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Abstract

This paper has comprehensively reviewed fine dust control technology from emission sources. Owing to the
stringent national regulation, domestic industries have made consistent efforts to develop the high efficiency facilities
since 1960s. In these days, harmful particulate pollutants including dioxins and PAHs as well as PM, 5 are also of
critical interests in government and civic groups. In addition, simultaneous treatment of gas and particles is being
widely studied. It is believed that hybrid facilities which integrate a few advanced equipment may meet the atmos-

pheric guidelines.
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Table 1. Ambient Air quality standard in world.

Period U.SA? UKD Canad®® Austraia®  Japan® Hongkong? China® Swiss? EU) WHO)
1hr - 0132 0334 0.20 0.10 0.30 0.15 - 0.13 -
SO, 24hr 014 0047 0115 0.08 0.04 0.13 0.05 0.035 0.047 0.008
yr 0.03 - 0.023 0.02 - 0.03 002 00105 - -
1hr 35 - - - - 25 - - - -
co 8hr 9 8.6 - 9 20 9 10.00 - 8.6 -
24hr - - - - 10 - 4.0 6.4 - -
1hr - 0105  0.213 0.12 - 0.11 0.15 - 0.105 -
NO, 24hr - - 0.106 - 0.04~0.06 0.06 010  0.039 - -
yr 0053 0021 0053 0.03 - 0.03 0.05 0015 0021 0105
1hr 0.12 - 0.082 0.10 0.06 0.12 0.16 0.060 - -
(oR 4hr - - - 0.08 - - - - - -
8hr 0075 005 0025 - - - - - 0.06  0.050
1hr - - - - 200 - - - - -
PM,,  24hr 150 50 120 - 100 180 150 50 50 50
yr - 40 70 50 - 55 100 20 40 20
oM 24hr 35 - 30 25 35 - - - - 25
25 yr 15 25 - 8 15 - - - 25 10
1mon 15 - - - - - - - - -
Pb 3mon 0.15 - - — - 15 15 — — -
yr - 0.25 - 05 - - 1.00 - 05 -
Benzene  1lyr - 5 - - 3 - - - 5 -
PAH yr - 0.25 - - - - - - - -

Ahttp://epa.gov/air/criteriahtml

http:// uk-air.defra.gov.uk/library/annualreport/air_pollution_uk_2008.pdf

Ohttp://www.hc-sc.ge.calewh-semt/air/out-ext/reg_e.html
Dhttp://www.ephc.gov.au/taxonomy/term/34
Ohttp://www.env.go.jplkijun/taiki.html

Dhttp://www.me.go.kr

9Ambient air quality standard

Phttp:/www.baf u.admin.ch/luft/00632/00634/index.html 2 ang=en
DAir quality in Europe-2012 report

DWHO Air quality guidelines for particulate matter, ozone, nitrogen, dioxide and sulfur dioxide
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Table 2. Korean ambient air quality standard (Atmospheric
environment yearbook, 2012).

Period 1978 1983 1991 1993 2001 2007 2011
lhr - - - 025 015 015 0.15

SO, 24hr 015 0.15 0.15 014 0.05 0.05 0.05

lyr 005 0.05 0.05 0.03 0.02 0.02 0.02

1hr - - - 25 25 25 25

co 8hr - 20 20 9 9 9 9

1hr - 015 - 015 015 01 01

NO, 24hr - - 015 0.08 0.08 0.06 0.06

lyr - 005 005 005 005 0.03 0.03

1lhr - 01 01 01 01 01 01

0O, 8hr - - - 006 0.06 0.06 0.06

1yr - 002 002 - - - -

24hr - 300 300 300 — - -

TSP 1lyr - 150 150 150 - - -

PM 24hr - - - 150 150 100 100

0 qyr - - - 8 7 5 50

24hr - - - - - - 50

PMas 3yr = - - - - _

3mon - - 15 15 - - -

Pb 1lyr - - - - 05 05 05

Benzene 1yr - - - - - 5 5
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Table 3. Lapple.C.E’s range of particle sizes and kind of cleaning equipment (Lapple, 1961).

Particle diameter, microns (um)
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Fig. 1. Particle capture mechanism of filter fiber.
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Fig. 2. Standard cyclone with inlet shape (Copper and Alley, 1994).
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Fig. 5. Principle of electrostatic precipitator (Environmental glossarist, 1996).
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Table 4. Development of ESP (Hong, 2002).

Year Main equipment’ s contents Country Collect efficiency (%)
Basic ESP (< 300 mm)
1980s - Nomal discharge electrode intermit electret charge ESP USA, JAPAN, GERMAN, Particle: 99.0
. ITALY act
- Semi pulse*ms)
Wide plate spacing Electrostatic Precipitator (400 mm<)
- nglq body type s;hargl ng wire USA, GERMAN
- Mobile charging wire
- Wet type e
1990 Gas conditioning system UsA Particle: 99.35
- Particle components control using SO;, NH;
Pulse type ESP
- Micro pulse(us) method JAPAN, ITALY
Hybrid ESP .
2000s - Wide plate, Micro pulse, Mobile complex ESP USA, JAPAN Ez;vde&?j 9.0
- Dry, Wet and filtrate complex ESP GERMAN Gas: 5)3/0 0 T
- Submicron particle, Heavy metal and Gas treatment ESP T
3. 4 M™7|E XI7| (Electrostatic Precipitators) High
voltage unit ~ Motor
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AR7 = v w2 = EAS A "5

Hong (2002)& xt} dAs|A|= m|A|HA] e]7]
& F537) 8 nag AAVES ALkl
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olglol= 1% 63 2

i xﬂ 2 "X 7|E2A] o]23
e At AR g 9% o] 7tA] FpA
Novel space charge ESP (Andrei et al., 2012), %17]%

LZ
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1

S

Hopper

Fig. 6. Novel space charge ESP (Andrei et al., 2012).
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Oh et al., 2008; Gong, 1998). u}z}x] A A S A4
e A A, 2AH7E 2, AA A, AWE
AzdH, Aga 52 HALE ARSI A
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317 e},
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A 3 sl AusEsd doe
9, 105717} #AF= it 20109 7oz Fuie] A
g s see] WhAdY) b4 F 5092 oF 24,205
MWe] ube geke Bwgaka glek ol % odgsieu
7] (1,700MW) ¢} etz 2d7] (2,100MW)7} <
FHH fElvehs & 5241¢] WA7]elA of 28,005
MWe] 7] olixE ks Fieh(Korea power
exchange, 2011).
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Fig. 7. Schematic process of coal fired power plant (Park, 2012).
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3) 59 8
Asl=s AA s =387 st o] 2009~ 2011
9 FHdstael] oFste] A 2AF A, AW E
A zF A B E v A 7F FREL] 717k
FFE 7R 82 A o] 3= (Nationd
Institute of Environmental Research, 2010; National
Institute of Environmental Research, 2012).
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st 7)13 7 813 R] 2| 29 A 435
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Fig. 8. Cement manufacturing process (Ministry of environment, 2009).
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YU PUE HEY 4 sl 23020 20004
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2 —‘:'r“} %JZWX]‘E A A& Aasta Qleh
A A, AR, 24, 5 52 3N 4 ds
o] ool whe uARAAL Y x]fsw 9)ste] A
53 Qiek ARH o= ApTL 2R ALl
Aetg A eH A2 g Ee)ste] Hd
Ao ARl WS Fete] A9 A ot wiak
A9 PAE AAGt=S ek U ofv] EA
g AR 2] mAkE WA|E] f18ke] AR ES)
Z3) A, B TA, 249 AT S A=

a2 99 dubHel Ao zE Fo A6
d3te] A714 AL 53 FHA 5744 +d, =1

a3} ‘3‘! F7149 EA A, A= ] AA

U I S EE A P AR B LI PV EA N

8 AA] So ] ME}-(MII’IIStry of environment, 2009).
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S Mol M A& FE3)e] 743 74 5

z—]]i—l/\__
o) A *E*&‘}—t— Folch. $elvteke 197049 49
1d 2ARLE A2t ofF AEH o 1 47}
Z7}3}ed 20054 7)1FEo 24,7729 B AJAFSHA
A 5916l el o, WA A7 AAreEe] 4.2%
2 AT A=z 1 FERIF ZHgn & 4§ Qo o
23t S A7kl A9 19709 o] F 2]7]H<l
AL o] F3le] F7} AA LAl gle] s vt
7h ol A A Fam] 2 78] djg
A 5 Y FEdTeEAe J¥gE FAF
7} gleh "7k AP RE 7 ZH*B*M]
o|2774A] A%, AlA, F, oF4, ik 4, &
kR 5ol ohaksk AAk FA ol glow, QA hdul=
Atmz2A] o]5e] AuldA ZAF d7], 4, BF
29EA  HAVE Fol o=F WAE] die] o
7], A 9 2oF ol Higk Al Aol o
F= 32 ¢l (Cho et al., 2009; National institute of envi-
ronmental research, 2007).

AAzolA BARAS} B 2R F2 A
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Table 5. Chemical composition of slag & dust from furnace

(Shin 2010).
OxyFuel combustion furnace (%)
Shaft
furnace (%) Convert  Open-hearth Electric
furnace furnace furnace
CaO 39 40~ 46 15~25 30~50
MgO 12 2~8 6.0~9.5 5~10
SO, 36 10~15 15~20 10~20
Al,05 10 1~2 1~2 5~10
FeO 05 18~30 15~25 15~30
MnO 0.4 5~7 3~10 3.0~6.5
TiO, - 05~15 - 0.3~1.0
S 14 0.05~01 005~02 0.02~0.20
P,Os - 05~20 1~2 0.3~09
Moz Ao} M3l J¥g wol Fstx oyl o)

ol AEFA] Aoz APE3le wiEFE &

o Avt =AH WA YA AdEE T3 e A
A8 FE3|= 3ot Al - ielA LA T
H=]9] 3}elxA-e & 59 7 (Shin, 2010b).

AR 2ol M FA o] W3keEnt opz} 2159l A
AN A 9 =5 HA7)e] mAE Bt viE
% AAE Zehbha oeh Fe) @ Al ALelME
AAAS S 28 mlo]l=mE A A|AE(MPS
Micro-Pule System)& A x|sle] AZ4ZA2] #HRA|A
2 g 48% o1 FAAIE seieh w3
S3he WE ZW o] xe]gne} 20m

== ¢o
Fol| FAS A E ARFte] BE EAMAIA T4
An] 2 A o]o] W E Zoa] BA LRI} BALEH=

A WA I = BRG] H=gvte
ARE A AGe) AR AeAE 9d 228
o WAIRE F B F AN mFE T go
1 g1e}(Posco, 2009). v 5-3-9] FAReIA A4 =
A FEEAE g3t ANHANE Bel g
33 glor), 248 WAYAE

e B,

—_

4.4 m7|8 AZE

2L A AZ|ES e AR
ozl AXAIA, d7] 2G5 WAAA, of A
APAA Fo o] Fojz] ¥AAoleh £70A4e)
F2AR Y] FEe 27 AR 9 e, A
HelA 23 Ygoz 9w ok (Ministry of
environment, 2006). =-u] AZHAJA-S 1984y oA K1
o B0E/US] A uAle] A7 He] XLow A
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Table 6. Dust control facilities in stoker type incinerators (Ansan Environmental Technology Development Center, 2000).

Incinerator

Control facilities

Daeil
Korea environment
Bukyung industry

Ecoservice korea
Jindo
Sunglim oil chemical

Cyclone+Wet Scrubber+Wet ESP
Multi-clone+Semidry Scrubber+ESP

Dry Scrubber+Filter

Cyclone+Semidry Scrubber+Filter

1% Wet Scrubber+2™ Wet scrubber+Wet ESP
Semidry Scrubber+Filter

Cyclone (solid)+ESP+Wet Scrubber+Packed bed
Cyclone+ESP+Wet Scrubber+Packed bed

Table 7. Dust control facilities in fluidized bed incinerators (Ministry of environment, 2006).

Incinerator

Control facilities

Suji incineration

Sungnam sludge incineration
Ansan sludge incineration
Guri sludge incineration

Jeju sanbuk incineration

Jeju sannam incineration

SNCR-+Semi-dry Scrubber+Activated Carbon-+1% Bag filter+2™ Bag filter
Cyclone+Semi-dry Scrubber+Badfilter

Bagfilter+Wet Scrubber

Bagfilter+Wet Scrubber

Activated Carbon+Slaked lime+Bagfilter+SCR

Activated Carbon+Slaked lime+Badfilter+SCR

<
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uh A2 An)7E dkex] dede & 4 deH(Ministry
of environment, 2006).

2EAN Y f54) 242 E 2E 27 MY
A7) @A ALY S AT RS o, @Y A
ARA B 737G DE, x| 28, 232

W 5e AP A 33 A7} AeHel

4.5 Xl=x}

A2 BAl o)l Ye] T el A
ojct. df=A] H7| e EHS] dRES =25 9
e ARFA vl EE A Qe Aoz deA e vh
A5 B eded MEas 1 Alof whgol
W) )z} i,

At 50z AA 22k Z718(oF 104 o)) <)
F Z7H @0 WA ske seldetel As
20104 = 2g2t EFH47h 2718 16,902 A, <
A4 ==F 974 Ao, F4AF 66 Az F 17.9 9
S JolAlul (Ministry of environment statistics,
2010). 179 =7}t 3 AgAl Ut B A
&} e Auct o7)4e) sk gt A
Moz Yzstha & 4 9k ol @ ol dUe
A sk vl EAE ARE e Ake 915
o EAI, A= A HAA FeFE 7)27]
w el A7 o] cdgpe] H% Fose(Limetal,
2009).

=22 9 i
o] wiEFe AxAAe FAEA, A ¥
Az Aw) A4, A8 24, 237 o9 W%,
xSl o3 AL wew 53] ds9] =
AL egEde] wiEekst WA W) sl =3
sef At BE vk AR 2984 SO,
5 Aoz YA sh, AgAk 7] Rl g
s U FvhddgR e FursE AsATE

st 7)13 7 813 R] 2| 29 A 435

Fuj 5oz g3 F5Ho2 CO9t VOCE-Z
frall 7k &g S1e] fA]le] H7|= g

FAE =3 7Y dEedA CEEEE 7E
o fEvEts AR FAdEE AHSES
o) 73l ARfAl 2sled 719 EAjEA] o
v FAd e 2SI SdEA W71E 3 v
7V Z7kP|= sigivh et dse] 2AE sk
A, A3 Ager A Wi 2P9EAL wiEo

Fageka & 4= gl (Cooper, 2002).

A5} wj7)kse) AR el e 2g el )
ZeF ey oze FAYAAA (DPAS 32|
giet. 53] s Al He ALgEy] Al
‘E3)3 41314 (Trap oxidizer) = S W g4 s
A 2847 Aoz 293t 7)et o
A i EEAE I 2AT, 2 Fol AT
WA A ol o} Sl A= T A ARgRke] FAE 7]
<2A vAAE AAs] $18 DEER WA e
DPF (Disel Particulate Filter)2- 7lWtslo] ul]&7}20
2= wEHE dE ARz glew, A
AAS o] 83 ApRgApl A 2Hg- m &7t s
71% et L Slell= FulE o] -3 AL AnA
< A4she 42 A= gekst s Qe
o, H7H S o] 43 A AAlE 83 Trap-
Muffler system~} 7§t 7| = 3}¢d o} (Korea ingtitute
of machinery& materials, 2003).
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RALEo| A H}&EE 7| = 3}, PCDD (Polychlorinated
dibenzo-p-dioxing) & -3t ¥ 71 &S Q4% w 9t

Zdh =3 948 FHT AT AL S

5 A= o= EAsA ok l 2 HA YA}
A7 F-3e] o d7]FelA vf&t‘r. Bae et al.
(2012)9] Aol st %’Zﬂ 4 mAHA F
PM,coll A tho]-84l = H]82 94%, AL nA™
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Wt wEbA d7]Fe] gelgale s es S
37] $18iM= Z2RAIUAR]D PM, e Al e Aol
AgAol ol& Aoz AdEld (Baeetal, 2012).
ohsh}sk= elsl44 E-2 (PAH, polyaromatic hy-
drocarbons)-& &3 7] .93 Bl HAPs(Hazardous
Air Pollutants)2] d3oln], B4, A7 e A, Z0FA,
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o} PAH 714 53] $JsiAd o] 2 42 Acenaph-
thene, acenaphthylene, anthracene, benzo(a) anthracene,
benzo(a) pyrene, benzo(b) fluoranthene, benzo(g,h,i)
perylene, benzo(k) fluoranthene, chrysene, dibenzo(a,h)
anthracene, fluoranthene, fluorene, indeno(1,2,3-cd)
pyrene, phenanthrene, pyrene 5-o] glom, ti=A] <
AE A7 AR el A mlg AE T gl (Korea
Environment Institute, 1994). o] &2 F=z }1-9} 3}
MeAgg Bl 92T o YA, A5t sk
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7) FoAN 53 FAo o8 AAkez Aol
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AR PAHS 719] AL 18] iR, 5

3] 100nm e]Ae] At wiEH A Abel] £3HE
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Hong et al., 2009).
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