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Abstract

SF; (sulfur hexafluoride) gas has an extremely high global warming potential (GWP). Therefore, there has been

an effort to reduce of SF its emission into atmosphere. In this study, SF, was injected into the plasma reactor

directly, decomposed particulate matter of SF¢ was analyzed. Destruction and removal efficiency (DRE) of SF,

were tested with varying degrees of plasma power and initial concentrations of SF, (1,000 ppm). This study is
conducted with plasma power which are 4.4 kW, 5.5kW, 6.0kW, 6.6 kW, 7.6 kW, 8.1 kW and 9.1 kW. It was
confirmed through experiment that the decomposition efficiency of SF, is 100% at 7.6 kW of the plasma power. In

addition, the particulate matter is formed as minute particles of which size is 1 um and the main component of

particulate matter is identified as AlF;.
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2007; Tsai, 2007).

Yoo et al.(2011)& AEH M| FH3}L Y= &
A7k F EIRIFER o]Fol7l 2A7tAE A9
Al 5ol oJste] WAYel= A S 2 Hustgt 247t
& F &R 93%5 AYFREe] MRetL 1
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HjE&FE S7Kethal B uskal Qlt} (Ryu, 2012; Lee,
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531 A 7ho] &3}tk (Nam et al., 2013; Tsai, 2007).
AR SF AR7I&9 e 349 HA3E §
o A%, QAEE AR, A 2 359 22 Non-
destructive 7|&3} A44], 2uj4], g 2nl7|e 5
destructive emission control 7]<°] A% 12 ¢JthH(Kim
et al., 2013; Lee et al. 2009). 3}AX|9t PFCsE AR&-3l=
WA Alx 34 HAske] 374 W PFCs AR A
e Fol HiETEE ASATI= FiEl ol A9

T2 FEA HH 37} o] 2oiA glof

SthJeon et al., 2012).

34812 PSA (Pressure swing adsorption) B4] 9] &
7] L Reukg ol gajel F7lA 4] PFCSE 3
el HYO2 PFCsE A8 aTH Ro] Aol
T Aegge] ARHA ol gAY A ESrEAY
& 7FsAol 9, FRAI 1 9 A2 A
7b Sick. SojAbebAl e Bl A oyz] 4H|7F A2
500~800°C &&= G A &3fit-5-o] o]FoiA]7] uj
ol Thermal NO, 9] fo] &2 Aol ATt 517
T 28l A A E = EavtA7 Sujso 2 AESto
S o] Wdoll oFgFE A7) ol €8 aeS
FAZE FASL WS 7= SiiAE F Al
HE A1el= gl o]g20] tt(Nam et al., 2013; Lee
and Jeon, 2012; Xu et al.,2011).

Sehznto] o3t AP S AL ZT=nkE o &
St W d Sk E2rhE ol8dhe
wHoz TR 4 gtk AL F=utE ol8dh=
WO AL He&Fer 7tAE AYsrrt oga,
Aol wetA= AAE Aol &A-stolof stER
Aol A 8 Ee=ntE o]&she WHol ¥ a&3
o]z} A= E o} (Kim and Park, 2008). & Zg}=n} g
ARAE AR FE LRE A8 237 ¥ A
ojof A ofFYHE doA F HF Apolof] B2 7]
AE Et=ust sk AAolth. @ EF2nkes AL
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ol vhe AM 7199 RHELE ol

FAYE S5 Aol Fagt 2d= HIAAD = Q)
t}(Park and Seon, 2009).
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Fig. 1. Schematic diagram of experimental apparatus.

Fig. 2. Flame shape of plasma torch.
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¥ 43 A FT-IR (Fourier Transform - Infrared Spectro-
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Table 1. Analytical condition for Gas Chromatography.

Type length 90m
Column Thickness 0.32 um
Injection temp. 40°C
Oven temp. 35°C (20 min) — 10°C/min— 60°C (29 min)
Oven Pressure 25.0kPa
ve Column flow 0.65 mL/min
Split ratio 300:1
GC program time 51.50 min
Mass range 25~255amu
MS ITon source temp. 200°C
Interface Temp. 150°C
o] SF, 7}2~E GC-MS (Gas Chromatography - Mass
100 ] ] =
Spectrometer GCMS-QP2010 Ultra, Shimadzu, Japan) —I— ]
2 B43% . GC-MS9] column GS-GASPRO (90 80
mx032umyels], & 10] GC-MSe BAZAS Ut 5
Wik g
Sepzute] o3t SF, 7hA Ha) BALER A4EE © 4
YA BAO) FAFEES wARA ZH7] (Aerosol 20
Monitor Model 8533, TSI, US.A)E ©]-&3lo AA|7F
0

O A A71E =5 SR, WE7] Tt
A HiEE s wrI7ks F A 22 FAsE 9
e, 27], JBL B A35}7] €3 Aerosol Filter Holder
(47 mmg, Merck Millipore LS, U.S.A)¢]| PC membrane
filter (47 mmg pore size 0.2 um, Whatman, UK)E A&
3}¢] vacuum pump (10 L/min)2 587+ 7FsA|AH 3 50
L 23t QA B9 2 B4L 95 SEM-
EDX (Field Emission Scanning Electron Microscope
SU70, Hitachi, Japan), XPS (X-ray Photoelectron Spec-
troscopy, Axis-HSI, UK)E AF8-3to] A5t

&2 A7 Ad2AL AR A% (V) dAH
Ao whgk A (kW) 4.4kW, 5.5kW, 6.0kW, 6.6
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Aol o) Lobuy] 913 iz Mol W AL AR

Sastsnt
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Fig. 3. Destruction and removal efficiency (DRE) at plasma
power (concentration of implanted SF;: 1,000 ppm).
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SF, 7h0] 23 B8-S BHl a}9ic).

Sefold ob2 WA Zekxolg olgsiel SFE &
alg QAT (No er al., 2008)614 Here] TAAS F7
ofl olalA] SF, 7h2e] 2o B &o] ASoHs ARFE 1
Ehl=t] 5,000 ppme] SFE 10kVOIA] 99% o]4+e]
ES B3 58S gelskith

2 oMz Aol Fridel w2t vkE

37] el
27k gobd Bal Age] F7IE HARE FFO
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Fig. 4. Concentration by size of particulate matter pro-
duced by SF; decomposition.
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kW, 9.1kW oA & g2 1um oJste] A &
Ho| ©f A Aoz AlrHr

SF, &3fioll oJsf BAE YA 49 FFs=
QB EAS 93| aerosol filter holderE o]-&3te] PC
membrane filtero]] ZZ3}Hch 18 5= ZFEr 9
23S Uehfiler A9 A, & FAAE 53T
Ay Ago| Z718442 14 mg/m’, 30 mg/m’, 26 mg/
m’, 112mg/m’, 264 mg/m’, 338 mg/m’, 410 mg/m’ & ¢
AT 7t 2718 Ao 2 et B3 19 404 1]
AR EH71E AHg-ste] Yehd Zezef o] 6.6
kW@ oA A=t S71e A& = 5 At

Aol 3} oA E o] §sto] SFE &3l A+
(Kim et al., 2013)] oJ5}d, Ba) &8 3FAte] HA7HA|
FA7 279 AfolA AEE gAY FAHES SEM-
EDXZ BA3t A} sulfurz} 100%2 Yepgrha 2
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Fig. 5. Weight concentration of particulate matter pro-
duced by SF; decomposition.
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2 FAE GRS 280l A E Ao s AlrEn
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Widescang &30} ¢ 423} tf=F2 <l position BE
(en)E SRelst A7} SEM-EDX 24 23} $A5
F,C,0,Al &2 =2 eyt XPS Handbook (John et
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Fig. 6. Analysis of particle size and morphology of by-products with SEM-EDX analysis equipment.

Table 2. Composition ratio of by products particle formed

to SF, decomposition. (Weight %)
Atom 6.6kW 7.6kW 8.1kW 9.1kW
F 46.22 66.485 67.14 65.145
C 29.365 0.76 0.865 1.525
Al 15.33 28.87 28.81 26.82
(0] 6.54 1.67 1.32 1.715
Cu 0.735 0 0 1.585
Si 0.465 0.29 0.31 0.72
Fe 0.385 1.13 1.16 1.435
Cr 0.365 0 0 0
Na 0.275 0 0.05 0.55
Ca 0.09 0.505 03 0.24
Mg 0.08 0.12 0 0.045
S 0.065 0.165 0.05 0.11
Ti 0.08 0 0 0.125
Total 100 100 100 100
2 A= Et). Graphite 222 Z820t X9} cham-

ber A7 ] 7]ulg

S5 A9 AREE 2R
(Gasket)o] FAl=x]o] HA=E A

A2 o dHH, ALO,

Z-2 chamber YH < <&
=]
]

$=9]+= ceramic pipe7}

o

num Fluoride)2 AJAFE Th JAA) 9]0115 7
4 &4 80,,NO,, SO,F,, F, & E}%h& RN AL
E50] 2AE AR o=, Zetzute] o3 &
3| &= SF, 7} 9] 23 ﬂﬂﬂHE(Mechanism) TES

AN S8) Bal RAE F 7haAr 2] 240
2 a3},
4.2 =

2 Ao BiEA] A 23R F AZ-EA oA A
5= SFE Halels EX oz Zat=uls o] 45}y
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