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Phosphate glasses have gained significant attention as potential proton-conducting electrolytes for
intermediate-temperature fuel cells (ITFCs). However, achieving desirable levels of proton conductivity
remains a challenge due to low proton mobility (uu). un in phosphate glasses converges around the glass
transition temperature (7,) between a narrow range of 2x107° to 2x10~7 cm? V! s, making it a crucial
parameter for enhancing proton conductivity. By establishing a relationship between glass composition vs. un
at 7, and T, it will be easier to enhance the proton conductivity of these glasses. However, a comprehensive
understanding of these relationships is currently lacking. To address this challenge, I investigated factors
determining uy at 7, and 7§ in phosphate glasses. In this study, the objective was to establish a clear relationship

between glass compositions, proton mobility, and thermal stability in proton-conducting phosphate glasses.

Chapter 1 presents an overview of fuel cells' advantages over other power generation systems and explores
the current challenges of ITFCs, considered the next-generation solution. The chapter outlines the challenges
to obtain the high proton conducting phosphate glasses and understanding the relationship between the glass

compositions vs. uy at Ty and 7, hold promise to improve proton-conductivity in phosphate glasses.

Chapter 2, I employed a statistical analysis approach using a linear regression model to establish correlations
between the composition of phosphate glasses and two key parameters: uy at 7 and 7. The component oxides

were categorized into three groups based on their effects on uy at 7, and T,: Group 1 oxides increased uy at 7T,



but decreases 7T, Group 2 oxides (WO; and GeO») increased both uu at 7, and 7, and Group 3 oxides (NbOs2)
increased 7, without affecting un at 7,. These findings are valuable for designing purpose-built glasses,
particularly in the field of proton-conducting phosphate glasses. GeO, and WOs3 were identified as favorable

choices for enhancing proton conductivity and thermal stability.

Chapter 3, It was predicted that WOs is favorable components in phosphate glasses, which enhance both the
wu and Ty, from the linear regression model. I substituted WO3 for POs/; in xW-glass compositions and observed
an increase in both uy at 7, and T,. This validated our predictions and demonstrated the positive impact of
WOs on the glass properties. The enhanced 7, was attributed to the presence of strong P-O—W linkages that
cross-linked bridged the phosphate chains, while the enhanced uu at 7; was due to improved proton migration
paths through non-bridging oxygens (NBOs) within WO octahedra. These findings highlight the importance
of oxides with strong cross-linking capabilities and high coordination numbers in enhancing thermal stability

and proton mobility in glass compositions.

Chapter 4, The addition of WO3 into the glass provided strong cross-linking between the phosphate chains,
enhanced both uy at 7, and T,. WOj3 is recognized as a conditional glass former. Similarly, V,Os is also a
conditional glass former. The composition 30NaO;,—20V03,—50POs;, was studied after conducting APS.
Despite the expected electronic conduction, the glass showed pure proton conductivity after APS. The high 7,
was attributed to tight cross-linkages formed between phosphate chains through P-O—V heteroatomic linkages
involving 6-fold coordinated vanadium (V) atoms. However, the addition of VOs;, resulted in low proton
mobility due to strong proton trapping by NBOs associated with VO, polyhedra. The increased 7, was due to
the presence of P-O—V linkages bridging the phosphate chains, but high 4n was not observed, unlike with

WO:s.

Chapter 5, the addition of WO3 and V;Os into the glass compositions provided strong cross-linking between
the phosphate chains, leading to enhanced thermal stability. WO3 facilitates proton transport, while V,Os
hampers it by trapping protons, resulting in low proton mobility. Therefore, in the 3rd approach, I chose Ga,0s,
recognized as a conditional glass former. Substituting GeO, with GaOs; resulted in increased uu at 7, and a
slight increase in 7. The enhanced 7, was due to tight bridging of phosphate chains through P-O—Ga linkages.

GaOs, showed strong O—H bonding resulting in limited proton mobility, as indicated by IR spectra. On



contrary, XPS analysis revealed increasing covalency of P—O bonding and enhanced ionic O—H bonds in
—Ga—0O—P—0O—H linkages, leading to higher proton mobility. Overall, the reduced E, and direct observation of
O—H bond through IR spectra suggested reduced energy barrier for proton migration based on proton hopping
mechanism. These findings differed from WO3 but highlighted the importance of conditional glass formers in

improving thermal stability and proton mobility in phosphate glasses.

Chapter 6, In conclusion, the specific conditional glass former oxides, namely WO3, Ga;03, and V,0s, have
been found to have a significant impact on the thermal stability and proton mobility of proton-conducting
phosphate glasses. While WO3 and Ga,Os exhibit favorable characteristics as conditional glass formers, the
inclusion of V,Os units hinders proton mobility, choice of oxide components plays a crucial role in determining
their properties. The findings contribute for future advancements in glass design and contribute to the

development of innovative materials for various proton-conductive applications.
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