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Abstract : For hazardous air pollutants(HAP) such as NO, NO; and SO, decomposition efficiency, power
consumption, and applied voltage were investigated by SPCP(Surface induced discharge Plasma Chemical
Processing) reactor to obtain optimum process variables and maximum decomposition efficiencies.
Decomposition efficiency of HAP with various electric frequencies(5~50 kHz), flow rates(100~1,000
mL/min), initial concentrations(100~1,000 ppm) and additive(CH) were measured and the products were
analyzed with FT-IR. Experimental results showed that for the frequency of 10 kHz, the highest
decomposition efficiency of 94.3 % for NO, 84.7 % for NO; and 99 % for SO, were observed at the power
consumptions of 19.8, 20 and 19W, respectively, and that decomposition efficiency decreased with increasing
frequency above 20 kHz. And decomposition efficiency per unit power were 5.21 %/W for SO2, 4.76 %/W
for NO ‘and 4.24 %/W for NO,, and the highest decomposition efficiency was observed with SO,.
Decomposition efficiency was increased with increasing residence times and with decreasing initial
concentration of pollutants, When the additive of CHs was used, decomposition efficiency was increased
with increasing CHy content, and NO, NO; and SO, were almost completely decomposed with the efficiency
of 99 %, 98 % and 99 %, respectively and therefore CHs was a good additive material. The optimum power
for the maximum decomposition efficiency were 7.5 W for SO;, 9.5 W for NO and 15.5 W for NO,,
respectively. Optimum power with the maximum decomposition efficiency were 9.5 W at 1,000 ppm of NO,
7~8 W at 100~500 ppm of NO and 15.5 W at all concentration range of NO; and 11.5 W at 1,000 ppm,
49 W at 500 ppm, 3.7 W at 100~300 ppm of SO; and power efficiency was best in these case.
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9. H. V. power supply
10. Gas analyzer

11. Gas chromatograph
. 12. H. V. probe
5. Mixing tank 13. Oscilloscope
6. Flow meter 14. By-pass
7. Cooling fan 15. Exhaust

8. SPCP reactor
Fig. 1. Schematic diagram of experimental apparatus
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1. Quartz(Di : 13 mm, Do : 15 mm) 5. Teflon stopper
2. Aluminum 6. Sample gas in
3. Sample gas out 7. Tungsten(9 mm)
4. High voltage power supply

Fig. 2. Schematic diagram of discharge plasma reactor
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Fig. 3. Effect of electric frequency on decomposition efficiency
of NO (N2 base, Cho : 300 ppm, flow rate : 200
mL/min, discharge electrode : W)
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Fig. 5. Effect of initial concentration of NOz on decomposition
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Fig. 7. Effect of additive CHs decomposition efficiency of NOz
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100

Decomposition efficiency [%]
]

f

Ji -e— CH, 0%
20t i -0 CH,0.11%
—y— CH,0.22%
—z .- CH,0.44%

0 N n L i A

2 4 8 8 1I0 1.2 1.4 16 18 20
Discharge power (W]
Fig. 8. Effect of additive CHs decomposition efficiency of SO.
{ C%0, : 300 ppm, flow rate : 200 mL/min, frequency
1 10 kHz, base gas : Nz, discharge electrode : W)

Fig. 8& vlgr2 0.11, 022 2 0.44 vol. %= 3
71t A SO 7t o] EHAIAEE T AR
o] W F34E 10 kHz, £ %S 200 mL/min, 7]
E7AE N; ola 27 EF 300 ppmo] gith.
etg H7IRE Go] AAFE EHAAE] F
7Vete] 12~20 W] E& AFH M E 99 %] ¥
HE S AL F ARt )R L WgERAT} CHy
- g H- SBozE EgEs o] of A
A¥ H-Sozd soEzaket wvredte YAd
O - gtjgo] wrg3ld SO9 4t3le] WRF O

R Atiob B X], H15A 2%, 200004

H-goze AAH}ez g354e 5571 A
F8 BiA AL Fretn Agagd.
Fig. 9% 7157122 NpE o] &319 7t29 =

713 =7F 500 ppm¢l NO 7o H/WMAE

0.14 % W& 43 200 mL/min® Zalxv} gt

27 FU3te Fm4 10 kHzE WA A A

%9 FT-R & 29232 Vel slojth. o

714 08 COE #&2E 4= gi%la, Co, Bart

Vel R g Feant WAL 9

3 AYERZ BAAY FAEZ No%t NOtH o

Foz AZ5Qch o] AL Kanazawa” o] FT-IR

F 2¥EY AR AL UAH
Fig. 102 A¥H&E Hrishr] sl 29

ong
H0
as A
o103 Ho
[ALS s, NO,
a2
<o
§ [ 2 ﬁ‘
o0
NO
0083
o043
002
0003
a0
a0ed
0 w0 W s ww 10 00 E)
Wenumbers (om-1)

Fig. 9. Typical FR-IR spectrum for treatment of NO, N; and
CHA10 kHz, NO : flow rate : 200 ml/min, Clo * 500 ppm)

30
—8— 100 ppm
©-- 300 ppm
25} | ~9— S00ppm
—% - 1000 ppm P
) v A R - o
/v >
2t =
: v
/
Q as ¥
/ e .—
0t J// v
; OO ...
5'/0 ° Co.g
05{ /._o'
0.00 A T S
0 2 4 & 8 10 12 14 18 18 20 22

Discharge power [W)

Fig. 10. Decomposed mass of NO per unit power and
second (flow rate : 200 mb/min, frequency : 10 kHz,
base gas : N, discharge electrode : W)

75



duE, ey, gt

3t E dHAIRKsec), DA H(W)F NO9
Bala(pe)g YeEld Aog Ao Frt
3 a9 HET, dAIE NO9| E3 &2 =
e F711 HA gl =2 F A4
a0 HOES gt =gds w3 NOvpx
9 7=’ AEFE WolAE AE ¢ F
AA Lt Fig. 100]4 & & &= et o] NOg
%27]% % 1,000 ppmoll A 9.5 W, 100~500 ppm2]
B4 7~8 WollA AdEsge 2 e
o] W AYPFLo] AU T AE ¢ F UJ-
Huy Ao d9L Ed "Hag Ay &
Zte ARE FE3 YT 5 e 990l
HAny Fo d9L HHAHo] AYeg T
Ho] "Waglel AnEHAXE AYo] L dY
o2 A7 AG?,

4.4 E

E dTMe ¢ 449 dadd A=E
23lo WhAAA A Eetavbd 93ty
NO, NO; ¥ SO, 5 #87t2=& F35, AFA
H FESE H3AA EAAALEE
Here A7PEAZ sl 498 ¢33ty &
3 e 2L A4

L. f3l7txe] Eaid ol 10 kHze] F a7,
200m¢/mine} 19.8, 20.0 2 19.0 We] Au| A Hd
A NO, NO; ¥ SO;¢} Huj £3&2 212 943,
84.7 2 99.0 %ol o™ 20 kHz o]A4+e] LAY
A FuFrt ARFE 7|E7tae HEA ]
Z71ete AWg wet dHI FEAOR 52
7] W&o Eafgo] Zasigrt dAHer &
gAEG B E&L SO; 5.21 %W, NO 4.76 %/'W
2 NO; 4235 %W= elgth

2. A4 HgodA FEEY AFAILO
A2, o83 27FE7} FEFE FEFTH
F7F AAA EH &L FrHsih

3. A7MEAY 9% AgdAe AEE Hot
52 B3& 7189, NO, NO; % SO0
A BA&S 47t 99,98 E 99 %2 A &H3)
2 ¢ dden uetA digo] e 73
H7ledEde 80 & 4 .

4. Z} fE7k2e A E&E Yehe
O g, & a0A4Y, GHANnT B
3 A= NO9l H§ x£7]1%% 1,000 ppm

76

ol 9.5 W, 100~500 ppmoll A 7~8 We] 3
83 ¢ HAYEHE S JEPA L, o] o A
gl MY F& A& ¢ F UM

HFaz8

1) W. L. Greer, “SOx/NOx Control Compliance
with Environmental Regulation”, IEEE Trans.
Ind. Appl, Vol. 25, No. 3, pp. 475485, 1989.

2) A. T. McQueen, S. J. Bortz, M. S. Hatch, and
R. L. Leonard, “Cement Kiln NOx Control”,
IEEE Trans. Ind. Appl., Vol. 31, No. 1, pp. 36
~44, 1995.

3) S. Masuda, “Non-Equilibrium Plasma Chemical
Process PPCP and SPCP for control of NOx,
SOx and other gaseous pollutants”, Proc. 4th
Int. Conf. on Elctrostatic Precipitation, pp. 615
~623. 1990.

4) T. Oda, T. Takahashi, H. Motohasi, and S.
Masuda, “Decomposition of Fluorocarbon Gaseous
Contaminants by Surface Discharge Induced
Plasma Chemical Processing(SPCP) by Using
Cylindrical Ceramic Reactor”, BEERE €F
JHR I, 153, Cl1, pp. 1~4, 1990.

5) B. Xiyao, Y. Chengwu, L. Henguan, Z. Zhitao,
and B. Mindong, “Experment on Decomposition
of SO, by Plasma at Low Temperature and
Normal Pressure”, #F%E R & #HR UE,
22a, C6, pp. 507~510, 1992.

6) B. Xiyao, B. Mindong, Y. Chengwu, Z. Zhitao,
and Z. Yanling, “Experiment on Plasma in Low
Temperature and Normal Pressure Decomposing
NOx”, BERKBGHERRLE, 22a, C5, pp.
503 ~506, 1992.

7) R. Takahashi, Y. Kamase, and K. Yamamoto,
“Decomposition of Chloro fluorocarbon Gas by
a Pulsed Corona Discharge”, B E RS & #iE
G EE, 3a, C11, pp. 371~374, 1993,

8) S. Obama, E. Suzuki, K. Okazaki, and A.
Mizuno, “Removal of NOx with the partial
discharge”, HERBEHR LE, 158 C3, pp.
9~12, 1989.

9) A. Harano, T. Nakamura, H. Ohneda, and T.
Takarada, “NO reduction by Dielectric Barrier
Discharge Reactor consist of Co-axial and
Cylindrical Tubes”, FFERE & UL, 16p,
B4, pp. 231~232. 1997.

10) A. Mizuno, H. H. Kim, K. Shimizu, S. Tanaka,
and T. Yamamoto, “Experimantal Approach to

Joumal of the KIiS, Vol. 15, No. 2, 2000



WHFEtA0l0| offt NOx, SOx BE#iA oietdslel 4%

Enhance Efficiency of Non-Thermal Plasma in
Flue Gas Cleaning”, Proc. of NEDO Symp. on
Non-Thermal Discharge Plasma Technology
for Air Pollution Control, pp. 1~10, 1997.

11) E. M. van Veldhuizen, “SO, and NOx removal
using transient atmospheric discharge”, Proc.
of NEDO Symp. on Non-Thermal Discharge
Plasma Technology for Air Pollution Control,
pp. 65~83, 1997.

12) HAERBE® HE Y F7v 7HERER
R, “WEA~FT7T Y7, BEREE, W
=, 1973

13) o]Ad, AQA, “V1xAAFTHAE”, A%
AL, ME, 1991.

14) T. Oda, T. Takahashi, R. Watanabe, and S.
Kohzuma, “Decomposition of Dilute Trichloroe-
thylene by Non-Thermal Plasma-Frequnc Depend-
ence and Environmental Effect”, Proc. of NEDO
Symp. on Non-Thermal Discharge Plasma Tech-
nology for Air Pollution Control, pp. 49~57,
1997.

15) T. Oda, T. Takahashi, R. Yamashita, and T.
Ohno, “Non-Thermal Plasma for VOCs Decom-
position and NOx Removal in Flue Gas”, Proc.
of NEDO Symp. on Non-Thermal Discharge

SR AploEStEIR), H15H M2, 2000

Plasma Technology for Air Pollution Con
pp. 1~14, 1996.

16) T. Oda, T. Takahashi, N. Hiroshi, and S.
Masuda, “Decomposition of Fluorocarbon Gaseous
Contaminants by Surface Discharge Induced
Plasma C Chemical Processing(SPCP) by
Using Cylindrical Ceramic Reactor”, ¥ %2
®HEERCE, 29, Cl, pp. 1~4, 1991.

17) ZEE, 43 Sebzvted g3 Fairtze
37, FA R WAL =E, pp. 48~
50, 1998.

18) S. Masuda, S. Hosogawa, X. Tu, and Z.
Wang, “Novel plasma chemical technologies-
PPCP and SPCP for control of gaseous
pollutants and air toxics” J. Electrostatics.,
Vol. 34, pp. 415~438, 1994

19) S. Kanazawa, J. S. Chang, G. F. Round, G.
Sheng, T. Ohkubo, Y. Nomoto, and T. Adachi,
“Removal of NOx from Flue gas by Corona
Discharge Activated Methane Radical Showers”,
J. of Electrostatics, Vol. 40, 651656, 1997.

200 994, 3F3E8, S. Yamaguma, Decomposition
of Hazardous Gaseous Substances by Discharge
Plasma”, $l=rAki A 8H8] %], Vol. 11, No.
4, 79~83, 1996.

77



