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ABSTRACT

Destruction of Non-CQOs Greenhouse Gases

by Using Nonthermal Plasma Process

Dong-Hong Kim

Major of Energy & Chemical Engineering
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

Nonthermal plasma created in a dielectric-packed bed reactor was applied to
the destruction of CHF3; and CoFs. The effects of feed gas composition, flow rate
and input power were examined and the destruction mechanisms were discussed.
In the presence of argon, the CHF3; destruction was largely enhanced, because
the reaction of argon ion with CHFs was very fast. The CHF3; destruction
efficiency was highest for a small addition of oxygen (about 0.5%) and then
decreased as the oxygen content increased. The increase in the CHF3; destruction
efficiency with its initial concentration suggested that secondary destruction by
the radicals formed from CHF3 played an important role. The increase in the
feed gas flow rate lowered the CHF3 destruction efficiency, because both the
residence time in the plasma reactor and relative amount of reactive species
available for the destruction decreased. The analyses of the destructions
products indicated that CHF3;, was converted mainly into low molecular weight

The electron impact dissociation is the key process for initiating the CoFg
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destruction, which depends on the electron energy and concentration. Thus, as
the input power was increased by increasing the applied voltage, the destruction
efficiency was greatly enhanced. The increase in the oxygen content decreased
the CoFg destruction because a portion of the electrical energy delivered to the
plasma reactor was consumed to form oxygen-containing byproducts. The
addition of argon enhanced the CqoFgs destruction, probably because the electron
energy density distribution was shifted to favorable conditions. Regarding the
effect of the initial CoFs concentration, the decrease in the destruction efficiency
with increasing initial CoFg concentration was more significant in the absence of
oxygen than in the presence of it. Judging from the distribution of these
destruction products, COF; is the key intermediate compound leading to the

formation of COs.
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Fig. 17. Effect of the initial CyFs concentration on the
destruction efficiency and the amount destroyed (argon:
20%(v/v), input power: 250 W), +reeeeerermeeeminmeiiieniiiinniiin.

Fig. 18. Concentrations of the destruction products obtained by
changing the initial CsFs concentration (O2: 0.5%(v/v)),
argon: 20%(v/v), input power: 250 W), «eeererererereeeneennee.
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Fig. 1 Schematic diagram of the experimental apparatus for trifluoromethane

destruction.
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Fig. 2. Schematic diagram of the nonthermal plasma reactor.

Collection @ jeju



2. FTIRE 0|Z¢eh 7|4 &4

(

2 AFol A CHF; CoFs 2 Zgh=vl 23 AAdES v+ Fald ¥ 49
A &34 7](Fourier Transform Infrared, FTIR)E ©]-&3}o] X3t 7p~ 2

< 98 Beer's laws ©]&3to] SAHE FHER §ES A48

Beer's law A= ¢ebc (1)

?1 A (Dol As §33=(absorbance), e & &34 (molar absorptivity),
= gas cell®] Zo](path length), c&= % X(concentration)®|t}. Z} E&wjt} 5

71 Bt27] wj & gas cell®] path length™ 24 me 02 m ¥ 7HA&E Ao

H AEEo] H9E 24 m path lengths AFE3al a5 w2 499+ 02 m
path lengthE A3t Gas celle] 9% (window)E 7 3 mm B &3+

O
)
=
=
=5}
AN o

(KBr) &% 71 5 mm 34 (CaFolArh # A #d HJr:s

SAERES g3t 2ol Ay

Collection @ jeju



@

Fig. 3. FTIR spectra. (a) Carbon dioxide (COs), (b) Carbon monoxide (CO).
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Fig. 4. FTIR spectra. (a) Nitrous oxide (N20), (b) Nitrogen dioxide (NO2).
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1. MEztdg el (CHF:: HFC-23 )

1) CHF3¢] &3

M AFE whel o] Tezul AL oV|EA, BB, ol 5 thgF W
SA EHES A, o] WteA EAEL WTF CHF39 #3fo] 7]ogit 2
AT Z1Ale] Fo& FAARELS Aroltt o7 AE e AARAe CHF39 wF
$& thgst gol ¥8E 4 ATH(16])

N(A% v=1) + CHF; — N(A.S v=0) + CHF; 6.0x10" cm’mol’'s™® (2)

o]9} 7+o of 7] AbHl(excited state)2] HAA No(AS Dol 98 CHF;9 Hal= F

Wi ol 4Ee] agla NCDE CHREE Hajsid old 28 3
T 5ok Ax AR % FaAA WS bR LrH(22);

NCD) + CHF; — NH + CFy 6.0x10" cm®mol 's ™t (3)

W82l (29 ()9 FEATE 208K A 9] gholH, ofefo] Folxl thE whg
5o HLEAFE v 2 208K A ¢ gholth

a0l A A AF(energetic electrons)® CHF39] &alE /WA = gl aroy A
AApell o)z AEH= S el AdES CFs9t CHE:Y 3o =
& W&ol og CHF3¢] #af wh&2 vha3 2ok
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e + CHF3 — CF; + H + e (4)

e t CHF3 — CHF2 + F- + e (5)
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the Eatebael CRu([20), CFCL(16]), CHFA([30Del = 480 k. 427}
Hdd w= CHF:o #3 glolA F2d 4&S sk NCD)7F Atz o3
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Fig. 7. Effect of the initial CHF3 concentration on the destruction (oxygen
content: 0.5%, argon content: 16%, feed gas flow rate: 1 L minfl,
input power: 140 W).
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Fig. 8. (a) Effect of the feed gas flow rate on the CHF3
destruction at different input powers, and (b) energy
required to destroy lg of CHFs(oxygen content: 0.5%,
argon content: 16%, initial CHF3: 1,500 ppm).
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CF; + O, - CF;0 2.4x10% ecm’mol 's ' (12)
CHF; + O, - CHF>0» 2.4x10" ecm’mol 's ™t (13)

o714 whe (13)¢] Hx4d= (12)9 2val 7Hdsdv. 3ikst sy o
Hbg-she] gt 2ol 44| Bde A e8], [23]);

CF;0, + CF30, . 2CF0- + O, 1.36x10% ecm’mol st (14)
CHF,0, + CHF:0, — 2CHF,0- + O 3.0x10"” ecm’mol 's! (15)
CFs0, + NO — CF30- + NO» 9.6x10"” cm’mol s ! (16)

CHF»0, + NO - CHF,0- + NO, 7.8x10"% cm’mol st (17)

s

(16)¥ ANl Fofsk= NO= ¥bs (10)o] o8] e Zojth. =4
ghe}Zk CF309 CHF:0& COF:2 -3l €l vh([18], [23]);

olo

CF:0- + Oy — COF, + FO, 1.0x10° cm’mol 's' - (18)
CHF.0- + O - COF, + HO; 1.1x10° cm’mol 's ' (19)
CF;0- + CO — COF; + COF 1.2x10° cm’mol 's™ (20
CF;0- + NO - COF; + NOE 3.2x10" em’mol 's ' (21)
CF:0- + NO, — COFy + NO.F 1.9x10" em’mol 's (22)

b oAokE FaEEsL 2 we s Ag9 Eg

ES
& COFy A2 oh33 2 oh([18);

CF; + O - COF, + F 1.9x10" cm’mol 'st (23)

CF; + NO, - COF; + NOF 1.5x10% em’mol 's™  (24)

_19_

Collection @ jeju



100 6000

- 2000

- 1000

0 T T T T 0
0 2000 4000 6000 8000 10000

Initial CHF; (ppm)

(wdd) pakomsop

» uoionIjsag

Fig. 9. Effect of the initial CHF3 concentration on the destruction
(oxygen content: 0.5%, argon content: 16%, feed gas flow rate: 1

L min”, input power: 140 W).
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COF + COF — COF, + CO 8.0x10"” cm’mol 's ! (25)

Zebznt B ol A= dF9 COF7F CO% COE g th([1], [18D);

1.3x10" cm’mol 's ' (26)

l

Q
@
+
3

COF, + O('D)
CO, + NCD) - CO + NO 2.2x10" em’mol 'st (27)

ot

aHA AAe A #35 S3 COE COZ wallAlZ -+ St

CFoF A< +

Fo
(L
olo
rlo
—
%

CF; + F - CF, 1.2x10" ecm’®mol’'s ™t (28)
SiFse] AAS Takaki (24D m=EwW A3 I E4ho wkSof <k
Aol
SiOs(solid) + 4F  — SiFy + O, (29)

NO2¢F N:O A7 ®bg2 vha3 Zoh([1], [18]);

NCD) + NO, - N:O + O 1.8%10" cm’mol 's ' (30)

No(A%) + Oy — products 2.5x10" cm’mol 's! (31)

TS (B9 FEATE NoO + 09 Np + 20 BF x283ste ghol th(1)).
Fig. 10 (a)& ol=&o] ¢S o &4df
(b)= 16%(v/v) oF2Z2e] &4 dlollA dojxl FAE Fxo|th 714 fH 1
L min " %7] CHF; %%+ 1,500 ppm, ¢
1S o © 28 CHFy7) Bajgns, aga o] o Be B A
B BAEL COnet COF9 oW, CO%t CFi 42
C

OF»9] s &t A2 ee 0~05%(v/v) = 5717
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Fig. 10. (a) Concentrations of carbon-containing destruction

products obtained in the absence of argon, (b) the
1

’

presence of 16% argon (feed gas flow rate: 1 L min
initial CHF3: 1,500 ppm, input power: 140 W).
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Figure. 11. FTIR spectra taken before and after plasma processing
(oxygen content: 0.5%, argon content: 16%, feed gas flow

rate: 0.5 L min"!, input power: 120 W).
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E
13 100~250 Wel #9lel s s38 Adel sheo] whet

HojFa ot £ &3 el ol dH el STl vl st

S
e
o
e
:?L_‘,
fol
s

M
o
o

o|N
N
-~
ol
o
38
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Ao Eehzut olg X g, g, = 2xE AMGAY CFel ¥
Ae AN 5 de FA BPe Zehznlel ofs AAE A Aol
F=5Yd Aoz A H([25])

e + Colg - CF; + CF3 + e (32)
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Figure. 12. Dependence of the input power on the applied voltage at

different argon contents
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Fig. 13. Effect of the input power (CsFg: 500 ppm, Argon: 20%(v/v), oxygen:
0.5%(v/v)).
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e + Colg - CoFs + F + e (33)

C-C 2 C-F9 A% olyA= 747 36 eV 282 51 eV otk (1 eV = 16
x 1077 J). o]& Hkg (32)0] wkg (33) Rt} A% LERAT

CFeel A ~sed9olq 7bg $E7h B ARe Ads ddzae] v
(mass/charge: m/z)%ko]l 6924, ol CF3 ZHdZe yehiy, ¥k3-2] (32)9]
(33HET FAFS AHstE Adoln Az FE Y Y = At

HAelk M2 s=e e xdE & Aok mebM Fig. 133 2ol E3& &

2) 71A Ao mE CoFeddl A5 Bt

Colig &3l &gl oM 714 Ao me < Fig. 149} 2o =3&2

o] 27] FX+ 500 ppmeZ AAEH I, MarTgdHFLS 0~5%(v/v), ot=e] g

otz ol P& W= HAAAUAY B FiEel AARAY xlF o7
(vibrational excitation) % 3l 2] (dissociation)ell ¢J8] AR FHT=Z A AGE]
ob I th([28]).

ol¢} Wit & o= FhiFo] gopyloel wel g HAteu e EHo] A

e ¥ B2 AA7F CFsel Zefol e o Qi A= 28 28] T

=
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Fig. 14. Effect of the gas composition on the C:Fs destruction(CoFs: 500 ppm,
input power: 250 W)
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COF;, CF4, SiFsth SiFs9] WE2 FAHEQl B 93 ga 9 (Si0,)e]
A FAE] gt odtdE AHEHORHE NO 2 NOoF 2 A4

&0l AEHAJEH, o8 FAES AagFe Frtd wel F7hE A
ol AF3 CO CO, COF:, CFsol Aol ol2x WA ar vga 2ol
qAE o, B NgEY HrAdae Edd B Aok([27], [15).
= 8] v (32)° o AW CF; #ho e Abael whgsle] AHE3)

CF5;- + O, - CF;0, 2.4x10% cm’mol 's! (34)

2FE-3} vl & 314k 81 7] (trifluoromethyl peroxy radical)i= U WHS-3te] tho-3

o] AbLE-3}v| E A 7] (trifluoromethoxy radical)S A Al 71tk

CF505- + CFs0y  — 2CF;0- + O, 1.36x10" cm’mol 's ' (35)

CFs0, + NO L CF30- + NO3 9.6x10"” cm’mol 'st  (36)

S (36)0ll Feddt= NOw Zeb=whol] oa] Aot Ataziy HAE o
th Febz=vl &4 shellAl NOo| AL 3l wol ®marxeo] Qrh([30], [5).
18- (35)9F (36)el]l <]t AHE8hv & A 7] (trifluoromethoxy radical)© T3 2
o] 721 d FZ¢}lo]=(Carbonyl fluoride, COF2) = &l € th;

CF0- + O, — COF; + FO, 1.0x10° em®mol 's' (37)

CF;0- + NO - COF, + NOF 3.2x10° ecm’mol 's ' (38)

CF30- + NO» - COF; + NOsF 1.9x10% ecm’mol st (39)
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Fig. 15. FTIR spectra of the gas treated in the plasma reactor for
different oxygen contents (initial CsFs: 500 ppm, argon: 5%(v/v),
input power: 250 W).
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W BNe SR FLANE BaFE BL W £E O WE 5

ottt 7t2rd ZZ o] =(Carbonyl fluoride, COFy) Ao 3t b & HAEE=
oS3 2
CFs0 - COF, + F 1.9x10" cm’mol 's ' (40)
CF; + NO — COF, + NOF 1.5x10" cm’mol 's ' (41)

COF,8h Abzflahshe] HEE o alstebns Agsin, Qye o seit o
dsteew AgEch

COF;, + O('D) - Clll + B3 1.3x10" cm’mol s ' (42)

COy + NC°D) - CO + NO 22x10" ecm’mol 's™? (43)

Fig. 16 9ol 483 CFs el WAUES 4 st
10 % eyt 9 CFy 8743

CF; + F L CFy 1.2x10" cm’mol 's! (44)

CoFs &3l Ao S=ZAGEA= 98 (32)ovt. webs] wbg (34)~(44)7F
FiAoE mMEAGE =9 vg 32)F Al AA 3 FE7F w§ = Kth

4) 27] CFs %o Wz o8k 37}
Fig. 17& %7] CoFs s=°] W& Ha a8&3 Bz Jeluy, o] 139
B oabne EA Rl mE Gl wuHo] vk %7 CFs vEE 300~

2000 ppme= WatEglon, vt gle we At EAE fryg x7)Eee
7kl w8 ZmE&o] v THEA Aol At sle wWel G el &
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Fig. 16. Plausible reaction pathways responsible for the C.Fg destruction.
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Fig. 17. Effect of the initial CoFs concentration on the destruction efficiency and

the amount destroyed (argon: 20%(v/v), input power: 250 W).
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Fig. 18. Concentrations of the destruction products obtained by
changing the initial CsFs concentration(Os: 0.5%(v/v)), argon:
20%(v/v), input power: 250 W).
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