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Abstract — Demand for improving dust removal efficiency in coal power plants and the dust removal requirement to
the level of capturing fine particulate matter and ultrafine particles have been increasing. While bag filter and electro-
static precipitator (ESP) are typically used for dust removal in the processes operating at atmospheric pressure, metal filters or
ceramic filters are employed for dust which is produced at high temperature/pressure system as in coal gasification. For
dust removal at the high temperature/pressure conditions, two metal filters of five compressed/sintered layers were man-
ufactured and applied to analyze the dust removal characteristics. Manufactured metal filters exhibited more than 99%
dust removal efficiency on coal gasification fine particulates in mass basis. To evaluate the fine particulate removal effi-
ciency of less than 2.5 pum, JIS standard fine sample was used and confirmed the removal efficiencies of 97% and
70~82% on the fine particulates of 1~2.5 um size range. For the size range of less than 1 um, dust removal efficiency of
manufactured metal filters significantly degraded with smaller particle size. Improving methods are proposed to over-
come the limitations in applying to fine dust of less than 1 pm.
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Fig. 1. Dust removal test facility using fine particulate matter obtained from coal gasifier.
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Fig. 2. Dust removal test facility using JIS standard fine particulate
matter.

UEhd A0S AlgSlglh AL HE el e AXF-9 A7
IE A9 FATEA, A olF8 $871, BH dETe 2R
= S48 PPl A Sz s Sl

Wk SHGA = 25, e, 2 e, gk adile,
Al 2 A EEE EH SoR dEH Fig 30 e
A & A SR EATE ek 2Rl 172 inch
SUS316 FEE 48831tk oFefel vhol LATR7RE T i
W] AAH = S WA st wide] 7iAEE fES 12

s Sk, e el e QA e) sk Bt

Al a3l om, AR 47719 £ 525= 200~300 °C W S1R1H]
Wgle YA 2 P77t Frd sl ol 2Aste] mhe
SHET WAL YA flte] LR R o]l gl el
D& dAlstel TUH 257t %X] = oglek SAlE e 54
Alelli= 231 RS 45FY she H“‘_i' ReYspst=vl, A
AR A whg s ] Bxlo] ghiFe] glorw E3A|
THE 5-30% 5 FrAsklaL AR Fuk2 FE el 2310] o

IIII/I/‘I’/'/'/‘/?/M/"I
Iﬂlllllllllﬂllﬁl
LT

IR
— M\\%‘x\}\\\\\\\\\\\\\\\w
T1110RHAVEREARRRARRRRRRRRY

V777707
LLLLAEHAR
YHLLITI I EIE PAR

Fig. 3. Dust concentration measuring equipment.

Korean Chem. Eng. Res., Vol. 57, No. 4, August, 2019



464 85 - A4S

3.5 1563151-1_ol &4 T6_03.$is

Lo e e | Lo . L b e 1 =L LI B £
04 06 1 2 4 8 10 20 40 80 100 200 400 1000 2000
Partcle Diameter (um)

Fig. 4. Particle diameter distribution diagram of fly-ash fines obtained
from coal gasifier.
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AUtk FA8] a2 7kAst S AA o] WA 1 {7154
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PAREERA T2 wAHA] 727]¢] YJAHE iEsks Aol

2-3. 25 ZH

SH 2EHIJE S A E(shee)E 571 424 FFAZ 58 255
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Table 1. Bulk density of fly-ash fines obtained from coal gasifier
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Fig. 5. Particle diameter distribution of JIS standard fine particu-
late matter sample.
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Fig. 6. Cross-sectional diagram of metal filter manufactured through
compression/sintering with 5 layers of stainless steel sheets.

2HJIE A FES AMS FE5IE S F45UE No. 22 2 Al
A wysisih Algel AREE = 1B oI 3AlE 590x590 mm
AzlolH, 9] AEE HE3 F45IH I7]E ¢62.5%1L1,530 mm
o, o T AL g 7EAel ofsh FAEAS aE o] F-414d
o 7t SUS316LC] #-§-H Stk =4 FIEE AHES 552 HE
FYUHE 54T Zo] T Attt S50 e = wiA FEHle] o
ks 5807 kAt AztE gl o, o 3o 7] Fe
5 pmee 283131t

57 e d FE5PEE 12/t WiEZIA T BRA
AAE flete] 2471e] 715 A717F v 555 Q2] wIA] (mesh)E
g 004 eHladste] Alzxsh=t, zF WA= o akale] A
(screen), YE HE 5 93t BE A3 IE XX 4 4AE
A3 1A a7, Y7 ERe] FLS BARS §%E Bak Aggo®
gt

FEIE = 8T A% IGCC H aollA] AMEske Alete] g E 9}
22 A}o]A(1.53 m =0), 97 625 cm)E AZE R oA, 1] F5

Sample name Test Weight (g) Volume (ml) Bulk density (g/cm®)

1st 40.37 100 0.404

2nd 40.88 100 0.409

. 3rd 40.60 100 0.406

Koptri-1563151-1

SD 0.26 0 0.003

CV(%) 0.63 0 0.63

Average 40.62 100 0.406

SD : Standard deviation
CV : Coefficient of variation=(SD/average)>100
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Table 2. Specification of metal filter Table 3. Dust concentration results using metal filter No. 1 for coal
Ttem Metal filter gasification flyash fines
Manufacturer T Co. in Korea Sampling location Inlet of filter system Outlet of filter system
Model 5 layers of compression/sintering " ‘ Sl . :
Length [mm] 1,530 : | 1 r | g
Inner diameter [mm] 59.1 Measured (.iuSt l' ll l ' f { : | g
. concentration I \ { :
Outer diameter [mm] 62.5 | J J L} (L uf
Thickness [mm] 17 T 283442mgNm’  18.14mgNm®
Weight [kg] 6.0
Material SUS316L

SleE AFE-Ste] 20 bar A ®7E~8) SEE 7oA AR A7k
(CO 44%, T4 19%)7F 253 XLE & Fsto] A2 25 2A,
HAEAERS 1~800 um2| Bl 9] YAFE sk QLA 7hs|
el wEEE JgA A 219 YAES 0.1~0.6 um Tt
1~200 pmell sjFsh= 2708 EAE JAREEE KT It 4
g7k~ 5) A o) o) gigh st 24 W 52 o] Ak
of] et Qltte].
1,300~1,600 °Coll Bal= 7k48) Whg-G o] &ah= 7kAs7] 4
oA 0.1~0.6 pmel] sFsh= A=) s o] HAHA|
A7]e sldshs YA AR5 Atells $ld dAT712A 771
EZolu T55% gl dal A E Blew st Fx
FEIE S Eato] AAHE 0.1~0.6 pm 79 B ARRIES R
EREE ZOF st iy o2 S| HAl 0.1 um ©]s}
IR ARFe] AL w9 A 1 22l wol =48] Ao 9ot
NN = AR E gl A GBS FA) ek
(a) metal filters (c) Installed top section view A &L H2142] 498 10 bar, AlE 7S L5 300C, A&7}

h=

Fig. 7. Installation of metal filters to the dust removal test facility. 22 FH 110 Nm/h, 18] 32 FE] oA 249} 10 bar Aok,

737l et & YRR e EelA] 2t 3314 B3
HE] FAIE oF 6 keo|th 22 27]9] Sic A2 A8 Al ZE EEE S HE Ah9to] 75 mmH,000 =2 s Al el A 3
7} oF 5 kg A=R1H] WA 1 kg 3T AZA J-F 7oA s S-S Al 1 AHE

|
Table 3¢ QoFetlth. HZ4A] YJT-554 12,834 mg/Nm*o| L

3. 24t H oE ET-EET 18 mgNm*ZA] 270 AAZE-L 99.86%C1 31t
= =
Y Al A ALk NE AR FREske] sk
3-1. MEDIASL BRIS ALEEH 2RIHA 28 E4ut HAEE 2 3ol FlE AY A8HEA A3E Fig. 9ol YERA It
3T/ TR AR oA g #3144 No. HEE MERE A= WHOE SA38IE Aol JRA
15 E3to] Axlgk A¥h= Fig. 87 T}, o] A= QIvlAlof Al Bl Ax|E & 3710 FE] = 3 Az Y 12} G4 T 23} A
SPI7HA] oF 175 5027} A2 Q5= A 02 BRI, e AA S
—®—SEWHA Feed Coal shio]| S aah= o r AT A f-olli= 3 A HE 12} A
84 | —@ Gasifier Upper Area - ~ _
—A—Fines in Quench Water ‘_ol:‘ 2]]' ‘?;‘Aﬂﬁ]—?(] —/17\—49—% }\]Z_]—O] g}: 19"5‘ 155_?1 Zﬂ\—oj Q'OJE] %E}
v Captured Fines by Filters T8 ar A F- e ZgFo] 7pg wkobxl AR ol M o] Apeke- 7
6 —4—Fines from Syngas Coolel

o) W nh 1A oA o R SIS Wb Y ke Ao E
sk1gglet. wheb HE) A oA o] o4l 7717k A e
24 Aj3to] YAl $E7) wiel BEHQ AW Ao

Frequency(Vol%)
F S
L

yh=| gick
FEAE No. 28 AA % § A% o7 1S FHshas A
“ A3k 9 871 17154 B0l RS AT B S U
SR O F = ARAA] 2794 10 bar, 7k FHTF 110 Nm/h,
01 AL 300C, DA 29 10 baro]H, HE AL HE 219t
©] 300 mmH,0°] E2ad 303 712 FE] AA) oA £AE 2

0.01 0.1 1 10 100 1000

o

=
H=]09 H pe o] Z&TE o] oI x O;<<]Z7_‘Eok
Result Between User Sizes(um) YSIATY. Fig. 10914 23%0] 54-H No. 29 A 234571 Z

[¢)
2‘1:_10 joik]%jl]; 2] % 7‘<°L€—°k65mmHO777< oA

Fig. 8. Particle size distribution of coal feed and captured fines in 3 ‘Lo]glgi\jﬁo—‘ = 241 = ]L }11 E—; e 22 ]]' l‘%o]' =

ton/day coal gasification test using metal filter No. 1. e aldvh Aol A= S AIRE HAEA ek
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Fig. 9. Operational characteristics of differential pressure by filter-cleaning methods (metal filter No. 1).
—— Filter Difference Pressure
@® Filter Inlet Temperature
—— Filteration Pressure
—— Impulse N, Supply Pressure
—_ @ Flow Rate
& 30 600 400
.-E. L L
g ] I
2 25 O s00
o {1 I L
a 1 E - 306%
5 |5 :
= 201 8 400
51
g 15
2 154 £ 300 200
g 18 7 -
e 15 ]
Z' 104 @ 200 , —
] 18 1 I
£ a - 100
=
by i L
& 51 = 100- [
S 1 i 1
x 4 -
[T ]
e ] L
@ o 0 T — T T 0
15:30:00 16:00:00 16:30:00 17:00:00

Time [hr:min]

Fig. 10. Operational characteristics of differential pressure by filter-cleaning methods (metal filter No. 2).
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Table 4. Dust concentration results using metal filter No. 2 for coal
gasification flyash fines

Sampling location Inlet of filter system Outlet of filter system

Measured dust

concentration ‘
== :‘-,._/ N N At
17,943 mg/Nm® 5.7 mg/Nm?
Z70IA 7kl R EREEE S, A8 HXIA

2] A BAEEE 17,943 mg/Nm® 0]l &7 OHAH TXJ%E‘:
5.7 mg/Nm*©| 31T} (Table 4). ¥ =

7|50 7 A S5EE o EAIA S58-2- 99.96%° ]ME}

—TLLH S| E]—g].e:hﬂl—;e])\oﬂ 1;]]6]— u—]x] BH%&]_& 7]""1: 2019 1

o] 9] 20~25 mg/m*ollA 10~12 mg/m® =520 2 73}E 7]
el 4 INGE A A, 47041 4 SRF(Solid Refuse F uel) L3
%j@ﬂ ok s 7] 7] 2.9 W& 8715 Table 58} 2t} o
oA & w] F52E No. 1 AHE-e X2 7= 10 mg/Nm?
FOo 2A] o TA|o] ARG VFE 1 AA| sto] S5ZEIE Al
o7} 8-S HojFErt F45ZE] No. 24 A9 w5 HE]
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Fig. 12. Removal efficiency of fine particulate matter using metal fil-
ter No. 2 for JIS standard fines.
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