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Decomposition Characteristics of Tetrafluoromethane Using a Waterjet Plasma Scrubber
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Chosun University, Gwangju, Korea

ABSTRACT

It is recognized that tetrafluoromethane (CF;) has a great influence on global warming. The CF,; is known to have
a large impact on climate change due to its large global warming index. In this study, a waterjet plasma scrubber
(WPS) was designed and manufactured for the CF; decomposition. The WPS is a novel technology which is
combined a gliding arc plasma and water injection at the center of the plasma discharge. This can give an

innovative way for CF,; decomposition by achieving

larger plasma columnand generating OH radicals. A

performance analysis was achieved for the design factors such as waterjet flow rate, total gas flow rate,
consumption electric power, and electrode gap. The highest CF, decomposition and energy efficiencies were 64.8%
and 6.43 g/kWh, respectively; Optimal operating conditions were 20 mL/min of waterjet flow rate, 200 L/min total
gas flow rate, 5.3 kW consumption electric power, and 4.4 mm electrode gap. As for the 2 stage reactor of the WPS,
the CF; decomposition efficiency improved as the 85.3% while the energy efficiency decreased as the 5.57 g/kWh.
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Fig. 1. Experimental apparatus.
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Table 1. Experimental conditions for parametric studies
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Fig. 2. Voltage and current characteristics of the wa-
terjet plasma scrubber.
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Fig. 3. Initial operating and stable conditions in the
WPS reactor.
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Fig. 12. Comparison of results between 1 stage and 2
stage WPS.

WPSE s, o] & o83t CRE #aliids 4 Hed &
& Totsigict

HEAl Sefznt AaeHoA CFy #8lE fisiAl= OH
Ao o=f Aol Fagt, oilElga: R o|YdRt
1 S7AoA] HEA FQd5Fo] 20 mL/mingd wf 71 AY/Ad5o]
= ebgch

CF, B3l a&3} oA 382 9| fARE e K=
o], HEAl & Sa%°] 20 mL/mino]il, &2 7} 200
L/mingd wf HoigkS Hlck 223 g8 Ade=
CF, af&xt o 42| &g Z7ste] 5.3 kWY off 7P &
TS Bolow, A4S 44 mme o) FF 270]qct o]
o X} CF, E3agy} ofux] &8 717} 64.8%2} 6.43
g/kWhol ]t}

2% WPSQ] @& A& 7.2 kW, A= 7+ 2.5 mmo| 1, 1
9] 22 A7) 1k WPSe} U3 619 o ofvA &
2 6.43 g/kWhol|A| 5.57 g/lkWh& ZFAE QA9 CF, Eajjé
< 85.3% F7FES SISkl

Al AL

o] =H2o 20168tdE AW dredtH|e] AU
ol 17191,

REFERENCES

Burlica R, Kirkpatrick MJ, Locke BR. 2006. Formation of
reactive species in gliding arc discharges with liquid water.
J Electrost 64(1):35-43.

Choi SS, Hong SH, Lee HS, Watanabe T. 2012. A compa-



KEM SEt=0F ATH A=3lEa 2ol £ 71

rative study of air and nitrogen thermal plasmas for PFCs
decomposition. Chem Eng J 185-186:193-200.

Choi SS, Park DW, Watanabe T. 2012. Thermal plasma de-
composition of fluorinated greenhouse gases. Nucl Eng
Technol 44(1):21-32.

Choi SW. 2015. Decomposition characteristics of CF4 by SiC/
AlL,O; modified with cerium sulfate using microwave
system. J Korean Soc Environ Eng 37(12):668-673.

Du CM, Yan JH. 2007. Electrical and spectral characteri-
stics of a hybrid gliding arc discharge in air-water. IEEE
T Plasma Sci 35(6):1648-1650.

Du CM, Yan JH, Cheron B. 2007. Decomposition of toluene
in a gliding arc discharge plasma reactor. Plasma Sour-
ces Sci Technol 16(4):791-797.

Han SH, Park HW, Kim TH, Park DW. 2011. Large scale
treatment of perfluorocompounds using a thermal plasma
scrubber. Clean Technology 17(3):250-258.

Kuznetsova NYKIV, Gutsol AF, Fridman AA, Kennedy LA.
2002. Effect of "overshooting" in the transitional regimes
of the low-current gliding arc discharge. J Appl Phys 92
(8):4231-4237.

Lim HS, Choi EK, Lee MY, Shin SC. 2014. An analysis on

main issues and policy implications of Korean emission

trading scheme - Focused on the semiconductor industry
of Korea -. J of Climate Change Research 5(2): 179-187.

Sanjeeva Gandhi M, Mok YS. 2012. Decomposition of tri-
fluoromethane in a dielectric barrier discharge non-thermal
plasma reactor. J Enviorn Sci 24(7):1234-1239.

Setareh M, Farnia M, Maghari A, Bogaer A. 2014. CF,
decomposition in a low-pressure ICP: influence of applied
power and O, content. J Phys D Appl Phys 47:1-15.

Su ZZ, Ito K, Takashim K, Katsura S, Onda K, Mizuno A.
2002. OH radical generation by atmospheric pressure pul-
sed discharge plasma and its quantitative analysis by
monitoring CO oxidation. J Phys D Appl Phys 35(24):
3192-3198.

Tasi CH, Kuo ZZ. 2009. Effects of additives on the selecti-
vity of byproducts and dry removal of fluorine for abating
tetrafluoromethane in a discharge reactor. J Hazard Mater
161:1478-1483.

Yan JH, Du CM, Li XD, Cheron BG, Ni MJ, Cen KF. 2006.
Degradation of phenol in aqueous solutions by gas-liquid
gliding arc discharges. Plasma Chem Plasma P 26:31-41.

Yu SJ, Chang MB. 2001. Oxidative conversion of PFC via
plasma processing with dielectric barrier discharge. Plasma
Chem Plasma P 21(3):311-327.

http: //www.ekscc.re.kr



	워터젯 플라즈마 스크러버 사불화탄소 분해 특성
	ABSTRACT
	1. 서론
	2. 워터젯 플라즈마 CF₄ 분해 메커니즘
	3. 실험내용 및 해석방법
	4. 결과 및 고찰
	5. 검토 및 토의
	6. 결론
	REFERENCES


