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Nowadays, the global warming phenomenon is a worldwide concern. According to the
fourth appraisal report by Intergovernmental Panel on Climate Change (IPCC), “Most of the
observed warming over the last 50 years is likely to have been due to the increase in greenhouse
gases concentrations.” Therefore it is imperative that global warming policies are formulated and|
technologies for decreasing global warming must be developed. Among the greenhouse gases,
HFC, PFC and SFs emissions have been limited. These gases have large GWP and long life time,
and the amount of these gases are much less than COz2. Therefore discharging control measures of}
these gases has effectively contributed to restraining global warming. In this thesis, SFs,
HFC134a (CF3sCH2F) and CF4 were chosen among the fluorine compounds which contribute to|
global warming. Thermal or combustion decomposition characteristics of these gases were
investigated. A brief historical background is given in Chapter 1.

Thermal decomposition of SFs in He or Ar bath gases with a quartz tubular reactor is
discussed in Chapter 2. In order to obtain fundamental data such as decomposition rate constant
and activation energy of SFe decomposition, flow rate of gases (related to residence time), reaction
temperature, reactor diameter and SFs initial concentration were varied. It was found that the
rate of SFe¢ decomposition reaction was first-order in both He and Ar base gases, and the
rate-determining step of SFs decomposition was gas phase reaction. The activation energies of SFg
decomposition in gas phase were 354kJ-mol™ !, 371kdJ-mol~! for He and Ar base gases
respectively. Comparing with activation energies obtained by other researchers using shock tube
reactor, the maximum difference was 25%. It is interesting to note that the activation energies are
roughly in accordance with that obtained by shock tube reactor.

In Chapter 3, the effects of the type of bath gas and additives on SF¢ decomposition were
investigated. N2 and Oz were chosen as bath gases and H20 and methanol (MeOH) were chosen as
additives. It was found that the rate of SFe¢ decomposition reaction was first-order in Nz, Og,
He+H20, N2+H20, O2+H20, Ar+H20 and Ar+MeOH bath gases. It was observed that the reaction
rate constant was increased by using H20 or MeOH additives. The rate-determining step of SFg
decomposition in N2, Oz and Ar+H20 bath gases was gas-phase reaction. Therefore it was
concluded that H20 enhanced the gas-phase reaction. The activation energies of SFg
decomposition were 386, 408 and 304 kJ-mol~! for N2, Oz and Ar+H20 bath gases respectively. It|
was found that Oz did not enhance the SFs decomposition rate. Mass spectrum analysis of the
decomposition components in SFe+02 gas mixture at 1373K revealed the presence of SO, SOz,
SOF. SO2F, SOF:z and SOzFs:.

In Chapter 4, the thermal decomposition of SFs in Ar with Cu tubular reactor or SUS304
tubular reactor was investigated. The rate of SFs decomposition reaction was first-order with both
Cu and SUS304 reactors. In the case of Cu or SUS304 reactor, the rate-determining step of SFg
decomposition was surface reaction or gas diffusion. The activation energies of SFs decomposition
were 258 and 47.4 kJ-mol~! for Cu and SUS304 reactors respectively. These activation energies|
were smaller than the values obtained with gas phase reaction-limited regime. Therefore, it can
be concluded that the surface of Cu or SUS304 reactor participated in SFs decomposition reaction.




Chapter 5 shows the results of SF¢ decomposition by combustion using a nozzle-mixing|
burner. At SFe/LPG less than 1.3, 100% decomposition rate was achieved. In the case of SF¢/LPG
equal to 1.3, the decomposition product which include “S” was SOz, but in the case of SF¢/LPG of]
2.0, SO2F2 was also detected. This implies that at SFe/LPG of 1.3, SF¢ would be completely
decomposed to SO2. When SF¢/LPG was 1.3 and primary Oz concentration was 70%, SFe
decomposition rate was 100%. But as primary Oz concentration was decreased to 60%, it was
impossible to generate the flame. Although Oz concentration hardly affected SFe¢ decomposition
rate, it contributed to the stability of the flame. Hence Oz concentration is an important factor in
SFs decomposition by combustion. In addition, the introduction of up to 0.22L-min! water vapor
to the combustion field increased the SFs decomposition rate. However, above 0.22L-min’! water]
vapor, the decomposition rate decreased. Therefore, the effect of water vapor on SFg
decomposition is larger than that of Os.

In Chapter 6, CF4+ and HFC134a decomposition by combustion was studied. In diffusion|
combustion method, CFs decomposition rate was over 99.98% when CF«+/LPG was below 2.0. But
above CF4/LPG of 2.0, the decomposition rate decreased. Furthermore, CF4 decomposition rate
decreased when the flow rate of secondary Oz was increased. Using nozzle-mixing burner, the
decomposition rate was over 99% even with CF+/LPG of 2.0 when the primary oxygen|
concentration was 15% and the secondary oxygen concentration was 60%. The decomposition rate
became more strongly dependent on the primary oxygen concentration, as the secondary oxygen
concentration was decreased. Comparing between diffusion method and nozzle-mixing method, it
was found that nozzle-mixing method is more useful. With a nozzle-mixing burner, a
decomposition rate of more than 98.8% was achieved at HFC134a/LPG less than 4. Also,
HFC134a decomposition rate was over 98% even with HFC134a/LPG of 5. But in the case of
HFC134a/LPG above 4, the number of F atoms is larger than H atoms. Therefore, it is considered
that fluorocarbons are produced as by-products.
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