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Generation Characteristics of Ozone and NO,
and Particle Removal in the Electrostatic Precipitators
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Abstract

We investigated the amount of the toxic gases emitted from the Electrostatic Precipitators(ESPs), which are
currently used as the indoor air cleaners. The existing wire-to-plate(WTP) and neddle-to-plate(NTP) types of
ESP designs are considered as the experiemntal corona dischargers. Using the voltage, the polarity of wire,
the number of needles of NTP as the input variables, we studied the generation characteristics of ozone and
NO, and the particle removal efficiency in the ESPs. As the results, we found out that the concentration of
ozone, NO, and NO, is increased with increasing the voltage and the number of needles, but the amount of
NO is decreased. And we observed that the generation rates of ozone and NOy are mainly related with the
corona region through the photographs. Finally the experimental results showed that the particle removal
efficiency of ESP with WTP type charger is more superior to that with NTP type chargers at the same
voltage.
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Fig. 3 Experimental voltage-current characteristic curves for several corona dischargers

3000 r ———a]

Ozaone concentration {ppb)

Valtage (kV)

(a) Positive corona

1000

T —
O WIP
& NTP-

800 - © NTP-2

5 O NTP-3

a

o

e

5 600

s

2

8

< 400

8

2

o

3 zouJ

o — Gl —

—r—r" T
4 5 [ 7 8 ] 10 11 2 13
Voltage (V)

(b) Negative corona

Fig. 4 Ozone generation characteristic curves for several corona dischargers



1446 =3F 095 - 28x

B2 ¢ 2&of A ¥=Z2UY AT,
A7bAgel 9kvolN LFFEIF 2IFERT
ok S0ppb F7H8IR L, SFEURL A= &
650ppb F7F3tgTh olH ¥ FAidE FYE AL
oA SAHE eEF] YI2 Y HlF I
t}7} @l § Huang and Chen"9] 239} FA
Hoz # dAde AoE e

a8y NTP A9 A$aMEe dz2UIt &
22U B8 o 2L 22L& TAPAIE AL
2 Jepdd ol dd: 32U 4 %(corona
region)¥} ©¢ THo] Aol wrp WL 3=
tol vls) SREUA Ao o] & Z2Y 99
& Zevh a#y NTP Wale z2u el A
T 22U A5 b8 FmE Ul A
A7) oz sl ol2Fgdo] 77
&t7] WEo] e&Fo] t] @o] AT Ao
@do] ®th Fig. 5& Z2Y AR U o
22 FFHo g IRy 949L HAFE
Apolth. Al A B upe} Fo] 2 99
9] =7}E= NTP, ¥=ZEY > WTP, 324 >

NTP, 224 > WTP, ¥Z2v}9] &A=& Y&
Wtk olE Fig 49X By o&dgamn 5o
g A7) £4E ZEY olgd dAdE z2y
PR SEUQTF Alolo] FAF ABAFol UE
€ BoFE. &, 32 490 AZLFE Q&9
DAFE Fogtie RS 98 Fro

agn gzEve AL Ao b FIHg
e} @ EAARL A& FrlEte AoE o
Bxtoy, 32 9 NTP-2394= AY
Y3 2AFE e

Figs. 6~8& Z2Y wARo)A Q7}A Y
£ NO, NO, NOL9 z7i%=xd ug FTFFL
BoZE o714 &39 NO2 %L NO9 NO;
o] ZAFL FF Aolth NOL i7ldAe &
wslgo]l 27] W&ol Z FSo did APA
I %z7)ge] WE(50~100ppb)o]l A&ttt whekA
NO, NO, NO.9| W3S x7|gkdl dist S24F
22 g Jeidd. 37 F9 FAZEAMN)E
2 WA oty RaiFEo AAgAET u
LaAY = RiY A29AE, &3 A

o

(a) WTP, positive corona

(b) WIP, negative corona

(c) NTP, positive corona

(c) NIP, negative corona
Fig. 5 Photograph of the corona region (the voltage is applied at 9kv)



FZ2Y 3 o BE A7 7e 2E, NOx 24 2 dxAAA &4 1447

W33t NOE AAstA Eth o8 Noe = e+ N, > N+ N+e 6))
el oo wdd sl ex s A @
- <. 5~8 -
Wg5ko] NO2 Wk "ok 2 2
0 hd v et =3
-104 - 4
204 4 . -
g g
& 304 4 =3 <
] 5
= 404 J = J
g 50 e g E E
0 w04 [ wre p o i
z A NTP-1 = Z NTP-1
704 e NTP2 J 704 | © NTP2 R
¥ NTP-3 0 NTP-3
0 T -8 — T
4 6 7 8 9 10 11 12 13 4 5 6 7 8 9 10 1 12 13
Voltage (kV) Voltage (kV)
(a) Positive corona (b) Negative corona
Fig. 6 NO removal characteristic curves for several corona discharges
250 —————————————— 100 ——
& WTP <o
A NTP-1 a
m| 2 2 - S -
2 g
g g
S 150 4 - 5 60 4 e
E g
© [=
§ 100 - . § 40 g
8 8
<} o
Z 504 4 Z 204 4
° e ° ——
4 5 6 7 8 9 10 11 12 13 4 " 12 13
Voltage (kV) Voltage (kV})
(a) Positive corona (b) Negative corona
Fig. 7 NO: generation characteristic curves for several corona discharges
250 ————————— 100 —— 7
* WTP O WTP
s 2
wo| 2 W3 : oy | 5 s 1
a g
a o
= 150 4 = 60 B
o o
-] K]
B g
8 100 4 8 404 4
c [ =4
8 8
o o
Z 50 4 Z 204 4
- o & &
T T T T T T T L\ 0 T T T T T T T T
4 5 6 7 8 ] 10 1 12 13 4 5 6 7 8 9 10 11 12 13
Voltage (kV) Voltage (kV)
(a) Positive corona (b) Negative corona

Fig. 8 NOx generation characteristic curves for several corona discharges



1448 =33 -
N+ 0O, - NO+ O 5)
N+ O; — NO+ O, )
NO+ O — NO, Q)

A @6 2L ez A4d Noe 4 (),
9] wh-goll 23td Fig. 6014 B upe} Zo] O
Fol AL F7tet @A ALHA FadHA H
Edl 534 01%01 Had z719 EAgo] A
25 289HE Ao Jeigth a8y No9 4t
3}ut-gof «lsﬂfﬂ NO9 42 A9 F7iet 1%}7/11
A&sA F7kstA Hed olE Fig. 794 £
ot} Fig. 82 Z7|5%d diF NO& %ﬂ%*——
BoFm ok aYdA BE upe} Zo] AspAg
o] 77}*‘;}011 w2l NOS 2AFLE FA Frlete
A& E F otk ol A/ AAAA NO,
7 B3 e AL 29Fa o

Fig. 49} Figs. 6~8°14 E 4 gl%ol NO.&
NOE &9 Z7ho A3 43@0] S ¢
F At NO:% NOY 4= &dAFAHE
7hA%te] 7ol A SE2 e vlE FREY
A B Z7lE Hol: Ut} olE UYA =9
F Z2 993 #Po] A 32y Yo
% 229 WgI9L F8H 5]1 X
AT Z7EHAl Hew ol A A (7), (8)
9] ¥kgo] o FEslA LojuA Noxsa} NO,9]
gyEe Zrlsls Zojr), I2]3 Figs. 6~894]
BE vlg} Zo) QspAste] Frlgtel wel No9
¥ ZAsA g NOg AtEurgo] 9o NO,

100 H*’/ H-7¢-
~ 80 ... LD Y 4
§_ / .\: /
g . o ol
§
3 /‘~A—A—A—\ A

40 ]
: Y; A
@ A A /
g 20][——wrP A
5 —A—NTP-1
o —e—NTP2

—&— NTP-3
o

v
0.1 1
Particle size (um)

o
2

(a) Positive corona

o4 - 2¥E

o 2 Z78iA "ok ol N0 F7lgo]
NO9| #AZFHT 37] ol AT NOL &
& F7tstAl "o ol#H% A NOE Z=u}
HARY AN FUskY No2 AALEL £
99 olde] ARen F AP

o0& BE 71%_‘-%"’-% ZAZ, B d7dA
A3 AZIARVNES FIEddE okvoldoll A
EE FAE] /¥ zl zH3te Aoz JEy
3 WTP W4, d2a e A$E Atz

H“‘Eolm QELAFO H«l NEE

Reg el £33 WHOY
NO°l tﬂfa LH 387|224, 0.075ppm)
< ZAZ B dFdA Algd AVFAAVE H
e | NTP W gazute] H9 okvolAe
Ae o 71ZXE zHse Aoz Jeigd.
WTP a9l F 71x ZL9 NTP 4, S22
U4 BgoE WHOY 71EE BE3e Res y
bt ety Auve Frjdel FA ZAEHI:
A AANA 7€ YA E St2AAS z47]
AR dsld o8 7tA LAZAA wE
Z 2 No, Ao #F wmr £4xql *a‘faaﬂ;?
7} o3t ga

3.3 XA 54

F2Y gapgaa Fid ode dRAA &
do] olRA Wet=AE BFsY] 95t 438
FEEE £3589 AAAALEES AMsISch

Fig. 9 Zay @A Agto] okv, AR 9
Aol 45kvEWe Y738 YAAAEES B
ok 2 A¥e dsiA dAAARES d==
Yo Hls &zEYs o € JeE Yetgt ®

100
P

AR
-t B, A J
\ /

A 1

@
=3

3

-
=3
N

Particle removal efficiency (%)

4 [~o—wP
—A—NTP-1
—0—NTP-2
~—O0—NTP-3

»n
-3

T
01 1
Particle size (um)

°
2

(b) Negative corona

Fig. 9 Particle removal efficiency for several corona discharges when the applied voltage is 9kV



224y 3 4 BE A7FA7Y &, NOx 24 % AAAA 54 1449

g 22U FHA BAIQ A9 7 FolEF
g JAAAEEL FUlste Aoz Yeh o
3 2L 9T AL Sz F==
yrt o 2 o2AF7 527 fFo® oy
Y} Fig. 49} Fig. 98 23 29 okvelA wrpe
AZYAF7E NTP2,38 T Holx gAAAZEL
3A Jevs A& £ F Ak ol Fig. 2004
HE vk} Fo] AA §599Q0m) 5 I J9@7
mlE FUHE YAEL Z2Y G0N 24
HE o] dFgS @ @] wRd A=t A
g Fgo] dolAM avtE YAAAFTL) TA
A =He Aolth NTP2¢ NTP-39 ALdAe
PAAA B L] A HxEA &AL ol
olfr: 9 IFo 2 [{YHE YAESY Yol H
%3871 W' Aoz gagr)

EZ NTP W29 A4, dxbe] AAo] 0.05m
o]al Agoe YRAARE] FAI}E RS
B £ gled oE 0.05molsty gAdAME o
5o gAgtol o]l HE  RE5H(partial

charging)?] 4 W& Roz Wogrh

4. 8 E

A713779 A48 £ Jde AEYA WTP
wA g NTP 949 AZAA7| A LRHE
2E, NO, AT JAAAZT L i =21
Bt g Ze 2L dS 5 Uk

1) 2EGAFE 22 JARe g4t #©4
flol A7kxstel Frtel @7 Ftstm, Y@
AgoA Fz2o] Hld) SIZEYM AF
o] ¥ AP NTP H49 B¢, A9 7} F5%
o el IRUAFE F/1e.

Q) L& BAFL mE) 99
T A FHo] glon FAF QAIFAL A
WTP W2l A9 3z vl Sz o)
A, NTP W29 A9 S32u)o wjs) ¢z
A QY 2L 0Fo] wAgT]

(3) NO& F713e o &utyes UAg 3d
o] glow e EWATF F+E NOL FIHEE
A JERdT

4y A7HAYe F713Hd wat NoY ¥Le FA
gt N0l ¥& F7HEA HEd olE Nost
NOZ 9] 213kg wgoln AF SAAY o
of JAZFEH NO& ¥ F718HA |t}

o
u
N
3
2

=1}

ol &t

£

() YAAALELE 22 AL BAA
o] Fmaute] vla SzIUAA © A =3
Haio

o

7|

o

B dA3E 19949 e EAG A=d7A
A PAge] Qe 4Rz o|Fojzxlon] o
BA A AHEA ZALE =¥YTh

mk
et

Fns

(1) Huang, S. H and Chen, C. C, 2001, "Filtration
Characteristics of a Miniature Electrostatic Precipit-
ator,”" Aerosol Sci. and Tech., Vol. 35, pp. 792~804.

(2) Yoo, K.H, Lee, JS. and Oh, M.D., 1997,
"Charging and Collection of Submicron Particles in
Two-Stage Parallel-Plate Electrostatic Precipitators,"
Aerosol Sci. Technol., Vol 27, pp. 308~323.

(3) US EPA, 1995, "Ozone Generators that are sold
as Air Cleaners: An Assessment of Effectiveness and
Health Consequences," Indoor Air-Publications.

(4) Wark, K. and Wamer, C. F. 1981, Air
Pollution: Its Origin and Control, Harper & Row.,
New York, pp. 32~33

(5) Lowke, JJ and Morrow, R., 1995, "Theoretical
Analysis of Removal of Oxides of Sulphur and Nitrogen
in Pulsed Operation of Electrostatic Precipitators,"
Plasma Science, IEEE Transactions, Vol. 23, No. 4, pp.
661~671.

(6) Mason, N.J. and Skalny, J.D., 2002, “Experimental
Investigations and Modeling Studies of Ozone
Producing Corona Discharges," Czechosiovak J. of
Physics, Vol. 52, pp. 85~94.

(7) Dong, L., Chen, C., Sheng S., Chi, X. and Yang,
J., 2002, "The Influence of Interface Phenomenon on
Removal of NO and SO; in Corona Discharge
Reactor with Water Film," Industry Applications
Conference 2002, 37th IAS Annual Meeting, Vol. 3,
pp. 2194~2197.

(8) Kuroki, T., Takahashi, M., Okubo, M. and Yamamoto,
T, 2001, "Single-Stage Plasma Chemical Process for
Particulates, NGO, and SOy Simultaneous Removal," IEEE
Transactions, Vol. 38, No. 5, pp. 1204~1209.



