Appl. Chem. Eng., Vol. 30, No. 1, February 2019, 108-113
https://doi.org/10.14478/ace.2018.1121 |

Article

Ea=01E 0|83 MEsfsiEEo] XE| SN o

[

(2018 12€ 79 A4, 2018 12€ 17¢ AAL, 2018 122 19¢ AjHE)

Study on Treatment Characteristics of Perfluorinated Compounds
Using a High Temperature Plasma

Gi-Hak Moon and Jae-Yong Kim '

Department of Environmental Engineering, Chungbuk National University, Chungcheongbuk-do 28644, Korea
(Received December 7, 2018, Revised December 17, 2018; Accepted December 19, 2018)

= =
B Arolds A Az FAdelA s = #zi}i}?“”% % Zetzvks g8kl Ealletaral ahglar, el
545 AT Addel AFE-E PFCs 71~E 200 L/min®] 3ol 5% 5000 pme’_E FAsIATh Y Ao

& el 1 o) de] Mol 2
030 A9 oF 14 mUmin] 1A Ay E A2
e B AR age] st A Ay o
A Az F oA TS PRCs 2 &7k

Ball a8 24 A3 CFy 2 SFe T 12.8 kW] o] 1 A 8
Atol & vebA] ekstth PRCse] AAF WS A% whg
Yebgl o 14 mL/ming 7|5 0.2 f-3ko] 17}0}741% FAPN
Zet=utE &4-3 PRCsS] 23l 548 ¥
Aol g 7125 vhdstgich

[o

_l
i)
4>
30
32
)
F
rf

Abstract
In this study, the decomposition characteristics of perfluorinated compounds generated in semiconductor manufacturing process

were investigated by using a high temperature plasma. The analysis results revealed that CF4 and SFe¢ showed the highest
efficiency at 12.8 kW power, but no significant difference was observed at the power above. Experimental results showed
that the maximum efficiency was obtained at the flow rate of about 14 mL/min and the treatment efficiency decreased as
the flow rate increased or decreased with respect to the flow rate of 14 mL/min. As a result, the decomposition characteristics
of perflurocompounds (PFCs) using a high temperature plasma could be grasped, and also the basis for the treatment of PFCs

and greenhouse gases generated in the semiconductor manufacturing process could be obtained.
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Figure 1. Plasma wet scrubber.
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Figure 2. Experimental device configuration diagram.
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Table 1. Utilities and Equipment in Test

w718 - g

Description Detail Remark
CF, gas 5,000 ppm
SFs gas 5,000 ppm
Diluon Ny For SF - 200 LoM
Plasma N, 20 LPM
Reactor Cooling Water 3 LPM
Quenching Water 3 LPM
Power Supply Cooling Water 3 LPM
Gas Measure Equipment FT-IR Frontier Spectrometer
Power Measure Equipment Oscilloscope InfiniiVision3000 X-Series
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Figure 3. Plasma reactor and plasma generation.
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Table 2. Decomposition Efficiency according to Input Power
CF, Test (100 Lpm)
Power (kW) Ist (%) 2nd (%) 3rd (%) 4th (%) 5th (%) Average (%)
9.5 68.87 69.58 73.13 69.49 71.18 70.47
10 72.52 75.13 74.06 73.38 72.52 73.52
10.5 82.4 79.2 77.6 79.59 81.6 80.08
11 83.42 84.28 86 84.28 88.58 85.31
11.5 89.76 88.06 86.49 87.12 90.01 88.24
12 88.27 92.82 91 90.98 91.54 90.92
12.5 93.26 93.57 92.07 92.79 90.21 92.38
13 94.26 92.89 92.65 90.21 93.09 92.62
13.5 91.14 92.07 93.63 93.13 93 92.59
SF¢ Test (200 Lpm)
Power (kW) Ist (%) 2nd (%) 3rd (%) 4th (%) 5th (%) Average (%)
9.5 71.54 74.46 73.73 74.48 73.06 72.96
10 78.28 73.72 76.16 77.52 78.28 76.15
10.5 80.64 77.60 78.43 81.60 80.87 79.52
11 84.59 82.32 83.16 82.69 85.46 83.50
11.5 85.14 84.28 84.28 86.86 84.28 87.69
12 86.33 89.89 89.16 87.22 90.78 89.11
12.5 91.32 89.61 90.56 91.23 89.18 92.67
13 93.17 93.78 92.54 92.88 93.26 92.44
13.5 94.20 94.05 95.13 96.85 95.66 94.43
14 94.51 95.31 96.15 94.05 94.82 95.61
14.5 92.15 94.56 96.90 95.87 96.44 95.95
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Figure 4. Efficiency of CF; decomposition by input power. Figure 5. Efficiency of SF; decomposition by input power.
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Table 3. Decomposition Efficiency According to Water Injection

M
N
1%

oY

CF4 Test (100 Lpm)

Water (mLPM) Ist (%) 2nd (%) 3rd (%) 4th (%) 5th (%) Average (%)
4 83.83 82.17 83.03 84.80 84.66 83.70
5 87.37 86.50 87.53 85.64 88.01 87.01
6 90.36 88.61 89.28 89.12 87.54 88.98
7 93.57 92.58 92.92 91.08 92.61 92.55
8 94.15 93.27 93.86 92.89 93.16 93.47
9 92.85 93.01 93.05 92.46 92.17 92.71
10 92.11 91.59 90.68 91.50 92.42 91.66
SF¢ Test (200 Lpm)
Water (mLPM) Ist (%) 2nd (%) 3rd (%) 4th (%) 5th (%) Average (%)
20 83.16 84.84 83.49 85.01 84.55 84.21
21 87.35 86.13 85.98 88.74 87.87 87.21
22 92.82 91.22 91.84 91.06 91.59 91.71
23 93.02 94.03 93.50 92.57 92.68 93.16
24 95.23 94.86 95.07 95.26 94.76 95.04
25 94.13 94.36 93.86 94.11 94.44 94,18
26 93.14 93.65 93.01 93.93 93.80 93.50
% 96 -
%41 94
921 92
g g w/
5 86 5 86
84 4 84 -
[ ]
- S S-S S S S A R R S 4

H,O (mL/min)

Figure 6. Efficiency of CF; decomposition by water injection.
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Figure 7. Efficiency of SFs decomposition by water injection.
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