurately estimating Stateof-Charge using Feed Forward Neural Network (FNN) for Na-ion battery. FNN can
self-learn the weight with each training data point and update the model
parameters, weights and bias using a combination of two gradient descent
(Adam). The FNN successfully estimated the SOC value for highly non-linear Naion battery cathode cycled at different current rate- 0.05C, 0.1C, 0.5C, 1C, 2C,
having the R2 value of ~0.97-0.99 and ~0.99 for higher cycle number and at higher
cut-off voltage -4.5 V vs. Na+/Na.

