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Abstract

The wet electrostatic precipitator (wet ESP) is an effective control device which removes submicron particles re-

entrained in a collection plate and water soluble gas. However, its collection efficiency decreases, as its operation is

subject to water-induced distortion of the collection electrode. In order to make up for the limitation, we modified

the wet ESP system by installing electrosprayed discharge electrodes. The modified wet ESP system can wash both

the collection plate and discharge electrode.

As a result, we were able to fabricate a compact wet ESP with a small specific collecting area (0.18 m*(m*/min))
that can accomplish a high collection efficiency of fine particles (97.1%). In addition, the device obtained a rela-
tively low specific corona power of approximately 10 W/(m*/min).
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Fa71S A A 3L A A 6 =

et al., 2012; Ehrlich et al., 2007), H]A|HR|= =7]7}
e 23, BAE 7PN drFolME 8 A%
Hohs 7ol &3k A1 (Rain outx} Wash out) &7}
o3 AAEE=H I AAEL F2 A= gHA ¢
t}(Hinds, 1999).
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AE-4 (Hazardous Air Pollutants)& Z st 7 Sof=
g & ofgeS njE +% Qth(Seo et al., 2014; Ora-
visjarvi et al., 2014; Chayasak, 2011; Chow et al.,
2010; Pacyna, 2010; Kim et al., 2008). =3t o737
FAAE 7HBAS A - Fste] AAAYY &
25 dod 4 91y, FE9 FEEeRE 285 7]
ol op7|d & glon, & tr|edEd S0
3% 4 9 AN = Gk (Hobbs et al.,
1993).

vt d7|eg 7| 5 5 AR B A
2 B0 mXZ| (Total Suspended Particulate, TSP)S. 2
1 7)1FX+& 198399f| 150 pg/m’ (AR )2 A=
AL, 19951 9] PM,,0] 50 pg/m’ (AB#) 2 A
lch. 20159 efl= PM, gl gk 7]&2] 7} 25 ug/m® (A
B oz AR e o] we|H Qick o] 23t tf7|e 7]
2o 2] Yo, M2 Qe A WS8R
T HAA o e Qinh AF S0 IAHURE
ARGt AAIE Y Aol I &l wEt Atol=
1o}, 20044 50(6) mg/SmPo]gwd Ao 20054
~2014d 30(6) mg/Sm®, 20154 o] o= 20(6) mg/
sSm*z 7}3}E| 9t (Kim et al., 2014a). wabs] AR 7}
3l = wiEs8 7S S5ty HsEl 71E AR
£ ME,ste] 882 F O3t o] AL} (Best Available
Retrofit Technology, BART) Bt} =2 689 2%
AAZAER 2A = 59 H1LFEE W& A
Ast7] g g 5o] A4s] st

HAE 1aEE APsts AA2E ARF27]<
SRR SOl AREHI A
o, o] F A7|PN7 & LEFAAE FE gg&
Az I 5 A= BAAHA ZA ot a2 0.1~
1.0pum HYY HRAEL H2 shAZT Au]4t(Re-
entrainment) 3¢ A2 JRa-go| JHH oz Lo}
A o|2 25| I3 HX|5HA (Pre-charging), B
F 21} 84 (Pulse-corona discharging) 52 o A
7F Ad = Qlck(Sung et al., 2014; Kim et al., 2012;
Carotenuto et al., 2010; Kim et al., 2010; Bologa, 2009;
Jaworek et al., 2007).

71929 W71 AH o= AR TR}
o WAo] 34, WA QAT B, WalTe] 2
H WA =2 Folth JAFe A HAl= 7AA
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MEooX

¢l F=3 (Mechanical rapping) 2.2 "ojyj=g], o] 1+
HolA WA A7)H B4 A7\ 4 (Particle’s
resistivity) o]l w2} 8]}, & 5 21} (Back corona) 50|
wHste] A go] Mol BAVL wAelr|E @
th. ol2 A7) A AT Rag wAE B2
Aol = 5A4A7|- R 7] (Wet electrostatic precipita-
tor)7} AEE e, o] AL o|4tEEH(SO,), Aty
(HCI), =Y oH(NHy) &} Zo] Eof & &35+ 7k-
4 LEEEAE AAT & e FHel drk(Carot-
enuto et al., 2010; Jaworek et al., 2006; Altman et al.,
2001). 0|23t 54} 71PN ek 2 AL 3
AZo) B S| Pej2 527 sto] AxA o] A
714 S ks AT RARAE Zs] ) 1A
719 A& PVCR Azl Algsel B& AT
A&E 814 sh= A Folth(Wang and You, 2013; Kim
et al., 2012; Saiyasitpanich et al., 2007).

ESE 54 A7) HHEF (Blectrospray) S 4§
g dtEo] APHL Qe AHEFT A=l
BA7} SHshE =& (Nozzle)o] 1AL <I7tshd
nA|gE o2 (Droplet)o] B/ Elo] £FE= @/doth
53 HAo] ZAYe] QJA7FEH HA| &9 o] 2E0]
Y qlgo] oJsf HFrHSE o]FsHA Heh
Aol A&t W71 ol 259 whdeo] o
Aol zAAYET AXA =& oA BHATSY
(Surface tangential stress)& Hro} A} Zro] uj L 7=
YA E7] (Liquid ligament)7} FAH . AAE7] 23
HAE7] EHo 2ot BHUATEH Y ngho] 9
3 AAE7]17F FARHA vlARt A Eo] FAHH
(Bailey, 1998; Michelson, 1990).

ol AAEFY & HREF, AA=F
duozg, 249 2AEF B4, 2 T ot
Fofoll A &dhstA Iy l=d (Verdoold et al.,
2014; Oliver, 2004), |71 2 R Eofo| A= o}F] =
7] AFHAZ PN A3, H7|1H77) A
Axstd 5 2 N9 A7t 9 #olth(Carotenuto
et al., 2010; Kim et al., 2010; Jaworek et al., 2007).
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Fig. 1. Experimental setup to measure the collection efficiency of the wet ESP system.
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Fig. 2. Schematic diagram of the wet ESP with electro-
sprayed discharge electrode.
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Fig. 3. Size distribution of test particles.

AL AA+= Hexamethlyldisilazane ((CH,);SiNHSI

o
(CHy),) ©]8F HMDS)-§ A& H1=4 &2 AT,
P22 (30°C)oll HMDS o] 71 dAAE Y2
AL7IAE 0.5L/min2 FF35Fe] HMDS £7|& A
ARt Egg HMDS $715 371 (2 L/min)¢}t 347
A712(700°C)oll THAIA dAE BAs =T, 571
BHE M7= o7k HMDS= AtsttAS A A A
Si0,, Si0, 5 Mt AtslEo] FAdH Tt

HA] DGR oA DA AHG WA BE
T 21.5mg/m® (n=10)0|¢l e, WAt 1.41 mg/m?
otk 3 WA WA 9 YFEZE= IH 33 Lol
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B Q= 2719 FARSH wEka] & Ao B3
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Collection efficiency =(Mass concentration at wet
ESP off —Mass concentration at wet ESP on)/(Mass
concentration at wet ESP off) x 100
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Table 1. Basic parameters in the ESP system with elec-
trosprayed discharge electrode in this study.

Parameter This study Typical values
Gas velocity (m/sec) 1.0 0.6~1.8
Temperature (°C) 20~25 100~250
Electrical field strength (k\V/cm) -2.5~-50 ~=7.0
Specific collecting area (m?(m*min))  0.18 0.25~2.1
Specific corona power (W/(m*min)) ~35 1.75~17.5

ZAAFA L (Auw220d, Shimadzu, Japan)2 &35t

AAPAAY A71% SR eARATT(TDS
2014B, Tektronix, USA)2} Probe (P2220, Tektronix,
USA)Z Tietatgic. W3] AAT A Aol 10kQ
o AL Adst] AT FHT ALS FAsHC
™, 33 SA4E AY @9 s ol8st] ARTA L
Ag=kS ALtstant.

FA7) W 752 EATEA (TSI, 9515, USA)=

2759

2.2 MY Wy

2 479 B2 42e Foho FALR PaTS
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A % A AN AAN 2714 S5t 42
£82 Zest

0] §42 1misece]n], o] & AF§ A7IWHAA Y
ZANA gFog AAEHH 0.57 m¥mino|t} ¥ 12

2 AR A7AAA] 2H 84 7S durAd A7)
AA719 gt vwste] Yeld Aotk (Kim et al.,
2012; Kim et al., 2010; Cooper and Alley, 2002).
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Fig. 4. Voltage-current characteristics in the ESP.
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age (electrical field strength).
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