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NOx Reduction of Exhaust Gas Using
Corona Discharge
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Abstract

In this paper, reduction characteristics of NOx gas produced from diesel engine combustion is studied by using

pulse corona discharge. NOx concentration of 1900ppm (NO 1870, NO: 30 ppm, N> balance gas) was controlled in
a fixed quantity of 280ppm, using a flow meter. Reactors  are composed of cylinder type. NOx reduction rate is
investigated with discharge electrode diameter{05,1,34@], reactor length [130,300mn], reactor materials[Copper, Poly
Vinyl Chloride] and Input voltage[DC, AC, DC pulse square voltage]. In the result, NOx reduction rate is the best
of all in copper reactor, small electrode diameter[05@], DC pulse voltage and long reactor]300mm). Then reduction
rate of NOx is about g39,
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Fig. 5 Consumption power by input voltage

22 dy wy

71925837 Vol. 8, No. 6, November 199,

A¥-2 NO 1870 ppm , NO: 30ppm, N balance
722 " 1900ppme] NOx7FAE flow meterZA]
SEE 280ppm, FHE S0ce/mineE AHA &
A7, Bl A4 PE REY A4S
243t FR5E z2dEo, 27l Aol HEd
etd DCACDC pulse Hgtel A7hal Ay,
PVC 9 CoppergldE], 2|dele] o] HxFu}
o ubgl NOxel #4288 H¥ssct

3. Ayzs 2

a9 62 gdgE9 Zdol7} 200mmolz, FH W=
9} A Aol 05mY w Ae] ] <lrtEolz A
°] % DC pulse, AC. DOl WZ NOyo 74
&5 =A% Aolr}
g4 Efe] DC pulse voltageE 917}8 H$ NOy
L AEo] b =4 el ol ve 7
A A HSe QA7 wd A of g
& Aol Ayt ghdol A E v Hw o)

H O HE EAT T "3 o ye
A A flol ol WA o] QivlEw
AAL] £ A7EA
2 2dAE 4357 WE
= &3 Hste] oa wbH

23
o O
)
o
o
g
2
‘
Nl

O MO oo o N du o
RO duoag o8
Lol 2w

jinA

1o

o2

2
N2
)

o o &

i

Ju
okt
2
flo
o

AT F9el delgde) dA BErt ol o
fr2 ddol AAHARE WA A E A A
5ol FF s o] F7HEE AA o7 wAg
AA7L FAABR A YoM HWe 9ddoz
o] NOx9o AAZEo] 71 e Aoz A8
),
100
= kg
£ 20 - -=-[pulse]
70 -
-
] -
40 -
g *r
20 |
10
o : . . , .
7 [ § a 10 h k! 12 13

Discharge (kv]
Resactor » 3D
Copper langth u['lm] Hz]
a3 6 A7MAHY BHo g NOx9] 7ZA¢
Fig. 6 NOx Reduction Rate by input Voltage
sorts



jo)
=&

T3 B 38 AFPdUR e 4 eVeln, radi
calgd &3] o] 717 35 wgo] dojubA el
A&AZre] 2 HaAgo] Qs @ wols o2
9] 71&3le % oYA 9 4vje L ybA Azl
B 7 10eVE 7H&Eo 7h2§ER19) radical 4] o]
AAAA H22 NOx9 AA Fgol F7HHe A
o2 Al ACY A$& pulse AYy FUFH
60Hzol M S O mfF dY9 &HAEA T4
W3l g Fo] Azt m¥ FHi4ow pulse Hgte] <
7b Wiyt Hde g9o] &7 HARs NOx9 A
Ago] pulse Agtel 27}t ARG e Aoz Al
o

a8 73 8¢ P.V.C pire 2]94E19} Copper bipe
gAE ] F FTFHY HAEdA ST NOxAAE

< TAg Ao2 PVC 9He 3% NOx #4
E4e Py R PVC #4449 @7z 2%
AA BHo= copper Ay Bt} mEU A
Agte]l &7t =z mBUrE $23] AAEA go

B2 NOx A7 &Ago] Aoz Az Ro=Z
Atmgch 2elx, FU A7MHSS Aol A WA
A9 FAARo] HAETE Gmm — lmm — 05 m
m) NOxA AL EAL =4 JYeldoh ol el dH
o] v uB Ao @ACNA R o A9
7ol HErE 2 AAHGL RolAn, Y
AZMASGANA wd AFe HAol A& F5 IR
whe] A oFo] Wol NOx¢ £3 &o] EoiAl:
Aoz Alggdh. =3, wd A59 Aol 4md
& A9 ®Ho] Y72 Adolmg corona
ko] U F7b stdNOxe] AAE&e] Fob
1= Aoz Agdrk A7, 22U AX= P

1o ox

N

oy

NOx Recuction Rete [¥)
o3 BBE8BIBEE

L | e m*]
B :[1mm}
| |- [0.5mm]

=
-] 10 12 14 18
P.Y.C Asactor 1g?rnm]
30(Hz] , puise voltage

a8 7 PV.C B dE 9 NOx A&
Fig. 7 NOx Reduction Rate by using P.V.C
Reactor

L ZEgAS o8 WilAaFY AR, wE, 184

VCaEldE 9] A9 4kV, Copperzl eI H-$ 2kV
KE m2uhe] A7 Ao wrh

2 7, 84 4mmel ASE HHAAFH FRF
o] AZE 2F 39 ()9t Teo] FEsty HdHEA
ANE FAF Rolr}

—

NOx Reduction Rate [%]
cadB8s88I888

i : Eml']
- {-= [1mm]
| |~ {0.5mm]

8 a8 10 12 14
Discharge vohaga [KV]
Cooper Reactor length 130[mm]
30(Hz]. pulse voltage
33 8 Copper 2lAE A NOx T2 &
Fig. 8 NOx Reduction Rate by using Copper
reactor

¥ 9% DC pulse dshg AME3sta] fodEe 2
olo] mW& NOx9 AA &&& =AF Folrh 130
met 300me] F FFe YAEHE AHLden =
dg Aol A dAE e Hojzk AFFH NO
AA&L Folste Aoz depgon @i 2

=3

NOx Cancaniration [%]
caBB8&B8BIBEE

: -

-=300[mm}

8 10 " 12 13

~
a

Discharge Voitage [(kV]
Copper Reactor, 30 . puise voitage
mm-lwo.stml

a3 9 e "ol wE NOx&| Zas
Fig. 9 NOx Reduction Rate by reactor length



ol7} 300mmoll A 1L{KVIQIZHAL oF 93%e] AAE&
ettt ol 2y Holrt dojdsE 8
do] FAHez Frlete NOx7t~e] A &
7 Azte] HojA B2 NOxEAel f7]8go] 37}
3to2  NOx9 AA&e] S7hshs Ao Atad
o}

19 102 A pulse dghe] Q17F Aol A F}
o] w2 NOxe #&: &S =XAF Aot

KR
=

Z
—

2

RSGAA  =Eete] 3jdse] wst7b 1800rpm(30
Hzl, 3600rpm[60Hz]e] F 7h=lel thape] @t 2
3 @9l Azrg gl B $7F BE 75
£ NOx9 AA €& EAt 19 1L @9
Aol NOxzZa#E vetd ez dite] e
o] wi oel A=Y NOxe] il FrhEE 7
o2 et
100
%0} ~-1800[rpm],30[Hz]
o | ~-3600[rpm],60([Hz]
£ .l
3ol
5% r
il
g 2
m b
10 |
7 8 g 10 11 12
Diacharge [KV]
L T e

a7 10 AF ¥ Faso] BE NOxe #ad
Fig. 10 NOx Reduction Rate by DC pulse
frequency

4. 83 £

=S NOx 7t&9 #AA Zgg 47 93 &
gt zAAN A Az, NOxHAS 5&&
PVC e Bl copper 2lAEllA A Ht
o AE WA AL WHAT AHo] HEFF
AA &gol =tk oz @ldgel ZHelwt
300mme! AS NOx9 AA &8 oF 93%A
o, AR HIAH FAAYY FHRF7H BE 7F

NOx9 AA Z&o] EUH

2agd

A7) AR Y83 A Vol 8, No. 6, November 1995.

Y
W

=
N
T

NOx Reduction Quertity (mg/Welt]

10 |
e -
a - i " A A1
L] k4 8 ? 10 1" 12

Copper m.waﬁmlm 0.5(mm)]

a3 11 g9y HEg NOxe paw
Fig. 11. NOx reduction quantity per unit power

1. A5, d7ied HA-FE,
pp. 435-461.

2, Richard C. F and John H. Seinfeld,
Fundamentals of air pollution engineering,
Pre. Hall, 1988, pp 167~222

3, Perry, R A, and Siebers, D. L. "Rapid
Reduction of Nitrogen Oxides in Exhaust
Gas Streams,” Nature, 1986, pp 324, 657~
658.

4, Salimian and Hanson, R. K. ” A Kinetic
Study of NO Removal from Combustion

NH;~containing

Technol, pp

Al skat, 1993,

Gases by Injection of
Compounds,” Combust, Sci.
225~230, 1980.

5. K Kawamura and V. H. Shui, "Pilot Plant
experience in electron beam treatment of
iron-ore sintering flue gas clean up”
Radiare. phys. Chem., vol. 24, no. 1, pp. 117~
127, 1984.

6. A. Mizuno, Y. Yamazaki, H Ito, and H
Yoshida, "ac energized ferroeletric pellet bed
precipitator for sterilization and gas clean
up,” in Conf. Rec. IEEE/JAS Annu. Mtg,
1989, pp.2148-2153

7. A. Mizuno, J. S. Clements, and R. H. Davis,
» A method for the removal of sulfur
dioxide from exhaust gas utilizing pulsed
streamer corona for electron energizaion,”
[EEE Trans. Ind, vol IA-22, no. 3, pp.
516~522, 1986.



8. G. Dinelli, L. Civitano and M. Rea, "Industrial
Experiments on Pulse Corona Simultaneous
Removal of NOx and SO: from flue Gas,”
IEEE Tran. Ind. Appl,, vol. 26, no 3, 1990.

9. S. Masuda and H. Nakao, ” Control of NOx
by Positive and Negative Pulsed corona
discharge,” IEEE Tran. Ind. Appl,, vol.26, no.
2, 1990.

10. M. Shimizu et al . "Development of an
ozone generator operated with fast rising
voltage,” in Proc.10th Ozone World Cong.
1991, pp. 39~50.

08 o8¢ WaF A2, Walg, 184

11, Y. Kamase, M. Shimizu, T. Nagahama, and

A. Mizuno,” Erosion of spark Gap of
Square-Wav High-Voltage Source for Ozone
Generation,” IEEE Tran. Ind. Appl, vol. 29,
no. 4, 1993.

12, A. Mizuno, J. S. Clements, R. H. Davis, W.

C. Finney,” Combined Removal of SO, NOX,
bad Fly Ash Simulated flue Gas using
Pulsed Streamer Corona,” IEE Tran. Ind
Appl. vol. 25, no 1, 1989,

EEEY]

%4

14749 29 24904, 19684 RAdeha
AT £4. 19819 Foldigta o
39 471283 ZY(NAY, 19934 ~
19959 Addistn digd A7t
UALRA, 19799 ~84 FHAEOE
RHER-TS

A%

19609 49 1594, 19864 29 ¢
¥ A71EeT E9). 19914 89 A3
deta dEd d73ss (3.
19914 98199024 28 U WK
Add T4 19929 39~19%53 A
gt 47138 zas

234
19429 89 2194, 19664 HadEn
A713% 29, 19799 Fohdsta dof
& ATt EF(HAD. 985
Foign dEd 27ees
W), @44 Addsta Zd?l%¢

AU Bees, ueans

3 e,
B=3 &1 [I_Q L
ok i o}-J ofi

$o4 2 BelQ,



