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Abstract of Thesis

The development of advanced materials for lithium—ion batteries (LiB) has become a critical area of
research as the demand for high energy density and safe energy storage. LiBs traditionally utilize
liquid electrolytes to transport lithium ions between the anode and cathode, facilitating the charge
and discharge of energy. Nevertheless, the flammability and leaking potential of these liquid
electrolytes raise safety concerns. Introducing polymer electrolyte (PE), a groundbreaking material that
has the potential to revolutionize the field of battery technology. In battery systems, polymeric
electrolytes (PEs) are large molecules that have the unique capacity to serve as both ionic conductors
in the presence of a lithium salt and as separators that insulate the electrode to prevent short—
circuiting. The performance of PE can be enhanced by incorporating the following ideal material features:
excellent ionic conductivity and electronic insulation to facilitate ion movement and minimize self-
discharge, a high Li+ transference number, a wide electrochemical stability range, strong mechanical
properties (in a flexible form), exceptional thermal stability, leak—-proof design (for enhanced safety),
favourable electrode—electrolyte interphase properties, simple production process, and low cost with
eco—friendly attributes. Polymer electrolytes require a polymer matrix capable of dissolving and
complexing lithium ions. Polymers containing polar groups (-0-, =0, -S-, -N-, -P-, C=0, and C=N) can
dissolve lithium salts to produce polymer—salt complexes.

Polymer electrolytes from cellulose matrix are a viable substitute for conventional liquid electrolytes
in liquid forms. These PEs can be manufactured more cheaply, while also providing enhanced mechanical
stability and safety. Cellulose, an abundant and renewable polysaccharide, has been studied as a matrix
substance for PEs. The advantage of cellulose is a match of physical, mechanical, and chemical
characteristics for PE, such as thermal stability, electrochemical stability, flexibility, ion—conducting
abilities, and formation of a stable interface between the electrolyte and the electrodes. Cellulose
can be obtained from various sources, such as plants, microorganisms, and specific types of algae.
Cellulose consists of glucose monomers linked by glycosidic linkages, resulting in a linear chain
structure. The linked glucose monomers ensure the ability to impregnate 1i salt solution and an abundance
of ionic channels. The presence of functional —OH groups, ether groups (EO), and glycosidic linkages on
chains structure gives it a hydrophilic nature, facilitates the dissociation of lithium salts, enabling
fast ion transport and the creation of a stable interface between the electrolyte and electrodes. This
stability is essential for the optimal functioning of electrochemical devices. The semicrystalline
structure of cellulose can be modified to improve structural stability and mechanical strength, making
it an ideal candidate for use as a polymer electrolyte. In this dissertation, various approaches to
improving the ionic conductivity characteristics of cellulose derivative substances have been explored
with the aim of developing Cellulose-Based Materials as promising ion storage polymers for Li-ion

batteries.
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