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This dissertation is entitled “Investigation of In-Flight Melting of Glass Raw Materials by Multi-Phase AC Arc” and
comprises of seven chapters.

In Chapter 1, a brief introduction of the principle thermal plasma physics was given. The conventional glass melting
technology was mentioned. The background of the innovative in-flight melting technology was then introduced.

In Chapter 2, the spatial and temporal uniformity of multi-phase AC arc discharge were investigated by a high-speed
camera observation. The arc luminance area was used to evaluate the plasma fluctuation and spatial uniformity. Results
showed that the electrode configuration attributes to the arc discharge behavior and fatherly affect the plasma characteristics
temporally and spatially.

In Chapter 3, in-flight particle diagnostic performed with optical system DPV-2000 was investigated theoretically and
experimentally. The accuracy of in-flight particle temperature was estimated by separating the non-thermal emissions from
spectroscopic measurement. Moreover, plasma spatial uniformity was demonstrated to have influence on the particle spatial
characteristics.

In Chapter 4, the fluctuation of particle temperature within millisecond in plasma region was studied by a high speed
camera equipped with a band-pass filter system. Obtained results showed the higher fluctuation of arc luminance area caused
larger dispersion of particle surface temperature. The effect of carrier gas flow rate on the periodicity of particle temperature
fluctuation was also related to the arc discharge pattern.

In Chapter 5, the properties of melted glass powders by multi-phase AC arc were analysed to evaluate the feasibility of
in-flight melting technology in future industrial application. Results showed the high vitrified glass particles are
characterized by XRD pattern with no obvious diffractive peaks compared to the raw material.

In Chapter 6, another heating method called “hybrid plasma” combines multi-phase AC arc with oxygen burner was
introduced. The comparison between the different heat sources suggested the hybrid plasma heating leads to higher
vitrification degree than the multi-phase AC arc in the case with the same volatilization degree.

In Chapter 7, all the results in this dissertation are summarized, and the direction for future research is also stated.
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