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2 o F¥A=Ro 17 9 A 2335t 5 FFEA ) 857 Fal AAE SFHARE AT oA o] gt AFE
AYsAT, 1% ol ujArt tiFlouxZ2N FEWD Qlct vlolemAE A HsStY TA F¥(carbon
neutra) ¢l §40] glou R3] il @2 UAURE FAER o] KAk AAHd] o]85t7] $FA=
g3t wgk FAo] Wasith 1% SRl 7hASHe Ho| QAR RE 4, JAlSHEA, WE 5oz A A7)
2(syngas)s BAAA ARZH o8 & IEE it I8y 7tASH B Fofl DA EE 29t YAt EFL
i A4 A7, A HY 5ol 9F @4 doA 3 88S TAAE BAE oplstEE AA7E "asit
B AFoAE 7tast T A AR BEE HES JAEL H5) A &go] Hold EE AREEon, g
22828 g8 & 9] @4 FASH| 98 pre-coating 714Z 2853t pre-coatingol] AHEE EFEN = &4
3]9} gdek(wood char)& AMESIGlom, B2 9 Qo] tist AARLo] 2435 FH9] AL 86 %, e (wood
chan)®l 3<% 80 %= Yerdth.

Abstract Due to the depletion and environmental problems of fossil fuel, biomass has arisen as an
alternative energy source. Biomass is a renewable and carbon-neutral source. However, it is moister and
has lower energy density. Therefore, biomass needs thermal chemical conversion processes like
gasification, and it does not only produce a flammable gas, called 'syngas', which consists of CO, H2,
and CH4, but also some unwanted byproducts such as tars and some particulates. These contaminants
are condensed and foul in pipelines, combustion chamber and turbine, causing a deterioration in
efficiency. Thus this work attempted to find a method to remove tars and particles from syngas with a
filter which adopts a pre-coating technology for preventing blockage of the filter medium. Hydrated
limestone powder and activated carbon(wood char) powder were used as the pre-coat materials. The
removal efficiency of the tars was 86 % and 80 % with activated carbon(wood char) coating and hydrated

limestone coating, respectively.
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ko] S AR olUAE Bt o] AB4lo] 13
9 21.7 %14 179 30.5 %2, %] 4] Hlo]Q Hof=
139 15.8 %°lA 169 19 %& Z7lslion, gogw
AR RS B YA YAt HlFo] FES] F7t
T Ao= st 3l

Hpo] QU A= A1ET} Zo] PGS Bofl YRS U=
£ 71 gAY FHolH WAE SAH7E, £
718 H71E8% Z3Eh wEkA vlo] AL SHA A

2o g AlA 33kl 124 HAgeH, &84 1+

L oAy

— T O

4 Q3 AFedske] FHo g B oilsiEs S
of SlojA] gtA FH & (carbon neutral)ql £/30] 312

nE A IAES AEste ddol SHARE 4l
o 4 e A A& F sholtH4 Al

Hlo] QUi A= feflo] Wl W2 X35} 258} o
UeE 7HRAL Qlo] ¥Pd AH|oA 9] ZFAQ] ARgo]
ojgrt. wEtA g 7iAstel 22 dtehy HehE
Sl Fd7rA(syngas)E BAtshe Il BasitHe].

7tASR= B7], 571(steam), A4 5] AlskAeL &
7 dpoleuiay Agt, EetadY 5 o©Ad EF
(carbonaceous substance)S FG3lstd oz KB A5t
AlA He, CO, CHs 89 F7IAE ABAKRITE o]gA

AAE FAl At A7)2 AAEAY AXdRs 34
=, dRAR 9 du=2 ARHEHAT]

7tA3R2 AgE 7AE dRE ARSSHAL T
& &8 oA AFAtol] ARSH] Hofl AATHE AA
of sh=d|, dA7IA A Al Bl E(tan)E H]ESI] A
(ash), #char) 5 YAME E4o] LYo, o3t E¢
E5< 7tA% I A9 Histe] A= o] wiE
9] A oA THaES dojmgAY —cv’—cg‘ﬂ]ﬁ
< S7HAZIEE A7F B 8SITH 9] BEs ©E
o EFAEAN 1 FH7F tholtt. ARt 141‘“4“
A7t 2zl & ‘4’ SEHoR A ool EARkE
7w HzHdo] Sl Edolzta YAlska ItH10,11].

PR B4 AAN= e E B8 AAZ KHsht
7tAskE AAE FE7HA U BEY EXE QlE) BHE
74 4y 19| o] IE & 9 @42 DAY
A, 8271 EE 448 A U 2 59 dAE A
e #H A %2‘11/\1 AlolA(cake) & FAS
dfot= 5 THY 715 AT

IeH12,13]. Wb 7
23} 34 Wr ZAE A83)o] 2 UG AAst
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Ak FE9] A9 1 Hlgo] Aot 71AH E4
o] oksl7] wief [14,17], Azt el Hls| Adstd
A, B IR AA Adsol =2t A FE(fabric
filter)E Z-83tchd 7j4lo] 73kt Hasler (1999)%
o] A¥Z Fof Hal Hi} Zo] BEof 9 dF ozt
715°] At AU FAEEZ [13], pre-coating 7|&
9] &8jo] "asit18,19].

Pre-coating 7|&2 "EIE B3 o3 A A
pre-coat E;é]é EQlste] "E o] mm @9 gk
2 I 2 FAA ZEO & U4 5 ZAIE oPlst
= =425E g8 #HS ¥ & oplg HEE &
Hehe vA JAE ARl BAAIK JAF FollA AA
SIEE AB}FOoRE= I A5 FAIAEH
[18,20].

Pre-coating 7]€°l A& 4= 0= pre-coat 52
2E oF] 77 9101H18,21,22], & AFollAE gyt
Hog Wol AMEEE A43](CalCH),) £43% HE &

g vEst vOoC 4L 32 € AAY 7}‘—01’ e

B2 Agstol We| Ewe] 7Y 1Y F 71x0t 4
g 7k W At B2 8RS AT A7 At
%4cH23,24].
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2.1 7tAst MR
2.1.1 7tAst
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ainf-doll o fastar glof Bkl i =7 12
& UHE 5 Q0 ES Hejer 22 & EE2 IS
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Fig. 1. Schematic diagram of experiment set-up

2.1.2 HIO|QOHA (biomass)

7128 AR @AEREY FRERE AMESINS
(27 5 mm), Z°] 10~20 mm 7|2 B35t & A}
gotitt. EAEAE  9d1 3d=X(proximate-
analysis), ¥AEX(ultimate-analysis)& A5},
Z}7F ELTRA® EA112/FLASH20002.2 EA5t9lct. &
4 A= Table 13} 2t

Table 1. Proximate and Ultimate analysis of Wood
pellet
Proximate analysis(wt %)
Moisture 6.4~8.6
Volatile 72.8~74.5
Fixed Carbon 18.2~18.8
Ash 0.3~0.4
Ultimate analysis(wt %, dry basis)
C 47.4~52.1
H 5.6~6.0
O 39.2~42.1
N 0.12~0.15
S 0.0
2.1.3 & % (bed material)
FEet dgstA JPE 5 A=F: Geldart

particle classification°lA] B &l &3h=[26] B
U= 301 me] TFAHSIONE AAstor, 87| U=

(bulk density) 1290 kg/m’, YA+ B=(app density)

2580 kg/m’, =& 0.5 o[t}
2.2 TR X

2.2.1 ZH

7}A8t A 7kA Fo] B§2rF "E B H3kEY
g e @ e £ J=EF AR,

oleophobic)&-E(27], pre-coating® & LE] HEH
Alol2 Fo] FAHESE FEo] dge APl *A
FAHES  SI=7F w2 ZHIA PPS
(Polyphenylenesulfide), P.P(Polypropylene), GF-PTFE
(Glassfiber-Polytetrafluoroethylene, PTFE coated)
< A tH23]. = @FEAYe=RH A7 10
cm, %°] 20 cm® W(bag)FEl= ARsioich A2
A(bag house)olli= FH 1707} 2= Table 2] 2
ol T3t JEE YERQI

Table 2. Specification of filter mediums

. . Thickness Permeability Surface
Filter media 3/ s
(mm) (cm®’/cm?®/sec) treatment
PPS 1.4 12 X
P.P 1.8 15 melt-blown
PTFE
GF-PTFE 0.5 10 foam
coating
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2.2.2 Pre-coat &% (pre—coat material)

ge] 2Hol| A & P4 A5 29 EEEN B
443)(Ca(OH),), A8Hcoa)A £Z gHiet 44
T /d%H(wood char)& AMESIR O™, Table 3]
pre-coat B4 E4& HAISIAT). Pre-coat U2 &
37 Mo& 5 FYsiH, air?} A AAZAZ 54
=t

e

Ir Az

g

Table 3. Specification of pre-coat materials

Bulk Particle .
Pre-coat . . Porosity
material densny densny ©)
(kg/m’) (kg/m’)
Ca(OH). 276.2 19333 86
Activated
carbon 300 1500 80
(Coal)
Activated
carbon 180 1200 85
(wood char)

2.2.3 Z20[0HA| (fly ash)

37 A 0] EetolofAl(fly ash)E ARESIG
t}. Table 4] & B4 ARE Usiglon, Fig 2=
&L 1 m/ming F-AI5HH FUSH Eto]ofAlet 7}

25 g 7ka B9 g2 9 9AE Dust
monitor(Dust spectrometer ver.1.108, Grimm,
Germany)Z &7t 23 VeI

Table 4. Component of fly ash

SiO2 ALO;3 CaO MgO Fe;03 MnO

% | 559 24.17 1.01 1.34 7.77

e Fly ash
4 Tar and particle

N

_________
~se

4 6
paricle size (um)

Fig. 2. Size distribution of particles
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Skt
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4 Z71%%9] v](Equivalence Ratio, ER)7} 0.257} H&
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7] 913t pre-coat =& AARE AHS APstF o,
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3. Zat ¥ uH
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3.1 Pre—coat 22 % EH MH

3.1.1 Pre-coat 22¥ OjulaE

Pre-coating 7]& Z-8°] QoA pre-coat B4
ZEoA] hFE A A=olok AH B aEo| FIFE F
doug oitggo] 2 pre-coat B A5
gHeH23]. b ZE Aol pre-coat 4 FR
3 AXAR] Fk AWEFY TE(sampling port)oA o
HEEE ZH5192om, Fig. 300 vehd AX= PPS &
B 9] 4% 3 7}4] pre-coat 3 Oﬂ s 2+ 90 %, 92

01‘_‘22

%, 83 %= ThE & WEHD =2 o7a 8-S Yt
pre-coat B4 Fole 4 (coa)S AlQsta= 37t
A "E BF 80 % o9 AALES BoIFit. o}

88 v BE o HE3 pre-coat EHZE &
A35]9t ZAE wood char)E XA 4 Ut
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Fig. 3. Filtration efficiency of pre-coat materials
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Fig. 4.

3.2 S2tO[0HA| RiXt &IA

QP 3.1 o)A A4 PPS WElo] 271X pre-coat
£49 2459 BYewood chante AHgSiol
pre-coating® AW F BetolohE 4 XA A
£, ehdsh, LEAL 5 stk

321 HAH &2

Pre-coat A& A% ZglolofA] JA+ 44 E A
Af& HIE Fig. 501 HetHAtt Pre-coat H-& A
(@°l= 1~2 molst YAl thsto] 80 % =|wte] AAR
& Bt} AT A% FH(mT 243 ZH(A)
2 F8 T BE A0 st 88 % oY &S B
gon "E FHO| pre-coat EIE FAH FgZ0]
N2 oA g sto 2 PPS e Q] AAago]
7Kt Aog AlgEHTH24].

—e—non coating

-+ Ca(OH),

removal efficiency (%)
o0
th

-®-wood char

0 05 1 15 2 25 3 35 4 45 5
particle size (um)

Fig. 5. Removal efficiency of fly ash before and after
using pre-coating
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6th filtration cycle
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3.2.3 THE X

Z 103]9] o3} AtolEHfiltration cycle)s AWsH=
Sot gA AECR HEHE 2T A% IHASY 7

S 7|Es93, 1 WskE Fig. 79 YEMICH
Pre-coating®] XYPEA] &2 H-H@)= o3} Alo]Zo]

A&EpE G T FAYo] A 15] S7¥ol= Aol
e oH, o= B E S6he g EdtoloiA] 4Rt
7b E R 28 IFASE St %S FUL
o, o3t X3 3171 Eofge] wat 1 Yol FH=H
7o =2 ALEHTH31]. §HH pre-coating®] X 7
foll= ZRSOIA =9 RS AASN FU7] &
o ¥5E& BHsAY ZH HR-50l4 AAEE IR
7} ZA45H L, 0|2 QI8 pre-coatingS FFsHA] &
2 7ol sl X7 A wskeo] AA yehgrH23).

Pre-coat EAEEE AN3E F83 HA-(W)7H &
qeor FER AHA)ET RARY #sh Zof
pre-coatings 5%t e R3S 37} Hold o=
YEIHE=T, 24315 AMSSE A97T AlAREC] =92
H(Fig. 5), ol B3 T AFAY] dFE F= A&l
gk AA7F 2 o]FolA ofdt Ato]Zof whE ZHFANSY
9] F7FFe] A" AeE AteHTh

e non coating = Ca(OH)z + wood char‘

N
N&

20
[ nd
®o

a N N A

AP (mm}
Pk ok k. ek
[=Y--I=] SFN- ¥

»

»e

.

0 1 2 3 4 5 6 7 8 9 10
filtration cycle

Fig. 7. Residual pressure drop during 10 filtration
cycles

3.2.4 Pre—coating F/HIQt REXIQ S}
x5 TS AL

o= o

sttt
YA AlAEE AoIA pre-coating F Eﬂ“‘)] ofAl
0.3~10 m Y7ol sl 90 % ol4Fe] AAREES KO

o, 7] jole] M2 i AT RS Aol A9 g9
o ShAle AR ol Ajol7t e, Fig. 8
o Yerd A4 o 05 mme AP A7} oF
0.7 mm(A), 0.9 mm(#)°] H18} FFHeto] 7] Lhet
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Aol AL, FHTE AR F AFIE DE ol Hot
S EHA FRARY Hsto] Gk FATHL it 2
g £ 07, 0.9 mmZ AP f 0.5 mmoﬂ B3]
FEARYo] WA YeRFATE pre-coat B2 FAWA
5 2% 60 mmH.O o|FHEE FPFEEo| o=
7é°ok°] AN B = (Fig. 9), HH I8 FA= AY 60
mmHO4 Wehd 9F 0.7 mm FAZE JFFE o §
ZE|7] k= pre-coat B4 Y Eo0|1l 9HgZ Q] HY
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(321.

= 0.5Smm coat
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e non coating
4+ 0.7mm coat

24
~ 22 ° .
o 20 . . .
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Fig. 8. Change of residual pressure drop during a 10
filtration cycles
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33 EI2 H Xt HA
33.1 M7 &8

Fig. 109= A o3} Atol&2 113 ‘% 9] pre-coat
44 B2 4 dAe] tigh AARES YEigion,
pre-coat 4& B8 ¥ st 2 F+-(X)=
Hasler & (1999)«1 Ao} vlotA AAGEo] 50 %
2 Yepgom[13], AR 2HE FeEg Resto] &
25t A3 g Eﬁﬁoﬂ Hate et2o] o5 " Ao W
AL & 5 99tk EE BHo| 23H 2 A
AE gxlo2E Hojx|7] 9k7] wfiol Al&siA ozt
Z18o] 7t oY, pre-coating 282 = HUEH &
Holl FgE ZEZoA BHEE HRS AR AA7L

olgolza, 24 % A 2FS ol olel We) ofat A
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Fig. 10. Removal efficiency of particulates from
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