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Simultaneous Removal of Particulate Matters and Organic Compounds
in an Indoor Air Cleaner

Young-Sun Mok®*, Ho-Chul Kang**, Ho-Won Lee* and Young-Jin Hyun*

ABSTRACT

The indoor air cleaner used in this study consisted of a plasma reactor followed by an electrostatic
precipitator. The role of the electrostatic precipitator is to collect particulate matters, and the plasma reactor
plays an important role in decomposing organic compounds and precharging particulate matters in order that
they may easily be collected in the following electrostatic precipitator. For the performance test of the air
cleaner. toluene, trichloroethylene (TCE), n-butanol and methanol were added to the indoor air. According to
the experimental data. the collection efficiency of particulate matters was found to be largely enhanced when
the plasma reactor was operated. This enhancement of collection efficiency is believed to result from precharging
particulate matters. A large amount of electrical energy was required for the decomposition of the organic
compounds, which indicates that the indoor air should be repeatedly circulated for proper treatment.
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Fig. 1. Schematic of the indoor air cleaner composed of a plasma reactor and an ESP.
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Fig. 2. Voltage waveform measured at discharging
electrode.
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Fig. 3. Charge-voltage plot corresponding to Fig. 2.
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Fig. 4. Dependency of the current density on the
average electric field.

Astdot. adole Had A7)1ZM 7] (average electric
field intensity) = @A Arlstdos A7 FZA7I= A
ge FIRTAe2 Ur @oez Fodrl mepd, &
#Ha #AAHGA 145 kVE #7372 g4sd
oF 7.25 kV/em7t HH, o] AFxe} AfxU=: T
Z 22 mAS} 4500 pA/m7e)th LubAQl A7) Y A7
o 4A7Eg B ARYELE 50-750 pA/m’S ¥
AJd[2]. & FAAME 8.0 kv AR} (A7]1EA
7] 4 kV/em)ol A 9F 850 pA/m’e] AFLEI}L Ao
A A& 4 + Aok gA, 4ol A48 d7

A7 AHAA HAZIEE FEI BFAUTGE

Ag & 4 don, Hel AAg A4 AA 49 H
olHE F2 4 kV-8 kVY HeolA Qo =3,
At A7 A7 A E 5iE A v)g
(A=/7k28) S 175-17.5 W/(m*/min) M 9Qd, 2
A7 AHE7 FY 8B 1.0+01 m’/minclT
ZF 7H5 A AP F 30 Wolmg, AHY ulg
(power density)2 Htl 30 W/(m*/min) 24 AA7)
T8 A UEAY. Table 12 utyA A7F A7)
HAZIE7 2 29FA 9 AIFE v wsyct

Fig. 5 34 E&h=v} w37y AU ¢
AAY (Ee GHAY/gAAA) 9 FAE Jdehd
ok GAHAHEH L Fig. 304 488 ¥y (A¢-A
St 2 HH gHAMIAE Ads= )& ol 85
t}. Fig. 5914 715 (o) WdwWo] 25HY g9 o
AAYE Jehz, 715 (o)x @ado] 129d o
9 BHAHE JepdY. {FHA Z2t2o} ¥-g7)9
A FHEE F 2570 AaE N JgL A9
7] fl5to] gAde] dRE Av|Hoz AAG 4
Hold 288 $¥371E Ak Fig. 5o0M @8
PRAHNE AHEA WAwo] 259Yd o9 127
4 a7t A2 G@EEAdst go Bk agy g9
$ARY (1 M) 712e2 8o FESH 99 @
ARAG FAAHL Aol A AHe2 Frts
€ #3rde & F Ak 9714 715 (a)e $AHA
o] 258 W PAHAH/YABHE Jehl1, 75
(a)e WAdo] 1299 o9 AN/ PARNAE
Ve O BE ulg o] £ FL9 49
HolHe 2% g2 4 Ad ANge ¢ + Uk
AFEE Aol FAHY o] aygogzHE HAAY/
YHAEAE & 5 A Q7]  YAPA L F5id
3 APAAMY GRHFE ¢ £ AA "ok

Table 1. Comparison between general design parameters of ESP and those of experimental apparatus

Parameter design parameter

specification of the

. experimental range
apparatus {maximum) P 8

specific collection area
(collection area/gas flow rate)

0.25-2.1 m*/(m’/min)

0.48 m*/(m’/min) 0.48 m*/(m*/min)

power density
(power/gas flow rate)

1.75-17.5 W/(m"/min)

30 W/(m"/min) 0.36-3.3 W/(m"/min)

current density

(current/collection area) 50750 # A/m’

4500 # A/m’ 180-850 # A/m’
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Fig. 6. Dust concentrations at the reactor inlet
and outlet.
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Table 2. Rate constants of organic compounds with radicals (in cm®/mo} s)

Organic compounds OH 0 0y N H
Chloroform 5.88%10" 6.82x10° 1.81x10* 6.03x 10" 2.04x10"
Benzene 7.15%10" 1.84x 10" 1.04 x 107 4.00 x 10" 6.29x 10"
Toluene 3.31 x 10" 459% 10" 234 x10° Not Known 511 % 10"
n-butanol 6.50 % 10" 7.14x 10" Not Known Not Known Not Known
Tri-chloroethylene 1.34x 10" 5.90% 10" 3.01 x 10" 1.60% 10" 6.27 x 10"
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Fig. 11. Byproducts formation as a function of
discharge power (Initial methanol:
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