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Abstract : The perfluorocompounds (PFCs) emitted from the semiconductor and display manufacture is treated by abatement
systems which use various technologies, such as combustion, thermal, plasma, catalyst. However, it is required that the system
should overcome their drawbacks with excess energy consumption and low removal efficiency. The new technology using
combination of pressure swing adsorption and excess enthalpy combustion for the reduction of PFCs emissions were developed
and analyzed its characteristics. PFCs concentration ratio and PFCs loss factor were calculated from measuring concentration of
PFCs at the calculated by comparing concentration of PFCs at the combustor's inlet and outlet. There were performance
evaluations with various gas flow for comparing energy consumption and removal efficiency with existing equipments. The
concentration ratio and the loss factor of PFCs were 1.65, 8.2%, respectively, when the total gas flow of the pressure swing
absorption (PSA) inlet was 204 liter per minute (LPM) and CF4 concentration was 1412 ppm. In comparison with existing system
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at constant condition, CF, removal efficiency for a porous media combustion (PMC) showed the improvement more than 16%
and the consumed energy was also reduced up to approximately 41%. Then, the total gas flow introduced into PMC and CF4
concentration were 91-LPM and 2335 ppm, respectively, and the destruction and removal efficiency of CF4 was about 96% at

19-LPM CHg, and 40-LPM O,.

Keywords : Perfluorocompounds, Pressure swing adsorption, Porous media combustion, Destruction and removal efficiency
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Figure 1. Block diagram of development scrubber.
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(a) 3D modeling images

Figure 2. 3D modeling images and product of development scrubber.

(a) Reactor

(b) Product

Figure 3. Product and image for PMC reactor and inner SiC honey-
comb.
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(b) Development scrubber

Table 1. The instruments and gas composition used experiment

Item | Quantity Note
QMS 2 I-Sepa, EL Co., 0 - 200 amu
FTIR ) Midac 14000, Midac Co., 15 cm-cell, 1 cm-
cell
N> - 100 - 200 LPM
CF4 - 1000 - 3000 ppm
Kr - 1 LPM
CH4 - 15-50 LPM
(0} - 30-100 LPM

Midac Co.9] FT-IR 14000 AH&8}o] A7t HAslg
o Aol AR 7hne] 24 8l AS719] 22U Table
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Table 2. Instruments and accessories for measure to destruction and
removal efficiency of scrubber

Item Quantity
QMS 1 - 2 systems
FT-IR 2 systems
Mass flow controller lea
Calibration equipment 1 systems
Standard gas -
Antipollution filter 2ea
Flow rate measurement gas (Kr) 1 cylinder
Diluent gas (N2) 1 cylinder
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Figure 4. Diagram of sampling guideline suggested by national institute of environmental research for PFCs.
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Figure 5. The profile of flow rate into the combustion reactor and
pressure at adsorption column : (a) PSA pressure, (b)
PSA discharge flow rate.
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Figure 6. FT-IR spectra of before and after for CF4 decompose at porous media combustion reactor.
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Table 3. The comparison of combustion technology for existing technique and development technology

Existing technology

Development technology

Mixed enhancement method

Cross-flow method

Porous media combustion

Flame

PFCs Fresh Burnt
Fuel *+ N2 mixtures (32325899
Fuel + O, + 05\ ‘ } ‘iE
PFCs l PFCs \ / . o~
orous ombustion
Ny ' '.+ Ny DR materials tube
Shape B -
- lowness of removal efficiency by the indirect heat transfer from | - High removal efficiency cause of decomposition by direct heat
the flame transfer thereby direct pass of waste gas which contain PFCs
Property |- Increase of flame unstability when high flow intake, due to | through the flame area

floated high temperature flame from nozzle
- Used of excess energy for removal efficiency increase

- Increase of flame stability with excess enthalpy flame by inner
heat recycle
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Table 4. CF, composition and flow rate at main point by PSA and
PMC system interconnection operation

Ml | M2 | M3 | M4 | MS
CF, Conc. (ppm) | 1412 | 2335 | 107 | 135 | 205
Flow rate (LPM) | 204 | 91 120 | 232 | 115

Table 5. CF, decompound efficiency and dilution ratio by PSA and
PMC system interconnection operation

Item Value
DF (dilution factor) 1.3
F-Gas decomposition efficiency (%) 95
Concentration ratio (M2/M1) 1.65
F-gas loss factor (%) 8.2
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Figure 7. Comparison of the energy consume of the development
scrubber and the commercial scrubber.
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