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The valence analysis of the trace amounts of Fe ions in Sn-containing glasses is an important issue
in glass manufacturing. To enable this analysis, a rapid and simple analytical method was developed.
This method consists of valence separation of Fe ions by solvent extraction and determination by
spectroscopic measurement while preventing redox reactions between Sn>" and Fe’" during glass
decomposition.

In Chapter 1, the importance of the valence analysis of Fe in glasses and the issues of current
analytical methods and previous studies were summarized. The objectives and goals of the thesis were
presented.

In Chapter 2, the redox reactions of Fe3" with existence of Sn** were investigated by UV-vis
spectrometry in HCI system, and extraction behavior of Fe?*, Fe3*, Sn** and Sn*' by bis(2-ethylhexyl)
hydrogen phosphate (D2EHPA) in n-dodecane (n-DD) were investigated in HCI, HCI1 + NaF, and HCI
+ NaF + H3BOs3 systems to simulate in the actual glass decomposed solution. The results showed that
the redox reactions between Sn?>" and Fe’" were suppressed at lower HCI concentrations. The
extractability of Sn*" was varied depending on the solution systems, but Sn** and Fe** were extracted
into the organic phase, while Fe?" remained in the aqueous phase, indicating the applicability of Fe?"/3*
valence analysis by solvent extraction.

In Chapter 3, the redox reactions between Sn>* and Fe*" ions and the valence and coordination states
of Sn ions were investigated by XAFS measurement. The results showed that the redox reactions
between Sn?* and Fe3" were suppressed at pH > 2 in F~ containing systems as well as the HCI system.
The results of the obtained radial structural function (RSF), FEFF calculation and stability constant
indicated that Sn?>"4" and F~ can form thermodynamically stable complexes, which lead to the lower
extractability of Sn ions, especially Sn**, in the HCI + NaF system.

In Chapter 4, the electronic states and chemical forms of Sn?4* complexes in the aqueous and
organic phases and their stabilities were investigated by DFT calculations. The calculated and
experimental XAFS spectra indicated that Sn fluoride complexes were major components in the HCI
+ NaF system. The importance of quenching F~ in an actual aqueous solution with dissolved glass by
H3BO3 was clarified.

In Chapter 5, the valence analysis of Fe ions with interfering Sn?" in an actual glass system was
implemented with solvent extraction. The analysis results were in the range of the certified values of
the verified standard glasses.

In Chapter 6, all the major insights in the thesis were summarized, as well as the future perspective.



