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Abstract : The treatment of chemically stable perflourocompounds (PFCs) requires a large amount of energy. An energy efficient
arc plasma system has been developed to overcome such disadvantage. CFs, SFs and NF; were injected into the plasma torch
directly, and net plasma power was estimated from the measurement of thermal efficiency of the system. Effects of net plasma
power, waste gas flow rate and additive gases on the destruction and removal efficiency (DRE) of PFCs were examined. The
calculation of thermodynamic equilibrium composition was also conducted to compare with experimental results. The average
thermal efficiency was ranged from 60 to 66% with increasing waste gas flow rate, while DRE of PFCs was decreased with
increasing gas flow rate. On the other hand, DRE of each PFCs was increased with the increasing input power. Maximum DREs
of CFs, SFs and NF; were 4%, 15% and 90%, respectively, without reaction gas at the fixed input power and waste gas flow rate
of 3 kW and 70 L/min. A rapid increase of DRE was found using hydrogen or oxygen additional gases. Hydrogen was more
effective than oxygen to decompose PFCs and to control by-products. The major by-product in the arc plasma process with
hydrogen was hydrofluoric acid that is easy to be removed by a wet scrubber. DREs of CF4, SFs and NF; were 25%, 39% and
99%, respectively, using hydrogen additional gas at the waste gas flow rate of 100 L/min and the input power of 3 kW.
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Figure 1. Schematic diagram of arc plasma system for the treatment
of PFCs under atmospheric pressure.
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Table 1. Operating variables of plasma torch according to waste gas
flow rate at fixed input power of 3 kW

Waste gas | Input | Thermal ef- Net Residence
flow rate | power | ficiency of | power (IS(}JE/]E) time
(L/min) | (kW) | the torch (%) | (kW) (sec.)
70 60.5 1.816 | 1.55 0.108
80 60.7 1.822 | 1.36 0.094
90 61.5 1.845 | 1.23 0.084
100 63.2 1.895 | 1.13 0.075
110 3 63.3 1.899 | 1.03 0.069
120 63.7 1.911 | 0.95 0.063
130 64.2 1.927 | 0.88 0.058
140 65.1 1.953 | 0.83 0.054
150 65.7 1.969 | 0.78 0.050
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Figure 2. Thermodynamic equilibrium diagram of PFCs and additional gases composed of (a) CFs, (b) CF4 + Ha, (¢) CF4 + O, (d) SFs, (€) SFs +
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Figure 3. Voltage and current waveforms of arc discharge with di-
fferent waste gas flow rates of (a) 70 L/min, (b) 100 L/min
(c) 130 L/min.
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